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P R E F A C E  

S i l v i c u l t u r a l  research  has been a dynamic force i n  southern f o r e s t r y  f o r  decades, 
~t the  present  t he re  i s  a l a r g e  group of f ede ra l ,  s t a t e ,  un ive r s i t y  and indus t ry  
researchers  who a r e  s t r i v i n g  t o  meet the needs of rap id ly  expaslding f o r e s t r y  e f f o r t s .  
Seldom have the re  been oppor tun i t i e s  f o r  those working i n  t he  a r eas  of s i l v i c u l t u r a l  
research  t o  meet t o  exchange ideas,  coordinate e f f o r t s ,  and e s t a b l i s h  working r e l a t i on -  
sh ips .  The purpose o f  t h i s  conference was t o  provide a forum fo r :  exchange among 
s i l v i c u l t u r i s t s ,  research  coordination,  continuing education f o r  researchers ,  review 
of research  i n  progress,  and presenta t ion  of new approaches o r  techniques of  general  
i n t e r e s t ,  

This f i r s t  of  an intended s e r i e s  of conferences was the  outgrowth of coordination 
meetings between the  Southern and Southeastern Forest  Experiment S t a t i ons  t h a t  had 
been he ld  b i enn ia l ly  f o r  s eve ra l  years.  The l a t e  William F. Mann, Jr., suggested a t  
t he  1978 coordina t ion  meeting t h a t  those meetings be replaced by a s e r i e s  of reg ional  
conferences t h a t  would provide a forum f o r  coordination of  research a s  wel l  a s  an 
oppor tuni ty  f o r  s i l v i c u l t u r i s t s  t o  pe r iod ica l ly  meet. These s i l v i c u l t u r a l  conferences 
w i l l  continue t o  be scheduled b iennia l ly .  
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2 / Ph i l i p  6 .  Wakeley- 

Abstract .  Pr imi t ive  working condit ions and meager 
f inancing impeded ea r ly  s i l v i c u l t u r a l  research i n  t he  South, 
The very newness of t he  f i e l d ,  however, l e d  t o  rapid and 
s u b s t a n t i a l  progress;  ea r ly  workers enjoyed "cream t o  skim". 
Fur ther ,  l imi ted  s t a f f i n g  neces s i t a t ed  c lo se  personal  
acquaintance with p l an t  mater ia l  and much cooperat ive work, 
both of which yielded l a r g e  research dividends. 

I have been asked t o  p i c t u r e  s i l v i c u l t u r a l  
research i n  what may seem t o  some of you r a t h e r  
pr imi t ive  times. The main poin ts  I should l i k e  
t o  b r ing  out  a r e :  (1) t h e  importance and value,  
r ead i ly  apparent  i n  those times, of t he  research- 
e r ' s  in t imate  personal  acquaintance wi th  t he  p l an t  
m t e r i a l  being inves t iga t ed ;  and (2) t he  dividends 
from s t a r t i n g  some s t u d i e s  on spur-of-the-moment 
i n sp i r a t i on  o r  t o  s e i z e  a unique opportunity,  
without  p r i o r  clearance from t h e  Direc tor ,  the  
Washington Off ice ,  o r  t he  League of Nations. 

In  t he  l i g h t  of today's  pay s c a l e s  and cos t s ,  
t he  f inancing of my own f i r s t  research  c e r t a i n l y  
was pr imi t ive .  Four years  a f t e r  t he  Southern 
Forest  Experiment S t a t i on ' s  establishment,  I began 
work t h e r e  on October 16 ,  1924, a s  a Temporary 

I d  Ass i s t an t  a t  $70 a month plus f i e l d  expenses. 
days l a t e r  I was given permanent 
a s  a Junior  Fores ter  a t  $1860 a year 

c t u a l  f i e l d  expenses. As l a t e  a s  1934 I 
t a i l e d  t o  Washington, D. C. f o r  2 weeks on 

pe r  diem. Even a f t e r  40 years i n  the  
I never q u i t e  made a $15,000 sa l a ry ;  I 
i n  1964 a t  $14,965 a year.  

t h a t  I was t r ea t ed  badly o r  d is -  
i n s t  f i nanc i a l l y .  The Southern 
ranch of Research, and the  U. S. 

i t s e l f  were poor. My personal  
r y  21, 1927, reads:  " ~ o d a y ' s  
4,000 a month alimony granted 
the  wife  of  Charl ie  Chaplin, movie 

g divorce.  That 's  $48,000 a year.  
i a t i o n  of the  Southern Forest  

with seven permanent and 
n, fou r  c l e r k s ,  four  ca r s ,  and 
, is only $39,800." 

t Southern S i l v i c u l t u r a l  
t a ,  Georgia, November 

i c u l t u r i s t ,  Southern Forest  
S. Forest  Service,  New 

address:  48 Comfort Road, 

P r io r  t o  my a r r i v a l  the S t a t i on  had no 
vehic les ;  s t a f f  members had t o  fu rn i sh  t h e i r  own 
cars .  I n  October 1924 we obtained two Model T 
Fords, t o  be shared turn  and turn  about among 
nearly a dozen permanent and temporary men. I n  
December 1929 I drove one of those o r i g i n a l  Fords 
on a 1,200-mile t r i p  t o  East  Texas t o  s e e  some 
nurser ies .  I averaged 8 miles per  ga l lon  and was 
passed on the  open road by a horse  and buggy. On 
my r e tu rn  a dea ler  allowed us $12.50 on the  r e l i c  
toward the  p r i ce  of t he  S t a t i o n ' s  f i r s t  Model A 
Ford. 

Inc identa l ly ,  those e a r l y  ca r s  werg r i sky  t o  
d r ive ,  %ice  my c a r  was vandalized,  once i n  North 
Carolina by three  armed men, and a mi le  from our 
i n s t a l l a t i o n  a t  McNeill, Miss iss ippi ,  a Department 
entomologist was shot  and k i l l e d  f o r  d r iv ing  a 
s imi l a r  car .  Those were Prohib i t ion  Act days, and 
many country people thought t h a t  t h e  "U.S.D.A." 
on our l i cense  p l a t e s  stood f o r  "U. S. Dry Agent." 

EARLY OBSTACLES TO RESEARCH 

Many ea r ly  obs tac les  t o  research  were f i n a n c i a l ,  
l i k e  t he  shortage of automobiles j u s t  mentioned. 
Although we borrowed s u f f i c i e n t  good nursery f a c i l i -  
t i e s  from the  Great Southern Lumber Company a t  
Bogalusa, Louisiana, from 1924 through 1931, my 
" fo re s t a t i on  project"  was severe ly  handicapped f o r  
severa l  years t h e r e a f t e r  by l ack  of  a nursery of 
our own. We borrowed a l i t t l e  greenhouse space 
i n  New Orleans one year f o r  germination t e s t s ,  bu t  
had no Sta t ion  o r  Forest  Service greenhouse u n t i l  
1934 o r  1935. Despite t he  importance of our seed 
s torage  s tud ie s  and of temperature con t ro l  t o  
s torage ,  we had no e l e c t r i c  r e f r i g e r a t o r  till D r .  
Carl  Hart ley,  of t he  Bureau of P l an t  Indus t ry ,  
assigned one f o r  my use about 1931; my f i r s t  t e s t s  
of cold s torage  were made i n  my domestic ice box 
a t  home. 

Our shortage of manpower a s  a r e s u l t  of meager 
appropriat ions was not  wholly de l e t e r ious .  It 
forced us t o  "swap work" a good dea l ,  and a s  .a 
r e s u l t  each of us had a bene f i c i a l  f a m i l i a r i t y  with 
most of the  S t a t i on ' s  program. Nevertheless,  
dropping one's own work t o  he lp  wi th  someone e l s e ' s  
too o f t en  r e su l t ed  i n  s t a r t i n g  s t u d i e s  without  



adequate planning, i n  working on them a t  o the r  
than the bes t  season, i n  f a i l i n g  t o  take  some da t a ,  
o r  i n  postponing analys is  o r  pub l i ca t ion ,  I n  
February 1933, f o r  example, Wahlenberg and Gemner 
tabula ted  a l l  t he  S t a t i o n ' s  natural-reproduction 
p l o t s ,  defined t h e  general  and p a r t i c u l a r  purposes 
f o r  which they had been e s t ab l i shed ,  and then ra ted  
the  p l o t s  a s  having t h e i r  ob j ec t s  "at tained",  o r  
a s  " a t t a inab le ,  poss ib ly  a t t a i n a b l e ,  o r  unattain-  
able." They reported many i n  the  l a s t  category 
" la rge ly  because of lack  of planning". 

Un t i l  we got our f i r s t  business manager i n  
September 1929, t he  Direc tor ,  t o  t he  detriment of 
planning and o the r  research funct ions ,  had to  de- 
vote  f a r  too much of h i s  time t o  keeping o r  ver i fy-  
i ng  and t o  vouching f o r  a l l  t he  S t a t i o n ' s  time and 
property records and accounts. And i t  was wel l  
i n t o  the T h i r t i e s  before  we got  an  e d i t o r  of our 
own and ended the  nightmare of being ed i t ed  by 
mail  from Washington. 

The passage of  t h e  McSweeney-McNary Act i n  
1928 and the  establishment of  t h e  C iv i l i an  Conser- 
v a t  ion Corps-- the  "CCCgt--and o the r  New Deal "alpha- 
b e t  agencies" i n  and a f t e r  1933 went f a r  toward 
mi t iga t ing  our f i nanc i a l  and manpower t roubles .  
By 1936, ins tead  of working a lone  and v i r t u a l l y  
without resources,  I had four fu l l - t ime a s s i s t a n t s  
and a l l  t he  seed suppl ies ,  Forest  Serv ice  nursery 
space and p lant ing  area ,  day l abo r ,  computing he lp ,  
and suppl ies  and t r a v e l  money I could use. 

There were o the r  than f i n a n c i a l  obs tac les ,  
however 

One was a general  assumption, he ld  f o r  s eve ra l  
years ,  t h a t  the mild cl imate of t he  South would l e t  
us work outdoors 9 months of t he  year and do our 
o f f i c e  work under fans during the  3 h o t t e s t  summer 
months. This assumption l e d  us t o  take  f a r  more 
da t a  than we could analyze o r  publish i n  t he  time 
we allowed, and i t  was decades before  we caught up 
with even our most important work. 

Both we and our Washington overhead were un- 
t r a ined  amateurs o r  novices a t  many phases of 
adminis t ra t ion  and procedure--problem s e l e c t i o n  
and ana lys i s ,  f i l i n g ,  indexing, def in ing  l i n e s  of 
au thor i ty .  One h o r r i b l e  example w i l l  s u f f i c e .  In  
1934 I had t o  f i l l  i n  from personal  r eco l l ec t ion  
much e s s e n t i a l  information, such a s  weather con- 
d i t i o n s  and seedl ing  foliage-development and root  
Length, missing from ~ a d l e y ' s  1924-25 es tabl i sh-  
ment r epo r t s  on 12 acres  of experimental planta- 
t i ons  a t  Bogalusa. He had made out  t h e  repor ts  on 
forms prescribed and required by the  Washington 
Office.  The forms had been "edited" by the  Sta t ion  
Direc tor  i n  New Orleans and then "annotated" i n  
Washington. I n  the process, they had been typed 
i n  f u l l ,  recopied,  and recopied again (with a l l  
four versions ca re fu l ly  preserved) bu t  had never 
been bound o r  even s tap led .  My personal  d iary  f o r  
Ju ly  24, 1934, notes: "There's short-sfghtedness and 

ineptness  somewhere i n  the system that permits  such 
old-maid fu s s ines s ,  red  tape ,  hindrance,  and delay 
i n  such an impcrtant  prel iminary phase of i nves t i -  
ga t ion  a s  an establishment report--a phase t he  v i t a l  
element of which is  prompt completion." 

A major obs t ac l e  t o  the  conduct and colnpletion 
of planned and scheduled research was the  imposit ion 
from Washington, usual ly  without  warning, of  one o r  
another s p e c i a l  Service-wide assignment. Our f i r s t  
experience with such assignments was t o  ga ther  da t a ,  
fol lowing the  H i s s i s s ipp i  River f lood of 1927, f o r  
what was u l t imate ly  published a s  70th Congress House 
Document 573 on Relat ion of f o r e s t r y  t o  t he  c o n t r o l  
of f loods i n  t he  Miss iss ippi  Valley.  The "'flood 
study" was assigned t o  us Ju ly  6, 1927, and kept  
every man and g i r l  a t  t h e  S t a t i on  occupied, f u l l  
time and overtime, till August 30 t h a t  year.  And 
we were ca l l ed  upon f o r  supplementary information 
a t  i n t e r v a l s  t i l l  October 1928, when I had t o  t ake  
t i m e  o f f  t o  "determine" the  t o t a l  moisture-holding 
capaci ty  of t he  f o r e s t  l e a f  l i t t e r  i n  t he  lower 
Miss iss ippi  Valley on the  b a s i s  of l e s s  than 4 pounds 
of l i t t e r  s en t  t o  us by cooperators!  

The time it  took t o  w r i t e  and i s s u e  my f i r s t  
major government publ ica t ion  is a good example of  
t he  delays caused not  only by Service-wide assign- 
ments l i k e  t he  f lood study,  bu t  a l s o  by the  neces s i t y  
of continuing one's  r egu la r  p ro j ec t s  without  under- 
s t u d i e s  o r  a s s i s t a n t s  and of de fe r r ing  one ' s  r egu la r  
work t o  help wi th  p ro j ec t s  considered of h igher  
p r i o r i t y  . 

This publ ica t ion ,  A r t i f i c i a l  r e f o r e s t a t i o n  i n  
t he  Southern Pine Region, U. S. Dept. Agri. Tech. 
Bul. 492, was only 114 pages long. It was f i r s t  
proposed t o  me o r a l l y ,  by Washington Off ice  personnel  
i n  Apri l  1929, when our f i r s t  experimental plan- 
t a t i o n s  were only 6 years  o ld .  It was discussed 
f u r t h e r  i n  November 1929, when I was expected t o  
submit a  f i r s t  d r a f t ,  wi th in  a year ,  f o r  r ev i s ion .  
I jo t t ed  down the  o u t l i n e  f o r  t he  b u l l e t i n  on my 
own t i m e ,  a t  home, on January 25, 1930. 

Maintenance of my going s t u d i e s  i n  seed ,  nurs- 
e r y ,  and p lant ing ,  some work on the  "Capper ~ e p o r t "  
(imposed by Washington), 6 months f u l l  time i n  1931 
and in t e rmi t t en t  t i m e  t h e r e a f t e r  on f i r e  d a t a  from 
Bogalusa f o r  t he  Direc tor ,  and more than 2 months 
i n  1932 on the  "Copeland ~ e p o r t "  ( f o r  Washington) 
a l l  i n t e r rup ted  work on the  b u l l e t i n .  By January 
1933 I had only a t h i r d  of t he  publ ica t ion  d r a f t e d  
and o f f i c e  personnel had not  typed a l l  of t h a t .  

The f i r s t  d r a f t  was more than 2 years  overdu 
i n  Washington. I n  despera t ion  I o f f e red  a r ecen t  
high-school graduate f i v e  cen t s  a  ha l f  page, dou 
spaced e l i t e  type,  t o  take the  r e s t  of t he  t e x t  
d i c t a t i o n  and type i t  up. In  2 weeks I d i c t a t e d  
a l l  the  r e s t  of t he  b u l l e t i n  t o  he r  a t  n i g h t ,  i n  
overtime and a t  my own expense. By June 8, 1933 
I had revised he r  typing,  had a f a i r  copy typed 
the  o f f i c e ,  and had added some completed and s o  



skele ton  t ab l e s  and graphs. We submitted t h e  
m n u s c r i p t  t o  Washington on June 8, 1933, and a f t e r  
a tedious 2-1/2 years s f  e d i t i n g  and rewriting, t he  
f i n i shed  b u l l e t i n  (dated November 1935) came o f f  
t he  p re s s  i n  January 1936. Despite disparaging 
coment  on the  b u l l e t i n  from t h e  Washington Off ice ,  
t h e  rapid ly  expanding CCC p l a t i n g  program on t h e  
southern National -Forests  and i n  s eve ra l  southern 
S t a t e s  r e su l t ed  i n  t he  p r a c t i c a l l y  complete exhaust- 
ion of t he  f i r s t  p r in t ing  (3,000 copies,  a s  I r e c a l l )  
i n  about 3 weeks. A second p r i n t i n g  was eventua l ly  
issued.  . I 

I 

Two o the r  ea r ly  and very se r ious  obstat5'Xes.tp 
research requi re  mention. 

& 

One of these  was a p r a c t i c a l l y  profession- 
wide pre judice  agains t  f i r e  i n  the  f o r e s t ,  i n  any 
form. When I joined t h e  Southern S t a t i on  s t a f f  i n  
l a t e  1924, Pro jec t  Pf ,  "Protect ion,  f i r e "  had t h e  

p r i o r i t y  of  our s i x  formal l i n e s  of work. 
ro j ec t , "Forestation", had t h e  lowest . ) We 

unconscionable percentages of  our meager 
nd manpower lay ing  out  p l o t s  (often without 
l o t s ) ,  measuring f i r e  s ca r s ,  t a l l y i n g  dead 
gs,  and taking photographs t o  "provet' t h a t  

d a l l  f i r e  was "bad", ins tead  of  t he  
us d i f f e r e n t  things t h a t  f i r e  ac tua l ly  did.  

severa l  s t u d i e s ,  inc luding  one very expens- 
e ,  we cont ras ted  annual burning wi th  complete 
on of f i r e ,  without ever  considering the  
e e f f e c t s  of per iodic  f i r e s .  

It was the  e a r l y  o r  mid-Thirties before a 
r of circumstances ( including my own 1931 
of various burns i n  t he  longleaf  pine type 

usa) opened our eyes t o  t he  po ten t i a l  bene- 
f prescribed burning. I n  t h i s  f i e l d ,  H. H. 
n  and Herbert L. Stoddard were years ahead 

t h e r  major obs tac le  was our well-nigh 
ack of grounding--at t h e  Southern S t a t i o n  
ington--in s t a t i s t i c a l  theory and tech- 

ne of our S t a t i on  s t a f f  had had any 
college.  Among the  o ld  1912 t o  1914 

s t h a t  we had inhe r i t ed  and a l l  p l o t s  
t h a t  we had l a i d  out  ourselves from 
1927, t he re  was no s i n g l e  ins tance  of 

us younger men had misgivings i n  t he  
i ng  books--the S t a t i on  l i b r a r y  
ject--and were t ry ing  t o  l e a r n  
t i s t i c s  by ourselves.  I was 

Bruce's comment i n  Apri l  1926 
t e s t s  he had so  f a r  heard of 

t i c a l  bas is"  and t h a t  enough 
ep1 <cat ions  would "permit check- 
standard deviat ion."  On 

d out  the  S t a t i on ' s  very f i r s t  
p iece  of two s o i l  d i s in fec t an t s  

and t h e i r  unt rea ted  checks i n  our borrowed nursery 
beds a t  Bogalusa, and 6 weeks l a t e r  l a i d  out  t en  
I-milacre spraying-plot r e p l i c a t i o n s  and ten  1- 
milacre checks i n  dense longleaf  reproduction,  
a l s o  a t  Bogalusa. 

I n  June 1928 L. I. Bar re t t  and I s t a r t e d  a 
s t a f f  seminar i n  s t a t i s t i c s ,  b u t  i t  never amounted 
t o  much. The r e a l  break came wi th  Roy A. Chapman's 
r e tu rn  t o  t he  S t a t i on  i n  October 1934, a f t e r  3 
years '  i n t ens ive  t r a i n i n g  i n  Washington under 
Francis  X. S h m c h e r  and some p r i c e l e s s  contac t  
with R. A. F isher .  Roy revolu t ionized  our experi- 
mental design,  v a s t l y  improved our sampling tech- 
niques, taught  us ana lys i s  of  var iance ,  and showed 
us the  immense p o s s i b i l i t i e s  i n  measuring in t e r -  
ac t ions .  ( I n  my own work, measurement of  i n t e r -  
ac t i ons  sometimes increased by f i f t y - f o l d  t he  amount 
of information obta inable  from a given quant i ty  of 
seed o r  number of  planted t r ee s . )  From t h a t  time 
on our publ ica t ions  took on a new c a s t  and, I 
be l ieve ,  helped s t imu la t e  o t h e r  S t a t i ons  t o  s i m i l a r  
progress i n  s t a t i s t i c s .  

EARLY RESEARCH ASSETS AND INCENTIVES 

Although " t rading  work" t o  o f f s e t  t he  meager- 
ness  of our s t a f f  d id  i n t e r r u p t  our indiv idual  
s t u d i e s ,  a s  noted urrder OBSTACLES TO RESEARCH, i t  
d id ,  a s  a l s o  noted there ,  give us a breadth  of 
information and perspect ive  not  always enjoyed by 
researchers i n  l a t e r ,  more a f f l u e n t  times. 

During my e a r l y  years  on the  Southern S t a t i on  
s t a f f  a  growing i n t e r e s t  i n  t he  southern pines and 
1ar;)er i n  commercial p l an t ing  and i n  t h e  S t a t i on ' s  
whdle program of desearch brought many of t he  pro- 
f e s s iona l ly  g rea t  t o  our t e r r i t o r y .  A s  t he  most 
junior  member of t he  s t a f f  I o f t e n  drove the  
Madel T Ford while a d is t inguished v i s i t o r  ta lked  
shop wi th  t he  Direc tor  on t h e  back s e a t  o r  rode i n  
f r o n t  with m e  t o  s e e  b e t t e r .  Later  I f requent ly  
served a s  t he  main guide f o r  such v i s i t o r s  i n  many 
d i f f e r e n t  places,  bu t  e spec i a l l y  over t he  commer- 
ch i1  p lant ings  and n a t u r a l  reproduction and our own 
experimental p l an t a t i ons  and o t h e r  p l o t s  a t  Boga- 
l u sa .  The f a c t s  and p r inc ip l e s  l e a r n  d and the  
st imulus derived frbm these  v i s i t o r 2 7  were beyond 
p r i ce .  

3f For t he  record,  they included D r .  George 
~udwor th  of check- l i s t  fame, W. W. Ashe, Associate 
Chief Fores ter  Earle Clapp, H. H. Chapman, Austin 
Cary, Walter Mulford, Elo ise  Gerry, Raphael Zon, 
and Extension Fores ter  W. R. Mattoon, and a l s o  
Wild L i f e  Spec i a l i s t s  Aldo Leopold and H. L. 
Stoddard. Among our most d is t inguished fore ign  
v i s i t o r s  up t o  1936 were Tor Jonson, Henrik Hessel- 
man, H. G. Champion, and D r .  Franz Heske. 



By no means all our  h e l p ,  however, came t o  us 
; r n m  p r o f e s s i o n a l l  + t r a i n e d  men, We were thrown 
111tc3 c o n t a c t  w i t h ,  and came t o  know an3  a p p r e c i a t e ,  
CI n o s t  oi keenly observan t  and h i g h l y  i n t e l l i g e n t  
loremen and day l a b o r e r s  i n  many phases o f  c o m ~ e r -  
c i a 1  f o r e s t r y  work, 

Much o f  the  nurse ry  in format ion  i n  my Tech. 
Bul. 492 and gu id ing  l a t e r  s t u d i e s  came t o  m e  from 
t h e  Great Southern Limber Company's n u r s e r y  fore-  
m m ,  K ~ n z i e  Knight.  He was an ex-convict wi th  
e n l y  n second-grade educa t ion ,  b u t  h i s  knowledge 
of s-3uthern p ine  n u r s e r y  s t o c k  and s o i l s  and weeds 
.!rid o t n e r  p e s t s  was phenomenal. 

M i l t  Mil ey,  a  Great  Southern p lan t ing-  and 
f i re-crew foreman, had a  l i t t l e  more school ing .  -, 
HE" taught  me much about t h e  Nantucket t i p  moth and 
helped d i r e c t l y  w i t h  some of  my l i f e - c y c l e  cag ing  
experiments .  (IIe knew wl-r;rt t h e  moths were because 
h e  had t i e d  h i s  w i f e ' s  d i s h  towel over  some i n f e s t e d  
twigs and "made h e r  wipe t h e  d i s h e s  w i t h  h e r  apron 
t i l l  t h e  moths come o u t .  ") 

My om? most v a l u a b l e  informant ,  however, was 
F. 0.  ("Red") Bateman, Chief Ranger o f  t h e  Great  
Southern Lumber Company, who, i n  t h e  s h o r t  space  of 
12 o r  13 y e a r s ,  developed t h e  b a s i c  method of  p i a n t -  
i n g  sou thern  p ines  s t i l l  i n  use today,  superv i sed  
t h e  s u c c e s s f u l  p l a n t i n g  of  28,500 a c r e s ,  and (even 
more remarkable) ob ta ined  abundant n a t u r a l  repro- 
duc t ion  of longleaf  p ine  on 45,000 a c r e s .  Although 
he had had no kormal t e c h n i c a l  t r a i n i n g ,  and indeed 
had n o t  completed h igh  s c h o o l ,  I s t i l l  cons ider  Red, 
a s  I wrote i n  t h e  J o u r n a l  of F o r e s t  H i s t o r y  (1976. 
20: 2 ,  91-99) t o  have been one of t h e  g r e a t e s t  
s i l v i c u l t u r i s t s  t h e  South has  known. 

K e  owed much t o  a  success ion  of  temporary 
f i e l d  and l a b o r a t o r y  a s s i s t a n t s ,  who c o n t r i b u t e d  
many o r i g i n a l  observa t ions  and important  sugges t ions  
a s  w e l l  as v a s t  amounts o f  h igh-qua l i ty  r o u t i n e  work. 
Some of t h e s e  temporary employees l a t e r  acqui red  
permanent appointments ,  l i k e  Roy Chapman, whose con- 
t r i b u t i o n s  i n  s t a t i s t i c s  I have a l r e a d y  mentioned, 
and Mary L. Nelson, whose work w i t h  seed  made h e r  
t h e  b e s t  team-mate I e v e r  had i n  t h e  f o r e s t a t i o n  
p r o j e c t .  

We owed much of our  e a r l y  p rogress  t o  our  coop- 
e r .  The Great Southern Lumber Company a t  
Boqaiusa gave us  n u r s e r y  space ,  p l a n t i n g  and o t h e r  
stud:; a r eas ,  q u a n t i t i e s  of seed ,  o c c a s i o n a l  work 
crews, and t h e  coverage of t h e i r  f i r e - p r o t e c t i o n  
s y s t ~ ~ n ,  a n d  o t h e r  companies a l s o  gave us s u b s t a n t i a l  
heln. From 1434 on, Region 8 of  t h e  U. S. F o r e s t  
S e r ~ i c e  a s s i s t e d  our  f o r e s t a t i o n  r e s e a r c h  immensely 
~i th n b r s r r y  and p l a n t i n g  space ,  CCC and o t h e r  man- 
~cver, q u a n t i t i e s  of seed ,  and some o u t r i g h t  funding.  
Xtny S t a t e  t o r e s t e r s  extended s i m i l a r  coopera t ion  
:o a l e s s e r  bu t  s t i l l  important  degree.  The Bureau 
of F L l n t  'Industry i n  Was1* rngton ( e s p e c i a l l y  through 
3 ~ .  Car l  N a r t l e y j ,  t h e  F o r e s t  Products  Laboratory,  
scl-er<i l  b i3h0c) i~  of f o r e s t r y ,  and t h e  Boyce-Thompson 
Tt1st i tute  o f  K a n t  Research a l l  helped us wi th  tech- 
nical i n f o r n a t l o n  and i n  same i n s t a n c e s  wi th  labora-  
tory s t  r v i c e s .  

The essence of coopera t ion  is mutual i n t e r e s t ,  
a f r e e  exchange of in format ion ,  and goodwil l .  The 
p r e s e n t  Council Tool Company p l a n t i n g  b a r  is a e a s e  
i n  p o i n t .  Over t h e  y e a r s  t h e  company developed i t  
from an  o r i g i n a l  design by Red Bateman a t  Bogalusa, 
w i  rl-A t k e  help of A. D. Read of zzhe Long-Bell Lumber 
Company (who f i r s t  added t h e  s t e p )  , t h r e e  CCC 
e n r o l l t c s  (whe i n s p i r e d  t h e  s u b s t i t u t i o n  of t h e  "Ttt 
for t h s  o r i g i n r  L 'ID" h a n d l e ) ,  and myself ,  who worked 
o a t  t h e  n o s t  e f f i c i e n t  dimensions of  b l a d e  and handle .  

INTIMTE ACQUAINTmCE WITH PIANT ;?IIATERI& 

I n  t h e  e a r l y  days ,  each of us  i n  charge  of a  
msin l i n e  of work had t o  s h a r e  each s t a g e  of i n v e s t i -  
g - t i o n  wi th  t h e  few u n d e r s t u d i e s  o r  a s s i s t a n t s  we 
kid, i f  indeed n o t  c a r r y  i t  o u t  e n t i r e l y  a l o n e .  I n  
my c a s e ,  f o r  example, I c o l l e c t e d ,  e x t r a c t e d ,  dewinged, 
and made germinat ion tests of most o f  my own s e e d ;  
grew, counted,  measured, dug, and packed my own seed- 
? .  ~ r n g s ;  and helped p l a n t  my own t r e e s  and then  examined 
and measured them annua l ly  f o r  t h e  f i r s t  5 o r  1 0  y e a r s  
i n  t h e  f i e l d .  The r e s u l t i n g  i n t i m a t e  acqua in tance  
w i t h  our  p l a n t  m a t e r i a l  was one of  o u r  g r e a t e s t  a s s e t s  
i n  our  e a r l y  research .  

By 1926 we were aware t h a t  t h e  Nantucket p i n e  
ti p moth, i7hpcionia f m s  trarxz Coms t . , caused s e r i o u s  
damage t o  young p lan ted  l o b l o l l y  and s h o r t l e a f  p i n e s .  
I b e l i e v e  i t  was i n  t h e  f a l l  of t h a t  y e a r  t h a t  D r .  
Tragard,  a  v i s i t i n g  Scandinavian en tomologis t ,  
opined t h a t  t h e  i n s e c t  must have a  2-year l i f e  c y c l e .  
This  I could n o t  b e l i e v e ,  because I had found over-  
w i n t e r i n g  pupae i n  t h e  t i p s  o f  10-month-old l o b l o l l y  
p ine  s e e d l i n g s  i n  t h e  nurse ry .  To prove my p o i n t  I 
began, on p l a n t e d  t r e e s ,  a  s e r i e s  o f  cag ing  e x p e r i -  
ments t h a t  u l t i m a t e l y  proved t h a t  i n  s o u t h e r n  
Louis iana  t h e  t i p  moth had f o u r  g e n e r a t i o n s  a  y e a r  
(1935. So. F o r e s t  Exp. S t a .  Occas. P.aper 45, 8 pp.) .  

I n  my annual  remeasurements of t r e e s  i n  e x p e r i -  1 
mental  p l a n t a t i o n s ,  i t  had grown upon me n o t  o n l y  
t h a t  a l l  young sou thern  p i n e s  were m u l t i n o d a l ,  b u t  
a l s o  t h a t  t h e  f i r s t  i n t e r n o d e  formed each y e a r  was 
d i s t i n c t l y  longer  than t h e  l a t e r  ones.  This  obser-  
v a t i o n  l e d ,  u l t i m a t e l y ,  t o  t h e  concept  of t h e  " f ive-  
y e a r  i n t e r c e p t f '  technique f o r  e v a l u a t i n g  s i t e  q u a l i t y  
i n  s t a n d s  l e s s  than 20 y e a r s  o l d  (Wakeley, 1954. 
Proc. Third Annual F o r e s t r y  Symposium, School o f  
F o r e s t r y ,  La. S t a t e  Univ., pp. 32-33. Wakeley, P .  C. 
and Marrero, Jose .  1958. J o u r .  F o r e s t r y  56: 332- 
336, i l l u s .  ) . 

I n  1932, i n  t h e  p rocess  of t h i n n i n g  an over- 
dense n a t u r a l  s t a n d  of l o n g l e a f  p i n e  s e e d l i n g s  f o r  
D r .  L. J. P e s s i n ,  then F i e l d  A s s i s t a n t  Linc E l l i s o n  
noted t h a t  t h e  need le  f a s c i c l e s  o f  s m a l l  l o n g l e a f  
s e e d l i n g s  might b e  e i t h e r  2-needled o r  3-needled, 
i n s t e a d  of c o n s i s t e n t l y  3-needled a s  t h e  text-books 
s a i d .  He c a l l e d  t h e  phenomenon t o  my a t t e n t i o n  and 
l a t e r  publ ished a  paper on i t .  I n  t u r n ,  I subse-  
quent ly  d i scovered  t h a t  when l o n g l e a f  s e e d l i n g s  
i n f e c t e d  wi th  brown s p o t  need le  b l i g h t  r e g r e s s e d  
from t h e  3-needled t o  t h e  2-needled h a b i t ,  t h e y  were 
u s u a l l y  p a s t  sav ing  by s p r a y i n g  w i t h  f u n g i c i d e .  This 
f i n d i n g  was of d i r e c t  va lue  i n  s c h e d u l i n g  t h e  spray-  
i n g  o r  p r e s c r i b e d  burning of l o n g l e a f  p i n e  p l a n t a t i o  
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2t1.l i nc ic iu l~  f a ~ * l i ~ i l e ~ ~ t  p i f l y  z t l r d ~  dT"i)be f ; i > ~ ~  asf ak- 
l a r  i n t i m a t ~  ?cqua in tance  w i t h  p i x t  m a t e r i a l .  
S:;e was runnir-g  g e - m i n a t i o n  r e s t s  .xi " ~ : t ? t 4 ~ '  o f  
mist  a c i d  p e a t  i n  s q u a r e  g l ~ s s  d i s h e s  with p l a i n  
g l z s s  l i d s ,  2.000 s e e d s  p e r  t s s c  i n  f o u r  d i s > e s  
i -o ld ing  230 s e e d s  s a c h .  Because of l a c k  u f  s p a c e  
she  was s t a c k i n g  t h e  d i s h e s  f o u r  d e e p ,  ~ n d  soon 
~ c t i c e d  t h 3 ~  t h e  s e e d s  i n  t h e  t o p  d i s h  germinaced 
sooner  and n c r e  comple te ly ,  somet,imes f a r  more 
ccmple te ly ,  than t h e  comparable s e e d s  i n  t h e  t h r c e  
d i s h e s  below. By f u r t h e r  t e s t s  s h e  proved con- 
c l u s i v e l y  t h a t  d i f f e r e n c e s  i n  l i g h t  accoun ted  f o r  
t h e  phenomenon. She p u b l i s h e d  t h e  r e s u l t s  i n  t h e  
ephemeral Sou the rn  F o r e s t r y  Notes  No. 41, 1940, 
and t h e y  were  soon p icked  up and quo ted  a l l  o v e r  
t h e  wor ld .  The t e c h n i q u e  used a t  t h e  Macon Seed 
LLtboratory t r a c e s  back d i r e c t l y  t o  h e r  f i n d i n g .  % 

SPUR-OF-THE-l.IOMENT STUDIES 

During my f i r s t  1 0  y e a r s  a t  t h e  Sou the rn  Sta-  
t i o n  I and o r h e r s  o f t e n  l e a r n e d  more from s t u d i e s  
under taken on o u r  own i n i t i a t i v e ,  from sudden i n s p i -  
r a t i o n ,  and n o t  approved i n  advance by h i g h e r  au thor -  
i t y ,  t h a n  we d i d  from r e g u l a r l y  schedu led  major  
e f f o r t s  p r e s c r i b e d  by t h e  D i r e c t o r ,  v a r i o u s  a d v i s o r y  
bod ies ,  o r  Washington overhead.  To keep t h e  r e c o r d  
s t r a i g h t ,  l e t  me s a y  t h a t  we u s u a l l y  f i t t e d  such  
s t u d i e s  i n t o  gaps  i n  r e g u l a r  schedu led  work, w i t h  
l i t t l e  o r  no e x t r a  t r a v e l ,  and t h a t  we c a r r i e d  
many o f  them o u t  on "con t r ibu ted t ' - - tha t  i s ,  on 
unpaid--overtime. 

For example, Hadley, under  whom I d i d  my f i r s t  
p l a n t i n g  a t  Bogalusa ,  had been d i r e c t e d  t o  s t u d y  
spac ings  o f  s l a s h  and l o n g l e a f  p i n e s ,  and f a l l  v e r s u s  
s p r i n g  p l a n t i n g ,  d i b b l e  v e r s u s  ma t tock  p l a n t i n g ,  and 
pruned v e r s u s  unpruned r o o t s  o f  t h e s e  two s p e c i e s  
and l o b l o l l y  p i n e .  I n  December 1924 we l a i d  o u t  
1 2  a c r e s  o f  Grea t  Sou the rn  Lumber Company l and  f o r  
these  s t u d i e s .  When we had f i t t e d  a l l  t h e  p r e s c r i b e d  
t e s t s  i n t o  t h e  l a y o u t ,  we had a n  a c r e  and a  h a l f  l e f t  
ove r .  Hadtey s a i d  "'What s h a l l  we do w i t h  them?" 

I was l e s s  than  2 months on t h e  job ,  b u t ,  i n  
measuring s e e d l i n g s  f o r  Hadley i n  some o f  h i s  n u r s e r y  
t e s t s ,  I had been g r e a t l y  impressed by  v a r i a t i o n s  
in size, f o l i a g e ,  and degree  o f  dormancy of t h e  seed-  
1 i n g ~  i n  even t h e  b e s t  and most un i fo rm beds .  1 
s a i d  "LP t ' s  compare f i r s t -  and second-grade seed- 
l i n g s  ' ~ n d  c u l l  s e e d l i n g s  o f  s l a s h  and l o b l o l l y  p i n e s . "  

iJe d i d ,  and, excep t  f o r  t h e  s p a c i n g  t e s t s ,  t h e  
areides were t h e  o n l y  t r e a t m e n t s  we p u t  i n  t h a t  w i n t e r  
'-f.i?t p r ~ d u c o d  any s i g n i f i c a n t  d i f f e r e n c e s  i n  Sur- 
" i v d  o r  growth. With some r e f i n e m e n t s  made d u r i n g  
t h e  nex t  few y e a r s ,  t h o s e  i n i t i a l  s e e d l i n g  g rades  
d e v e l ~ p c d  i n t o  those  s t i l l  i n  u s e  today.  

Again, H .  H .  C h n p ~ n n ' s  1922 p u b l i c a t i o n  of 
f l S o n d e r c ~ g e r  pine"  ;is probab ly  a  l o b l o l l y  X long- 
leaf  h y b r i d ,  p l u s  ny o m  d i s c o v e r y  o f  Sonderegger  
S"dlingq i~ t h e  l o n g l e a f  p i n e  seed  beds  a t  Bogalusa. 
led me to t r y  t o  a u t h r l n t i c a t e  t h e  c r o s s  by making 

i t  artifLc,:xL1y. C o n t r e l i e d  a p p l i c a t i o n  o f  lob-  
LOX;:? p ~ l  i e n  co bagged l o n g l e a f  " r lowers"  i n  1928 
m i ;  1924 ~ ~ i i i t ~ a ,  b u i  c o n t r o i l e d  i i p p i i c a t r u n  o f  
s l a s h  p i n e  _iciLes co l o n g l e a f  " f lowers"  i n  1929 
:ield&d a 5Lce l o t  of h y b r i d s .  I u n d e r s t a n d  t h a t  
s ( n c  of ckea <.ire s t i l l  growing i n  t h e  a rbore tum a t  
- i z ; e rv iL ic ,  C a l i f o r n i a .  E. J .  S c h r e i n e r ,  i n  U, S. 
Dept.  Agr i .  141: Yearbook S e p a r a t e  1599,  2.938, has  
d e s c r i b e d  them a s  ~ n l y  t h e  t h i r d  o r  f o u r t h  a u t h e n t i c  
a r t i f i c i a l  p i n e  h y b r i d s ,  and c e r t a i n l y  t h e  f i r s t  
such s o u t h e r n  p i n e  h y b r i d s ,  e v e r  made. 

Roth i n  rARLY RESEARCH INCENTIVES and i n  
ENTlmTE ACQCXLNTMCE WITH PLANT MATERIAL I have  
z ~ l r e a d y  mentioned s t u d i e s  o f  t h e  l i f e  c y c l e  of t h e  
San tucke t  t i p  moth. I conceived t h e s e  s t u d i e s  
p e r s o n a l l y  and independen t ly .  They were  unapproved 
i n  zdvance,  c a r r i e d  o u t  e n t i r e l y  i n  c o n n e c t i o n  w i t h  
o t h e r  t r a v e l ,  and done a lmos t  who l ly  on c o n t r i b u t e d  
t ime .  My w i f e  made t h e  cages  r e q u i r e d  o u t  o f  c l o t h  
I p a i d  f o r  myse l f .  The s t u d i e s  n o t  o n l y  p l a c e d  o u r  
knowledge o f  t h e  i n s e c t  i t s e l f  i n  c o r r e c t  p e r s p e c t i v e  
b u t  y i e l d e d  me two f a i r l y  wide ly  quo ted  p u b l i c a t i o n s  
and a  p l e a s a n t  t r i p  ( though a t  t o u r i s t  r a t e s ,  t o  b e  
s u r e )  t o  t h e  Four th  I n t e r n a t i o n a l  En tomolog ica l  
Congress i n  I t h a c a  i n  1928. 

One o f  my f i r s t  a s s ignments  a t  t h e  S o u t h e r n  
S t a t i o n  was making g e r m i n a t i o n  t e s t s  o f  p i n e  s e e d  
a l r e a d y  s t o r e d  1 o r  more y e a r s  i n  "paper ,  s e a l e d  
wax paper ,  o r  s e a l e d  g l a s s " ,  b o t h  w i t h  and w i t h o u t  
p r i o r  s t e r i l i z a t i o n  w i t h  formaldehyde s o l u t i o n .  I n  
1924 and f o r  s e v e r a l  y e a r s  t h e r e a f t e r ,  a l l  c o r r e s -  
pondence from Washington c o n t i n u e d  t o  s t r e s s  c o n t a i n e r  
and s t e r i l i z a t i o n  t e s t s ,  a p p a r e n t l y  on t h e  a s sumpt ion  
t h a t  i n f e c t i o n  by micro-organisms o r  c o n t a c t  w i t h  
t h e  a i r  might  b e  c a u s i n g  t h e  s e r i o u s  t o  comple te  
d e t e r i o r a t i o n  w i t h i n  1 y e a r  t h a t  c h a r a c t e r i z e d  t h e  
s e e d  o f  a 1 1  s p e c i e s .  

Memories o f  my c o l l e g e  c o u r s e  i n  p l a n t  p h y s i o l -  
ogy l e d  me t o  wonder whether  s t o r a g e  t e m p e r a t u r e  
might  n o t  have some e f f e c t .  N e g o t i a t i o n s  w i t h  Boyce 
Thompson I n s t i t u t e  i n  1927 l e d  t o  t r i a l s  o f  s t o r a g e  
a t  25'-30° F.,  w i t h  room-temperature c h e c k s ,  and i n  
1928 I t r i e d  s t o r a g e  a t  abou t  5 5 O  F,  i n  my ice-box 
a t  home. The r e s u l t s  were  r e v o l u t i o n a r y ;  we found 
we cou ld  keep even t h e  s e n s i t i v e  s e e d  o f  l o n g l e a f  
p i n e  v i a b l e  f o r  s e v e r a l  y e a r s .  

A number o f  f u r t h e r  l e a d s  made P o l l y  Nelson and 
me t u r n  o u r  a t t e n t i o n  t o  t h e  e f f e c t  of s e e d  m o i s t u r e  
c o n t e n t  on keep ing  q u a l i t y .  We s t o r e d  s e e d  of s e v e r a l  
s p e c i e s  a t  a  wide range  o f  m o i s t u r e  c o n t e n t s  b o t h  
under r e f r i g e r a t i o n  and a t  room t e m p e r a t u r e ,  and 
found t h a t ,  o f  t h e  two, low s e e d  m o i s t u r e  c o n t e n t  
was even more impor tan t  t h a n  low t e m p e r a t u r e  (Hary 
L .  Nelson. 1938. Sou the rn  F o r e s t  Exp t .  S t a .  
Occas iona l  Paper  78, 19  p p . ) .  Seed o f  one  1931  
s l a s h  p i n e  l o t  I had s t o r e d  a t  low t e m p e r a t u r e  and 
bv chance a t  low m o i s t u r e  c o n t e n t  s t i l l  ge rmina ted  
09 p e r c e n t  a f t e r  45 y e a r s .  

To conc lude ,  i n t i m a t e  a c q u a i n t a n c e  w i t h  O D - '  

m a t e r i a l  and some freedom ts do t h i n g s  w i t h  i t  on 
impulse  c e r t a i n l y  pa id  o f f - - in  d o l l a r s  and c e n t s ,  
and i n  good, c l e a n  fun b e s i d e s .  
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Abstract.--The need f o r  and challenge of s i l v i -  
c u l t u r a l  research  i n  the  South is g rea t .  Pro jec t ions  
f o r  f o r e s t r y  research needs i n  the  South suggest  a 
66-percent i nc rease  i n  s i l v i c u l t u r a l  research  by 1985. 
It is  important t o  choose p r i o r i t i e s  c a r e f u l l y ,  coordi- 
n a t e  our  e f f o r t s ,  and take  f u l l  advantage of opportuni- 
t i e s  t o  cooperate.  

P h i l  Wakeley has  provided a p i c t u r e  of t he  
h i s t o r y  of  s i l v i c u l t u r e  research.  My goal  is t o  
provide a p i c t u r e  of  s i l v i c u l t u r a l  research  i n  
the  fu ture .  

S i l v i c u l t u r a l  research  has  c e n t e r  s t age  i n  
t he  South. The s o i l s ,  c l imate ,  topography and 
the  inherent  growth p o t e n t i a l  of  t he  t r e e  combine 
t o  form condit ions f o r  exce l l en t  growth. So 
much s o  t h a t  southern f o r e s t s  a r e  expected t o  
produce ha l f  t he  Nation's  wood products  needs by 
t h e  year  2000, and, a t  t he  same time, provide 
q u a n t i t i e s  of  l i v e s t o c k  forage,  c lean  water ,  
w i l d l i f e  h a b i t a t  and r ec rea t iona l  oppor tun i t i e s .  
Southern timberlands have been producing 30 percent  
more p ine  sawtimber than has been harvested.  Yet, 
the  average ac re  of fo re s t l and  i n  t h e  South is 
capable of growing two o r  more times than present .  
The South o f f e r s  a unique challenge t o  f o r e s t r y  
research  because most of  t h e  gain i n  f o r e s t  goods 
and se rv i ces  must come from small ,  non indus t r i a l  
ownerships t h a t  con t ro l  72 percent  of  t he  f o r e s t  
land  base. It i s  e s s e n t i a l  t h a t  we give s e r ious  
thought and pos i t i ve  a t t e n t i o n  t o  problems t h a t  
keep these  lands from growing more wood f a s t e r .  

L/ Paper presented a t  Southern S i lv i -  
c u l t u r a l  Research Conference, At lanta ,  Georgia, 
Hovember 6-7, 1980. 

?-/ Associate Deputy Chief f o r  Research, 
U. S. Fores t  Service,  Washington, D. C. 20013. 

Obviously t o  meet f u t u r e  demands f o r  f o r e s t  
goods and se rv i ces  and s t i l l  produce the  needed 
timber supp l i e s ,  we must i nc rease  timber pro- 
duction per  acre .  In  t h e  South, t h i s  t r a n s l a t e s  
i n t o  t he  c u l t u r e  of about 70 p ines  and hardwoods. 
Adding t o  t he  challenge of meeting these  objec- 
t i v e s  is t h e  need t o  foresee  and provide p r a c t i c a l  
answers t o  new problems. For example, i n s e c t  and 
d isease  con t ro l  measures w i l l  become more import- 
an t  a s  i n t ens ive  management increases .  Wildf i res  
w i l l  become more cos t ly  a s  f o r e s t  investments r i s e  
and p l an t a t i ons  of  gene t i ca l ly  improved t r e e s  a r e  
es tabl i shed .  Maintenance of  s o i l  p roduc t iv i ty  
and water  q u a l i t y  w i l l  demand h igher  p r i o r i t i e s  
f o r  f u t u r e  research ,  a s  w i l l  impacts f o r  w i l d l i f e  
and r ec rea t ion  usage. 

Forestry research  e f f o r t s  continue t o  be 
c lo se ly  coordinated and j o i n t l y  planned through 
a system of  regional  and na t iona l  planning groups 
sponsored by the  U. S. Department of Agr icul ture .  
The Fores t  Service research  program undergoes 
regular  assessment i n  cooperat ion wi th  t he  s t a t e  
Agr icul tura l  Experiment S t a t i ons ,  f o r e s t r y  
schools,  and research  users .  Research p r i o r i t i e s  
change a s  new technologies develop and a s  new 
regional  and na t iona l  problems a r i s e .  

I am su re  t h a t  most of you have been in-  
volved i n  pas t  planning e f f o r t s .  The RPA 
Assessment and Program documents (1980); P ine  
Refores ta t ion  Task Force Report f o r  Southern 
Fores ts  (1977) ; Report of t he  Fores t  Resources 
Task Force f o r  Long-Range Planning i n  Timber 
Management, "Forest Resources Research Heeds i n  
Timber danagement , " (1974) ; In t ens ive  Cul ture  on 
I n d u s t r i a l  Forest  Lands and Future Wood Supplies 
Trends, Expectat ions,  and Needs - a r epo r t  pre- 
pared f o r  TAPPI (1976); A research Development 
and Applicat ion Plan,  "Improved Use and Manage- 
ment of  Eastern Hardwoods'' (1980); and the  



Southern Region Reference Wcument - Nstional 
Program of Research f o r  Fores ts  and Associated 
Rangelands (1977) a r e  major cooperat ive e f f o r t s .  
I have used t h i s  l a s t  document a s  a b a s i s  f o r  
these c o m n t s .  Its sponsors and the  sponsors 
of t h i s  conference a r e  the  same. 

Pro jec t ions  f o r  f o r e s t r y  research  needs i n  
the South suggest a 66-percent increase  i n  t he  
tfmber aanagement research  program by 1985. This 
is mare than double pro jec ted  increases  f o r  o t h e r  
research program a reas .  

A review of the  program of  t h i s  conference 
provides a good p i c t u r e  of  cur rent  southern 
s i l v i c d t u r a l  research p r i o r i t i e s  and d i r ec t ion .  
As we move i n t o  t h i s  conference remember this-- 
t o  a g rea t  ex t en t  t he  success of  f o r e s t r y  progress 
i n  t he  South w i l l  depend upon the  research  p r io r i -  
ties and d i r ec t ions  decided upon now, Recent da ta  
on southern f o r e s t s  predic ted  supply and demand 
s i t u a t i o n ,  coupled with analyses of  economic 
oppor tuni t ies ,  should s t imula te  a s t rong  sense of  
urgency i n  a l l  of those engaged i n  research  and 
development. 

h of  the  da t a  obtained 
l y i c u l t u r i s t s  no t  because of any l ack  

t y  on t h e i r  p a r t ,  bu t  because of  t h e  more 
f o r e s t r y  being p rac t i ced  i n  t he  South. 

u t i l i z a t i o n  r e s u l t s  i n  
f t  on the  land ,  and s i t e  

e l y  a f f ec t ed  by these  
n t  techniques. Hanres t- 

competition cont ro l  
l y  much d i f f e r e n t  than pas t  
ably a r e  adversely impacting 
how do we ameliorate.  

and y i e l d  da t a  f o r  t he  south- 
ve research  a r ea  and w i l l  
on. Such work must be ex- 
n e t i e a l l y  improved, in tens ive ly  
d we w i l l  need t o  determine 
on d r a s t i c a l l y  d is turbed  
r e s u l t i n g  from coal  mining 

op both even-aged and 
ment s t r a t e g i e s  with 

ine-hardwood types t o  meet 
11, pr iva t e  owners. 

While pine w i l l  continue to  rece ive  con- 
s ide rab le  research a t t e n t i o n ,  we cannot meet 
the  South's o v e r a l l  land manageaaent and gro- 
duction goals  without s i g n i f i c a n t  advancements 
i n  hardwood s i l v i c u l t u r e .  This opens up e n t i r e l y  
new v i s t a s  f o r  maintaining and improving bottom- 
land hardwood s tands  t h a t  a r e  shr inking  each year 
due t o  a g r i c u l t u r a l  encroachments and f o r  u t f l i z -  
i ng  low-grade hardwoods on s i t e s  where pine would 
be m r e  productive. Rehab i l i t a t i on  of degraded 
upland and mountain f o r e s t s  w i l l  be necessary t o  
meet demands f o r  l a rge ,  high-value hardwoods now 
i n  s h o r t  supply. 

Some obs tac les  to progress i n  s i l v i c u l  t u r a l  
research  described by P h i l i p  Wakeley a r e  l i k e l y  
t o  continue,  bu t  t he re  have been tremendous 
changes and improvements, With a l l  of t h e  needs 
of  our soc i e ty  w e  w i l l  not  have a l l  of t he  re- 
sources we could use to work on important prob- 
lems i n  a timely fashion.  That 's  why i t  is so  
important t h a t  we choose p r i o r i t i e s  ca re fu l ly ,  
coordinate what we a r e  doing and take  f u l l  
advantage of  oppor tuni t ies  t o  cooperate.  

I n  summary, southern s i l v i c u l t u r a l  research  
is a l i v e  and wel l .  The need is r e a l  and the  
fu tu re  i s  b r igh t .  The program f o r  t h i s  confer- 
ence is very ambitious and very impressive. You 
have a l o t  t o  share  with each o t h e r  and thousands 
of o the r s  who a r e  not  here.  You have a personal  
r e s p o n s i b i l i t y  t o  use t he  information t h a t  w i l l  
be included i n  t he  Proceedings. Your job is  not  
done u n t i l  t h i s  information is put  i n t o  p r a c t i c a l  
use. And a s  Ph i l  s a i d  i t ' s  "clean fun besides."  
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Abstract.--A va r i e ty  of s t u d i e s  were i n s t a l l e d  t o  iden- 
t i f y  reasons f o r  poor su rv iva l  and stocking noted i n  young 
p l an t a t i on .  These s tud ie s  f a i l e d  t o  show any cons i s t en t  
r e l a t i o n s h i p  between su rv iva l  and t h e  f a c t o r s  of type of 
l i f t i n g ,  s eed l ing  ca re  between l i f t i n g  and p lant ing ,  seed- 
l i n g  grade,  o r  p lant ing  care.  However, each of  them 
a f f ec t ed  su rv iva l  i n  one o r  more loca t ions .  These s t u d i e s  
suggest  t h a t  a l l  phases of  a  p lant ing  program must be 
emphasized f o r  t h a t  program t o  be successfu l .  

INTRODUCTION 

The regenera t ion  program of most pulp and 
paper companies i n  t h e  South i s  charac ter ized  by 
in t ens ive  s i t e  prepara t ion  wi th  mechanical equip- 
ment, followed by e i t h e r  hand o r  machine p lant ing  
of  gene t i ca l ly  improved seedl ings .  This is an 
expensive system, but  i t  i s  thought t o  provide 
f o r  a  g r e a t e r  p robab i l i t y  of e s t ab l i sh ing  a new 
stand and one wi th  narrower s tocking  va r i a t i on ,  
than what might be expected i f  r e l i a n c e  were 
placed on n a t u r a l  regenerat ion.  

Fa i lu re  of t h e  system t o  perform according 
t o  expecta t ions  may occur a s  a consequence of 
unavoidable f a c t o r s  such a s  an extended drought 
before  t h e  seedl ings  become e s t ab l i shed  o r  
because of  a  v a r i e t y  of preventable  f a c t o r s .  
These inc lude  low seedl ing  v igor  perhaps due t o  
d i sease  o r  l i f t i n g  damage i n  t h e  nursery,  
improper handling i n  t h e  f i e l d ,  inadequate s i t e  
prepara t ion ,  o r  improper p lant ing .  There is 
l i t t l e  t h a t  can be done i f  weather is the  major 
reason f o r  poor su rv iva l ,  but man-caused problems 
a r e  preventable,  and must be i d e n t i f i e d  and 
correc ted .  

Continental  Fores t  Lndustr ies,a  subs id i a ry  
of The Continental  Group, Inc., and formerly 
known a s  Continental  Can Company, c o n t r o l s  
approximately 1.5 mi l l i on  a c r e s  of  f o r e s t  land 
i n  t he  piedmont and c o a s t a l  p l a i n  of seven 
Southern s t a t e s .  This land base is divided i n t o  
four woodlands d i s t r i c t s ,  each of  which provides 
raw ma te r i a l  p ro t ec t ion  f o r  a pulp m i l l ,  These 
four  d i s t r i c t s  s i t e  prepare and p l an t  a  t o t a l  of  
approximately 34,000 a c r e s  of land each year. 
Most of t h i s  acreage is planted with l o b l o l l y  
pine (Pinus tadea L . ) ,  a l though a few thousand 
ac re s  G r F l b r i d a  and south  Georgia a r e  
planted with s l a s h  p ine  (Pinus e l l i o t t i i  engelm. 
var.  e l l i o t t i i ) .  

Seedlings f o r  t h e  r e f o r e s t a t i o n  e f f o r t  a r  
obtained e n t i r e l y  from company nu r se r i e s .  One 
l a r g e  nursery is s i t u a t e d  near S ta tesboro ,  Geo 
and provides the seedl ing  requirements f o r  bu t  
the  Augusta and Savannah d i s t r i c t s  . Two smalle 
nu r se r i e s ,  one s i t u a t e d  near Ches ter ,  V i rg in i a ,  
and the o the r  near  Hodge, Louisiana, provide 
seedl ings  f o r  t h e  Hopewell and Hodge d i s t r i c t s  
respect ive ly .  

I/ Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a r c h  Conference, A t l an t a ,  Georgia, November 
6-7, 1980. 

2/ Author is Division Research Fores ter ,  
Continental  Forest  Indus t r i e s ,  Box 8969, Savannah, 
Georgia. 

Appreciation is expressed t o  t h e  numerous 
f i e l d  personnel who were respons ib le  f o r  t h e  
i n s t a l l a t i o n  and measurement of t he se  s tud i e s ,  
and t o  Messrs. M. A. Srr igerwal t  and R .  E. Tucker 
f o r  suggest ions and advice i n  t he  design phases. 

Evidence t h a t  the regenera t ion  program was 
not completely successfu l  was obtained from t h e  
1977 inventory of company land.  An examination 
of permanent inventory p l o t s  s i t u a t e d  i n  p l an t a  
t i ons  younger than t h i r t e e n  yea r s  o l d  revealed 
a cons i s t en t  and s imi l a r  t rend  i n  a l l  four  
d i s t r i c t s .  Stocking and su rv iva l  was gene ra l ly  
constant  fo r  p l an t a t i ons  e s t ab l i shed  p r i o r  t o  t 
e a r l y  1970f s ,  and then  began t o  d e c l i n e  f o r  t h e  
more r ecen t ly  es tabl i shed  p l an t a t i ons .  The l o n  
term consequences of t h i s  t rend a r e  uncer ta in ,  



but  t h e  impor tan t  p o i c t s  a r e  t h a t  t h e  lowered 
s t o c k i n g  l e v e l  reduces nanagement a l t e r n a t i v e s ,  
and i m p l i e s  that t h e  job  i s  n o t  being c o r r e c t l y  
performed. 

XET HOD S 

A two pronged approach was i n i t i a t e d  
d u r i n g  t h e  1978-79 p l a n t i n g  season  i n  an at tempt 
t o  i d e n t i f y  f d c t o r s  c o n t r i b u t i n g  t o  t h e  d e c l i n i n g  
t r e n d s  i n  s tock ing .  The f i r s t  approach was t o  
i n s t a l l  s e v e r a l  d i f f e r e n t  r e p l i c a t e d  s t u d i e s  
designed t o  t e s t  t h e  e f f e c t  of s p e c i f i c  t r e a t -  
ments. Treatments  considered were mechanical 
l i f t i n g  i n  t h e  n u r s e r y ,  t r e e  c a r e  between l i f t i n g  
and p l a n t i n g ,  p l a n t i n g  s u p e r v i s i o n  and c a r e ,  e t c .  
The g o a l  h e r e  was s imply t o  i d e n t i f y  problem 
a r e a s  f o r  f u r t h e r  s tudy.  The second approach 
involved i n s t a l l a t i o n  of about  275 permanent 
p l o t s  i n  ' r e p r e s e n t a t i v e '  a r e a s  o f  newly es tab-  
l i s h e d  p l a n t a t i o n s .  These p l o t s  cou ld  then  be 
used t o  determine why i n d i v i d u a l  t r e e s  d i e d ,  and 
t o  p rov ide  c l u e s  a s  t o  where poor s u r v i v a l  was 
a  problem. Each of  t h e s e  s t u d i e s  can be b r i e f l y  
described a s  fo l lows:  

L i f t i n g  and Time o f  P l a n t i n g  (one 
l o c a t i o n  f o r  each  o f  two n u r s e r i e s )  

I n  t h i s  s t u d y ,  trees were bo th  machine 
l i f t e d  wi th  a  s ingle-row l i f t e r  and hand l i f t e d  
a t  s i x  d i f f e r e n t  t imes  dur ing  t h e  p l a n t i n g  season. 
Band l i f t i n g  was done c a r e f u l l y  i n  o r d e r  t o  
p reserve  a s  much of t h e  r o o t  system a s  p o s s i b l e .  
P l a n t i n g  s i t e s  were s e l e c t e d  t o  r e p r e s e n t  t h e  
droughty end of t h e  s o i l  m o i s t u r e  range under 
t h e  assumption t h a t  i f  machine l i f t i n g  c o n t r i b u t e d  
t o  poor  s u r v i v a l  by break ing  t h e  f i n e  r o o t s ,  t h e  
e f f e c t s  of t h i s  damage ought t o  be more pronounced 
on t h e  d r i e r  s i t e s .  Outp lan t ing  of  each l i f t i n g  
method was r e p l i c a t e d  s i x  t i m e s  i n  a  s p l i t  p l o t  
des ign ,  wi th  l i f t i n g  d a t e  forming t h e  whole p l o t .  
fhch s u b p l o t  c o n s i s t e d  o f  t e n  trees from e i t h e r  
l i f t i n g  method. 

S p e c i a l  Handling and P l a n t i n g  (20 l o c a t i o n s )  

is  s tudy  was designed t o  i d e n t i f y  phases 
p l a n t a t i o n  es tab l i shment  system t h a t  might 

b u t e  t o  poor s u r v i v a l  and t o  p rov ide  l e a d s  
u r t h e r  s tudy .  The s p e c i f i c  phases and t h e i r  

e c t i v e s  a r e  as fo l lows:  

L f t i n g  - Compare hand l i f t i n g  v s .  machine 
l i f t i n g .  

a n s p o r t a t i o n  and s t o r a g e  - Compare s e e d l i n g s  
brought  d i r e c t l y  t o  t h e  s i t e  a g a i n s t  
those  be ing  used by o p e r a t i o n a l  
p l a n t i n &  crzws. 

P l a n t i n g  - Compare o p e r a t i o n a l  p l a n t i n g  
with ' s p e c i a l '  p l a n t i n g  o r  
p l a n t i n g  i n  such a  way a s  t o  
hopefu l ly  maximize s u r v i v a l .  

Yhese s i x  t rea tments  were l a i d  ou t  i n  a  ranJomized 
complete block des ign  with f i v e  r e p l i c a t i o n s  and 
f i f t e e n  t r e e s  per  p l o t .  

An a d d i t i o n a l  s e t  of t rea tment  p l o t s  were 
i n s t a l l e d  t o  compare s u r v i v a l  between t h e  opera- 
t i o n a l  p l a n t i n g  i n  t h e  s tudy  p l o t s  and tile 
o p e r a t i o n a l  p l a n t i n g  of t h e  a d j a c e n t  a r e a .  The 
d i s t i n c t i o n  h e r e  is t h a t  i n  t h e  former s i t u a t i o n ,  
t h e  p l a n t i n g  crew was aware t h a t  they  were p a r t i -  
c i p a t i n g  i n  a  s tudy ,  while  i n  t h e  l a t t e r  s i t u a t i o n  
they were unaware t h a t  a  s t u d y  was being done. 
Any d i f f e r e n c e  between t h e s e  two t r e a t m e n t s  could 
be a t t r i b u t e d  t o  t h e  e f f e c t  of f i e l d  superv is ion .  
These a r e  r e f e r r e d  t o  a s  t rea tment  6 and t rea tment  
7 p l o t s  r e s p e c t i v e l y .  

The p l a n t i n g  f o r  a l l  l o c a t i o n s  o f  t h i s  s t u d y  
was done d u r i n g  t h e  middle of t h e  dormant season  
t o  minimize p o s s i b l e  i n t e r a c t i o n s  between t r e a t -  
ments and t h e  degree  of s e e d l i n g  dormancy. The 
p l a n t i n g  s i t e s  were v a r i a b l e ,  b u t  were s e l e c t e d  
t o  r e p r e s e n t  t h e  c o n d i t i o n s  t h a t  might b e  encount- 
ered i n  any one d i s t r i c t .  

Grading T r i a l  (one l o c a t i o n  f o r  each of 
t h r e e  n u r s e r i e s )  

This  s tudy  was e s t a b l i s h e d  t o  de te rmine  i f  
t h e r e  i s  a  s u r v i v a l  d i f f e r e n c e  between t h e  mor- 
pholog ica l  s e e d l i n g  grades  and ungraded t r e e s .  
The ungraded t rea tment  was included a s  a  check 
a g a i n s t  t h e  p o s s i b i l i t y  t h a t  t h e  g rad ing  process  
caused some s u r v i v a l  reduc t ion .  The s t u d y  d e s i g n  
was a l s o  a  randomized complete b lock  wi th  f i v e  
r e p l i c a t i o n s  of a  f i f t e e n  t r e e  p l o t .  Each 
i n s t a l l a t i o n  was e s t a b l i s h e d  on ' adverse '  s i t e s  
under t h e  assumption t h a t  i f  s e e d l i n g  grades  
were de te rminants  of s u r v i v a l ,  t h e i r  e f f e c t  would 
be more pronounced on t h e s e  s i t e s .  P l a n t i n g  was 
done i n  t h e  middle of t h e  dormant season.  

Post  Mortem Study 

This  s tudy  was e s t a b l i s h e d  t o  p rov ide  (a )  
d e t a i l e d  information about why i n d i v i d u a l  t r e e s  
d i e d ,  and (b) a  d a t a  set t o  t e s t  hypothes i s  about  
s i t e  o r  management f a c t o r s  a s s o c i a t e d  wi th  s u r v i -  
v a l .  It c o n s i s t e d  of two s e r i e s  of about  70 
permanent p l o t s  i n  each d i s t r i c t  e s t a b l i s h e d  over  
a  wide range of c o n d i t i o n s .  In format ion  ga thered  
f o r  each p l o t  inc ludes  d a t e s  o f  s i g n i f i c a n t  manage- 
ment a c t i v i t y ,  i . e . ,  c u t t i n g ,  p r e p a r a t i o n ,  p l a n t -  
i n g ,  e t c , ,  c h a r a c t e r i z a t i o n  of t h e  s i t e ,  and f o r  
t h e  second s e r i e s ,  a  d e s c r i p t i o n  of  t h e  c o n d i t i o n s  
a t  p l a n t i n g .  



Each p lant ing  s p ~ t  was numbered sequent i3 l ly ,  
flagged i n  t h e  f i e l d ,  and i t s  condi t ion  described 
with respect  t o  associa ted  vegeta t ion .  I f  the  
p l s c t i n g  spot  contained a tree, a va r i e ty  of 
i n f o r m t i o n  was co l l ec t ed ,  This included t r e e  
condi t ion  (healthy,  unhealthy, o r  dead),  reason 
f o r  i ts  condit ion,  judgements a s  t o  i t s  s i z e ,  
pos i t i on  a f t e r  p lant ing  ( v e r t i c a l ,  hor izonta l ,  
e t e . )  and depth of p lant ing .  The f i r s t  s e r i e s  
was i n i t i a l l y  observed i n  Apr i l  and May, 1979 
o r  about one t o  t h ree  months a f t e r  p lant ing ,  and 
then again  during the  dormant season following 
one yea r ' s  growth, A second s e r i e s  was a l so  
i n s t a l l e d  i n  t he  1979-80 p lant ings ,  but w i l l  not 
be observed u n t i l  e a r ly  1981. 

During the  1979-80 dormant season, t r e e s  i n  
each study were charac ter ized  a s  being hea l thy ,  
unhealthy o r  dead. Unhealthy t r e e s  were those 
t h a t  would probably d i e ,  but could not  be ca l l ed  
dead s i n c e  they had a few l i v e  needles on them. 
Analysis  of  t he  r ep l i ca t ed  s t u d i e s  was based on 
the  number of healthy t r e e s  i n  each p lo t .  A 
f i r s t  s t e p  i n  t h e  ana lys i s  was t o  i den t i fy  aber- 
r e n t  p l o t s ,  o r  those whose su rv iva l  was such t h a t  
i ts p robab i l i t y  of  occurrence was l e s s  than one 
percent .  This was done by assuming t h a t  surv iva l  
i n  each study was d i s t r i b u t e d  a s  a binomial, and 
then determining t h e  p robab i l i t y  associa ted  wi th  
t he  number of  t r e e s  i n  p l o t s  suspected of being 
aberrent .  Aberrent p l o t s  could e i t h e r  be de le ted  
o r  r e t a ined  i n  t he  analys is .  The d a t a  s e t  i n  
which abe r r en t  p l o t s  had been de le ted  can be 
r e f e r r ed  t o  a s  an ed i t ed  d a t a  s e t  and is  the  one 
on which the  fol lowing r e s u l t s  a r e  based. How- 
ever ,  i nc lus ion  of t he  aberrent  p l o t s  had re la-  
t i v e l y  l i t t l e  e f f e c t .  

The geographical d i s t r i b u t i o n  of t he  study 
s i t e s  and of t he  landholdings of Continental  
Forest  Indus t r i e s  is shown i n  f i g u r e  1. The 
loca t ion  of t he  pos t  m r t e m  p l o t s  a r e  not shown 
s p e c i f i c a l l y ,  but they a r e  d i s t r i b u t e d  throughout 
t he  ownership. A summary of t he  r e s u l t s  from the  
l i f t i n g  and time of p lant ing  study i s  presented 
i n  Table 1, Analysis of var iance  suggests  t h a t  
t h e  d i f f e r ences  i n  su rv iva l  between machine- 
l i f t e d  o r  hand-l if ted t r e e s  a t  e i t h e r  l oca t ion  
s tudied  were not  s i g n i f i c a n t  even a t  t he  twenty 
percent  l eve l .  There was a l s o  no in t e r ac t ion  
between type of l i f t i n g  and d a t e  of planting.  
Surviva l  tends t o  dec l ine  wi th  p lant ing  da t e ,  
but  t M s  is not  s i g n i f i c a n t .  The l a s t  planting 
a t  t he  Virginia l oca t ion  had poorer su rv iva l  
than t h e  e a r l i e r  p lant  ings.  

Resul t s  of t he  spec i a l  handling and p lant ing  
study a r e  summarized i n  ~ a b l e s  2 and 3 .  Table 3 

shows t h e  su rv iva l  f o r  those treatments t ha t  had 
a s i g n i f i c a n t  d i f f e r ence ,  and f o r  t he  e n t i r e  
study. It is assumed i n  Table 2 ,  t h a t  i f  the  
observed d i f f e r ence  between any comparison has 
l e s s  than a s ix t een  percent  p robab i l i t y  of occur- 
rence, then t h i s  d i f f e r ence  represents  an e f f e c t  
of the  treatment and not  chance va r i a t i on .  The 
higher l e v e l  of s ign i f i cance  seemed appropr ia te  
because of the  genera l ly  good su rv iva l  t h a t  
occurred t h a t  year .  

Table 3 provides t h e  su rv iva l  f o r  t he  s ign i -  
f i c a n t  t reatments and f o r  each s tudy loca t ion .  
A b r i e f  sumary  of the  r e s u l t s  by treatment a r e  
a s  fol lows:  

L i f t i n g  There was no d i f f e r ence  i n  
su rv iva l  between hand and machine 
l i f t e d  t r e e s  planted a t  n ine  Coastal  
P l a in  s i t e s .  This agrees with the 
l i f t i n g  and time of p l an t ing  study. 
Wowever, t he  su rv iva l  of machine l i f t e d  
t r e e s  was about f i v e  t o  ten  percent  
l e s s  than hand l i f t e d  t r e e s  i n  f i v e  
of seven piedmont s i t e s .  This occurred 
with seedl ings  from two d i f f e r e n t  
nu r se r i e s  and is  an a r ea  t h a t  should 
be explored i n  more d e t a i l .  

Transportat ion Seedlings brought 
d i r e c t l y  t o  t h e  p lant ing  s i t e  had 
s i g n i f i c a n t l y  b e t t e r  su rv iva l  i n  f i v e  
of the twenty t r i a l s .  Survival  d i f f e r -  
ences were not l a r g e  however, and 
ranged up t o  twelve percent .  

Operat ional  p lant ing  vs. research  
p l a n t i n g  Dif ferences  occurred i n  only 
two of the  18 t r i a l s  i n  which t h i s  t r e a  
ment was i n s t a l l e d .  (Treatment 7 v s .  
t reatment 6 ) .  I f  the  su rv iva l  of the  
opera t ional  p l an t ing  i n  t he  p lant ing  
chance ( treatment 7 )  is compared t o  
t h a t  achieved by a l l  t rea tments  i n  t h e  
study ( treatments 1-6) t h i s  increases  
t o  four  t r i a l s  o r  a  l i t t l e  over twenty 
percent .  The point  t o  note  here  is 
t h a t  while opera t ional  crews may be 
more conscientious about t h e i r  work 
when put t ing  i n  a study o r  simply becau 
they have been chosen to  do something 
d i f f e r e n t ,  t he re  is l i t t l e  evidence t h  
the study a reas  were planted wi th  any 
more ca re  than the remainder of t he  
t r a c t .  

Resul t s  of t he  grading t r i a l s  a r e  shown i 
Table 4 .  None of the  treatment means d i f f e r  
s i g n i f i c a n t l y  ~ 5 t h  the exception of the  Louis 
loca t ion .  There, grade 3 seedl ings  had poore 
su rv iva l  than the o ther  grades o r  ungraded con 
(P-0.01). Since these  seedl ings  a r e  c u l l s  an  
a r e  normally discarded,  t h i s  d i f f e r ence  i s  of 
no p r a c t i c a l  s igni f icance .  



LEGEND 

Augusta [Ilj Hopewell 

Hodge a Savannah 

Figure 1. Land ownership and loca t ion  of p l an t a t i on  su rv iva l  s tud i e s .  Study i d e n t i f i c a t i o n s  a r e :  
G = grading, L = l i f t i n g  and 1-20 = spec i a l  handling. Post  mortem p lo t s  a r e  a t  var ious  l oca t ions  wi th in  
shaded areas .  

l e  1. Survival  f o r  L i f t i n g  And Time of 
t i n g  Study 

Type of L i f t i n g  
Locat ion  

Georgia Virg in ia  

. The 1978-79 p lant ing  season was an 
excel len t  one f o r  su rv iva l  with a 
median su rv iva l  ranging from 85-90 
percent  depending upon the  d i s t r i c t .  
(See Table 5) .  This su rv iva l  from 
opera t ional  p l an t ing  is cons i s t en t  with 
t h a t  achieved by the  spec ia l  handling 
and o the r  s tud i e s .  

. Most mor t a l i t y  occurred between the  time 
the  a r ea  was planted and the  p l o t  was 
observed. That is,  i f  a  t r e e  survived 
the  p l an t ing  shock, i t  d id  not  d i e  a t  
a  l a t e r  da t e .  

. Trees t h a t  d id  survive the  p l an t ing  
shock but  subsequently died tended t o  
be l a r g e  i n  s i z e  o r  poorly p lanted .  
Deep p lant ing  tended t o  confer  a  
surv iva l  advantage, while t r e e s  t h a t  
were planted shallower than normal o r  
were s lan ted  d id  not  surv ive  a s  well .  

. There was no evidence of widespread 
in sec t ,  animal o r  d i s ease  problems. 
These f a c t o r s  were important on a few 
p l o t s ,  but  on a d i s t r i c t  o r  a r e a  b a s i s ,  
t he  p r inc ip l e  reasons given f o r  unhealthy 



1 
Tab1 e 2. PROBABILITY LmELS ASSOCIATED WITH SfGNIFZCANT TRmmEm EFFECTS .* 4 

1 

SAVA AUGIJ S TA HODGE HOPEmLL 

Comparison 

7 ~ ~ 6  - - 2 - - - - - - - - - 7 -  - - - X X  - 
Operational  

Check 7 v s 1 - 6  - 6 1 - - 13 - - - - 3 7 1 -  - - - X X  - 

~ i f t  - - - - - 1 2 1 3  - - 7 X X X X X 3 -  - 12 - 
Main 

Ef fec t s  Transport 4 - - - 1 9 - - -  1 - 1 - - - - - - - - 
Plan t  - - - - - - 13 - -- - 6 - -  - - - - - 11 

* Dashed l i n e s  i n  any c e l l  i nd i ca t e  t h a t  t he  p robab i l i t y  of observed d i f f e r ences  i n  treatment averages is  
g rea t e r  than 15%. 

* X i s  i nd i ca t e  t h a t  t he  treatment comparison was not  done. 

o r  dead t r e e s  was 'p lant ing '  o r  
'unknown'. 

. There were more sk ips  o r  missed p lant ing  
spo t s  with machine p l an t ing  than with 
hand planting.  A median va lue  f o r  
machine p l an t ing  is  twelve percent  i n  
con t r a s t  t o  one percent  f o r  hand p lant ing .  
I n  f i v e  percent  of t h e  cases ,  however, 
sk ips  exceeded t h i r t y  percent  f o r  
machine p lant ing  and f i f t e e n  t o  twenty 
percent  fo r  hand p lant ing .  (See Table 5) 

. Plant ing  r a t e s  vary wi th in  and between 
d i s t r i c t s .  The median r a t e  was 700 
t r e e s  f o r  t he  Augusta d i s t r i c t  and 620 
t r e e s  f o r  the o ther  d i s t r i c t s  (Table 5 ) .  
Nominal t r e e  spacing var ied  from 4-10 
f e e t  and nominal row spacdng ranged 
from 8-13 f e e t .  

DISCUSSION 

A bas ic  premise underlying a l l  of these  
s t u d i e s  was t h a t  surv iva l  would exh ib i t  an  
i n t e r a c t i o n  between environmental f a c t o r s  and 
seed l ing  care .  That is, t h e  only treatments 
t h a t  would have a high su rv iva l  r a t e  i n  adverse 
years  o r  on adverse s i t e s  would be those i n  
which the  seedl ings  were t r e a t e d  properly. M i s -  
t r e a t ed  seedlings would simply d i e .  I n  good 
years ,  i t  was ant ic ipa ted  t h a t  even poorly 
t r ea t ed  seedl ings  would ex idb i t  a  high surv iva l  
r a t e .  

The 1978-79 p lant ing  season apparently was 
an excel len t  year  a s  evidenced by the  high 
median surv iva l  r a t e s  and narrow su rv iva l  range 
s h m  i n  Table 5. This su rv iva l  exceeded the  
60-70 percent  range t h a t  company personnel  
thought was t yp i ca l  of ope ra t iona l  p l an t ing  i n  
prepared s i t e s .  Addit ional  evidence of a  favor- 
ab le  year came from the  pos t  mortem study.  It 
revealed t h a t  t r e e s  which were s o  poorly p l a n t  
t h a t  they were ly ing  on the  ground d id  not  d i e  
i f  they were a l i v e  a t  t he  time the  p l o t  was 
observed. 

The s p e c i a l  handling s t u d i e s  c l e a r l y  showe 
t h a t  t h e r e  was no one f a c t o r  t h a t  was cons i s t en  
l y  r e l a t ed  t o  poor surv iva l .  Instead su rv iva l  
seems t o  be r e l a t e d  t o  condi t ions  t h a t  a r e  
unique t o  the s i t e .  For example, mechanical 
l i f t i n g  seemed t o  be important a t  s p e c i a l  hand- 
l i n g  study loca t ion  number 16 ,  t h e  t r a n s p o r t a t  
system a t  l oca t ions  5 ,  10, and 12 and ope ra t io  
p l an t ing  a t  l oca t ion  3 and 13.  This sugges ts  
t h a t  at tempts t o  improve su rv iva l  by s t r e s s i n  
a s i n g l e  f a c t o r  a r e  l i k e l y  t o  have only a mod 
e f f e c t .  A l l  p a r t s  of t he  regenera t ion  system 
a r e  equally important ,  and e r r o r s  made i n  one 
p a r t  cannot be correc ted  a t  a subsequent s t ep .  

Kany of Cont inenta l ' s  f i e l d  personnel f e  
t h a t  t he  mechanical l i f t e r  was causing consid 
ab l e  damage to  the  seedl ings  and adversely 
af f  e c t i ng  su rv iva l .  A 1  though mechanical l i f  
has been shown t o  be de t r imenta l  t o  su rv iva l  
(Barnard 1980) t he re  was l i t t l e  evidence of i 
here.  The nursery supervisors  of t he  two 



TABLE 3. SURVIVAL BY T R U m E N T  AM) STUDY LOCATION. 

SAVANNA% AUGUSTA HODGE HOPEWELL 

Contpar i son  

~ ~ t . 7  - - 7 8 -  - - - - - - - - 8 3 -  - - - X X -  
opera t ional  

P l a n t i n g T r t . 6  - - 8 9 -  - - - - - - - - 9 1 -  - -  - X X -  
VS 

Study T r t . 7  - 88 78 - - 93 - - - - 67 79 83 - - - - X X -  
P lant ing  

Study - 94 94 - - 97 - - - - 78 55 95 - - - - X X -  

Hand - - - - -  9 9 9 1 -  - 9 5 X  X X X X 9 7 -  - 8 7 -  

Plachine - - - - -  9 3 8 4 -  - 8 8 X  X X X X 8 9 -  - 8 1 - '  

Direc t  9 9 -  - - 1 0 0 9 9 -  - - 8 8 9 1 -  - - - ... - - - - 
Transport 

No m a 1  9 5 -  - - 9 5 9 6 -  - 7 8 - 7 9 -  - -  - - - -  - 

forward speed and the  b e l t s  a r e  properly adjus ted ,  
then l i t t l e  damage w i l l  occur. However, a t tempts  
t o  increase  production by increas ing  the  ground 
speed o r  l i f t i n g  r a t e  w i l l  damage t h e  seedl ings .  
This study demonstrated t h a t  Cont inenta l ' s  
nurserymen a r e  using the  l i f t i n g  equipment pro- 
per ly .  

One use of t he  pos t  mortem d a t a  i s  t o  t e s t  
hypothesis about t he  r e l a t i onsh ips  of s p e c i f i c  
p rac t i ce s  t o  su rv iva l ,  A s  an  example of  such a 
t e s t ,  consider t he  quest ion of whether t h e r e  i s  
a su rv iva l  d i f ference  between p lant ings  done by 
company and cont rac t  p l an t e r s .  Respondents t o  
t he  Southwide APA p lan t a t i on  su rv iva l  survey 
expressed the  opinion t h a t  su rv iva l  from con t r ac t  
p l an t e r s  was i n f e r i o r  t o  t h a t  of company crews 
(Weaver 1980). The post  mortem p l o t s  provide the  
da t a  t o  t e s t  t h i s  opinion. It turns  out  t h a t  i n  
t he  Hodge and Hopewell d i s t r i c t s ,  t he  only d is -  
t r i c t s  t ha t  do s u f f i c i e n t  cont rac t  and company 
p lant ing  t o  j u s t i f y  such a t e s t ,  t h a t  t h e r e  is no 
s ign i f i can t  d i f f e r ence  i n  average su rv iva l  between 
company and cont rac t  crews. This is re inforced  



TABLE 5. PEEENTILE DISTRIBUTIONS FOR VARIOUS P 

Parameters 

spo t s  
( T r e e s l k r e )  

Trees 
(TreeslAcre) 

Skips 
(Machine) 
(%> 

Skips 
(Hand) 
(XI 

Survival  
(% > 

D i s t r i c t  

Savannah 
Augusta 
Hodge 
Hopewell 

Savannah 
Augusta 
Ho dg e 
Hopewell 

Savannah 
August a  
Hodge 
Hopewell 

Savannah 
August a  
Hodge 
Hopewell 

Savannah 
Augusta 
Hodge 
Hopewell 

Pe rcen t i l e  
5 - 10 - 20 - 50 - 9 5 - 

by the  s p e c i a l  handling study which suggests  
t h a t  t he re  was genera l ly  no d i f f e r ence  i n  sur-  
v iva l  between the  c l o s e l y  supervised study p l o t s  
and the  ope ra t iona l  p lant ings .  I n  addi t ion ,  
t he re  is l i t t l e  d i f f e r ence  i n  t h e  surv iva l  d i s -  
t r i b u t i o n s  between t h e  Savannah and Augusta 
d i s t r i c t s  even though the former d i s t r i c t  was 
planted almost e n t i r e l y  by con t r ac t  crews and 
t h e  l a t t e r  d i s t r i c t  by company crews. The point  
here  is t h a t  t he re  a r e  good and poor p lant ing  
crews, and t h i s  i s  l a rge ly  independent of whether 
they a r e  company o r  cont rac t  crews. 

The pos t  mortem study a l s o  showed a f a l l a c y  
i n  at tempts t o  determine su rv iva l  with any degree 
of accuracy one o r  more years a f t e r  p lant ing .  
Survival  by d e f i n i t i o n  is  the  number of l i v e  
t r e e s  expressed a s  a percentage of  t he  number 
planted.  The number planted cannot be estimated 
by assuming t h a t  p lant ing  is  being done a t  some 
constant  r a t e  o r  t h a t  gaps observed i n  a row of 
t r e e s  one o r  more years  a f t e r  p l an t ing  represent  
dead t r e e s .  Although sk ips  only averaged about 
twelve percent  f o r  machine p l an t ing  and was much 
lower f o r  hand p lant ing ,  they could range a s  
high a s  20-30 percent  (Table 5 ) .  Accurate e s t i -  
mates of su rv iva l  r equ i r e  t h a t  t h e  number of 
t r e e s  planted is known. This can only be done 
by a post  p lant ing  c r u i s e  t o  determine p lant ing  
r a t e s  o r  by the  establishment of  permanent p l o t s  

i n  each p lant ing  chance on which both p l an t ing  
and mor t a l i t y  r a t e s  can be determined. 

One p o s s i b i l i t y  f o r  the dec l in ing  t rends  i n  
stocking which Continental  noted on t h e f r  perma- 
nent inventory p l o t s  is simply t h a t  we have been 
tending t o  p l an t  fewer t r e e s l a c r e .  This is con- 
s i s t e n t  with our response and probably t h a t  of  
f o r e s t  indus t ry  a s  wel l ,  t o  t he  d e t e r i o r a t i n g  
economic condi t ions  of the  1970's .  That is, 
a t tempts  were made t o  reduce c o s t s  i n  a l l  a r e a s  
of t he  regenera t ion  program, This included such 
th ings  a s  reducing s i t e  prepara t ion  inpu t s ,  con- 
s o l i d a t i o n  of s i t e  prepara t ion  a c t i v i t y  wi th  
a t tempts  t o  prepare  s i t e s  when admin i s t r a t i ve ly  
convenient, and e l iminat ion  of hand p l an t ing  
crews t o  co r r ec t  sk ips  and poor p l an t ing  of ma- 
chine planted t r ee s .  I n  add i t i on ,  t he  s i t e s  
being prepared during t h i s  period gene ra l ly  
tended t o  be the more d i f f i c u l t  s i t e s .  

The quest ion t h a t  remains unanswered is the  
extent  t o  which the  favorable  weather masked 
handling and o ther  problems. Would the  s l i g h t  
surv iva l  d i f f e r e n t i a l  observed i n  a few of t h e  
r ep l i ca t ed  s tud ie s  be repeated i n  an adverse  year  
but with ove ra l l  su rv iva l  a t  a much lower l e v e l ,  
o r  would t h i s  su rv iva l  d i f f e r e n t i a l  be enlarged 
with only the  properly handled seedl ings  having a 
good surviva l?  This ques t ion  cannot be answered 



antil t h e  r e p l i c a t e d  s t u d i e s  a r e  repea ted  i n  an  
adverse  year .  I n  t h e  meantime, a prudent course  
o f  a c t i o n  is t o  simply recognize t h e  f a c t  t h a t  
.ti f a c e t s  o f  t h e  r e g e n e r a t i o n  system a r e  equa l ly  
impor tan t ,  and t h a t  s t r e s s i n g  a  s i n g l e  f a c e t  is  
l i k e l y  t o  do l i t t l e  t o  improve t h e  o v e r a l l  
s u r v i v a l  p i c t u r e .  
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LONGLEAF PINE SEEDLING SURVIVAL STUDIES 

2 1 b y  J. Andrew Parker and L. Wayne Haines - 

Abstract. --Effects of  needle clipping, clay root dips, 
and refr igerated storage on survival  o f  longleaf pine (Pinus 

alustr is Milf.) seedlings from four nurseries were studied 
rn southwest Georgia. First-year surv iva l  o f  unclipped 
seedlings ranged from 4% to  85%, although seedlings were 
similar in external characteristics. Average survival  was 88% 
for clipped seedlings from the two best nurseries. Overall, 
needle cl ipping increased survival  12 percentage points and 
clay root dips reduced mortality from exposure. Sixty-f ive 
percent o f  clay-dipped seedlings survived 80 minutes o f  
d r y i n g  in full sunlight. Seventy-four percent o f  seedlings 
survived when outplanted after 31 days o f  refrigerated 
storage in sealed bags. 

INTRODUCTION 

The Great Southern Lumber Company plant- 
ed longleaf pine du r i ng  the 1920's (Spencer 1979, 
Wakeley 1969). The species has been planted on 
a limited scale throughout the South since then, 
bu t  plant ing failures have been common. Shoul- 
ders and Walker (1979) reviewed the results of  
113 plant ing tr ia ls o f  four pine species planted 
between 1954 and 1958 i n  Louisiana and Mississi- 
ppi .  First-year surv iva l  results were reported 
as follows: loblolly (P, taeda) 77%, slash (P. 
ell iott i i) 69%, shortleaf (P. echinata) 78%, and 
longleaf 54%. Landowners often plant loblolly 
o r  slash rather than longleaf because they believe 
the latter i s  more d i f f icu l t  to  regenerate (Mann 
1 969) . 

The Nor th  Carolina Forest Resources Division 
and T.  R. Miller Company have recently shown 
that longleaf can be successfully planted opera- 
t ionally (Goodwin 1978, Moody 1978). Dur ing 
the past several years I nternational Paper Comp- 
any has successfully established longleaf planta- 
t ions in south Alabama, bu t  elsew here failures 
have outnumbered successes. 1 nternational 
Paper expanded i t s  longleaf pine research efforts 

1 / Paper presented at Southern Silvicultural 
~ e s e a r c h  Conference, Atlanta, Georgia, November 
6-7, 1980. 

21 J. Andrew Parker i s  Project Leader, D r y  
Site Research and L. Wayne Haines i s  Senior 
Research Forester, Soutniands Experiment Forest, 
l nternational Paper Company, Bainbridge, 
Georgia. 

in 1978 wi th  the objective o f  learning how t o  fully 
uti l ize the species in i t s  intensive forest manaae- 
ment program. This  paper reports ear ly ef forts 
to improve surv iva l  o f  1-0 seedlings planted at 
Southlands Experiment Forest (SEF) near Bain- 
br idge in southwest Georgia. 

METHODS 

Seedlings from four nurseries (coded A, 6, 
6, and D) were lifted, packaged, and transported 
to SEF under the supervision o f  the  senior author. 
Seedlings were graded, dipped, clipped and repack- 
aged at SEF in an enclosed shed. A l l  studies 
were conducted w i th  seedlings carefully graded t o  
root-collar diameter 2 12 mm and dibble-bar planted. 

Plantings were established in February 1979 
on  disked sites and soil moisture was favorable fo r  
t ree development. Predominant soil series o f  t he  
study sites were Lakeland, Eustis, and Wagram. 
Plots were 100 m2 and contained 50 marked seed- 
lings. Survival  was determined during the fal l  of  
1979 and an analysis o f  variance was used to  
evaluate individual studies. Treatment differences 
were determined b y  Tukey's test at the 95% level. 

Treatments tested in separate studies were: 
(1) needle clipping, (2) refrigerated storage, and 
(3) clay d ipp ing and root exposure. Needle cl ip- 
p ing  consisted of cut t ing needles to a length o f  
13 cm just p r io r  to planting. Seedlings were 
stored at 1 *C for 1, 10, 17, and 31 days i n  sealed 
k ra f t  paper seedling bags. Moist peat moss was 
used as a packing medium and the bags were 
inspected for holes before storage. Seedlings w i t h  



roots d ipped in a th ick  kaolin c lay s l u r r y  were 
w i t h  non-dipped seedlings for  periods 

of 0, 20, 40, and 80 minutes in fu l l  sunlight. A i r  
temperature was 1 Z0C and wind velocity estimated 
a t  7 km p e r  hour d u r i n g  the exposure period. 
,411 treatments were replicated ei ther f ive o r  s i x  
times in complete randomized blocks. 

RESULTS AND DISCUSSION 

Surv iva l  Comparisons 

Seedlings in control plots were used to com- 
pare su rv i va l  b y  nursery  source. These were 
unciipped and undipped seedlings that had not 
been unnecessari ly exposed t o  sunlight. Survi-  
val ranged from 4 to 85% b y  nu rse ry  source 
(fig. 1). Th is  wide range was completely unexpec- 
ted because of  the care given the  seedlings from 
time o f  l i f t i n g  to outplanting. Futhermore, al l  
seedlings were planted b y  the same crew wi th in  
seven days a f ter  lifting. 

A B C D 

Nursery 

Figure 1. --First-year surv iva l  o f  untreated and 
unclipped longleaf p ine seedlings from four 
nurseries. 

Surv iva l  checks o f  operational p lant i  ngs using 
the same nurse ry  sources revealed obvious surv i -  
val differences and support observations o n  the 
research plots. Plantings w i th  seedlings from 
nursery  A failed while plant ings from C and D 
were successful. 

The surv iva l  differential could have resulted 
from nurse ry  management, seed source, o r  both. 

seedlings were graded, the percentage o f  under-  
sized plants var ied b y  nursery.  Brown-spot 
disease was not recognized as a problem w i th  any 
source. Physiological qua l i ty  o f  seedlings probably 
varied b y  rrursery. Wakeley (1954) discussed 
seedling qual i ty  and physiological qua l i ty  and 
observed that morpholosical grades and p hysiologi- 
cat qual i ty do not necessarily coincide. Thus, 
even when only grade 1 seedlings are planted, 
nursery  t-~anagement can impact survival .  

Provenance studies have shown long leaf sur -  
v iva l  and growth varies w i th  seed source (Snyder,  
et at. 19773. The  four nurseries are located in 
Alabama, Georgia, Louisiana, and South Carolina. 
Some are state operated and others are pr ivate.  
Some nurseries obtained local seed while others 
purchased the i r  seed and the  source was unknown. 
Thus, seed source was a factor that  cannot be 
separated from nurse ry  management differences in 
th is  study. 

Foresters should be aware that  loiigleaf sur -  
v iva l  can v a r y  great ly  b y  nursery  and should 
record nursery  source o n  the i r  p lant ing records. 
Nurseries growing seedlings that fai l  to su rv i ve  
should be informed o f  the  problem. Futhermore, 
foresters should avoid such nurser ies when obtain- 
i n g  seedlings. 

Needle Cl ipping 

Effects o f  needle c l ipping o n  su rv i va l  were 
studied w i th  seedlings from nurser ies A, C, and 
D. Cl ipping increased surv iva l  o f  a l l  sources b y  
an average o f  12 percentage points ( f ig.  2). 
These resul ts generally agree w i th  those reported 
b y  Allen (1955) and Allen and Maki (1951). How- 
ever, a s t rong treatment-nursery interact ion was 
evident in th is  study. Sources C and D which 
survived well without c l ipping (79% and 78%) were 
improved b y  8% and lo%,  respectively. Surv iva l  
o f  source A seedlings was v e r y  poor without 
clipping, b u t  increased 1 9 percentage points w i th  
cl ipping. These resul ts reinforce the  idea that  
differences in physiological qua l i ty  probably existed 
among nu rse ry  sources. Increased su rv i va l  from 
cl ipping was a t t r ibuted to  reduced moisture loss 
from a smaller needle surface area. 

Refr igerator Storage 

Nursery  D seedlings were used in the re f r ig -  
erated storage study. Storage u p  t o  31 days d i d  
not signif icantly reduce f i rst-year surv iva l  bu t  a 
downward t rend  was observed a f ter  17 days 
( f ig.  3). Th is  s tudy indicates that  h igh  qua l i ty  
dormant seedlings can be held u p  t o  three weeks 
in sealed bags @ 1°C w i th  l i t t le  loss o f  v iabi l i ty .  
Other studies have shown a d rop  in longleaf 
surv iva l  following seven days o f  storaqe in open 
b r ~ i  ldings (Allen -1 955,   lo cum and ~ a k i  1 959,' 
White 1978). 

Nursery v is i ts dur ing the growing season revealed These resul ts are important because regener- 
obvious differences in needle length, methods of  ation operations need the opt ion o f  storage to  avoid 
weed control, and seedlingslm3. Later, when the problems associated w i th  bad weather that  adversely 



affects lifting o r  planting. Futhermore, knowing 
that Iongfeaf seedlings can be stored successfully, 
foresters can address other possible causes o f  
plant ing failures. 

Nursery 

Figure 2.--Effects o f  needle cl ipping on f i rst-  
year survival  o f  longleaf pine seedlings from 
three nurseries. 

V 

1 10 17 31 

Days Storage 

Figure 3.--First-year survival  o f  Iongleaf pine 
seediings after 1, 10, 17, and 31 days o f  
refrigerated storage. 

CIay Dipping 

reported because they show encouraging trends. 
U n d i p p d  seedlings from nursery C were exposed 
for 0, 20, 40, and 80 minutes. Clay-dipped seed- 
lings o f  the same source were exposed for 40 and 
80 minutes, bu t  some source A seediliags were 
used for the dipped 0 and 20 minute comparisons. 
Thus, the compariwns for exposure periods of 40 
and 80 minutes, that show survival  increases o f  
17 and 19 percentage points are valid (fig. 121, 
The dipped and undipped comparisons shown for 
0 and 20 minutes o f  exposure are invalid because 
o f  seedling source differences. 

100 ' 
Bare Root 

85 CIay Coated 
80 4 75 

Minutes of Exposure 

a l Survival  was lower than expected due 
Ib a nursery source mistake. 

Figure 4. --First-year survival  o f  longleaf pine 
seedlings wi th  bare and clay-coated roots after 
0, 20, 40, and 80 minutes o f  exposure. 

This information and other research shows 
that longleaf pine seedling survival  can be enhan 
by  clay dipping the i r  roots (Slocum and Maki 195 
Wakeley 1954). This practice should be used wher 
exposure o f  seedling roots is  anticipated. 

The clay root d i p  study was compromised 
when seedlings from nurseries A and C were 
inadvertently mixed; however, the results are 

SUMMARY 

Longleaf survival  can vary  greatly among 
nursery sources even when only  grade 1 seedlings 
are planted. In this study the differences among 
nursery sources may have been due, at least in 
part, to  seed source differences. Thus, additional 
research i s  needed to learn more about the effects 
o f  nursery management on seedling survival. 

Needle clipping enhanced survival, bu t  the 
degree o f  improvement varied with nursery source. 
Clipping had the greatest impact on the source 
that otherwise had very  poor survival. Seedling 



survival  wi th  exposure was improved by d ipp ing 
roots in a clay-slurry. Th is  treatment should be 
used where plant ing activit ies are l ikely t o  result 
i n  roots being subjected to d r y i ng  conditions, 

Longleaf seedlings store well when sealed in 
i 
s paper bags at 1°C temperature for  as long as 

three weeks. Proper storage combined wi th  
needle cl ipping and root dipping, when necessary, 
should enhance survival  potential o f  seedlings 
except when nursery  management results i n  poor 
physiological quality. 
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TIB EFFECT OF W N C H I N G  AElD PLANTING DATE 

Charles R. Venator 
and 

John G. ~ e x a l A /  

as t rac t . - -Outplanted  undercut nonmenched l o b l o l l y  seed- 
l i n g s  survived a s  we l l  a s  seedl ings  wrenched every 21, 33, o r  
45 days. In  a r ep l i ca t ed  p lant ing ,  su rv iva l  was roughly equal  
f o r  seedl ings  planted i n  c e n t r a l  Louisiana and southwestern 
Arkansas f o r  the  da t e s  November 1 5  and January 15. However, 
su rv iva l  of  t he  March 15 p l an t ing  was l e s s  i n  Louisiana. 
Wrenching d id  no t  a l t e r  s eed l ing  morphology nor d id  it increase  
l a t e r a l  root  development. 

Root wrenching of Pims m d i a t a  seedl ings  
has been a common nursery treatment f o r  more than 
50 years  i n  New Zealand (Goudie 1935). Wrench- 

ing,  i n  combination wi th  undercutt ing and l a t e r a l  
root  pruning, improves su rv iva l  of e a r l y  l i f t e d  
and p lanted  seedl ings .  The increased  su rv iva l  of  
seedl ings  l i f t e d  i n  e a r l y  w in t e r  is an important 
aspect  because l a r g e  p l an t ing  programs depend upon 
l i f t i n g  and p l an t ing  p r i o r  t o  t he  onset  of  winter  
(van Dorsser and Rook 1971). 

Wrenching is preceded by undercutt ing of  
seedl ings .  This c u t s  t he  t ap  roo t  and i n i t i a t e s  
new l a t e r a l  roots .  About 4 weeks a f t e r  under- 
cu t t i ng ,  the  f i r s t  wrenching is done by pu l l i ng  
a t i l t e d  (20' from hor i zon ta l )  spr ing  s t e e l  blade 
under t h e  seedl ing  bed. The blade opera tes  o f f  
a lobed cam which is designed to  cu t  a 1 0  cm 
sideways s t roke .  During t h e  sideways s t roke  the  
t i l t e d  blade t r a v e l s  forward about 4 cm. The 
r ec ip roca t ing  ac t ion  permits  the  blade t o  pass 
under t he  seedl ings  without pu l l i ng  them down 
i n t o  t he  beds (van Dorsser and Rook 1971). 

The popular i ty  of roo t  wrenched nursery seed- 
l i n g s  is a l so  r e l a t e d  t o  t h e  change i n  seedl ing  
morphology. Undercutting and wrenching i n h i b i t  
he ight  growth, but  roo t  growth is  r e l a t i v e l y  un- 
a f f ec t ed  on a d r y  weight b a s i s  (Benson and 
Shepherd 1977). Thus, wrenched seedl ings  have a 
higher root-shoot dry weight r a t i o ,  Wrenched 
seedl ings  a l s o  tend t o  have a more f i b rous  roo t  

I/ Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a F c h  Conference, Atlanta,  Georgia, November 6- 
7, 1980. 

2 /  Research P l an t  Zilysiologis t , Southern 
 ores st Experiment S t a t i on ,  Forest  Service--USDA, 
P inev i l l e ,  LA 71360, and Regeneration Spec i a l i s t ,  
Veyerhaeuser Corporation, Hot Springs, A .  71901. 

sys  tem and b e t t e r  mycorrhizal development than non- 
wrenched seedlings.  Other morphological changes 
r e s u l t i n g  from wrenching a r e  a smal ler  shoot ,  more 
secondary needles,  and g r e a t e r  needle c a s t  on the  
lower stem (Rook 1971). 

Wrenching opera t ions  should begin when seed- 
l i n g s  reach the  des i red  he ight  f o r  f i e l d  planting.  
The i n i t i a l  wrenching is done a t  a below-ground 
depth which w i l l  s t op  he ight  growth and a t  a t i m e  
when c l ima t i c  condi t ions  a r e  favorable  f o r  s eed l ing  
growth. I f  t he  seedl ings  a r e  undercut too e a r l y ,  
they w i l l  no t  reach a p l an t ab l e  s i z e  and i f  they 
a r e  undercut too l a t e ,  they w i l l  no t  respond t o  
root  wrenching because they w i l l  have passed the  
optimum season f o r  photosynthesis. Another impor- 
t a n t  aspect  of wrenching is t o  develop a regime 
t h a t  w i l l  maintain the  des i red  shoo t / roo  t morphology. 
A monthly wrenching regime is b e s t  f o r  P. radhzta 
seedl ings .  

An optimum nursery  roo t  pruning regime has no t  
been developed f o r  l o b l o l l y  pine,  although r ecen t  
t e s t s  have indica ted  t h a t  t h i s  spec i e s  may a l s o  
b e n e f i t  from wrenching (Tanaka e t  a l .  1976). This 
r epo r t  descr ibes  r e s u l t s  of  a t e s t  designed t o  com- 
pare t he  e f f e c t  of  d i f f e r e n t  wrenching regimes on 
morphological c h a r a c t e r i s t i c s  of l o b l o l l y  pine 
nursery seedl ings  and the  su rv iva l  of seedl ings  
l i f t e d  i n  ea r ly ,  mid- o r  late-winter .  

MATERZAZS AND METHODS 

A 240-meter s ec t ion  of  a t yp i ca l  l o b l o l l y  nurs- 
e r y  bed a t  t he  Weyerhaeuser Corporation f o r e s t  
nursery  i n  Magnolia, Ark., was s e l ec t ed  f o r  t h l s  
s tudy.  Bed dens i ty  was approximately 290 seedl ings  
per  square meter. The e n t i r e  bed was undercut a t  
approximately 1 8  cm on August 13 ,  1979, when the  
seedl ings  were approximately 20 cm t a l l .  This was 



--;iqj.dered tti 136 ii, f ; ~ h - l i ' ~ e  - ~ : ~ e ~ ~ - a i ~ n t  arid 5:~~ 
C; 1. 5 r - z ~  i-IE "Il: =win, ~:ZLI:  .T X ; ~ C  c r e a t m e ~ t  *;c :e 
,2ccc r o r  ran4od.y ass ik - i ed  1.5 a p l o e s ,  E* i : : i  3 1  Ere 
fo;;r cre'rc,:cnts das  rey i_ ica ted  F ~ ~ l r  t i _ ~ c s  :*&in 
t~ 240 ; ;e ter  bed, The treatrct-ct  r tre:  2, c,t:n- 
trcL s e e d l i n g s  t h a t  were undercu; c l c e ,  b u t  n o t  
i , re .~~:h~d;  5 )  s e e d l i n g s  wrenched eirery 21 day3; 
i) 5 -L s i n g s  wrenched every  33 days and d) secd- 
j itl:s hrenched every 45 days. The i n d i v i d u a l  
::c:s x e r e  s e p a r a t e d  by ;? 0.3 m s t r i p  x h e r e  t:i~~: 
seed i lngs  kd-d been removed, This  c l e a r e d  s t r i p  
was  use2 a s  an  a r e a  t o  i n s e r t  o r  remove t h e  
i i r~nci : ing blade.  

P r i o r  co the  f i r s t  wrenching o~ Augu t 1 3 ,  
I T )  b i , i d l j ~ ; - s  were pul.'ll;d from each of I5 r ;mdL;6 j  
se1clc~c.d r a r : p l ~  p o i n t s  i n  t h e  c e n t e r  s e c t i o n  o f  
the  n t r s e r y  bed. The i r  mean r o o t  c o l l a r  dlamerer 
wits 2 ,  '3 Ern ,\3d t h e i r  mcan he: ght  was 19.9 cm 
Edgc s-ow seeu3.fngs werf n a r  included i n  t h i s  s a ~ ~ l e  
i n  o rder  t i 3  o b t a i n  a n  ijnbiaseci e s t i m a t e  o f  t h e  
nverr,gcA r;ec.dl ~ n g  i n  t h e  n u r s e r y  bed, 

W1-eni.iling i n t e r - ~ a l s  were adhctr,id to, except  
when . scheduled wrenching k c l l  oc Sunday, I n  t h i s  
case tF-e seedl.ings ritere wrenched 0,; t h e  f o  l lokyinq 
Yond.;:. The wrenching % l a d e  war; Fet  t o  csyerate a t  
32 cm tie3.o~ c,rril surEace. 'Fl~is depth was main- 
tainttc Ei~rough~uir  311 wrenchlngs and p e r i o d i c  
checks dur-lng k ~ e n c b  i n g  i n d i c a t e d  b lade  dep th  was 
c lose  t o  12 cm, The s e e d l i n g s  were J a r e r n l  r o o t  
pruncd i n  mid-Augus t and e a r l  y October , 

fmnediateiy I71lowing each wrenching t h e  
se d l i c g s  i n c l u d i n g   he c o n t r o l s  were v a t e r t d  t o  
avoid r i p  w i l t  and p s s i b l e  dieback of t h e  succu- 
icritl, tt;nder t i p s  which f r e q u e n t l y  occur  follow- 
ing: e x t e n s i v e  l o s s  o f  t h e  r o o t  system as a r e s u l t  
of  r o o t  wrenching, Because o f  an  unexpected out- 
b r c  nk of  ??-oriop~$.@ mainly on t h e  t a l l e s c  s e e d l i n g s ,  
t h e  e n t i r e  s e e d l i n g  bed  was top  pruned t o  25 cm 
i n  ear1.y S e p t e a h ~ r .  Only a  few s e e d l i n g s  were 
nctua?.ly tc'p pruned s i n r e  nwst were s m a l l e r  than  
2 5  ea. Root c o l l a r  d-Lameter, h e i g h t  and d r y  
weight mcnsurenents were taken from a  0 ,3  meter  
s e c t i o n  c c r o s s  the  i n d i v i d u a l  p l o t s  p r i o r  t o  
i;nd,>rcut",n:; on August 13 and a t  each l i f t i n g  
n a r c ,  Everp s e e d l i n g  l i f t e d  i n  t h i s  sample wzs 
nc<itu:-ad, The  s e e d l i n g s  were hand l i f t e d  by 
r:,:dt$ -cal:rting again to  s e v e r  new t a p  roo t growth, 
Af t t v  l i f t i n g ,  s e e d l i n g s  were wrapped i n  canvas,  
tn l - in  co n i r s e q  t a b l e s ,  and graded t o  rerno7re 

1, d i s e a s e d ,  broken and nalf ormed s e e d l  ings  . 
O n Y - 7  ;cc-ldlings wi th  n 3 zrr! o r  greaccir r o o t  c o l l a r  
2 

' ~ c . ; - . ~  ?lev were r e t a i n e d .  till o f  t h e  s e s d l i n g s  had 
.̂  ;idtiry r ~ e c d l e s ,  A f t e r  grading they were p laced  

i:. c r l ;  t - ~ a l ~ ~ e t h y l . e n e  bags ar,d t h e i r  r o o t s  sprayed 
' . i a t h  ,i ;t;iolin t::.-iy s l r ~ r r y .  A11 s e e d l i n g s  were 
Stc?:-ic ,it L o  C m t i l  o u t p l a n ~ l d ,  

S, cd!.ir,gz. were 1 ' ted on Ncvember 1 5 ,  
: c - - i ~ . - ~ - .  15* anil :i~trch 1 5  and ou tp lon ted  t h e  
f ~ '  LJ i IX  2ay i~ c e n t r a l  Louisiana and south- 
'jh-:eraz i;.-z-msas, Two groups of 50 s e e d l i n g s  

?-*rc 2' f t e d  r c n  each nursery t r ea tment  p l o t  and 
-+erc 2 1 .Ik -r_eD f c r  oath of  t h e s e  p l a n t i n g  d a t e s  
,-- 2 -  311 9l;lntLcg site. On t h e  da:, of p l a n t i n g  
t t q 2  s e e d l i n g s  were removed from t h e  K-P bags and 
:rapped ~ r i t h i n  a nloist b u r l a p  bag and placed i n  
st-scdard p l a n t i n s  t r a y s  o r  bags. They were hand 
p l a n t e d  a t  a 3.6 x 1 . 2  meter spac ing .  The cen- 
t r a l  Louis iana  s i t e  l o c a t e d  on t h e  Johnson T r a c t  
of  the P a l u s i r i s  Experimental F o r e s t  was bush 
hoggeS, burned and d i sked  p r i o r  t o  p l a n t i n g .  The 
s o i l  is  - ssandy loam had t h e  p l a n t i n g  s i t e  is 
f l a t ,  ~ J L  w e l l  d r a i ~ e d .  The Arkansas s i t e ,  n e a r  
Yurf rt _sborr , ,  i l ~ d  been r e c e n t l y  c l e a r c u t ,  chopped 
n  z The s o i l  i s  a <:lay loam and t h e  s l o p e  
is J e s s  &an 5 percen t .  

I n i t i a l  Seed l ing  Condit ion 

A f t e r  wrenching t h e r e  was no v i s u a l  ev idence  
thac s e e d l i n g s  s u f f e r e d  s e r i o u s  shock n o r  was any 
n o r t a 3 i t p  observed.  The s e e d l i n g s  cont inued t o  
grow, bo th  i n  h e i g h t  and r o o t  c o l l a r  diameter .  
There a r e  s e v e r a l  r e f e r e n c e s  t h a t  show wrenching 
supFresses  s h o o t  growth, bu t  a l l  i n d i c a t i o n s  i n  
t h i s  s t u d y  show t h a t  r o o t  growth i s  n o t  a f f e c t e d  
~ d v e r s e l v .  If a f f e c t e d ,  r o o t  growth i n  t h i s  s t u d y  
appears  r e l a t i v e l y  g r e a t e r ,  because o f  t h e  stimu- 
iacory e f f e c t s  o f  pruning on propaga t ion  f o r  new 
r o o t s  from t h e  severed t i p s  (Benson and Shepherd 
1977; Tanaka e t  a l .  1976). 

Treatment E f f e c t s  on S e e d l i n g  

P.vc.'rdge h e i g h t  o f  seec ' l ings b e f o r e  under- 
c u t t i n g  was 19.5 cm. Seed l ing  h e i g h t  measurements 
taken on Novt2mber 15 ?:ere ns fol lor?s:  21.0 cm 
f o r  t h e  c o n t r o l s ;  20.7 icm f o r  t h e  21 day wrench- 
i n g  regime; 21.0 e n  f o r  t h e  33 day wrenching 
regime; and 20.8 cm f o r  t h e  45 day wrenching 
regime ( t a b l e  1 ) .  These h e i g h t  means were n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  5 p e r c e n t  l e v e l .  
Thf e f f e c t  o f  wrenching on s e e d l i n g  r o o t  c o l l a r  
diameter  and t o t a l  number o f  secondary r o o t s  a l s o  
f a i l e d  t o  show any s i g n i f i c a n t  d i f f e r e n c e s  ( t a b l e  
1). The mean r o o t  c o l l a r  d iameter  o f  t h e  c o n t r o l  
s e e d l i n g s  was 3 .7  mm. Mean r o o t  c o l l a r  d iameters  
of t h e  wrenched t rea tments  were 3 .7  mm, 3.6 mm, 
and 3.3 non, f o r  t h e  t r e a t m e n t s  21, 33, and 45 days 
r e s p e c t i v e l y .  These d i f f e r e n c e s  were n o t  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  a t  t h e  5 p e r c e n t  l e v e l ,  The 
mean number of secondary r o o t s  ranged from 8.9 t o  
10.1 p e r  seed l ing .  These d i f f e r e n c e s  a l s o  were 
n o t  s i g n i f i c a n t  s t a t i s t i c a l l y ,  

F i e l d  Performance 

Seedl ings  l i f t e d  on January 1 5 ,  1980, were 
uniform i n  norpholog ica l  c h a r a c t e r i s t i c s  ( t a b l e  1 ) .  
itiean r o o t  c o l l a r  d iameters  ranged from 3.5 t o  3.6 
mm f o r  t h e  f o u r  t rea tments .  Mean s e e d l i n g  h e i g h t s  
ranged from 18.9 cm t o  20.2 cm, and t h e  number o f  
l a t e r a l  r o o t s  ranged from 8.9 t o  9.6 p e r  s e e d l i n g  



a t  t reatment.  There were no s f g n i f i c a n t  d i f f e r -  
ences amng  the  measuremnts f o r  arry of  t he  da t a  
in t h f s  t ab l e .  

; a d e  1.--&an he ight ,  root c o l l a r  diameter, and umber o f  
later& roots  f o r  s e e d l i n w  wrenched every 21, 33, 
or 45 days curd contro l  aeedlingcr. The f i r s t  f igure  
flr f o r  seadl ings  l i f t e d  on November 15,  1979. The 
recond and th ird  f igures  are  for  seedlinqe l i f t e d  on 
January 15 and Hgrch 15,  1980. Means are followed by 
the ir  standard error.  

Wrenching : : Root c o l l a r  : EJumoer of 
m n t  : Height : diameter : l a t e r a l  roots  

cm - m - 

21 days 2 0 . 7 2 1 . 0 6  3.7 2 0.00 9 . 5  2 9 . 5 0  
18 .9  L 0 .36  3 . 6  + 0.C9 9 . 6  2 0.15 
19 . r  + 1 . 0 8  3.7 3 . 7 3  1 1 . 1  5 11.57 

33 days 21.0 5 1.12 3 .6  _f: 0 .10  9 . 8  + 0 .51  
19 .8  f 1 . 3 7  3 .6  IC_ 0.16 9 . 3  9 . 2 0  
20.6 _i 1.52 3 .8  _f: 0.14 9 . 7  2 0 . 3 9  

45 days 20.8 + 0.48 3 . 3  2 0 . 1 1  1 0 . 1  2 0.27 
19.1 + 0 .78  3 . 5  + 0.15 9 .6  5 0.55 
21.5 = g.78 3.9 2 (3.06 1 0 . 1  _+_ 0.72 

Seedlings l i f t e d  on March 1 5  followed the  same 
t rend wi th  no r e a l  d i f f e r ence  be tween t rea tments  
( t a b l e  1) .  The roo t  c o l l a r  diameters of  t he  seed- 
l i n g s  averaged 3.8 ma. Mean seed l ing  he ights  were 
20.4 f o r  the  con t ro l  and 19.9, 20.6, and 21.5 cm 
f o r  21-, 33-, and 45-day wrenching treatments,  
respect ive ly .  Mean number o f  secondary l a t e r a l  
roo t s  ranged from 9.4 t o  11.1 f o r  t h e  four  t r e a t -  
ments. 

Although the  da t a  a r e  not  s t a t i s t i c a l l y  s ig-  
n i f i c a n t  t he re  was a s l i g h t  i nc rease  in roo t  c o l l a r  
diameters between November and March. This is 
probably a normal growth response and no t  r e l a t e d  
t o  wrenching, Height growth d id  n o t  occur and 
t h e r e  was no de t ec t ab l e  i nc rease  i n  number of  sec- 
ondary r o o t s  between November and March. 

By e a r l y  summer, weather p a t t e r n s  indica ted  
a record hea t  and drought period. Consequently, 
we decided to  make a prel iminary survey i n  July t o  
a s se s s  d i f f e r ences  i n  su rv iva l  i n  case  t he  drought 
continued. The f i r s t  survey was made on Ju ly  1 
f o r  the  Arkansas p l an t ing  and Ju ly  14  f o r  t h e  cen- 
t r a l  Louisiana planting.  The hea t  wave combined 
wfth t h e  dry weather continued u n t i l  October and 
f o r  c e n t r a l  Louisiana i t  was considered t o  be t he  
d r i e s t  and h o t t e s t  sumner i n  50 years.  Conse- 
quently,  seedl ings  i n  t h i s  s tudy were put  t o  a 
severe  test of  su rv iva l  c a p a b i l i t y  , 

Survival  f o r  t he  seedl ings  p lanted  i n  south- 
western Arkansas was d a t e  dependent. On Ju ly  1, 
1980, 79.5 percent  of  rile ~ e e d l i n g s  p lanted  on 
November 15,  1979, were a l i v e  ( t a b l e  2). Seedling 
su rv iva l  averaged 95.8 percent  f o r  t he  seedl ings  
p lanted  on January 15  and 95,5 percent  f o r  the  

seedl ings  p lanted  on March 15. A two-way MOVA 
test revealed no s ta t ls t iea l  d i f ferences  ( 5  per- 
cen t  level) i n  su rv iva l  due t o  treatments o r  
p l an t ing  da t e  f o r  these  l a t e r  plantings.  Surviva 
percentages f o r  t h i s  da t e  and f o r  a l l  fol lowing 
da t e s  were t r a n s f o m d  t o  t h e i r  corresponding 
arc-sin values f o r  ana lys i s ,  

Table 2.-Percent surv iva l  o f  wrenched seedl ings  planted i n  ear ly ,  
rid-,  and la te -wmter .  The seedl ing  survival  counts were 
umde on JuLr 1 ,  1980. The upper figure re fers  to  the 
planting a t  Murfreesboro, Arkansas, and the lover f igure  
r e f e r s  to  tne p l a n t i n g  m centra l  Louisiana. Each m a n  
represents the percent o f  400 seedl ings  o r i g i n a l l y  
planted. l eans  are followed by t h e i r  standard error,  

Wrenching : Planting date -- 
frequency : Nov, 1.5, 1 

----I--------_----_-------- 2 Surviva1-------------------,----. 

21 days 81.5 2 4 . 2 4  97 .2  2 11.84 93 .2  4 2 . 7 0  90 .6  
99 .5  0 . 5 0  100 .0  2 0 .00  99.0 4 0 . 6 5  99.5 

33 days 78 .8  + 5 .07  95.2 2 1 .51  97.2 4 1 . 3 1  90.4 
99.5 t 3.50 100 .0  2 0.00 99 .5  _t 0 . 5 0  99.7 

45 days 81.2 2 2.42 9 6 . 5  + 1.05 97 .0  + 1 . $ 6  91.6 
98.8 0.65 100.0 5 0.00 99.0 Z 0 .76  97.2 

I n  c e n t r a l  Louisiana seedl ing  su rv iva l  was 
uniform among wrenching treatments and p l an t ing  
da t e s  ( t a b l e  2).  Survival  was 99 percent  f o r  t h e  
con t ro l  and wrenched seedlings.  The lower sur -  
v i v a l  f o r  seedl ings  l i f t e d  and planted i n  mid- 
November I n  Arkansas i l l u s t r a t e s  t h a t  l i f t i n g  
da t e  m y  be more important f o r  su rv iva l  i n  t he  
northern range of  l o b l o l l y  than i n  t he  southern 
range. 

A second su rv iva l  measurement was made i n  
the  l a s t  week of September and the  results r e f l e c t  
t he  d r a s t i c  impact the  long drought had on sur- 
v iva l .  At the  Murfreesboro p l an t ing  s i t e ,  sur- 
v i v a l  dropped from a mean of 79.5 percent  f o r  
t he  November 1 5  p l an t ing  da t e  t o  55.5 percent  by 
l a t e  September. The seedl ings  planted on January 
15 dropped from 95.8 t o  67.7 percent  su rv iva l ,  
while su rv iva l  of  t he  seedl ings  planted on March 
15  f e l l  from 95.5 t o  60.1 percent .  These sur- 
v iva l  .means between p l an t ing  da tes  although 
ranging from 55.5 t o  67.7 percent  were not  s t a t -  
i s t i c a l l y  s i g n i f i c a n t  a t  t he  5-percent l e v e l  
( t ab l e  3 ) .  The m a n  su rv iva l  between the  fou r  
wrenching treatments ranged from 59.5 t o  62.5 
percent  and l ikewise  t hese  d i f ferences  were n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t he  5-percent l e v e l ,  

S t a t i s t i c a l  ana lys i s  of  t he  seedl ings  p lanted  
i n  c e n t r a l  Louisiana a l s o  revealed t h a t  by Late 
September o v e r a l l  s u r v i v a l  was s i g n i f i c a n t l y  
lower. Mean su rv iva l  between seedl ing  t r ea t -  
ments ranged from 54.3 t o  59.7 percent  but  



,-iff e re r se s  among means were not  s t a t i s t i c a l l y  
, i pn i f i can t  a t  the  5-percent l e v e l .  However, a - - ' *  

txo-way ana lys i s  o f  t he  da t a  revealed s t a t i s t i c a l  
d i f ferences  among the means (p <0.01) f o r  p l an t ing  
date.  Comparison of t he  p l an t ing  d a t e  means by 
us ing  t h e  Student Xemn-Keuls t e s t  indica ted  t h a t  
seedlings planted on March 15  were s t a t i s t i c a l l y  
d i f f e r e n t  from those p lanted  on the  o t h e r  da tes .  
cvc ra l l  su rv iva l  was 43.9 percent  f o r  t h i s  plant-  
i n g  da te  versus 64.8 percent  f o r  t h e  seedl ings  
p lanted  on November 1 5  and 60.3 percent  su rv iva l  
f o r  those planted on January 15 ( t a b l e  3). 

. --Pe~."r-ent s u r v i v a l  ox wrancneil s t t - i l ~ n g s  p l a n t e d  i n  
e i ' r ~ v ,  mil-, and la te -win te r .  Tne se r i ' l lng  survtva! 
L O U I I ~ ' ;  Were nar.. ($n beptember 30, 1980. The u p r e r  
Elgd re  r e f e r s  t o  t h ~  p l a n t i n g  a t  Murfleesboro,  Arb., 
and chi- icwer f i g u r e  r e f e r s  to t h e  p i a n t t n g s  in r en t r a l  
~ O U X : ~ I L ~ I D J .  -ai h  mean represents  430 seeclllngs. Means 
a r t  fo l iowed  ~y t h e i r  s t andard  e r r o r .  D i f t e r e n t  l e t t e r s  
beh ino  means xrtdxcate  s t a t i s t ~ c a l  d i f f e r e n c e  a t  (n c0.01). 

- 
? - 

X , .~ 
2 J .  ;a 67.7a 
0 4 .  d a  GO. 3i 

DISCUSSION 

Wrenching d id  no t  s t imu la t e  l a t e r a l  root  
development of l o b l o l l y  pine t o  t he  ex t en t  re- 
portsd f o r  P. radiata seedlings.  Actual counts 
of roots  f o r  each treatment showed t h a t  wrenching 
did not  s i g n i f i c a n t l y  increase  the  mean number of  
l a t e r a l  roots .  Pa r t  of  t he  roo t  response t o  
wrenching could be l o s t  i n  the l i f t i n g  operat ion.  
Although p a r t i c u l a r  ca re  was taken i n  l i f t i n g  
seedlings,  some f i n e  l a t e r a l  r o o t s  were unavoidably 
l o s t .  The l o s s  of f i n e  l a t e r a l  roo t s  is unavoid- 
abl e p a r t i c u l a r l y  i n  mechanical l i f t i n g  operat ions.  
mus ,  u n t i l  a method is  found t o  save these l a t e r a l  
roots ,  wrenching may not  r e s u l t  i n  seedl ings  with 
more ac tua l  roo t s  a f t e r  l i f t i n g  from t h e  nursery 
beds. 

X p o t e n t i a l  problem of wrenching o r  under- 
c u t t i n g  i s  roo t  deformation. The tap  roo t s  were 
~ u l l e d  o r  o r i en t ed  i n  the  d i r e c t i o n  of  t h e  blade 
cut and consequently formed an  L-root configura- 
tion. We do not  have any q u a n t i t a t i v e  da t a  on 
the incidence of t h i s  root  deformation o r  of i t s  
e f f e c t  on performance. 

It appears t h a t  l o b l o l l y  a s  a  spec ies  has 
Poorer root  development than Pd mdiatxz which has 

been extens ive ly  s tudied  f o r  i ts  response t o  
wrenching. Root regenerat ion of l o b l o l l y  seed- 
l i n g s  nay be s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of 
o the r  species.  It is  a l so  poss ib le  t h a t  t he  
wrenc5ing plus l a t e r a l  pruning methods i n  t h i s  
s tudy were not  s u f f i c i e n t l y  d r a s t i c  enough t o  
s t r e s s  the  seedl ings .  

Some seedl ing  roots  grow down the  seedl ing  
rcw and avoid pruning. Thus, t he  seedl ings  may 
channelize a  l a r g e r  p a r t  of t h e i r  energy i n t o  these 
unpruned roots .  We suspect  t h a t  most of  these  
long, bu t  small  diameter secondary l a t e r a l  roo t s  
a r e  l o s t  when the  seedl ings  a r e  l i f t e d .  

Energy f o r  new root  growth may p r e f e r e n t i a l l y  
s ink  i n t o  wound hea l ing  of severed roo t s  and i n t o  
e x i s t i n g  undamaged (unpruned) roo t s  r a t h e r  than i n  
t he  formation of  new l a t e r a l s  o f f  pruned l a t e r a l  
roots .  Also, i t  appears t h a t  l a t e r a l  roo t  develop- 
ment is harder  t o  induce along the  primary root  a s  
t h i s  root  ages o r  undergoes d i f f e r e n t i a t i o n .  The 
optimum zone f o r  new roo t  development probably 
moves down the  tap  roo t  and outwards on each l a t -  
e r a l  root  a s  they grow longer. Repeated sever ing  
a t  12 cm does no t  r e s u l t  i n  a  massive development 
of  new tap  roots  j u s t  above the cu t  root .  

Wrenching was not  a s  c r u c i a l  f o r  seedl ing  sur- 
v i v a l  a s  was p l an t ing  date.  We a r e  not  s u r e  why 
wrenched seedl ings  f a i l e d  t o  perform b e t t e r  than 
the  nonwrenched seedlings.  It may be t h a t  the  
root  systems were not  s t imulated t o  branch. For 
whatever t he  reason, t h i s  s tudy d id  not  show any 
advantage f o r  wrenched seedlings.  However, given 
the  r e s u l t s  obtained with P. radiata we f e e l  t h a t  
add i t i ona l  tests  should be ca r r i ed  ou t  on south- 
e rn  pines t o  f u l l y  explore the  p o t e n t i a l  of  
wrenching. 

The l ack  of any s i g n i f i c a n t  morphological and 
su rv iva l  d i f ferences  between the  wrenched and con- 
t r o l  seedl ings  may be  a  r e s u l t  of  t he  s i n g l e  under- 
c u t t i n g  t h a t  the  seedl ings  received on August 13 ,  
which was the  base l ine  poin t  f o r  the study. This 
undercutt ing nay have been s u f f i c i e n t  t o  shock the  
seedl ings  and t o  shut  down t h e i r  growth. 

Tanaka e t  a l .  (1976) reported t h a t  l o b l o l l y  
seedl ings ,  i n  an e a r l i e r  wrenching s tudy a t  t h e  
Magnolia Nursery, had many of the  c h a r a c t e r i s t i c s  
reported f o r  P, rad2atu seedl ings .  I n  p a r t i c u l a r ,  
they were able  t o  de t ec t  lower shoot:root  r a t i o s ,  
smal ler  shoot systems and smal ler  root  c o l l a r  
diameters. Survival  was a l s o  b e t t e r  f o r  wrenched 
seedl ings  when planted on a droughty s i t e .  Root 
dry weight was not  d i f f e r e n t  from the  con t ro l s  
although there  were propor t ionate ly  more l a t e r a l  
roo t s  on the  wrenched seedl ings  than on the  con- 
t r o l  nonwrenched seedl ings ,  

Walstad e t  a l .  (1977) reported t h a t  wrenched 
l o b l o l l y  seedl ings  had s l i g h t l y  smal ler  r o o t  c o l l a r  
diameters,  a  s l i g h t  decrease i n  shoot length ,  and 



moderate increase  i n  t he  propor t ion  of l a t e r a l  
roots ,  These changes were suggested i n  t h l s  
s tudy,  bu t  we were unable t o  sttow they had 
occurred s t a t i s t i c a l l y ,  
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A b s t r a c t  . - -Fai lure of nurserymen and r e f o r e s t a t i o n  
s p e c i a l i s t s  t o  acknowledge t h e  b;ologica; importance of ec to-  
mycorrhizdl  development on s e e d l i n g  s t o c k  i n c r e a s e s  ~ h e  
chances f o r  r e f o r e s t a t i o n  f a i l u r e s .  ALth~ugh t h e  need f o r  
h igh-qua l i ty  s e e d l i n g s  is  widely recognized,  q u a l i t y  o f t e n  is 
r a t e d  on ly  on aboveground p o r t i o n s .  Roots a r e  of t e n  m i s -  
t r e a t e d  and ignored.  Roots a r e  u s u a l l y  monitored on ly  a t  
l i f t i n g  t ime ,  a f t e r  a l l  f a c t o r s  c o n t r i b u t i n g  t o  t h e i r  devel-  
opment have occur red .  Condit ion and q u a l i t y  of t ' te s e e d l i n g  
r o o t  system a t  p l a n t i n g  is of  prime importance i s u r v i v a l  
and e a r l y  growth. Since ectomycorrhizae increas  r o o t  sur -  
f a c e  a r e a ,  improve uptake of  wate r  2nd n u t r i e n t s ,  main ta in  
r e s i s t a n c e  t o  adverse  s o i l  c o n d i ~ i o n s  and provide some 
p r o t e c t i o n  from damage by f e e d e r  r o o t  pathogens, ectomy- 
c o r r h i z a l  development on p ine  p l a n t i n g  s t o c k  is  a  determi- 
nan t  o f  s e e d l i n g  q u a l i t y .  Fac tors  t h a t  i n f l u e n c e  r o o t  
system development a r e  a l s o  Likely t o  a f f e c t  ectomycorrhizal  
development. A l l  procedures from l i f r i n g  t o  p l a n t i n g  should 
be  designed t o  r e t a i n  t h e  m a j o r i t y  of r h e  l a t e r a l  r o o t s  and 
a t t a c h e d  ectomycorrhizae.  

INTRODUCTION 

Although most nurserymen and r e f o r e s t a t i o n  
s p e c i a l i s t s  producing and p l a n t i n g  p i n e s  would 
agree with Zobel (1979) t h a t  s e e d l i n g  q u a l i t y  i s  
i m p o r ~ a n t ,  they o f t e n  f a i l  t o  a g r e e  on a  common 
d e f i n i t i o n  of q u a l i t y .  Nurserymen u s u a l l y  r a t e  
q u a l i t y  of s e e d l i n g s  on above-ground p o r t i o n s  and 
too o f t e n  ignore  t h e  r o o t s  dur ing  t h e  produc t ion  
period.  Why? Poss ib ly  because i n  t h e  n u r s e r y  
roo ts  of s e e d l i n g s  a r e  n o t  v i s i b l e  and t h e i r  
development is d i f f i c u l t  t o  monitor .  A f t e r  t h e  
seedlings a r e  l i f t e d ,  some c o n s i d e r  t o p : r o o t  
r a t i o ,  h e i g h t ,  f r e s h  weight  per  1000 s e e d l i n g s ,  
and presence of secondary need les  and buds a s  
n~casnres  of q u a l i t y ;  o t h e r s  cons ider  n o n v i s i b l e  
i n t e r n a l  d i f f e r e n c e s ,  such a s  s t a r c h  l e v e l s ,  

1 / - Paper p resen ted  a t  Southern S i l v i c u l t u r a l  
Risearch Conference, A t l a n t a ,  Georgia ,  November 
6 - 7 ,  1980. 

percen t  v a s c u l a r  t i s s u e ,  and percen t  mois tu re ,  
t h e  q u a l i t i e s  t o  r a t e .  A l l  of t h e s e  f a c t o r s  
working i n  concer t  undoubtedly i n f l u e n c e  t h e  
c a p a c i t y  of s e e d l i n g s  t o  s u r v i v e  and grow w e l l  
a f t e r  p l a n t i n g .  Nurserymen would probably agree  
t h a t  t h e  c o n d i t i o n ,  b o t h  p h y s i o l o g i c a l  and mor- 
p h o l o g i c a l ,  of t h e  r o o t  system of p i n e  s e e d l i n g s  
is impor tan t ,  b u t  i t  would be  d i f f i c u l t  t o  o b t a i n  
a  consensus on an optimum r o o t  grade (woody and 
f i b r o u s  roots) f o r  s u r v i v a l  and r a p i d  e a r l y  growth 
of  p lan ted  pines.  

R e f o r e s t a t i o n  s p e c i a l i s t s  a l s o  have a  
genera l  concern f o r  s e e d l i n g  q u a l i t y .  They know 
t h a t  high q u a l i t y  s e e d l i n g s  p lan ted  without  r o o t  
deformity on proper ly  prepared s i t e s  u s u a l l y  
s u r v i v e  and grow w e l l .  They o f t e n  warn p l a n t i n g  
cr12ws t o  guard the  roo t  systems from dry ing  o r  
exposure t o  f r e e z i n g  temperatures .  Hovever, 
t h e i r  main concern dur ing  t h e  p l a n t i n g  o p e r a t i o n  
i s  u s u a l l y  t h e  depth of p l a n t i n g  and avoidance of 
roo t  deformity.  

"plant Pa tho log is  t , I n s t i t u t e  f o r  Too few nurserymen and r e f o r e s t a t i o n  
:f:;carrhizal Research and Development, U.S.  F o r e s t  s p e c i a l i s t s  have a  vork ing  concept o f  p ine  r o o t  
Scr7;icc , F o r e s t r y  Sc iecces  Laboratory,  Athens, q-s tems and t h e  importance of ectomycorrhizae. 
''t cr;,ria. 30602. 



Most of  t h e  feeder  r o o t s  of  p ine  seedl ings  grow- 
ing  i n  a n a t u r a l  env i romen t  have abundant ecto- 
mycorrhizae--a symbiotic a s soc i a t i on  between 
mycorrhizal fungi  and succulent  s h o r t  roo t s ,  
mis symbiotic a s soc i a t i on  increases  roo t  su r f ace  
a r ea ,  uptake of  water  and n u t r i e n t s ,  and 
r e s i s t a n c e  t o  adverse s o i l  condi t ions  and some 
feeder  root  pathogens. 

Wakeley (1954) repor ted  years  ago t h a t  l o s s  
of l a t e r a l  r o o t s  on s l a s h  and longleaf  pines 
p r i o r  t o  p lant ing  markedly decremed f i e l d  
su rv iva l .  More r ecen t ly ,  Dierauf and Garner 
(1978) found t h a t  severe  roo t  pruning of l o b l o l l y  
pine s i g n i f i c a n t l y  reduced f i e l d  su rv iva l .  I f  
s i g n i f i c a n t  n m b e r s  of t h i rd -  and fourth-order 
l a t e r a l s  ( t h e  roo t s  support ing ectornycorrhizae) 
a r e  l o s t  p r i o r  t o  p l an t ing ,  seedl ings  must 
regenera te  new l a t e r a l s  and form ectomycorrhizae 
before  aboveground growth can s t a r t .  This 
regenera t ion  is dependent on the  s to red  food i n  
t he  stem and t a p  roo t .  I f  stress occurs while 
t he  seedl ings  a r e  regenera t ing  new roo t s ,  chances 
f o r  mor t a l i t y  increase .  

Wakeley a l s o  recognized and reported back i n  
1954 t h a t  ectomycorrhizae a r e  e s s e n t i a l  t o  good 
mineral  n u t r i t i o n  of  southern  pines.  Why then is 
t h e r e  s o  l i t t l e  regard today f o r  r e t a in ing  ecto-  
mycorrhizae on p ine  s eed l ings  p r i o r  t o  planting? 
Mursery expe r t s  t e l l  us t h a t  b e t t e r  handling 
during seed l ing  l i f t i n g ,  s to rage ,  and t ranspor t  
is necessary t o  ensure  optimum f i e l d  su rv iva l  and 
e a r l y  growth of p lanted  pine seedl ings .  Yet too 
many, I f ind  today, have l i t t l e  regard f o r  
r e t a i n i n g  ectomycorrhizae on seed l ing  root  sys- 
tems. Even i f  p ine  seedl ings  a r r i v e  a t  t he  
p l an t ing  s i t e  wi th  adequate numbers of e c t o q c o r -  
rh i zae  a t tached t o  t h e  l a t e r a l  roo t s ,  I f ind  t h a t  
too many t r e e  p l an t e r s  d i s r ega rd ,  o r  a r e  simply 
unaware o f ,  t h e  need t o  r e t a i n  ectomycorrhizae on 
p l an t ab l e  seedl ings .  Tree p l a n t e r s ,  i n  an attempt 
t o  avoid roo t  deformity during p lant ing ,  o f t e n  
reshape t h e  roo t  system t o  accommodate t h e  shape 
of  t h e  hole  made by t h e  p l an t ing  tool--a procedure 
t h a t  causes a s i g n i f i c a n t  l o s s  of ectomycorrhizae. 

Nurserymen and ref  o r e s t a t i o n  s p e c i a l i s t s  
know t h a t  s eed l ing  q u a l i t y  and b e t t e r  handling 
improve f i e l d  performance, bu t  they o f t en  a r e  l e s s  
c e r t a i n  how and why these  th ings  work. Perhaps 
one reason t h e  nursery p rac t i ce s  employed t o  
produce q u a l i t y  p ine  seedl ings  o f t e n  succeed is 
t h a t  they encourage t h e  development of s u i t a b l e  
ectomycorrhizal  r o o t  systems. Be t t e r  handling 
methods i n  l i f t i n g ,  grading,  packaging, s to r ing ,  
t r anspor t i ng ,  and p l an t ing  have been developed 
through t r i a l  and e r r o r  t o  improve su rv iva l  and 
e a r l y  growth a f t e r  p l an t ing ,  o f t e n  with l i t t l e  
understanding of t h e  b io log ica l  mechanisms a t  
work. When these  methods a r e  examined from a 
b i o l o g i c a l  poin t  of view, I be l i eve  w e  w i l l  f ind  
they work because they ?-vide, among o ther  th ings ,  
f o r  t h e  r e t e n t i o n  of v i a b l e  ectonrycorrhizae on 
t h e  p l an t ing  s tock .  

The current  consensus of f o r e s t  s c i e n t i s t s  
is t h a t ,  wi th  a l l  o the r  f a c t o r s  equal ,  pine 
seedl ings  with abundant ectonrycorrhizae a t  plant-  
ing  surv ive  b e t t e r  and grow f a s t e r  than seedl ings  
with few ectonrycorrhizae. Our research  r e s u l t s  
a t  t h e  I n s t i t u t e  f o r  Pi)rcorrhizal Research and 
Development have reaffirmed t h i s  hypothesis .  We 
advocate t h a t  nursermen devise  means t o  p ro t ec t  
t h e  l a t e r a l  roo t s  with ectolftycorrhizae during 
l i f t i n g  and avoid drying and d e t e r i o r a t i o n  of  
these  d e l i c a t e  roo t s  during s to rage  and t r anspor t  
Sde f u r t h e r  suggest  t h a t  p ine  seedl ings  be p lanted  
with t h e  most complete and i n t a c t  root  system 
poss ib le .  The complaint w i l l  come from t h e  
p l an t ing  sites--"Seedlings wi th  a l l  these  f i b rous  
roo t s  a r e  too d i f f i c u l t  t o  plant ."  Once we 
convince t h e  regenerat ion s p e c i a l i s t s  and t h e i r  
supervisors  t h a t  the  r e t e n t i o n  of f ibrous  roo t s  
and a t tached ectomycorrhizae w i l l  improve surv i -  
v a l  and e a r l y  growth, they w i l l  develop t h e  
technology t o  overcome t h i s  d i f f i c u l t y .  

Since t h e  ob jec t ive  of r e f o r e s t a t i o n  wi th  
pines is mximum su rv iva l  and rapid  growth of 
newly planted seedl ings  and s i n c e  we know t h a t  
abundant ectomycorrhizae a r e  e s s e n t i a l  t o  t h i s  
goal ,  l e t  us consider means of l i f t i n g ,  grading,  
s t o r i n g ,  t ranspor t ing ,  and p l an t ing  p ine  seedl ings  
t h a t  w i l l  r e t a i n  t he  maximum complement of 
funct ional  ectomycorrhizae. 

BARE-ROOT SEEDLINGS 

Southern nu r se r i e s  r a r e l y  have problems 
producing 1-0 pines wi th  abundant ectomycorrhizae 
--abundant meaning t h a t  over ha l f  of a l l  s h o r t  
roo t s  a r e  ectomycorrhizal. Fumigation of nursery  
s o i l  r e s u l t s  i n  a reduction of both pathogenic 
and symbiotic fungi .  Airborne basidiospores 
re leased  from na tu ra l ly  occurr ing  ectomycorrhizal  
fungi  i n  f o r e s t s  adjacent  t o  nu r se r i e s  u sua l ly  
r e s t  the  fumigated s o i l  by mid June. Barring 
any de t r imenta l  c u l t u r a l  procedures, i . e . ,  misuse 
G p e s t i c i d e s ,  excessive N o r  P f e r t i l i z e r  appl i -  
ca t i ons ,  o r  roo t  d i s ease  harmful t o  roo t  develop- 
ment, t he  pine seedl ings  w i l l  develop abundant 
ectomycorrhizae by t h e  end of t he  growing season. 

Root undercutt ing,  wrenching, and l a t e r a l  
pruning induce a more f i b rous  and compact r o o t  
system on pine seedlings.  I n  add i t i on  t o  c r e a t i n g  
seedl ings  physical ly adapted t o  today's  p l an t ing  
techniques, these  p rac t i ce s  a l t e r  roo t  configura- 
t i o n  and c r e a t e  t he  framework f o r  support ing an  
increased number of second- and third-order 
la te ra ls - - the  roots  t h a t  support  s h o r t  roo t s  
colonized by ectomycorrhizal fungi .  Consequently, 
t he se  various manipulations employed t o  a i d  t h e  
p lant ing  operat ion of ten  increase  ectomycorrhizal  . 
development. 

The manner i n  which pine seedl ings  a r e  
l i f t e d  o f t en  determines how many ectomycorrhizae 
a r e  re ta ined  on the  seedl ings .  Years ago, when 
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I .  Seed l ing  s t o r a g e  i s  u s u a l l y  necessar:f 
i-ec;xtl-., x o r t  n u r s e r i e s  a r e  t o o  f a r  from p4 int iqr ;  

i t z t b ,  t o  l i f t  and p l a n t  t h e  same da: , Ml>dern  
trc L . l t l r s t r i e s  have adequate r e f r i p e r a t e d  s t o r a g f * .  
I + : , i t  2x3 ngs t i i t h  good *ctorr;-corrhizal Aevelop- 
-,:r;tr 'Ire packaged mois t  and rored p r o p e r l y  a t  
jfUto 5"2, "5.c eclromycorrhizae wil l -  survi l ie  i n  
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i:c;rr~)~- sti?-f-j-~.: a  s e e d l i n g  sk ipmer t  is l e f t  i.n 
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b .;<L; LL c h i p ~ c ~ n t  is unlaoded and l e f t  exposed t o  
L ~ - ~  . ..in); temperature tc,o long  p r i o r  t o  p l a n t i n g .  
0 1 1 ~ ;  t oo  o f r e n ,  a f t e ~  t h e  bags  a r e  opened, thi- 
rocrs 'Ire allowed t o  d r y  out  b e f o r e  t h e  seedl i r tgs  
tlrc p?<in ted .  Tree p l a n t e r s  w i l l  s t r i p  cfrle roo2-s 
to ~ ~ ~ k e  i t  e a s i e r  t o  g e t  t h e  s e e d l i n g s  i n t o  t h e  
l l i b b l r  help o r  p l a n t i n g  machine furrow. 

:-ce3113g tops  may be w e i l l  hardened-of f and 
ri s i . s t  nt t o  some rough handl ing ,  but  roo t  s p t c m s  
7ik :C!I ::r.ve l o s r  c o n t a c t  wi th  s o i l  a r e  v e r y  e a s i l y  
rl,~m,.i c ~ i .  Ectomycorrhizac. a r e  t h e  f i r s t  s t r u c t u r e s  
l ~ s  t dur ing  z i s h a n d l  i n g  . 
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i .  :croFi-.c;irrhizal fungi  a r e  introciuced rn to  t h e  
grow; 1 ;'i(*c-Lrlm inr v;irioils hays.  :~ocrllt~rn i n  t11c.  
f 3 1 - 7 ; ~  oi d u t f ,  hi~mus, i n f e s t e d  so i l . ,  crushed sporo- 
~ , h o r c s ,  o r  cfixciscd mycorrhizal  roues has  been u s e d  
w! :h vn; ying degrees of success .  i l l though t he se  
qr . !i,>dh normally enstire ec  torry cor  r n i ~ a l  devclop- 
ri:ezlt i f  c u l t u r a l  :nc~hods 2: e modii ied,  they  LILMO 
c r c  .rr,e oroblernr. TFese irloculun rorms cFt'.n I'xcL, 
t -,2 most d e s i r a b l e  fungi f o r  t h e  t ree s p e c j e s  and 
,ii'tnt-ing .;tees, and same ccnltain v,zrious lixrr:f uf. 
:nicroorganisms and nosicius weeds. Xass i)rodnc:- 
r ran of- pure c u l t u r e  inoculum i s  L11e b e s t  :~~3lutio:1 
.Ihbott L a b o r ~ t o r ; e s  c u r r e n t l y  produces, t o r  re-- 
scarrl, purposes , a d r i e d  i n o ~ u l u l r ~  conta in in$ ;  
ve7-n:iculit-c, i>t-at moss and Eici;Z3-.i-,,~& -LC' ,c> L ~ : , , , ' ~ ,  . 
-I--, i ~noculum :rields e x c e l l e n t  results;: on c*)r~- 

L ~ F n c ~ r i ~ e d  soilti~cirn pincbs . Th i:- t; Fe O F  i r i : ( - : ~ l ~ n ~  
is  pre i e r r c d  bec<*u: 63 i t  ~ V C L ~ S  the  problcms 
prr v-liiusl y rr,i.nticr,c.c. 

R v h ~ L t s  L r o m  ,il:ne of our  ontpizr,t-iL:f t r in1.s  
ft 5 l '~:~t i i iner-grixm s ~ u t h l -  r r l  p ine 1 o1or.i-i z r  ci hi .ti1 

, , :,;:~,*"GC,<~US have beer! encourngix;,:. Tht g t .it.- 

c s  t imnraveinea t i n  srlrvi vn l  and ecir;.3 : c ed l ill._ 

growth us ing  seedlli1;:s t . i i l o r e d  bi_tEi tt.iL:; symb i ant 
i s  t x b i b i t r d  on c o a l  spoils :ind borrow p i t + .  

CONCLUSION 

khe ther  we a r e  growing bare-root  o r  cun- 
t a i n e r i z e d  pine s e e d l i n g s ,  we can say  t h a t  an: 
ectomycorrhizae on t h e  r o o t s  of t h e  p1anti:zg 
s t o c k  a r e  b e t t e r  than  no ectom?:corrbiz,ie a t  a l l - -  
n conclusion based on 10 years  of r e s e a r c h  at t h i  
I n s t i t u t e  f o r  MJ-corrhizal Research and DeveLopcent. 
Certain s p e c i e s  of ectomycorrhizal  funk72 dre more 
in:port:~nt t o  t r e e  s u r ~ ~ i v a l  and growth under f i t l d  
cozlditions than o t h e r  s p e c i e s .  Zhch of our  



, u ~ r e n t  research  e f f o r t  is aimed a t  f i nd ing  t h e  
b e s t  combination of p l an t ing  s tock  and fungal 
symbiont f o r  a p a r t i c u l a r  p l an t ing  site,  

Many of t h e  poin ts  I have made were out l ined  
by Wakely back i n  1954. L i t t l e  has  been done 
s i n c e  then t o  irnprove on i d e m  and coneepds con- 
cern ing  s i te  prepara t ion ,  condi t ion  and c a r e  of 
seed1 ing  s tock ,  and methods of  p l an t ing  a s  they 
a f f e c t  i n i t i a l  s u r v i v a l  of southern  pines.  
Wakely a l s o  recognized t h a t  ectomycorrhizae a r e  
e s s e n t i a l  t o  good mineral  n u t r i t i o n  of  southern 
pines and pointed out  t h a t  i f  ectonrycorrhizae a r e  
lacking  during t h e  production of  p l an t ing  s tock ,  
i nocu la t ion  should be  t r i e d .  

Why, then,  you may w e l l  ask ,  have I taken 
t h e  t roub le  t o  mention these  po in t s  again.  Since 
ectomycorrhizal fungi  occur n a t u r a l l y  i n  such 
abundance i n  our  nu r se r i e s  and p l a n t a t i o n  s i t e s ,  
our  b e s t  nursery  s tock  usual ly  develops luxur iant  
ectomycorrhizae p r i o r  t o  l i f t i n g ;  seedl ings  i n  
t h e  p l an t a t i ons  become w e l l  colonized wi th  
ectomycorrhizal fungi  indigenous t o  t h e  s i t e .  
I s e e  our  cu r r en t  nursery  and p l an t ing  programs 
f o r  pines f a i l i n g  t o  address t h e  problem of 
r e t a i n i n g  ectomycorrhizae on p l an t ing  s tock  and 
have attempted t o  convince you t h a t  pine seedl ings  
we l l  colonized wi th  appropr ia te  ectomycorrhizal 
fungi  a r e  ecologica l ly  adapted t o  b e t t e r  surv ive  
t he  r i g o r s  of outp lant ing .  

ktakeley s t a t e d  t h a t  t h e  most widespread cause 
of low i n i t i a l  su rv iva l  i n  southern  p ine  planta-  
t i o n s  is not  f i r e ,  animals, i n s e c t s ,  o r  d isease ,  
bu t  drought--drought i n  t h e  sense  of l o s s  of more 
water  from t h e  tops than can be  replaced through 
t h e  roo t s .  H e  concluded t h a t  t h e  a b i l i t y  of 
planted seedl ings  t o  overcome drought and a t t a i n  
high i n i t i a l  su rv iva l  seemed t o  depend upon forma- 
t i o n  of considerable new roo t  t i s s u e  promptly a f t e r  
p lant ing .  I agree with t h i s  conclusion,  and wish 
t o  add t h a t  ectomycorrhizal co lon iza t ion  of new 
root  t i s s u e  a i d s  i n  high i n i t i a l  su rv iva l ,  I n  
f a c t ,  our  f indings  a t  t h e  I n s t i t u t e  show a marked 
improvement i n  s eed l ing  s u r v i v a l  i f  ectomycor- 
rh i zae  a r e  r e t a ined  on t h e  s eed l ing  roo t s  a t  time 
of p lant ing .  I f  droughty condi t ions  e x i s t  on the  
p l an t ing  s i t e ,  we advocate t a i l o r i n g  t h e  seedl ings  
wi th  a fungal symbiont eco log ica l ly  adapted t o  
droughty condit ions.  

W e  a r e  developing fumigation, inocula t ion ,  
and f e r t i l i z a t i o n  procedures f o r  t a i l o r i n g  
seedl ings  with ectomycorrhizae synthesized by 
se l ec t ed  fungal  symbionts produced i n  pure cu l tu re ,  
Although these  procedures i nc rease  t h e  cos t  of t he  
nursery opera t ion ,  t h i s  cos t  is e a s i l y  j u s t i f i e d  
by the  improved performance i n  outp lant ings .  No 
one can a f fo rd  t o  p lant  p ine  seedl ings  t h a t  have 
l e s s  than an exce l l en t  chance of  surv iv ing .  

A s  knowledge accunr1r:ates about ectomycor- 
rh i zae  on pines planted i n  t h e  South, t h e  
opt ions  f o r  nursery and p l an t a t i on  management 

can be b e t t e r  defined,  The research  t a s k  w i l l  be  
complete only when the  c o s t s  of e s t ab l i sh ing  and 
lnaintaining s u i t a b l e  ectomycorrhizae on p l an t ab l e  
seedl ings  a r e  accepted a s  t h e  p r i c e  we have t o  
pay f o r  acceptable su rv iva l  and growth on newly 
e s t ab l i shed  p lanta t ions .  

Economists a r e  cont inual ly  evalua t ing  t h e  
e f f ec t ivenes s  and cos t  of var ious  f o r e s t r y  
operations--from seed c o l l e c t i o n  t o  t r e e  harvest-  
ing--to g ive  advice about prudent investments f o r  
thefu ture .  Unfortunately,  nursery opera t ions  and 
p l an t a t i on  establishment have not  ye t  received 
adequate a n a l y t i c a l  t reatment.  It seems taken 
f o r  granted t h a t  t h e  technology of growing and 
p lant ing  t r e e s  simply e x i s t s ,  take  i t  o r  leave  
i t ,  and t h a t  t h e  only major technological  problem 
which policymakers a r e  i n t e r e s t e d  i n  is how t o  ge t  
X number of seedl ings  planted on Y nurnber of 
acres .  When t h e  ana lys t s  g e t  around t o  t he  
economics of producing and p l an t ing  pine seed- 
l i n g s ,  I th ink  they w i l l  f i nd  t h a t  mycorrhizal 
technology is a p r e t t y  good investment. 

Much of my presenta t ion  is specu la t ive ,  bu t  
t h e  answer t o  t he  ques t ion  i n  my t i t l e  is an 
emphatic 'hJES! The mycorrhizal condi t ion  of 
planted pines is important." The cos t  of assur ing  
good mycorrhizal development i n  t he  nursery and 
r e t a in ing  i t  u n t i l  t he  seedl ings  a r e  planted is 
not high. When one considers t h a t  t h e  cos t  of 
seedl ings  represents  only 8 t o  12 percent  of t h e  
t o t a l  investment i n  r e f o r e s t a t i o n ,  and t h a t  even 
i n  t h i s  juveni le  s t age  t h e  seedl ings  represent  
100 percent  of t he  p o t e n t i a l  f i n a n c i a l  r e tu rn ,  
then t h e  p o t e n t i a l  b e n e f i t s  of improvements i n  
seedl ing  qua l i t y  become evident .  
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SOCTUEm UPAPPXUCHlM COAL  SPOIL^'^' 
R. F. +dalker ,  i. L .  West, and S. Y. ~ c ~ a u g h l i d '  

Abs t rac t .  A s tudy  was i c i t i a t e d  t o  determine t h e  s i g n i -  
f i c a n c e  of Piso1.ithus t i n c t o r i u s  ectomycorrhizae t o  t h e  estab-  
l i shment  and growth of l o b l o l l y  p ine  (Pinus taeda)  on s i t e s  
d i s t u r b e d  i n  s u r f a c e  mining opera t ions .  Nursery grown seed- 
l i n g s  i n f e c t e d  wi th  t h i s  Elxigal symbiont were ou tp lan ted  on 
c o a l  s p o i l s  i n  Tennessee. Treatments inc luded  s e e d l i n g s  in- 
f e c r e d  w i t h  a  myce l ia l  Cnoculum of _P_. t i n c t o r i u s  and f e r t i -  
l i z e d  a t  t h e  r a t e  of 112 kg/ha NPK, c o n t r o l  s e e d l i n g s  wi thout  
P. t i n c t o r i u s  f e r t i l i z e d  a t  an i d e n t i c a l  r a t e ,  s e e d l i n g s  in-  - 
f e c t e d  w i t h  P. t i n c t o r i u s  bu t  without  f e r t i l i z a t i o n ,  and 
c o n t r o l  s e e d l i n g s  without  P. t i n c t o r i u s  o r  f e r t i l i z a t i o n .  
Seed l ings  i n f e c t e d  w i t h  _TI. t i n c t o r i u s  surv ived  b e t t e r  than 
c o n t r o l  s e e d l i n g s ,  bu t  f e r t i l i z a t i o n  dur ing  t h e  f i r s t  growing 
season  reduced s u r v i v a l  i r r e s p e c t i v e  of mycorrhizal  t rea tment .  
I n f e c t i o n  by P. t i n c t o r i u s  and f e r t i l i z a t i o n  r e s u l t e d  i n  t h e  
b e s t  s e e d l i n g  growth, whi le  u n f e r t i l i z e d  c o n t r o l  s e e d l i n g s  
e x h i b i t e d  t h e  l e a s t  growth. U n f e r t i l i z e d  s e e d l i n g s  i n f e c t e d  
w i t h  E. t i n c t o r i u s  and f e r t i l i z e d  c o n t r o l  s e e d l i n g s  e x h i b i t e d  
growth i n t e r m e d i a t e  t o  t h a t  of t h e  o t h e r  t rea tments .  It 
appears  t h a t  an ectomycorrhizal  i n f e c t i o n  of l o b l o l l y  p i n e  
by 2. t i n c t o r i u s  can enhance s u r v i v a l  and growth on t h e s e  
adverse  s i t e s  and reduce t h e  need f o r  f e r t i l i z a t i o n .  

INTRODUCTION 

Nursery grown p i n e  s e e d l i n g s  have been used 
i n  many s u r f a c e  mine rec lamat ion  programs i n  t h e  
e a s t e r n  United S t a t e s .  The adverse  growing condi- 
t i o n s  encountered on t h e s e  s i t e s ,  such  a s  low pH, 
low n u t r i e n t  s t a t u s ,  h igh  c o n c e n t r a t i o n s  of t o x i c  
subs tances ,  e l e v a t e d  s u r f a c e  tempera tures ,  and 
drought iness  have c o n t r i b u t e d  t o  a  g e n e r a l l y  poor 
performance by t h e s e  s e e d l i n g s .  Much r e s e a r c h  has 
been d i r e c t e d  toward improving a r t i f i c i a l  regener-  
& t i o n  techniques  t o  p rov ide  a g r e a t e r  degree  of 
success .  The i n o c u l a t i o n  of s e e d l i n g s  i n  t h e  

I/ Paper p resen ted  a t  Southern S i l v i c u l t u r a l  
~ c s e a & h  Conference, A t l a n t a ,  Georgia ,  November 6- 
7 ,  1980. 

2 /  Research sponsored by t h e  Biomass Energy - 
Systems Div is ion ,  U.S. Department of Energy, 
under c o n t r a c t  W-7405-eng-26 w i t h  Union Carbide 
Corporat ion.  

3 /  The a u t h o r s  a r e  b radua te  Research Fellow 
3:ld ~ z s e a r c h  S t a f f  Members, r e s p e c t i v e l y ,  Envi- 
ronmental Sc iences  Div is ion ,  Oak Ridge Nat iona l  
Laboratory,  Oak Ridge, Tennessee 37830. 

nurse ry  w i t h  an ectomycorrhizal  fungus o f f e r s  
promise a s  a  v i a b l e  a i d  i n  e s t a b l i s h i n g  p i n e  on 
adverse s i t e s .  

The importance of ectomycorrhizae t o  t h e  
growth of p i n e  i n  n a t u r a l  f o r e s t  s o i l s  is w e l l  
recognized. Many s p e c i e s  of ec tomycor rh iza l  f u n g i  
i n f e c t  t h e  r o o t s  of p i n e  i n  normal f o r e s t  s o i l  
environments (Marks and Kozlowski, 1973). Under 
s t r e s s  c o n d i t i o n s ,  such a s  those  t h a t  o f t e n  pre- 
v a i l  on s u r f a c e  mine s i t e s ,  c e r t a i n  of t h e s e  f u n g i  
appear s u p e r i o r  i n  t h e i r  a b i l i t y  t o  s u r v i v e  and 
provide b e n e f i t s  t o  t h e i r  h o s t s .  Many workers 
(Hi le  and Hennen 1969, Lampky and Pe te rson  1963, 
Marx 1975, Medve e t  a l ,  1977, Schramm 1966) have 
repor ted  t h e  occurrence of b a s i d i o c a r p s  of 
P i s o l i t h u s  t i n c t o r i u s  (Pers . )  Coker and Couch 
a s s o c i a t e d  wi th  s e v e r a l  t r e e  s p e c i e s  on v a r i o u s  
c o a l  s p o i l  s i t e s .  It is l o g i c a l  t o  assume t h a t  P. 
t i n c t o r i u s  ectomycorrhizae c o n t r i b u t e d  s i g n i f i -  
c a n t l y  t o  t h e  s u r v i v a l  and growth of t h e s e  e a r l y  
co lon iz ing  h o s t  s p e c i e s .  

Experimental techniques have been developed 
t o  a r t i f i c i a l l y  i n o c u l a t e  p ine  s e e d l i n g s  i n  t h e  



nursery  wi th  pure c u l t u r e s  of _11. t i n c t o r i u s  (Marx 
1969, Karx and Bryan 1975). Inoculated seedl ings  
have been shown t o  be supe r io r  t o  uninoculated 
seed l ings  i n  t he  nursery (Marx and Bryan 1975, 
Bhrn e t  a l .  1976), on rou t ine  r e fo re s t a t i on  s i t e s  
(Marx e t  a l .  1977), and on adverse s i t e s  (Berry 
and Marx 1978, Marx  and Artman 1979). The evi- 
dence sugges ts  t h a t  t he  a r t i f i c i a l  inocula t ion  of 
p ine  s eed l ings  i n  t he  nursery wi th  P. t i n c t o r i u s  
w i l l  promote s u f f i c i e n t  ectomycorrhizal  develop- 
ment t o  provide these  seedl ings  a s i g n i f i c a n t  
advantage over those  grown by conventional meth- 
ods. 

Many c o a l  s p o i l s ,  inc luding  those t h a t  a r e  
not  ac id ,  a r e  d i f f i c u l t  t o  revegeta te  because they 
a r e  d e f i c i e n t  i n  one o r  more of t he  e s s e n t i a l  
p l a n t  n u t r i e n t s  (Vogel 1975). Most mine s p o i l s  
i n  t he  Appalachian region  a r e  d e f i c i e n t  i n  plant-  
a v a i l a b l e  n i t rogen and phosphorus (Plass  and 
Vogel 1973). Nitrogen and phosphorus amendments 
a r e  u sua l ly  e s s e n t i a l  f o r  t h e  successfu l  estab- 
l ishment 'and growth of vegeta t ion  on such s i t e s .  
Severa l  workers (Bengtson e t  a l .  1973, Zarger e t  
a l .  1973) have shown t h e  va lue  of f e r t i l i z a t i o n  t o  
t h e  s u r v i v a l  and growth of var ious  p ine  spec ies  
on coa l  s p o i l s  i n  the  southern Appalachians. 
More r ecen t ly ,  Berry (1979) provided evidence 
t h a t  t h e  use  of s t a r t e r  f e r t i l i z e r  t a b l e t s  
improved i n i t i a l  growth of l o b l o l l y  pine on badly 
eroded s i t e s  i n  t he  Tennessee Copper Basin. 

The s tudy reported he re  was designed t o  
determine the  s ign i f i cance  of x. t i n c t o r i u s  
ectomycorrhizae t o  t he  succes s fu l  establishment 
of l o b l o l l y  pine (Pinus taeda L.) on coa l  mine 
s p o i l s  i n  Tennessee. Due t o  t h e  demonstrated 
response of pine seedl ings  t o  f e r t i l i z a t i o n  
on these  adverse s i t e s ,  a f e r t i l i t y  va r i ab l e  was 
introduced t o  allow examination of t h e  i n t e r -  
r e l a t i o n s h i p s  of P. t i n c t o r i u s  ectomycorrhizae 
and f e r t i l i z a t i o n  a s  they a f f e c t  su rv iva l  and 
growth. It i s  believed t h a t  an i n fec t ion  of 
l o b l o l l y  p ine  with t h i s  fungal  symbiont can 
reduce t h e  need f o r  t he  app l i ca t ion  of n u t r i e n t  
amendments on coa l  s p o i l s  i n  t h e  southern 
Appalachians. 

MATERIALS AND METHODS 

The P. t i n c t o r i u s  inoculum used i n  t h i s  
s tudy was produced by the  I n s t i t u t e  f o r  Mycor- 
r h i z a l  Research and Development (TPIRD) of t he  
USDA Fores t  Service 4-1 by the  methods of M a n  
(1969) and Marx and Bryan (1975). It consisted 
of fungal  mycelia grown on a vermiculite-peat 
moss-nutrient media s u b s t r a t e  such t h a t  the  
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hyphae penet ra ted  between the  l aye r s  of t he  
vermicul i te  p a r t i c l e s .  The inoculum was leached 
wi th  cold tap  water  p r i o r  t o  app l i ca t ion  i n  t h e  
nursery. 

The P, t i n c t o r i u s  inocula ted  seedl ings  and 
the  con t ro l  seedl ings  used i n  t h i s  s tudy were 
grown by the  Weyerhaeuser Company 51 by the  methods 
of &rx and Bryan (1975). Nursery beds were 
funtigated with 392 kgfha of MC-2 &/ t h r ee  weeks 
p r i o r  t o  seeding. F e r t i l i z e r  and lime were ap- 
p l i ed  t o  the  beds a t  t he  r a t e  of 560 kg/ha of 10- 
20-10 and 1120 kgfha dolomitic limestone. The 11. 
t i n c t o r i u s  inoculum was appl ied  a t  1076 m l / m 2  
of s o i l  sur face  and incorporated i n t o  t h e  bed. 
Other beds were l e f t  t o  become i n f e s t e d  by natu- 
r a l l y  occurring ectomycorrhizal  fungi  f o r  t he  
production of con t ro l  seedl ings .  S t r a t i f i e d  seeds 
(McCurtain County, Oklahoma seed source) were 
coated with Arasan Z_I and planted i n  Apr i l ,  1977. 
Three app l i ca t ions  of (NW4)2S04 were appl ied  
i n  2 week i n t e r v a l s  a t  t he  r a t e  of 112 kgfhafap- 
p l i c a t i o n  beginning i n  June, 1977. The seedl ings  
were l i f t e d  i n  January, 1978 and graded t o  a 
he ight  of 15  cm and a roo t  c o l l a r  diameter of 
3 mm. Ten seedl ings  were randomly se l ec t ed  from 
both the  inoculated and con t ro l  nursery beds and 
evaluated by the  IMRD f o r  ectomycorrhizal develop- 
ment. A l l  seedl ings  were s t o r e d  a t  5 ' ~  f o r  2 
months p r i o r  t o  outp lant ing .  

The outp lant ing  s i t e  was a coa l  s p o i l  loca ted  
i n  Campbell County, Tennessee. A l l  mining ceased 
i n  t he  f a l l  of 1977 and t h e  s p o i l  was re turned  t o  
approximate o r i g i n a l  contour. A s t raw mulch was 
applied and the  s i t e  was hydroseeded wi th  a mix- 
t u r e  of Kentucky 31 t a l l  fescue  (Festuca 
arundinacea Schreb.), perennia l  ryegrass (Lolium 
perenne L.), and Korean lespedeza (Lespedeza 
s t i pu l acea  Maxim.). Five r e p l i c a t e  blocks,  each 
wi th  four  5x5 m p l o t s ,  were e s t ab l i shed  on t h e  
s i t e .  A 6 m wide border separated each p lo t .  One 
of four treatments was randomly assigned t o  each 
of t he  four  p l o t s  w i th in  a r e p l i c a t e  block. The 
treatments i n  t h i s  random block design were seed- 
l i n g s  infec ted  wi th  ft. t i n c t o r i u s  and f e r t i l i z e d  
a t  a r a t e  of 112 kg/ha NPK, con t ro l  seedl ings  
without P. t i n c t o r i u s  f e r t i l i z e d  a t  an i d e n t i c a l  
r a t e ,  seedl ings  i n fec t ed  wi th  P. t i n c t o r i u s  but  
without f e r t i l i z a t i o n ,  and con t ro l  seedl ings  
without 2. t i n c t o r i u s  o r  f e r t i l i z a t i o n .  Twenty- 
f i v e  seedl ings  were p lanted  by hand i n  each p l o t  
i n  f i v e  rows of f i v e  seedl ings  each. The spacing 
of seedlings wi th in  and between rows was approxi- 
mately 1.25 m. Five s p o i l  samples were obtained 
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r: , t,ic':2 p l o t  a t  a d c ~ t h  of 0 trj 20 c r ,  c > : - ~ ) , ~ ~ t a  
,-,; cnc coxpoi i  rt sxq?Le p e r  p l c t  n2a , c-n ic, _ 1- 
- : l - - z c i l .  Ont hundred Courttt-y; ; of .Li-ld- " > 

_ i i ; z t  r W r x >  ( 7. eniy  ci~sl-r:  ~ J L ~ C  rx"v'r 0. 3; a- 
_-tc eLLct: o f  the ~ ; s ~ r c r , r i a t e  s e e d l i n g s  ro 

I -  t the < c r t i l i z e r  eqai7;nle:lt of :cb in:L 
A 

r +,.~t:ii 7: i', ti , :czorius, independent  of f e r t i l i z e r  - 
t r e e m e a t ,  had 32 p e r c e n t  g r e a t e r  s u r v i v a l  than 
c:nncrol s e e d l i n g s ,  Conversely, f e r t i l i z a t i o n  
reduced s u r v i v a l  i r r e s p e c t i v e  of ec tomycor rh iza l  
treatment by 45 percknt .  The i n t e r a c t i o n  of t h e  
-+, rreatrnents r e s u l e e d  i n  some moderation of 
t-l?lr c ~ p o s i t t  effects, b u t  t h e r e  was a p e r s i s t e c t  
, -: -. :ct i:1 survival  a s s o c i a t e d  w i t h a  i n f e c t i o n  

I,.- 7- r i  F e r t i l i z e d  s e e d l i n g s  x i t h  P, 
.:A:..< z -  rids had 74 p e r c ~ n t  g r e a t e r  s u r v i v a l  tnan ---- 
Z r r t i l 1 7 e d  c o n t r o l  s e e d l i n g s  and u n f e r t i l i z e d  
set 3 i a g s  rqitk P. t i n c t m - i u s  had 15 p e r c e n t  
- r ~ , I r e r  survivcrl than s e e d l i n g s  ~ i t i l c u t  P. 
:,;c;ori-2s o r  f e r t i l i z e r .  ------ 

A; plz.nting, n l ~ , ~ s u r e n t n t ~  0 :  h e i g h t  ,ad -c:c.t 
. r di , ln ik&t  r aer t  t,iken O F :  seed l ing .  - . .  _, - -  I L - ,, , __, i-c-; ;[it. ana r c o t  < _ o l l a r  C~rlmeter ne,- 

, -i nits w L  --c t<,ki;n I n  X'irc'r,, L979 and X a r ~ h ,  
Htfghc m d  r c o t  cc1l;r diameter  growth 

c - rc~nents  x e r c  t x p r i s s e d  2s r e l a t i v e  grow: I 
- 1 _ i : e s  b;. s u t ) t r . i c t i ~ ~ g  t h e  i n i t i a l  ;-ieasuresen: 
T,--: L 5 t l  second. ; -c&T xeasurenent  ncd cii- idi ins by 

t *L  f ~ ; l t F a i  ir,easurem~-nt . Grow;;i pzrrmettlrs ex- 
; < - <  ;: f d  i a  LkLs man;l?r compens2~tc. r o r  i n l t i b i .  
_i l ~t rences I11 sceciling s i z e  2nd v;lriarion i n  
L -  ; i t f , l g  d ~ ~ t b .  S i n L l d r l y ,  t h e  p l o t  vols lae i cdex  
i .- ;i) ;f N ar~ et <,lr (1976) w a s  expressc d on 
:-, i LVe basis (kPV1) by s u u t r a c t i n g  t k ~  i n i t i a l  
J ' l L  from t h e  second year PVL and divi i i ing by th 
51-2 ~; .~! i  PYI .  A l l  dat '& were s u b j e c t e d  t o  ana lvscs  

~ , . , r l ; t n c t ~ .  

3 1. S r ~ r v i v n l ,  grcwth,  and r e l a t i v e  growth oi 
l o 5 l o l l y  ~ i n e  w i t h  o r  wi thout  P. t i n c t o r i u s  and 
h i c k  o r  w i t h m t  f e r t i l i z e r  a f t e r  two y e a r s  on 
a c o a l  s p o i l  i n  Tennessee. 

Root 
Percen t  C o l l a r  

Trez tment S u r v i v a l  Height Diameter PVI 

-7 ----- Growth -- 

cm 3 --- mm c m  - 
18.4 2 .9  , 4 4 8 . 6  
14 .6  2 . 1  219.6 

! i ~ t  scic=diiqgs i n o c l ~ l a t e d  in rhe  n u r s e r j  with 
-, a: , l c to r ius  had 15  p e r c e n t  of t h e i r  f e e d e r  r o o t s  - ----- 

.->, <.LC i; w i t ,  CnLs sdymbioilt and 17 percen t  in- 
,, ~ t - ~ ' d  1.itl i  1:;lturally occur r ing  ec tomycr~r rh iza l  
L 12: :.z pr1rn;lrilq Ihtl .cphor+ t e r r e s t r i s  Ehrh, el: 
r .  Thc t o t a l  ec tomycor rh iza l  i n f e c t i o n  oi th; 
i ; : ~ u L ~ : t e d  s ~ ~ e d l i n g s  was 32 p e r c e n t ,  and 90 per- 

-t c;f t h e  s e e d l i r i g s  examined were i n f e c t e d  with 
?. t i ~ c  "or lus .  The c o n t r o l  s e e d l i n g s  had 35 - ------- 
T I  C ~ L Z : T  ,;I. t h t i . r  Feeder r o o t s  i n f e c t e d  w i t h  nat-  
ur--L:.> o<.i. u r r i  ng c 1 c . t ~ ~ ~ ; - c o r r h i z a i  f u n g i ,  p r i m a r i l y  
. t r i s  Yone 3 F  t h e  c o n t r o l  s e e d l i n g s  - ----- 
: - iccsd were intclcted w i t h  P. t i n c t o r i u s .  

F e r t r l i z e d  
C n f e r t i l i  zed 

p. ~ 1 s t u r i u s  
F e r t i l i z e d  

Control  
Fcart i l ized 7'11~: chemical  a n a l y s i s  of t h e  s p o i l  samples 

1 3 ~ 1 7  t ~ l t ~  d at p l a n t i n g  revea led  t h a t  t h e  p l o t s  were 
\ rr:+ ,r?iforrn with r e s p e c t  t o  most of t h e  pa- 
. ( i - ' . ~  t l c  r: ct- s t e d .  The means f o r  a l l  p l o t s  were pH 
0. f3 ;  3.1 c ~ s c c n t  o rgan ic  m a t t e r ;  and 15, 12,  120, 

,s, 3 C k ,  187, 340, 1 2 ,  and 136 p/m, r e s p e c t i v e l y ,  
A ( . i _ ,  E (weak bray), E l ,  Ca, Mg, SO4, Fe, A l ,  Zn, 

'11. - d j  This  s p o i l  was t y p i c a l  of those found 
I- j s  :-outhern Lipp,ilachians w i t h  a low P level 
1: , I  Ievr-1s of SOi+, Fe, and Al. It was atyp- 

- -:: th,ac t h e  j-H was moderately h igh  ;nd t h e r e  
. - -  - b l ~ v t a l  o t  Ca .  

Co:: t r o l  
L n f e r t i l i z e d  

R e l a t i v e  Growth 

1.1 0.7 5.0 
0.9 0.5 2 .1  

P.  t i n c t o r i u s  - 
Control  

F e r t i l i z e d  
U n f e r t i l i z e d  

7 ,  

i : ~  : Lrviv; i l  cf lobloll:; p i n e  s e e d l i n g s  was 
- - 'l(:,l:~tl; ii f t c t ~ i i  (P=O. 1'3) by an in f  e c t i o n  
': - 2 .  -- t i n c t t ; r i u s  ar-d by f e r t i l i z a t i o n  (Table i,. 

:-x <.rC; < - i t ~ ~  c ~ t p l a ~ t i n g ,  s t r  d l i n g s  i n f e c t e d  

F ,  t i n c t o r i u s  - 
F e r t i l i z e d  

P. t i n c t o r i u s  - -- 
C v f e r t i l i z e d  

5 ,  L , l t c i c , t i  ir>' ;: c e s  m r e  dcne by AEii 
r J  I-< kori: :orii a, Inc .  , 2176 Dunn Avenue, 

I - ,f r ,  :'t n:les,? t? 3;511+ 

Control  
F e r t i l i z e d  

Control  
'L 'nfer t i l ized 



Seedling growth was a l s o  s i g n i f i c a n t l y  
a f f ec t ed  (P=O.lO) a f t e r  2 years  by an in fec t ion  
wi th  g. t i n c t o r i u s  and by f e r t i l i z a t i o n  (Table I ) .  
Unlike su rv iva l ,  both t rea tments  r e s u l t e d  i n  
increased growth, Independent of f e r t i l i z e r  
Lreatment, t h e  r e l a t i v e  he ight  growth of seedl ings  
i n fec t ed  wi th  P, t i n c t o r i u s  was 22 percent  g rea t e r  
and the  r e l a t i v e  roo t  c o l l a r  d l m e t e r  growth 40 
percent  g r e a t e r  than t h a t  of t h e  con t ro l  seed- 
l i ngs .  These growth d i f f e r ences  became more 
apparent  when combined wi th  s u r v i v a l  i n  t he  r e l a -  
t i v e  p l o t  v o l m e  index. The RPVI of seedl ings  
wi th  P, t i n c t o r i u s  was 138 percent  g r e a t e r  than 
t h a t  of t h e  seedl ings  without  P, t i n c t o r i u s .  
Greater  d i f f e r ences  i n  growth r e s u l t e d  from fe r -  
t i l i z a t i o n .  F e r t i l i z e d  seedl ings ,  independent of 
ectomycorrhizal t reatment,  had a r e l a t i v e  he ight  
and roo t  c o l l a r  d i m e t e r  growth 100 and 60 percent  
g rea t e r ,  respect ive ly ,  than t h a t  of t he  unfer- 
t i l i z e d  seedl ings ,  but  t he  RPVI was only 3 per- 
cent  g rea t e r ,  r e f l e c t i n g  the  low su rv iva l  as- 
soc i a t ed  with f e r t i l i z a t i o n .  The i n t e r a c t i o n  of 
t he  two treatments produced s i m i l a r  r e s u l t s .  The 
r e l a t i v e  he ight  growth of t he  f e r t i l i z e d  seedl ings  
wi th  P. t i n c t o r i u s  was 8 percent  g r e a t e r  and the  
r e l a t i v e  roo t  c o l l a r  diameter growth 29 percent  
g rea t e r  than t h a t  of t he  f e r t i l i z e d  seedl ings  
without  g. t i n c t o r i u s .  The subsequent 256 percent  
d i f f e r ence  i n  RPVI r e f l e c t e d  t h e  increased growth 
and su rv iva l  due t o  x. t i n c t o r i u s ,  but  t h e  d i f -  
fe rence  was accentuated by the  extremely poor 
s u r v i v a l  of t he  f e r t i l i z e d  con t ro l  seedlings.  
Al terna te ly ,  t h e  r e l a t i v e  growth i n  he ight ,  root  
c o l l a r  diameter, and PVI of u n f e r t i l i z e d  seedl ings  
wi th  g. t i n c t o r i u s  was 43, 25, and 59 percent  

- 

grea t e r ,  respect ive ly ,  than t h a t  of t h e  seedl ings  

su r f ace  s t imula ted  g ra s s  growth, r e s u l t i n g  i n  
increased competition f o r  moisture and nu t r i en t s .  
I n  some ins tances ,  t he  g r a s s  overtopped the  seed- 
l i ngs .  It is a l s o  probable t h a t  f e r t i l i z a t i o n  
during the  f i rs t  growing season s t imula ted  exces- 
~ i v e  top growth, which the  roo t  system was physio- 
l o g i c a l l y  incapable of support ing.  The problem of 
an undesirably high top l roo t  r a t i o  would be ac- 
centuated by the competi t ion f ac to r .  It is 
apparent t h a t  f u r t h e r  research  is warranted wi th  
respect  t o  t he  r a t e  and timing of f e r t i l i z e r  
app l i ca t ions  t o  coal  s p o i l s  when both ground cover 
and seedl ing  establishment a r e  desired.  

A cons idera t ion  of t he  i n t e r a c t i o n  of t he  two 
treatments i nd i ca t e s  t h a t  e i t h e r  of t he  treatment 
combinations wi th  2. t i n c t o r i u s  ectomycorrhizae 
were super ior  t o  those wi th  con t ro l  seedl ings .  
Unfe r t i l i z ed  seedl ings  wi th  P, t i n c t o r i u s  was t h e  
combination of t reatments producing r e s u l t s  most 
c lo se ly  approximating commonly accepted reclama- 
t i o n  objec t ives ,  i . e .  maximization of s i t e  protec-  
t i o n  and product iv i ty .  Although the  f e r t i l i z e d  
seedl ings  wi th  P. t i n c t o r i u s  exhib i ted  g r e a t e r  
i n i t i a l  growth, the  f e r t i l i z e r - induced  lower 
su rv iva l  of t h i s  combination renders i t  l e s s  
des i rable .  It is probable t h a t  an adjustment i n  
t he  timing and r a t e  of f e r t i l i z e r  app l i ca t ions  
would enable t he  seedl ings  t o  der ive  maximum 
bene f i t  from both P. t i n c t o r i u s  ectomycorrhizae 
and f e r t i l i z a t i o n .  Research is needed t o  f u r t h e r  
de l imi t  t he  f e r t i l i z e r  v a r i a b l e  such t h a t  t he  
enhanced su rv iva l  and growth afforded p ine  seed- 
l i n g s  on coa l  s p o i l s  by an in fec t ion  wi th  P. 
t i n c t o r i u s  is not  compromised t o  t he  detr iment of 
o v e r a l l  establishment success.  

without  g. t i n c t o r i u s  o r  f e r t i l i z e r .  

DISCUSSION 

It can be concluded t h a t  g, t i n c t o r i u s  ecta- 
mycorrhizae s i g n i f i c a n t l y  improved the  su rv iva l  
and growth of l o b l o l l y  pine seedl ings  on coal  
spo i l s .  This ecologica l ly  adapted fungal  symbiont 
provides t he  hos t  a  g rea t e r  phys io logica l  t o l e r -  
ance of t he  adverse condi t ions  prevalent  on these  
s i t e s .  It is believed t h a t  t he  increased capaci ty  
f o r  t he  absorpt ion  of moisture and n u t r i e n t s  
afforded by g. t i n c t o r i u s  was of p a r t i c u l a r  im- 
portance i n  t h i s  study due t o  competition with t he  
grasses  planted on the  spo i l .  The establishment 
of a g ra s s  cover, required by most s t a t e  reclam- 
a t i o n  laws, provided a degree of rea l i sm i n  t h a t  
i t  presented a competition v a r i a b l e  o f t e n  ignored 
i n  reclamation s tudies .  The r e s u l t s  of t h i s  s tudy 
i n d i c a t e  t h a t  t he  seedl ings  i n fec t ed  with P. 
t i n c t o r i u s  were super ior  i n  t h e i r  a b i l i t y  t o  
surv ive  and grow under these  condit ions.  

F e r t i l i z a t i o n  was found t o  be both a p o s i t i v e  
and a negative f ac to r  i n  t he  establishment of pine 
on t h i s  s i t e .  Seedling growth was enhanced by 
t h i s  t reatment but su~-i-trnl. was subs t a n t i a l l y  
reduced. Several  poss ib le  explanations e x i s t  f o r  
t he  r e l a t i v e l y  poor su rv iva l  of f e r t i l i z e d  seed- 
l i ngs .  The appl ica t ion  of f e r t i l i z e r  t o  t he  s p o i l  

The authors wish t o  thank the  I n s t i t u t e  f o r  
Mycorrhizal Research and Development, t he  Weyer- 
haeuser Company, and t h e  Koppers Company f o r  t h e i r  
invaluable  a s s i s t ance  i n  support  of t h i s  research .  
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DmLOPING FUSIFOm RUST-RESISTANT SEED ORCKAWS USING 

z/ H.R. Powers, Jr.- 

Abstract.--The healthy survivors of artificial inocula- 
tion tests were planted in fusiform rust-resistant seed 
orchards. After 3 years of exposure to natural infection in 
field plantings, trees in the most resistant families had 
less than 10% infection. Using survivors extends the genetic 
base of rust-resistant material currently available and also 
increases the level of resistance in rust-resistant orchards. 

INTRODUCTION 

Fusiform rust, caused by Cronartium quercuum 
(Berk.) Miyabe ex Shirai f. sp. fusiforme, is 
the most serious disease of loblolly (Pinus 
taeda L.) and slash (P, elliottii var. elliottii 
Engelm.) pine in the southern United States 
(Phelps 1973, Powers et al. 1975). Recent esti- 
mates of damage caused by this disease exceed 
$110 million annually due to both mortality and 
quality loss of forest products. In many areas 
of the South, management practices such as in- 
tensity of site preparation, choice of species 
for planting, planting density, and type of pro- 
duct to be produced, are determined by the sever- 
ity of this disease. In the past, effective con- 
trols have been limited to the use of fungicidal 
sprays in forest tree nurseries, pruning infected 
limbs, and excising stem cankers on high-value 
ornamental and seed orchard trees. Effective 
control in the forest, however, depends upon the 
development of disease-resistant strains of pine 
(Powers et al. 1979). 

L'~aper presented at Southern Silvi- 
cultural Research Conference, Atlanta, Georgia, 
November 6-7, 1980. 

L'C!hief Research Plant Pathologist ; U. S . 
Department of Agriculture, Forest Service, 
Southeastern Forest Experiment Station, Forestry 
Sciences Laboratory, Athens, Georgia. 

Most forest industries and state forestry 
organizations in the area of the South most seri- 
ously affected by this disease are developing 
seed orchards for the production of rust-resistant 
seedlings. Genetic resistance in both slash and 
loblolly pine has been demonstrated (Jewel1 1964, 
Zobel et al. 1971), and superior trees with 
resistance have been selected. The rust-resistant 
orchards were developed by the standard practice 
of making grafts from the selected rust-resistant 
trees. Unfortunately, the number of proven rust- 
resistant clones is relatively low, particularly 
in loblolly pine. Therefore, the genetic base of 
these orchards needs to be expanded by any means 
possible. 

Progeny of most resistant clones have already 
been tested for rust resistance by artificial 
inoculation in greenhouse tests. The first green- 
house tests were made in 1971, and it was felt at 
that time that are healthy survivors of these 
inoculations were promising genetic material for 
future use in rust resistance work. bur objective 
was to determine the most effective use of inoc- 
ulation test survivors in an overall program for 
the development and breeding of rust-resistant 
pines. 

MATERIALS AND METHODS 

The seedlings were inoculated by using the 
concentrated basidiospore spray (CBS) inoculation 
system (Matthews and Rowan 1972). This procedure 
allowed for the standardized evaluation of large 
numbers of pine seedlings under controlled con- 
ditions. Evaluations were completed in 6 to 9 
months, and the healthy survivors were transferred 
to containers and grown in the greenhouse for 
several months prior to establishment in the field. 
The standard field planting design was a randomized 



-Lock, with elqht rcpA L C ,  t io~:- . Edci. re&:li CCCL x. 
:-stained s LO-trce rcw, glaritcd ir, rd-;Jom :. 34-.r, 
;-< nach f ~tily - n c l a d ~ d  j -i the s sud;. . 

Ccrinq t-t:le n ~ x t  few years clor,es t.i.3- rr. -her 
1 *:*_1s of res~~ta~ce, as well as t,:c --cc;(~czlly -' t,.? 

_: r t  of rkc lirsr ,-cntrolled pcl:.,-n ":ions z ~ t ~ t  cfi 
resistant parents, Sccame available fcr ce= t i r ,y .  
t:'-l-k this im2roveC: mate;rial a-railable, It #Tas 

3, caded in 1974 to cstaklish a seed orc"zard fc,r 
:&*i prodilctiorl of rust-xesistant seedliz~s. 
p i - i l f  of tkis new orcharrl was established as a 
~andard clonal orchard, kith the remainder 

r, iA;iyned as cl seedling seed crchard usinc: the 
jrvivors of the most resistant faqilies from the 

aztificial irloculation tests. The rust-resistant 
sced orchard of 60 acres is one of the largest in 
t k e  soutFiern Cnited States, an3 the first to in- 
cldde seediins orchard blocks developed by use of 
L ~ o ~ i ; L a t  io:; tests survi~~ors . 

Each seedling seed orckard block contained 
5C replications. Each replication included a 
-Lnylc tree, placed at random, of each family 
Lneluded in the block. Usually 12 to 16 half- 
cr f-111-sih fdmilies were used in each block. 
Ti:c %sic principal of the seedling seed orchard 
I:, to space the trees very CZOSC zoqether, in our 
c.,i:.t E x 1 5  feet, In order to reach an eveztual 
. l : . ~c i~g  of approximately 30 x 30 feet, over 90 
r,~ :cent of the ori~inal seedlings must be removed. 
"=ILL means about 5 seedlings of the original 50 
I . ;  c-act1 family hill remain as crop trees. The 
first removals are those trees that become 
d~zt~aced by natural infection after they were 
planted in the field. Subsequent removals were 
::ascd on growth and fom characteristics, and on 
family histwy regarding rust resistartce. Data 
w t h r c  taken on rust infection, height, and growth 
cL~rucreristics the third year after planting 
an(? every year thereafter. 

Progeny Test Blocks 

The earliest results obtained using the sur- 
vrtors  ~f artieicial inoculation tests came from 
j rcj<?c n:- test blocks. After 6 growing seasons in 
Y-x. field, the incidence of fusiform rust on these 
urv i -~czs  ranged from O to 49% (Table 1). The 
-ntrol;, which were commercially available seed- 
'i::cs From a szate nursery, had 74% infection. 

<--_ - L *  'wiqht of various half-sib families in the test 
r,;n -*_::, -Tr~:n 11.3 feet for a loblolly x shortfeaf 
: 2r 'd to 16.8 f e e t  for family 11-16 (Table 1) . 

:,c-ons wcre collected from the best in- 
---:.?t~a?; =long the 80 members of each family in 
: 1: groqeny test to make grafts for clonal seed 
; f-;-t~ri:;, r.!cst cf these new selections were from 
*- - lid:.: w i t h  the leas f-sidence of rust, although 
- -:~z,rCifng inai-ridcals in families with higher 
f s 1. cf rust infection were included to expand 
.-* . t  -*r tic base of nailable material. Even the 

; .:ditriduals from f amif ies with somewhat lower 
kevels of rust resistance had survived both 
severe q r e e r P . x z s  inoculations and 6 years of 
yatural S.rEeczion in the field. In addition, 
.;ow of then, were z3r .g  +,he tallest trees in the 
--s--, H ~ : + ~ c ~ ~ t : s ,  ti;err& was no direct correlation 

6 - t :  .-;-a 2-re-r-rgc i.eigl;t and overall incidence of 
rur ",-;inlor,g t : ^ r  survivors in this test. 'r"ami1y 
1 L - l G  had t h  tallest average height in the test 
snd :;as i.nterrwdiate in rust incidence (21% in- 
fectio~), ranksnq 8th out of 12 families in the 
test. 

Seedling Seed Orchard Blocks 

The first seedling seed orchard blocks were 
planted in 1975. These blocks included inoculation 
test survivors from 16 half- and full-sib families 
ra-d intermediate to good for rust-resistance 
following greenhouse tests. After 3 years ex- 
noexre to natural field infection, the families 
kanged from 2 to 47% infection (Table 2)  . No 
susceptible checks were included in the orchard 
blocks. There was a good correlation between the 
results from the artificial inoculation tests and 
sdbsequent natural infection on the survivors in 
the field. For example, the first 10 families 
firted in Table 2 were consistently among the 
rnost resistant in artificial inoculations, and 
survivors of these families all had 10% or less 
Jr-fection after 3 years exposure in the field. 
The next 5 families were intermediate in green- 
house test and ranged from 16 to 36% infected in 
the field, Family 10-31, the most heavily in- 
fected in the field at 47%, was a marginal can- 
didate for inclusion in this planting since in 
two artificial inoculation tests it had only 25% 
less infection than the susceptible checks. 

Weight measurements were taken after 4 years. 
Averages for the tallest 10 trees of each family 
were used since this would be the group from which 
selections probably would be made for eventual 
crop trees. These averages for each family 
ranged from 7.4 feet for a shortleaf hybrid to 
13.9 feet for two selections from Florida (Table 
2). After 4 growing seasons, at least 20 
individuals remained from the original 50 in the 
case of 15 out of 16 families included in the 
block. These trees represent the most resistant 
portion of each family, and will provide an 
adequate number for selection of final crop trees 
in this orchard block. 

DISCUSSION 

When survivors of artificial inoculation 
tests are planted in the field, in either progeny 
test blocks or in seedlings seed orchard blocks, 
they are again subjected to a vigorous screening 
for rust resistance. Individuals that have sur- 
vived a heavy artificial inoculation in the 
juvenile stage as seedlings, and up to 6 years of 
exposure to natural infection in the field, should 



be some of the most resistant material currently 
available. 

Most progenies tested for r u s t  resistance by 
artificial inoculations were open-pollinated 
seed obtained from seed orchard trees, or from 
trees in clone banks were superior selections 
were grouped together for evaluation prior to 
being included in rust-resistant seed orchards, 
It is likely that the pollen parents of the seed- 
lings being tested are also improved genetic 
material, since they also were located in the 
orchards or clone banks. In addition, most 
seedlings in inoculation tests were memkrs of 
half-sib fmilies, with many pollen parents in- 
volved in the crosses. Therefore, these seed- 
lings represent a broader genetic base than the 
grafts irL clonal orchards, since they were de- 
rived from a large number of parents. The parents 
involved in these crosses included most of the 
rust-resistant selections available at this time, 
as well as other trees in the orchards that have 
other favorable characteristics. 

The most obvious immediate use of the best 
individuals among the survivors in these plant- 
ings would be as new selections to provide scion 
material for grafting and inclusion in new clonal 
orchards. In addition, as the individuals in the 
progeny test blocks and the seedling seed orchard 
mature and begin to produce seed, their progeny 
can again be screened for resistance and the cycle 
repeated with a new generation of survivors. 

The material established in both the clonal 
and seedling seed orchard blocks are already pro- 
ducing a few cones. A sufficient number of cones 
should be available within 4 to 5 years for the 
production of approximately one-half million rust- 
resistant seedlings. Since both clonal and seed- 
ling seed orchard blocks were used to establish 
the rust-resistant orchard, it will then be 
possible to determine which type of orchard pro- 
duces seed with the highest levels of rust 
resistance. 

Eventual production from the 60-acre seed 
orchard should reach approximately 6 million 
seedlings annually for use in high rust-hazard 
areas. It is hoped that the first generation 
seed orchard blocks will produce seedlings that 
will reduce the average incidence of rust in 
slash pine by 50% and in loblolly pine by 40%. 
Successive generations of seedling seed orchard 
blocks, including the most resistant of the sur- 
vivors from the first generation orchards, should 
eventually reduce the overall incidence of rust 
to approximately 25% of that in currently avail- 
able commercial seedlings. 

Table 1.--Fusifonnr rust infection (after 6 years) 
and average height of 13 loblolly families in 
"survivorn progeny test block 301, 

Family Rust infection Average height 

SML-9 
Hit Hy 
10-6 
11-9 
LP 
11-20 
10-5 
11-16 
L29R 
1582-11 
4625-3 
1590-6 
Check 

Percent 

0 
3 
7 
10 
15 
18 
18 
21 
26 
2 9 
3 0 
49 
7 4 

Feet - 
13.3 
11.3 
13.4 
14.6 
15.0 
13.5 
14.8 
16.8 
12.8 
13.7 
14.6 
14.8 
14.1 



Table 2. --Fusif r u s t  i n£  e c t i o n  ( a f t e r  3 5 ee  y:;) 
ar-d he igh t  growth ( a f t e r  4 years) of 16 
l o b l o l l y  f m i l i e s  i n  t he  r u s t - r e s i s t a r , ~ ~  
seedl ing  seed orchard block 151. 

yamily Rust I n f ec t i on  fiverase he igh t  
of  t a l l e s t  10 

t r e e s  

29-~~1495-35  
SF&- 9 
11-9 
TDF. 
TF S 
42F. 
H.H, 
11-20 
1495-35 
10-5 
15-42 
2318 
T-605 
T-601 
29R 
10-31 

Percent  Fee t  
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U T m T  FUSIFORlul RUST INFECTIONS I N  SLASH AND 

LOBLOLLY PXSE NURSE= STOCKY 

2 1 3 1 S. 3. Rowan- and David 23"huse- 

Abstract . - -Signif icant  numbers of s l a s h  and l o b l o l l y  p i n e  
s e e d l i n g s  wf th  f u s i f o m  r u s t  i n f e c t i o n s  do n o t  d i s p l a y  s F p t o m s  
b e f o r e  they a r e  l i f t e d  from n u r s e r y  beds. La ten t  i n f e c t e d  seed- 
l i n g s  a r e  p l a n t e d  i n  new p l a n t a t i o n s  a t  r a t e s  t h a t  a r e  r e l a t e d  
t o  i n f e c t i o n  l e v e l s  observed a t  t i m e  of l i f t i n g  from nursery  
seedbeds. S ince  g a l l s  develop more s lowly i n  l o b l o l l y  than i n  
s l a s h  p i n e ,  t h e  problem is  g r e a t e r  w i t h  t h i s  s p e c i e s .  

Fusiform r u s t ,  caused by Cronartium quercuum 
(Berk. ) l f iyabe e x  S h i r a i  f .  sp. fus i fo rme (Cumm. ) 
B u r d s a l l  & Snow, i s  t h e  most s e r i o u s  d i s e a s e  of 
p l a n t e d  s l a s h  (Pinus e l l i o t t i i  Engelm. ) and lob- 
l o l l y  p i n e s  (P. t a e d a  L . ) ,  and i t s  inc idence  i n  
new p l a n t i n g s  is i n c r e a s i n g  (Schmidt e t  al., 1974). 
Desp i te  f u n g i c i d a l  s p r a y i n g  t o  minimize i n f e c t i o n  
i n  n u r s e r i e s ,  a n  average of 2.5 p e r c e n t  of t h e  
s l a s h  and l o b l o l l y  p i n e s  produced each y e a r  i n  
sou thern  n u r s e r i e s  have v i s i b l e  r u s t  g a l l s  i n  
December (Rowan, 1977) . Czabator  (1971) recog- 
n ized  t h a t  some p r o p o r t i o n  of t h e  s e e d l i n g s  
examined a t  l i f t i n g  may have u n d e t e c t a b l e ,  l a t e n t  
i n f e c t i o n s .  S ince  t h e s e  s e e d l i n g s  a r e  very  
l i k e l y  t o  d i e  a f t e r  they a r e  o u t p l m t e d ,  i t  would 
be u s e f u l  t o  know how common t h e  phenomenon of 
l a t e n t  i n f e c t i o n  is. 

I n  t h i s  paper  we r e p o r t  an e x p l o r a t o r y  s tudy  
i n  which t h e  r a t e  of g a l l  development was moni- 
t o r e d  monthly i n  bo th  greenhouse and nursery  
grown s l a s h  and l o b l o l l y  p i n e  s e e d l i n g s .  

I / p a p e r  p resen ted  a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l a n t a ,  Georgia, November 
6-7, 1980. 

2 / ~ r i n c i p a l  Research P l a n t  P a t h o l o g i s t ,  
Southeas te rn  F o r e s t  Experiment S t a t i o n ,  F o r e s t r y  
Sc iences  Laboratory,  C a r l t o n  S t r e e t ,  Athens, 
Georgia 30602. 

Z / ~ t a t i a n  S t a t i s t i c i a n ,  Southeas t e r n  F o r e s t  
Experiment S t a t i o n ,  Ashevi l l e ,  North Caro l ina  
28802. 

METHODS 

Seedl ings  of bo th  s l a s h  and l o b l o l l y  p i n e s  
were a r t i f i c i a l l y  i n o c u l a t e d  w i t h  t h e  f u s i f o r m  
r u s t  fungus i n  May, and 31  r e p l i c a t e s  of each 
s p e c i e s  were r e t a i n e d  i n  greenhouse c u l t u r e  and 
42 r e p l i c a t e s  of each s p e c i e s  were p laced  on a  
n u r s e r y  seedbed, The i n o c u l a t i o n  was e q u i v a l e n t  
t o  heavy n a t u r a l  exposure, A r e p l i c a t e  c o n s i s t e d  
of 25 s e e d l i n g s  i n  a  6-inch p l a s t i c  pot .  The 
p a t s  were arranged i n  bo th  t h e  greenhouse and 
n u r s e r y  i n  a  randomized complete b lock  des ign  
wi th  t h r e e  blocks.  N a t u r a l  r u s t  i n f e c t i o n s  were 
minimized by s e l e c t i n g  a  n u r s e r y  w i t h  a  low r u s t  
hazard r a t i n g  (Georgia F o r e s t r y  ~ommiss ions '  
Hightower Nursery) and by s p r a y i n g  a l l  s e e d l i n g s  
p laced  w i t h i n  t h e  n u r s e r y  3 t i m e s  each week from 
May through J u l y  7 w i t h  ferbam formulated w i t h  a  
s p r e a d e r  s t i c k e r  and a p p l i e d  a t  t h e  r a t e  of 3  
pounds p e r  a c r e  i n  75 g a l l o n s  wate r .  

S t a r t i n g  i n  J u l y ,  s e e d l i n g s  were examined 
monthly, and t h e  percen tage  of s e e d l i n g s  w i t h  
g a l l s  was recorded. To determine t h e  percen tage  
of s e e d l i n g s  wi th  l a t e n t  i n f e c t i o n s  i n  any month, 
t h e  i n f e c t i o n  percen tage  f o r  t h a t  month was c o w  
pared w f t h  t h a t  a t  16 months a f t e r  i n o c u l a t i o n .  
To de te rmine  i f  s i g n i f i c a n t  numbers of n a t u r a l  
i n f e c t i o n s  were e s t a b l i s h e d  i n  n u r s e r y  grown seed- 
l i n g s  and t o  minimize t h e  p o s s i b i l i t y  t h a t  addi- 
t i o n a l  l a t e n t  i n f e c t i o n s  e x i s t e d  i n  s e e d l i n g s  1 6  
months a f t e r  i n o c u l a t i o n ,  3 r e p l i c a t e s  were 
r e t u r n e d  t o  t h e  greenhouse a t  monthly i n t e r v a l s  
beginning 3 months a f t e r  i n o c u l a t i o n  and t h e s e  were 
compared t o  t h e  greenhouse grown s e e d l i n g s ,  A s  soon 
a s  d e f i n i t e  g a l l s  were p r e s e n t  on s e e d l i n g s ,  they  
were removed from t h e  p o t  by c u t t i n g  a t  g roundl ine .  
This  provided a d d i t i o n a l  room i n  t h e  p o t s  f o r  growth 
of t h e  remaining seed l ings .  F i n a l  read ings  were 
made 16  months a f t e r  i n o c u l a t i o n  of  bo th  t h e  green- 
house and nursery  grown s e e d l i n g s .  

The d a t a  were somewhat c h a r a c t e r i s t i c  of 
growth curve d a t a  and were analyzed us ing  t h e  
fo l lowing  indexed growth model: 



~53ere Y i j  denotes  t h e  percen tage  of g a l l e d  seed- 
' i n y s  observed f o r  the  i t h  block ( r e p l i c a t e )  a t  
t h e  j t h  p o i n t  i n  t ime,  o i  i s  t h e  ~ax imum pereen- 
tzqe of g a l l e d  s e e d l i n g s  expected f o r  the  ith 

3 .  ? icck ,  P i s  t h e  degree  of slopi:, e = 2,7183, i i s  
weighted f a c t o r  f o r  t h e  e x p o n e n t i a l  t e r n ,  K is a  
c ~ r r e c t i o n  f a c t o r ,  T i j  denotes  t i m e  a f ~ e r  inocu- 
l : . t ion i n  months, and denotes  t h e  e r r o r  term 
Icr t h e  i t h  block and p o i n t  i n  t i n e .  

RESULTS AND DISCUSSION 

Althcugh a l l  s e e d l i n g s  i n  t h i s  s tudy  were 
I n o c : ~ l a t e d  cn  t h e  same day wi th  e q u a l  nurnbers of 
b a s i d i o s p o r e s  of t h e  f u s i f o r m  r u s t  fungus,  t h e  
rcrte of g a l l  development was markedly a f f e c t e d  
by thc environment i n  which t h e  i n f e c t e d  s e e d l i n g s  
vrre grown during t h e  16 months a f t e r  i n o c u l a t i o n  
(Table I ) .  On s e e d l i n g s  grown i n  t h e  greenhouse, 
symptoms of g a l l  development f i r s t  appeared 2 
aon ths  a f t e r  i n o c u l a t i o n .  E a s i l y  d e t e c t a b l e  
g a l l s  were f i r s t  observed i n  greenhouse grown 
stacbdlings 3  months a f t e r  i n o c u l a t i o n ,  b u t  nurse ry  
grown s e e d l i n g s  f a i l e d  t o  show t h e s e  symptoms 
u n t i l  6 months a f t e r  i n o c u l a t i o n  (equ iva len t  t o  
observa t ions  i n  November). Thus, r u s t  i n f e c t i o n s  
111ay no t  be apparent  i n  nurse ry  seedbeds u n t i l  
S[:vcmber. 

Using t h e  d a t a  ob ta ined  i n  t h i s  s tudy  and 
the  above n o n l i n e a r  growth curve  model, a  l e a s t  
squares  a n a l y s e s  of the  d a t a  produced t h e  f ol-  
lowing r e s u l t s  : 

1. Nursery grown s l a s h :  

a = y + 3.522 .-• 3 7 0  - 11) 

where a = 82.2, G2 = 88.6, = 84.4, 
1 3 

6  ( Tij ( 16;  

2. Nursery grown l o b l o l l y :  

= P + 10.038 e -*24(T - 11) 

A - - 
where a = 79.3, a2 = 83.6, a 3  = 77.5, 

1 

6 < Tij ( 16;  

3. Grceylhouse grown s l a s h :  

; = y + 5. j15 e-*18(* - 7 )  

A A * 
where nl = 89.2 ,  a 2  = 81.8, a? = 87.7, 

3 5 Tij < 12; 

4 ,  Greenhouse grown l o b l o l l y  : 

; = y + 2 .731  .-*35(T - 7 )  

3  5 Tij 5 12. 

I n  t h e s e  equa t ions ,  6 is t h e  f i n a l  i n f e c t i o n  per- 
cez tage ,  and Y i s  t h e  i n f e c t i o n  percen tage  T  
~ c n t h s  aL:er i n o c u l a t i o n .  

Although t h e s e  equa t ions  f i t  t h e  observed 
d a t a  r a t h e r  w p l l ,  t h e i r  va lue  f o r  p r e d i c t i o n  i s  
unproven, T h t  e q u a t i o n s  were genera ted  from d a t a  
on s e e d i i n g s  bhose f i n a l  i n f e c t i o n  r a t e s  were 84 
pert-nt i o r  s l a s h  p i n e  and 76 p e r c e n t  f o r  l o b l o l l y  
p ine .  A t  t h e  much lower i n f e c t i o n  r a t e s  i n  pro- 
t r c t a d  n u r s e r i a ,  completely d i f f e r e n t  r e l a t i o n -  
s h i p s  may e x i s t .  Table 1 and t h e  e q u a t i o n s ,  
however, i n d i c a t e  t h a t  l a r g e  numbers of s e e d l i n g s  
t h a t  w i l l  e v e n t u a l l y  develop g a l l s  appear  h e a l t h y  
i n  November and December, when s o u t h e r n  n u r s e r i e s  
t y p i c a l l y  beg in  l i f t i n g  and sh ipp ing  s e e d l i n g s .  

Table 1.--Percentages of fus i fo rm r u s t  g a l l e d  
s e e d l i n g s  observed i.n s l a s h  and l o b l o l l y  p i n e  
wher grown i n  greenhouse o r  n u r s e r y  seedbeds 
by bo th  month a f t e r  s e e d l i n g s  were a r t i f i c i a l l y  
i n o c u l a t e d  and ca lendar  month. 

Yon t h s  Galled s e e d l i n g s  G a l l e d  s e e d l i n g s  
a f t e r  Nursery grown Greenhouse grown 

i n o c u l a t i o n  Month S l a s h  Loblo l ly  S l a s h  Loblo l ly  

J u l y  0.0 
Aug. 0.0 
Sept .  0.8 
Oct. 1.7 
Nov. 62.6 
Dec. 70.6 
Jan.  73.9 
Feb. 75.6 
March 80.7 
A p r i l  82.5 
May 83.5 
June 83.7 
J u l y  83.9 
Aug. 83.9 
Sept .  84.0 

S ince  g a l l s  developed more s lowly on l o b l o l l y  
than on s l a s h  p ine ,  t h e  number of l a t e n t  i n f e c t i o n s  
was l a r g e r  on l o b l o l l y  pine.  The e q u a t i o n  i n d i -  
c a t e s  t h a t  l o b l o l l y  p i n e s  have 10.7 p e r c e n t  more 
l a t e n t  i n f e c t i o n s  than s l a s h  p ine  i n  December. 

I n  view of t h e  h igh  investment  i n  s e e d l i n g s  
a f t e r  they leave  t h e  nurse ry ,  a d d i t i o n a l  s tudy  of 
t h e  r a t e  of g a l l  development seems j u s t i f i e d .  We 
a r e  planning a  s tudy  i n  which t h e  e q u a t i o n s  p resen ted  



he re  w i l l  be t e s t e d  on seedl ings  wi th  a vide 
range of i n f e c t i o n  percentages.  This s tudy 
should provide a means of p red i c t i ng  the  final 
f u s i f o m  r u s t  i n f e c t i o n  percentages i n  s l a s h  
and l o b l o l l y  pine s cocking from ~ b s e m a t i o n s  
made a t  t he  t i m e  s eed l ings  a r e  l i f t e d  f r o n  the  
nursery seedbed, 

Czabator, F. J, 
1971. Fusiform r u s t  of  southern p ines  - a 

c r i t i c a l  review. USDA Fores t  Service Re- 
search  Paper SO-65. 39 p. 

Rowan, S .  J. 
1977. Incidence of fus i form r u s t  i n  Georgia 

f o r e s t  t r e e  n u r s e r i e s ,  1959-1973. Tree 
P l an t e r s '  Notes 28 (2) : 17-18, 29. 

Schmidt, R. A,,  R, E. Goddard, and 6. A, Hol l i s .  
1974. Incidence and d i s t r i b u t i o n  of fusiform 

r u s t  i n  s l a s h  p ine  p l an t a t i ons  i n  F lo r ida  
and Georgia. I n s t i t ,  Food and Agric. Sci .  , 
Univ. of Fla.  Bull.  763. 21 pp. 



IM13IF'TTION TE?IF"TCEa .1FEECT SEED YOISTL'FZ L?PTAK_E, 

Abstract.--Temperatures of seed  m d  wate r  d u r i n g  
i m b i b i t i o n  of sou thern  p i n e  seeds can d f f e c t  seed  germi- 
n a t i o n  and s e e d l i n g  d e v e l o p c ~ n t .  Tcapera tures  a l s o  a f f e c t  
r a t e  o f  mois tu re  uptake and \qhen germinat ian begins.  Im- 
b i b i t i o n  temperatures  had 2 i t t l e  e f  f e c ~  on l o n g l e a f  and 
s l a s h  p i n e  germinat ion and s e e d l i n g  development. But lob- 
l o l l y  p i n e  was a f  f e c t e d  by absorp t ion  tempe-atures , and 
t h e  e f f e c t s  v a r i e d  greatly; by s i n g l e - t r e e  l o t s .  

IXTRODUCTION 

Temperatures a t  which seeds  absorb  wate r  have 
an impor tan t  e f f e c t  on germinat ion and e a r l y  seed- 
l i n g  growth of  s e v e r a l  agronomic s p e c i e s  (Pol lock 
and Toole 1966, Hobbs and Obendorf 1972). Im- 
b i b i t i o n  temperatures  lower than 75O F o f t e n  harm 
these  s p e c i e s ,  In l ima beans an important  p a r t  of 
t h i s  temperature s e n s i t i v i t y  is  r e l a t e d  t o  i n i t i a l  
seed mois ture  (Po l lock  1969);  when s e e d  mois ture  
was below 1 3  percen t  a t  t h e  t i m e  a b s o r p t i o n  s t a r t e d ,  
s u r v i v a l  and s e e d l i n g  v i g o r  decreased,  But t h i s  
r e l a t i o n s h i p  probably does n o t  e x i s t  i n  p ine  seeds ;  
they t y p i c a l l y  r e q u i r e  d ry ing  t o  mois ture  c o n t e n t s  
lower than 1 3  p e r c e n t  s o  t h a t  s t o r a b i l i t y  w i l l  be 
maintained. W e  know l i t t l e  about  how absorp t ion  
temperatures  a f f e c t  p i n e  seed germinat ion and seed- 
Ling growth. But l i g h t  exposures  d u r i n g  s t r a t i f i -  
c a t i o n ,  and presumably i n  t h e  a b s o r p t i o n  phase, do 
i n c r e a s e  speed of  germinat ion o f  l o b l o l l y  p i n e  
(Plnus 5ae& L.) seeds  (McLemore 1964). 

The c o n d i t i o n s  under which wate r  absorp t ion  
takes p l a c e  i n  p ine  seeds  a r e  u s u a l l y  ignored,  
bu t  c u r r e n t  s t r a t i f i c a t i o n  techniques make c o n t r o l  
of t h e s e  c o n d i t i o n s  easy (Hosner e t  a l .  1959, 
Barne t t  1971). I have begun a s e r i e s  o f  tests t o  
e v a l u a t e  how i m b i b i t i o n  temperature and l i g h t  
regimes a f f e c t  germinat ion and e a r l y  s e e d l i n g  de- 
velcpment o f  sou thern  p ines .  E a r l y  t e s t s  showed 
t h a t  temperatures  dur ing  mois ture  uptake s i g n i f i -  
c a n t l y  a f f e c t  l o b l o l l y  germinat ion and s e e d l i n g  
devc~lopment, and t h e  response v a r i e s  g r e a t l y  w i t h  
i -ndividual  seed lots?/ .  Because o f  t h e s e  p o s i t i v e  
r r s u l t s ,  I d i d  more t e s t i n g  of  temperatures  of 
st ed  and w a t e r  dur ing  imbib i t ion .  

--------- 

I/ Paper p resen ted  a t  Southern S i l v i c u l  t u r a l  - 
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Louisiana 71360. 

3 j  Unpublished d a t a ,  Southern F o r e s t  Experi- 
-it IIE S t a t i o n ,  P i n e v i l l e ,  Louisiana 71360. 

METHODS 

I used t h r e e  composite l o c a l  seed  l o t s  each 
of  l o b l o l l y ,  s l a s h  (P. eZZiottii Engelm.), and 
l o n g l e a f  (P. palus t rzs  Mil l . ) .  And I used s e v e r a l  
h a l f - s i b  l o t s  o f  l o b l o l l y  seed  i n  supplemental  
t e s t s .  The i n i t i a l  seed  mois ture  c o n t e n t s  ranged 
from 6 t o  1 0  percen t .  Empty seeds  were removed 
by f l o t a t i o n  (Barne t t  and McLemore 1970). The 20 
t rea tments  were combinations of f i v e  a b s o r p t i o n  
temperatures  (48O, 60°,  72O, 84O, and 96O F) ,  two 
l i g h t  l e v e l s  dur ing  a b s o r p t i o n ,  and two d u r i n g  
germinat ion.  L igh t  l e v e l s  dur ing  a b s o r p t i o n  and 
germinat ion were t o t a l  darkness  and 1300 l u x  from 
cool-white f l u o r e s c e n t  bulbs.  Darkness was main- 
t a i n e d  i n  l i g h t p r o o f  c l o t h  bags. L igh t  was con- 
t inuous  d u r i n g  a b s o r p t i o n ,  b u t  dur ing  germina t ion  
I used a 16-hour photoperiod,  I soaked s e e d s  i n  
germinat ion d i s h e s  by p l a c i n g  them a t  t h e  d e s i r e d  
temperature and then  moistening t h e  Kimpak germi- 
n a t i o n  medium wi th  wate r  a t  t h e  same temperature.  

During i m b i b i t i o n ,  I measured r a t e  o f  mois tu re  
uptake by prov id ing  e x t r a  s e e d s  from each of  t h r e e  
r e p l i c a t i o n s  f o r  sampling of mois tu re  con ten t .  
These tests were run  f o r  96 hours .  Moisture con- 
t e n t  was expressed on a  dry-weight b a s i s  a f t e r  
seeds  d r i e d  a t  280' F f o r  24 hours. 

A l l  germinat ion t e s t s  were conducted a t  7 Z 0  F 
a f t e r  seeds  had been soaking f o r  48 hours  a t  t h e  
p r e s c r i b e d  temperatures .  Dupl ica te  100-seed sam- 
p l e s  were t e s t e d  f o r  each r e p l i c a t i o n  f o r  28 days,  
A s  germinat ion began and r a d i c l e s  extended about  
l f 2  inch ,  40 s e e d l i n g s  from s e l e c t e d  t rea tments  
were t r a n s p l a n t e d  i n t o  s ty rob lock  c o n t a i n e r s  f i l l e d  
wi th  a  pea t -vermicu l i t e  medium, When s e e d l i n g s  
were 1 2  weeks o l d ,  I measured t o t a l  dry weight ,  
then analyzed s t a t i s t i c a l  d i f f e r e n c e s  a t  t h e  0.05 
l e v e l  i n  a  completely randomized design.  



Moisture Uptake 

Uater  absorption was c l o s e l y  r e l a t e d  t o  
temperature during t h e  e a r l y  per iods  of  moisture 
uptake, b u t  t h e  absorption p a t t e r n  was d i f f e r e n t  
f o r  each spec i e s  ( t a b l e  1 ) .  Loblolly seeds  ab- 
somed  m i s t u r e  f a s t e r  a t  t he  h igher  temperatures 
during t h e  f i r s t  24 hours of  uptake. Af ter  48 
hours n o t  much more absorpt ion  took p lace  and 
maximum m i s t u r e  contents  reached 35 percent .  
This is the  h ighes t  t h a t  moisture contents  of 
l o b l o l l y  seeds w i l l  ge t  before  seedcoats  rupture  
and germination begins (Barnett  1976). 

The r a t e  of  moisture uptake was g r e a t e r  i n  
s l a s h  p ine  seeds  than i n  l o b l o l l y ,  and it leveled  
o f f  only a f t e r  longer exposures t o  high tempera- 
t u r e s .  Higher temperatures again speeded absorpt-  
ion. A t  48", 96 hours were needed f o r  t he  seed 
t o  reach 40 percent  moisture content .  But a t  84' 
o r  96" t h i s  same moisture l e v e l  was reached i n  24 
hours ( t a b l e  1 ) .  Seedcoat rup tu re  and germination 
of s l a s h  seeds began a t  a moisture content  of  
about 40 percent .  Af ter  t he  longer periods of  
exposure t o  t he  h igher  temperatures,  r a t e  of ab- 
so rp t ion  declined.  Apparently absorpt ion  d id  not  
continue because temperatures were too high f o r  
s eed l ing  development. 

Longleaf seeds absorbed moisture a t  about t h e  
same r a t e  a s  s l a s h  seeds ,  b u t  absorpt ion  went on 
longer.  A t  a moisture content  o f  about 55 percent ,  
seedcoat  rup tu re  and germination began; moisture 
l e v e l s  of  seeds imbibed a t  72' reached 75 percent  
a f t e r  96 hours,  But t h e  absorpt ion  r a t e  of seeds  
imbibed a t  h igher  temperatures dec l ined ,  again 
probably because seedl ing  development is no t  
normal a t  such temperatures. Other s t u d i e s  have 
shown t h a t  high temperatures adversely a f f e c t  
development of  germinating seeds (Barnett  1979) . 

The absorptfon d a t a  support  e a r l i e r  r e s u l t s  
suggest ing t h a t  seedcoats  r e s t r i c t  the  quan t i t y  of  
uptake by l i m i t i n g  how much t h e  megagametophyte 
and embryo can expand (Barnett  1976). Of course 
t h e  l e s s  dormant seeds a r e  least r e s t r a ined  by 
the  seedcoats .  Loblolly seeds a r e  most dormant, 
then s l a s h ,  then longleaf .  

Gennina t ion  

Temperature and l i g h t  condi t ions  during 48 
hours of absorption had s t a t i s t i c a l l y  s i g n i f i c a n t ,  
but r e l a t i v e l y  unimportant, e f f e c t s  on gemina t ion  
( t a b l e  2) .  Imbibit ion a t  96' d id  lower germination 
i n  a l l  t h r ee  spec ies .  Only i n  l o b l o l l y  pine was 
the re  any d i f f e r ence  due t o  l i g h t  condit ion;  a t  
72' germination i n  the  dark was lower than a t  
a l l  o t h e r  combinations of l i g h t  and temperature. 

e s t ab l i shed  f o r  g e m i n a t i o n  percentages. Absorpt- 
ion  a t  96' reduced germination values f o r  a l l  
spec ies  ( t a b l e  2 ) .  Seeds of s l a s h  and longleaf  
pine scaked a t  48' had lower values than those 
soaked a t  72', so the  germination r a t e  was slower.  
b b l o l l y  g e r d n a t i o n  values were a f f ec t ed  by both 
l i g h t  and tenrperature regimes. Seeds soaked a t  
50" i n  l i g h t  had g r e a t e r  gemina t ion  values than 
a l l  o the r  t reatments,  but  t he  d i f ferences  were 
too small t o  be of  p r a c t i c a l  importance. 

Because absorpt ion  condit ions a f f ec t ed  germi- 
na t ion  of l o b l o l l y  seed more than they a f f ec t ed  
the  o the r  spec ies ,  I d id  supplemental t e s t s  wi th  
s ing l e - t r ee  l o t s  of l o b l o l l y  seeds. Light con- 
d i t i o n s  during imbibi t ion  markedly a f f ec t ed  germi- 
na t ion  when t e s t s  were made i n  t he  dark ( f i g .  1 ) .  
Germination i n  t he  dark was higher when seeds had 
soaked under l i g h t .  It a l s o  increased a s  absorpt-  
ion temperatures increased .  

Germination i n  l i g h t  was unaffected by the  
l i g h t  l e v e l  during absorption.  But temperature of  
moisture uptake d id  a f f e c t  gemina t ion ,  and the  
response var ied  g rea t ly  by seed l o t  ( f i g .  1 ) .  I n  
l o t  1, high temperatures r e su l t ed  i n  lower germi- 
na t ion .  Seeds of l o t  2 germhated  b e t t e r  when 
soaked i n  l i g h t  a t  96'.  Lot 3 seeds were l e a s t  
a f f ec t ed  by condi t ions  of moisture uptake. 

Seedling Development 

Light  l e v e l s  during absorption d id  not a f f e c t  
seedl ing  development, bu t  temperatures d id  ( f i g .  2 ) .  
No d i f f e r ences  i n  seedl ing  weights due to  tempera- 
t u r e  of  water  absorption were de t ec t ab l e  i n  long- 
l e a f  and s l a s h  p ines ,  probably because of t h e  wide 
v a r i a t i o n  wi th in  t rea tments .  Loblolly seedl ings  
were a f f ec t ed  by absorpt ion  temperature--dry weights 
were g rea t e r  f o r  84' than f o r  48'. Supplementary 
t e s t s  wi th  s ing l e - t r ee  l o t s  of l o b l o l l y  pine again  
showed a wide v a r i a t i o n  i n  dry weights among seed  
l o t s .  No e f f e c t  of soaking temperature on seed- 
l i n g  development occurred cons i s t en t ly .  

CONCLUSIONS 

Recognition of  t he  physical  na ture  of  water  
uptake has long been accompanied by the  assumption 
t h a t  l i t t l e  of  b io log ica l  i n t e r e s t  happens during 
t h i s  r e l a t i v e l y  s h o r t  period.  So, many s t u d i e s  of 
pine seed germination s t a r t  with soaked o r  p a r t l y  
imbibed seeds ,  and l i t t l e  information is provided 
on the  condit ions under which t h i s  moisture is 
absorbed. Results  of t h i s  s tudy show, however, 
t h a t  t h e  temperature a t  which water absorption 
occurs can a f f e c t  seed germination and seedl ing  
development. Response v a r i e s  g rea t ly  by s ingle-  
t r e e  l o t s .  More research is needed so  we can 
c r i t i c a l l y  evalua te  t he  process involved, par- 
t i c u l a r l y  i n  l o b l o l l y  p ine  where the e f f e c t s  a r e  
t he  g r e a t e s t .  

The treatment effet , ;  gemstnation va lues ,  
which r e f l e c t  speed and completeness of  germi- 
na t ion  (Czabator 1962), followed %he same t rends  



Table 1. --Average mois ture  c o n t e n t s  o f  l o b l o l l y  . s l a s h ,  and l o n g l e a f  p i n e  seedsLi 

Absor2tion temperature (OF) I3ours o f  -- 
Species  a b s o r p t i o n  4E 60 72 84 9 6 -------- 

L o b l o l l y  8 2 4 2 7 2 7 2 7  2 9 
24 29 3C 3 1_ 3 2 3 3 
4 8  32 32 33 3 5 3 3 
7 2  32 34 J.L 35 3 3 
96 3 3 3 4  3 5 35 34 

Slash  

Longlea f 8 
2 4 
4 8  
72 
96 

I/ Staggered l i n e s  show mois ture  c o n t e n t s  where s e e d c o a t s  a r e  rup tured  and germinat ion 
b e g i n s .  Normally t h i s  occurs  a t  about  36 percen t  f o r  l o b l o l l y  ( B a r n e t t  19761, 40 p e r c e n t  f o r  
s l a s h ,  and 55 percen t  f o r  l o n g l e a f  p ine .  

D A R K  - D A R K  --- LIGHT - D A R K  - ---- D A R K  -LIGHT 
-*-- LIGHT- LIGHT 

- 

- 
/' 

- 

1 I I I 8 

ABSORPTION TEMPERATURES ( O F )  

Figure 1.--Germination of  s i n g l e - t r e e  l o t s  o f  l o b l o l l y  p i n e  seeds  a s  a f f e c t e d  by a b s o r p t i o n  
temperatures  and l i g h t  c o n d i t i o n s  dur ing  absorp t ion  and germinat ion.  



Table 2 , ~ - G e d n a t i o n  percentages and values of l o b l o l l y ,  s l a sh ,  and longleaf pine seeds a f t e r  
varying absorption te~llperature and l i g h t  regimes f o r  48 hours 2_/ 

Lf ght  &mination e m i n a t  ion  value 
Temperature condi t ion  Loblolly Slash Longleaf b b l o l l y  Slash Longleaf 

48 Light 92 a 79 a :i a 17,2 c 23.6 b 25.1 ,, 
Dark 93 a 82 17.5 cd 23.3 30.2 

6 0 Light 94 a 78 86 a 2 0 . 7 a  26.4,b 3 2 . g a  
Dark 96 a 7 8 86 18.7 b 25.2 31.6 

72 Light 94 a 8 0 .  8 7 .  18.0 bc 29.6 31.0 a 
Dark 86 c 7 8 8 7 14.5 f 26.7 34.4 

84 Light 92 a 7 6 ,  8 3 .  16.5 e 26.1 ab 27.4 .b 
Dark 94 a 80 86 17.9 bc 27.3 30.5 

96 Light 91 b 70 76 b 16.4 de 20.8 20.3 
Dark 90 b 6 4 82 15.9 e 18.4 25.4 

1/ Species means followed by the  same l e t t e r  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  0.05 
level: Slash and longleaf means were not  s i g n i f i c a n t l y  a f f ec t ed  by l i g h t  condit ions,  so  average 
values f o r  temperatures were analyzed f o r  these  species .  

0, 
48 60 72 84 96 

ABSORPTION TEMPERATURES (OF) 

Figure 2.--Dry weights of longleaf ,  s l a sh ,  and l o b l o l l y  pine seedlings grown from seeds with 
d i f f e r e n t  temperatures of moisture uptake and germinated and grown i n  l i g h t  f o r  12 weeks. 
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GROWm OF EASTERM WHIm PINE SEE-I)LINGS 

USING GREENHOUSE CULWP\E TECHNIQUES 

2 /  Ronald L. Hay - 

Abstract.--White pine seedl ings  were grown i n  Hil lson- 
s i zed  r o o t r a i n e r s  i n  t he  greenhouse f o r  seven months using 
supplemental l i g h t ,  carbon dioxide,  and f e r t i l i z e r  t r e a t -  
ments. Biomass and root  c o l l a r  diameter responded pos i t i ve -  
l y  t o  e x t r a  photoperiod, btit he ight  growth was no t  i n f lu -  
enced by l i g h t .  Weight growth was slowed by supplemental 
carbon d ioxide  and f e r t i l i z e r ,  Root biomass was increased 
by supplemental carbon dioxide and l i g h t .  Seedling top bio- 
mass was increased  by f e r t l i z e r  topdressings,  but  t h i s  t r e a t -  
ment decreased r o o t  biomass. 

INTRODUCTION 

Eastern whi te  pine (Pinus s t robus  L.) is one 
of t he  important n a t i v e  gymnospems i n  Tennessee. 
I t  is comon i n  t he  Blue Ridge Mountains of ea s t -  
e m  Tennessee, and i t  is somewhat less abundant i n  
the  Cumberland Mountains. Its importance a s  a 
source of lumber has long been known l o c a l l y ,  and 
markets have occas ional ly  developed t o  increase  
the  demand regional ly .  At one time, t he  l a r g e s t  
ea s t e rn  whi te  pine i n  North America was growing 
i n  t h e  mountains of Eas t  Tennessee. 

More r ecen t ly  t he  demand f o r  whi te  p ine  lum- 
ber ,  Christmas t r e e s ,  and ornamental landscaping 
products  has  g r e a t l y  increased  t h e  demand f o r  
white p ine  p l an t ing  s tock .  Each year  f o r  t he  l a s t  
s eve ra l  years ,  t he  Tennessee Division of Fores t ry  
has n o t  had an  adequate supply of 2-0 whi te  p ine  
seedl ings .  Est imates have placed the  p o t e n t i a i  
demand f a r  i n  excess of a v a i l a b l e  seedl ings ,  per- 
haps by a s  much a s  500 percent .  Demand f o r  white 
p ine  p l an t ing  s tock  has  g r e a t l y  exceeded ava i l -  
a b l e  supp l i e s  i n  r ecen t  yea r s ,  and the re  is every 
reason t o  be l i eve  t h a t  t he  t rend  w i l l  continue.  

I/ Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a T c h  Conference, At lanta ,  Georgia, November 
6-7, 1980. 

2f Author is k s s o c i a t e P r o f e s s o r  of Fores t ry  
i n  t h e  Department of Fores t ry ,  Wi ld l i f e  and 
F i she r i e s  a t  t h e  Universi ty of Tennessee, Pos t  
Off ice  Box 1071, Knoxville, TH 37901. 

White pine has  some seedl ing  growth charac t  
t e r i s t i c s  t h a t  lengthen its s t a y  i n  t he  nursery,  
thereby increas ing  the  d i f f i c u l t y  and cos t  of high 
production e f f i c i e n c i e s .  For example, white p ine  
seedl ings  do not  usual ly  develop secondary leaves  
during t h e i r  f i r s t  growing season. The cotyledons 
a r e  funct ional  u n t i l  t he  ep i co ty l  begins t o  elon- 
ga t e  and the  e f f i c i e n t ,  primary leaves  appear. 
These leaves  provide photosynthate during the  
f i r s t  growing season. The overwintering buds ap- 
pear r e l a t i v e l y  ea r ly ,  usual ly  by mid-summer, and 
he ight  growth s tops .  Seedlings a r e  usual ly  much 
too small t o  be considered f o r  outp lant ing  a f t e r  
one year  i n  the  nursery.  During the  second year 
i n  t he  nursery,  secondary leaves  a r e  produced and 
most seedl ings  grow t o  s u f f i c i e n t  s i z e  t o  surv ive  
ou t p l a n t  ing  . 

Containerized c u l t u r e  of pines i n  greenhouses 
has numerous advantages over standard nursery cul-  
t u r e  techniques, e spec i a l l y  f o r  those spec i e s  t h a t  
have problems i n  nu r se r i e s .  I n  a greenhouse, envi- 
ronmental problems can be r ead i ly  con t ro l l ed ,  whi le  
providing condit ions conducive t o  seedl ing  growth. 
The greenhouse environment f a c i l i t a t e s  t h e  e f f i -  
c i e n t  use of f e r t i l i z e r s  and inocula t ion  of t h e  
growing medium with appropr ia te  mycorrhizal sym- 
b i o n t ~ ,  e .g. ,  both supplemental slow-release f e r -  
t i l i z e r s  and fungal  symbionts can be added t o  t he  
growing medium before conta iners  a r e  f i l l e d ,  Sub- 
sequent app l i ca t ions  of l i qu id  f e r t i l i z e r s  can be 
made during watering, F e r t i l i z e r  can be formula- 
ted t o  meet s p e c i f i c  needs a t  s p e c i f i c  times t o  
bes t  s t imu la t e  growth. Timing of greenhouse oper- 
a t i o n s  is no t  dependent upon the  weather, t he re fo re  
with good management, qua l i t y  seedl ings  can be  
ready i n  quant i ty  f o r  any an t i c ipa t ed  outp lant ing  
date.  



The ob jec t ive  of t h i s  s tudy was t o  evalua te  
seedling growth from greenhouse, conta iner ized  
cu l tu re  using supplemental photoperiod, carbon 
dioxide, and f e r t i l i z e r  tapdress ing  treatments t o  
ohrain seedl ings  s u i t a b l e  f o r  outp lant ing  a t  age 
e ight  months. Ehphases were placed on seedl ing  
s i z e ,  biomass of tops and r o o t s  and morphology of 
the  leaves.  

PROCEDURES 

Preliminary Study 

I n  May, newly germinated white pine seedl ings  
from the  same seed source were t ransplanted  i n t o  
Willson-sized r o o t r a i n e r s  and grown i n  t h ree  sep- 
a r a t e  environments. One treatment was 70 percent  
l a t h  shade wi th  n a t u r a l  photoperiod and d a i l y  tem- 
pera ture  regimes. The o t h e r  two groups of seed- 
l i n g s  were placed i n  t he  greenhouse wi th  one t r e a t -  
ment rece iv ing  enough supplemental l i g h t  t o  com- 
p r i s e  a d a i l y  photoperiod of 18  hours. The t h i r d  
treatment was n a t u r a l  photoperiod wi th in  t he  green- 
house environment. A l l  seedl ings  were f e r t i l i z e d  
(23-19-17) a t  10-day i n t e r v a l s  a f t e r  they had be- 
come e s  tab l i shed .  

A t  age 7 months, 35 seedl ings  s e l ec t ed  a t  
random from each group were harvested and analyzed 
f o r  growth and biomass var iables .  For comparison, 
35 seedl ings  were s e l ec t ed  a t  random from each of 
2 nursery treatments a t  t h e  Pinson Nursery; one 
group had been spring-seeded wi th  s t r a t i f i e d  seed 
and those seedl ings  were about 8 months o ld ,  while 
the second group of 12 month o l d  seedl ings  had 
been fal l-seeded r e ly ing  upon n a t u r a l  temperature 
and moisture regimes t o  break seed dormancy. Other 
than the  d i f f e r i n g  seed schedules,  a l l  seedl ings  
a t  Pinson were grown wi th  standard ope ra t iona l  
procedures, including shading, watering,  f e r t i l i z -  
ing, and weeding. 

Greenhouse Cul ture  Study 

Based upon information derived from the  pre- 
liminary t e s t s ,  a s tudy was e s t ab l i shed  i n  t he  
greenhouse during October, 1979, t o  t e s t  t h e  
ef fec t iveness  of s e l ec t ed  c u l t u r e  techniques f o r  
growing white pine seedl ings  t h a t  would be s u i t -  
ab le  f o r  outp lant ing  a t  8 months of age o r  l e s s .  
Supplemental l i g h t ,  carbon dioxide,  and f e r t i -  
l i z e r s  were incorporated wi th in  t he  randomized 
block experimental design. 

The study was conducted i n  two greenhouses, 
one of which was equipped with a carbon dioxide 
generator  fueled by propane. I n  t he  absence of 
carbon dioxide monitoring equipment s e n s i t i v e  t o  
300 ppm concentrat ions,  the  carbon dioxide gen- 
e r a to r  was operated according t o  manufactuers 
suggested l e v e l s  f o r  6 hours each n ight .  To main- 
t a i n  acceptable  day-time temperatures, t h e  carbon 
dioxide house was usual ly  -;snted each morning, 
thereby negating any e f f e c t  of supplemental carbon 
dioxide u n t i l  t he  next  cycle.  

Supplemental l i g h t  was provided i n  each house 
with a bank of s i x  Gro-lux, f l uo re scen t  lamps 
over each bench on a continuous photoperiod. The 
in t en t ion  was t o  provide growth s t imula t ion  and 
not  j u s t  t o  r e t a r d  bud s e t .  A s  a mat ter  of f a c t ,  
t he  Sight con t ro l s ,  i . e . ,  n a t u r a l  photoperiod 
treatment , received a one-hour i n t e r rup t ion  of t he  
dark period wi th  enough l i g h t  t o  prevent  bud dor- 
mancy and maintain a c t i v e  seedl ing  growth. 

A l l  seedl ings  received so lub le  f e r t i l i z e r  
(20-20-20) incorporated with r egu la r  waterings on 
a 10-day i n t e r v a l .  Slow-release f e r t i l i z e r  had 
not  been added t o  the  mix previously.  I n  add i t i on ,  
ha l f  of t h e  seedl ings  i n  each carbon dioxide and 
l i g h t  t reatment a l s o  received a topdressing of 
25-10-10 a t  20-day in t e rva l s .  

A t  seven months of age, t he  seedl ings  were 
harvested.  Height, root  c o l l a r  diameter p lus  
biomass of roo t s  and tops were measured and ana- 
lyzed. 

RESULTS 

Prel iminary study 

Seedling s i z e s  were encouraging f o r  growing 
white pine i n  containerized,  greenhouse cu l tu re  
( t a b l e  1 ) .  I n  most cases,  t he  e x t r a  l i g h t  of t he  
18-hour photoperiod helped produce seedl ings  a t  
7 months of age t h a t  were t he  same s i z e  o r  l a r g e r  
than nursery-grown seedl ings  a t  12 months of age. 
The 8-month o ld  nursery-grown seedl ings  were c lear -  
l y  the smal les t  of a l l  seedl ings ,  

Height growth was g rea t e r  i n  t he  12-month 
nursery treatment than i n  t he  supplemental l i g h t  
treatment. Root c o l l a r  diameter and biomass were 
s i g n i f i c a n t l y  increased by the  supplemental l i g h t  
treatment. Biomass es t imates  were e spec i a l l y  
noteworthy f o r  t h e  18-hour photoperiod, f o r  those 
seedl ings  were s i g n i f i c a n t l y  l a r g e r  than any 
o the r s  and t h e  balance of roo t s  and tops was good. 

I n  addi t ion  t o  those e a s i l y  measured var ia -  
b l e s ,  t he re  were severa l  o the r  important d i f f e r -  
ences. For example, f o l i a g e  color  on the  18-hour 
photoperiod seedl ings  was dark,  blue-green and 
healthy.  Foliage on the  o the r  t reatments was 
yellow-green and some leaves  were dying. Most 
seedl ings  growing under n a t u r a l  photoperiod had 
dormant terminal  buds, but  t he  18-hour photoperiod 
seedl ings  were st i l l  ac t ive ly  growing when they 
were harvested . 

Perhaps t h e  most important d i f f e r ence  was t h e  
abundance of secondary leaves  on the  18-hour photo- 
period seedlings.  These seedl ings  s t a r t e d  develop- 
ing  secondary leaves from buds a t  t he  a x i l s  of t h e  
primary leaves  s h o r t l y  a f t e r  they received the  
extended photoperiod, By the  time of harves t ,  t h e  
secondary leaves were f u l l y  developed and covered 
most of t he  length  of t he  ep i co ty l  with t he  pr i -  
mary leaves.  Considerable photosynthetic su r f ace  



Table 1.--Mean s i z e s  of eas tern  white pine seed- 
l ings  a f t e r  growing IjI rootra iner  cu l tu re  o r  
nursery beds f o r  varying periods. 

area was manifested through t h i s  p ro l i f e ra t ion  of 
of secondary leaf t i ssue .  

Greenhouse Culture Study 

AdJueted mans f o r  the  growth var iables  a r e  
presented i n  table  2, Height growth was s ignif  i- 
canrly and adversely affected by f e r t i l i z e r  top- 
dressing and carbon dioxide t r eaments  (P>O. 01) . 
The t a l l e s t  seedlings were grown without ex t ra  
carbon dioxide and without f e r t i l i z e r  topdressings, 
The ex t ra  l i g h t ,  carbon dioxide, and f e r t i l i z e r  
topdressing treatments produced the  shor tes t  seed- 
l ings .  

Collar Bio~ltass 
Trea men t Height Diameter Roots Tops 

Greenhouse 

18-hour 
pho toperiod 

8.1&/ 11.a 0.42 0.50a 

na tu ra l  
pho toperiod 6 . 8 ~  1 . 4 ~  0.37 0 . 3 3 ~  

Root co l l a r  diameter was s t a t i s t i c a l l y  great-  
e r  (P>O.Ol) f o r  seedlings receiving ex t ra  l i g h t ,  
but i t  was s t a t i s t i c a l l y  the  same f o r  a l l  o ther  
treatments a t  seven months. Carbon dioxide had a 
posi t ive  e f fec t ,  but it was not s ign i f i can t  
(P>O. 05). 

Outside-lath shade 

na tu ra l  
pho toperiod 

7.9b 1.5b 0.38 0.39b 

Biomass can be an important indicat ion of 
anticipated outplanting success assuming height 
and diameter a r e  adequate. The influence of sup- 
plemental l i g h t  was strongly manifested with the 
biomass variables;  f resh and dry weights of tops 
and roots  were highly s ign i f i can t  (P>0.01). Nei- 
ther  supplemental carbon dioxide nor f e r t i l i z e r s  
had any s ign i f i can t ly  posi t ive  e f f e c t s  on f resh  

Pinson Nursery 

f a l l  seeding 9.5a 1.6a none 0.44b 

sp r ingseed ing  5.3d 1.2d none 0 . 2 7 ~  

I/ Lower case l e t t e r s  r e f e r  to  those means t h a t  - 
were grouped a s  equal a t  the  0.05 probabi l i ty  
l e v e l  with Duncan's Mu1 t i p l e  Range Test. 

Table 2.--Growth of eas tern  white pine seedlings using l i g h t ,  carbon dioxide, and f e r t i l i z a t i o n  treatments 
f o r  seven months i n  a greenhouse. 

Growth Variable 

Root Collar Top Biomass Root Biomass ROO t/Shoo t 
Treatment Eeigh t Dime t e r  f r e sh  dry f resh dry Ratio 

cm - mm - 
Pho toperiod 

Continuous 

Natural  

Carbon Dioxide 

Supplemental 

Natural 

F e r t i l i z e r  

Base 
(20-20-20) 

Base plus 
topdressing 
(25-10-10) 



or  d r y  weights of seedl ing  tops.  The supplemental 
carbon dioxide treatmer r s i g n i f i c a n t l y  (P>0.01? 
increased r o o t  weights. F e r t i l i z e r  topdressings 
decreased roo t  f r e s h  and d ry  weights (P>0.05),  
while top biomass r ined unchanged. The e f f e c t  
was ,decreased root fshoot  balance. 

~ o o t l s h o o t  r a t i o ,  a s  ca l cu l a t ed  frc3 dry 
weights, showed supplemental l i g h t  and carbon 
d ioxide  t o  have s i g n i f i c a n t  b e n e f i t s  t o  a well- 
balanced seedl ing .  In  both cases  roo t s  were bet- 
t e r  developed when the  seedl ings  were grown with 
supplemental carbon dioxide and a continuous photo- 
period.  F e r t i l i z e r  topdressings reduced the  rootf  
shoot  balance through a decrease i n  root  weight 
and an inc rease  i n  top weight. 

DISCUSSION 

The worth of any seedl ing  c u l t u r e  technique 
may n o t  always be found i n  growth s t a t i s t i c s  a t  
t he  end of t he  c u l t u r e  period,  r a t h e r  t he  u l t i -  
mate t e s t  w i l l  be t he  success of t he  outp lant ing  
opera t ion  f o r  which t h e  seedl ings  were grown. 
However, some good inferences  about outp lant ing  
success can be gleaned from seedl ing  growth per- 
formances during greenhouse cu l tu re .  

Quali ty whi te  pine seedl ings  f o r  outp lant ing  
should have enough he ight  and diameter t o  survive 
the  outp lant ing  opera t ion  and s t i l l  be i n  a favor- 
ab l e  pos i t i on  t o  grow with t he  competing vegeta- 
t i o n ,  Enough energy reserves  must be present  t o  
s u s t a i n  growth processes while seedl ing  roo t s  
become e s t ab l i shed .  The f o l i a g e  should begin 
photosynthesis  quickly,  t he re fo re  a good mixture 
of primary and secondary leaves  with hea l thy  color  
is required.  Were seedl ings  wi th  such character-  
i s t i c s  produced i n  t h i s  experiment? Some of t he  
treatments were q u i t e  e f f e c t i v e ,  but  not  a l l  of 
the  answers a r e  ava i l ab l e  ye t .  

Light  had a p o s i t i v e  growth inf luence  beyond 
the  requirement t o  i n t e r r u p t  t he  dark period i n  
order  t o  maintain a c t i v e  growth during winter  
months. Diameter and biomass, both of which 
r e f l e c t  the  ex t en t  t h a t  photosynthate production 
and accumulation r e s u l t s  i n  secondary growth, were 
s i g n i f i c a n t l y  enhanced by e x t r a  l i g h t ,  e i t h e r  an 
18-hour o r  a  continuous photoperiod. Although 
seedl ings  were no t  rap id ly  elongating tops o r  
roo t s ,  t he  cambium was using photosynthate t o  
thicken the  stem and secondary leaves  were pro- 
duced from buds t h a t  broke dormancy a s  a r e s u l t  
of t he  e x t r a  l i g h t .  Perhaps most s i g n i f i c a n t l y ,  
t he  roo t  biomass was increased,  i nd i ca t ing  s torage  
of carbohydrates and o the r  energy-rich compounds 
t h a t  would keep the  seedl ing  growing vigorously 
during t h a t  c r i t i c a l  time of f i e l d  establishment. 

f o l i age  color  and the  secondary leaves  were well- 
developed along the  e n t i r e  stem. Although da t a  
analyses d id  not  r evea l  a  l i g h t  and carbon dioxide 
i n t e r a c t i o c ,  expectat ions of outp lant ing  success 
a r e  g rea t  f o r  those seedl ings  rece iv ing  both sup- 
pltlmental l i g h t  and carbon dioxide. Increas ing  
propane cos t s  may negate the  r e a l i t y  of growth 
keneftts derived i n  carbon dioxide enriched atmos- 
pheres, however. 

Topdressings of 25-10-10 once every 20 days 
produced pos i t i ve  growth responses t o  seedl ing  
tops and adversely a f f ec t ed  root  biomass and seed- 
l i n g  he ight  growth. Tops were d i r e c t  r e c i p i e n t s  
of t he  F e r t i l i z e r  m i s t  and they apparent ly  made 
immediate use of t he  n u t r i e n t s ,  Translocation of 
photosynthate i n t o  t h e  roo t s  was not  a  f a c t o r  a s  
r e f l e c t e d  by roo t  biomass. Neither was t he re  
elongation of primary t i s sues .  Without s epa ra t e  
biomass analyses of leaves  and stems, i t  was 
impossible t o  l o c a t e  t he  source of biomass accu- 
rnulation i n  t he  seedl ing  tops. 

Other ques t ions  a r e  y e t  t o  be addressed i n  
t h i s  greenhouse c u l t u r e  technique. What w i l l  be 
the  e f f e c t s  on seedl ing  growth of d i f f e r i n g  
conta iner  s i z e s ,  d i f f e r i n g  growing media, slow- 
r e l ea se  f e r t i l i z e r s ,  ectomycorrhizal symbionts, 
and how about higher concentrat ions of carbon 
dioxide, d i f f e r e n t  f e r t i l i z e r  formulat ions and 
appl ica t ion  timing? Obviously we a r e  j u s t  g e t t i n g  
s t a r t e d .  

The inf luence  of supplemental carbon dioxide 
was p o s i t i v e  f o r  seedl ing  diameter and biomass 
growth. The appea ranc~  sf seedl ings  i n  the  carbon 
dioxide greenhouse, e spec i a l l y  those receiving 
supplemental l i g h t ,  gave f u r t h e r  i nd i ca t ion  of 
t h e i r  s u i t a b i l i t y  f o r  outp lant ing .  They had good 



SPOT SEEDING IS EFmCTIVE INEXPENSIVE 

FOR RE'FORESTIWG SWL ACREAGESL~ 

T,  E. campbelG/ 

Abstract.--First-year establishment of one o r  two seed- 
l i n g s  on 1,000 spo t s  per  ac re  produced f u l l y  stocked s tands  
of  s l a s h  and l o b l o l l y  pines on both medium and poor qua l i t y  
s i t e s  by age 10. S t a r t i n g  with f i v e  and n ine  seedlings per  
spo t  a l s o  produced f u l l y  stocked s tands  bu t  r e su l t ed  i n  
s l i g h t l y  reduced he ight  and diameter growth. 

Direc t  seeding is a successfu l  and widely 
accepted method of regenera t ing  southern p ines ,  
Though broadcast  sowing from a i r c r a f t  is gener- 
a l l y  used on l a r g e  a r eas ,  spo t  sowing by hand is 
an exce l l en t  a l t e r n a t i v e  f o r  small  t r a c t s  o r  
where broadcast ing is imprac t ica l  (Lohrey 1970). 
Spot seeding requi res  only 113 t o  1 /2  t he  seed 
used i n  broadcast  sowing and permits  b e t t e r  con- 
t r o l  of  s tocking  and spacing than i s  poss ib l e  
w i th  broadcas t ing ,  It is a l s o  cheaper, f a s t e r ,  
and l e s s  labor ious  than hand p l an t ing  nursery 
s eed l ings .  Spot seeding is e spec i a l l y  s u i t a b l e  
f o r  small  landowners who must keep out-of-pocket 
expenses t o  a mini- (Mann and Burns 1965). 
But when mul t ip le  seeds a r e  dropped on a spot  t o  
i n su re  maximum stocking,  s eve ra l  seedl ings  o f t en  
r e s u l t .  Such c l u s t e r i n g  is not  a s e r ious  prob- 
lem up t o  age 3 f o r  spec ies  t h a t  r ead i ly  express 
dominance, bu t  l i t t l e  is known about i ts  e f f e c t  
beyond t h a t  age (Campbell 1964). 

This study was designed t o  show how many 
seedl ings  a r e  needed per spo t  t o  i n su re  adequate 
s tocking  and how mul t ip le  t r e e s  pe r  spot  a f f e c t  
growth. Slash (P&zus e ZZiottC; Engelm, 
e z z i o t t i i )  and l o b l o l l y  (P. taeda L.) pines were 
e s t ab l i shed  with one, two, f i v e ,  and n ine  seed- 
l i n g s  per  spot  on both medium and poor q u a l i t y  
s i t e s .  This paper r epo r t s  measurements of t h e  
s tudy a t  10  years.  

I f  Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a T c h  Conference, At lanta ,  Georgia, November 
6-7, 1980. 

2 /  S i l v i c u l t u r i s t ,  Southern Forest  Experi- 
ment S t a t i o n ,  Forest  Service--USDA, P i n e v i l l e ,  
LA 71360. 

METHODS 

The four  seedl ing  d e n s i t i e s  were e s t ab l i shed  
on 0.1-acre square p l o t s  and were r ep l i ca t ed  fou r  
t i m e s  i n  a randomized block design f o r  two spec i e s  
on two s i t e s .  

The s i t e  judged t o  be of medium q u a l i t y  is a 
Ruston f i n e  sandy loam; su r f ace  s o i l  is brown i n  
co lo r ,  about 8 inches deep, and overlays a red 
sandy c l ay  loam subso i l .  Surface and i n t e r n a l  
drainage a r e  good. The poor q u a l i t y  site is on 
a Cadevil le  sandy loam; su r f ace  s o i l  is  gray i n  
co lo r ,  is about 6 inches deep, and is under la in  
by a slowly permeable reddish brown c lay ,  Sur- 
face  arainage is adequate. Sca t te red  second- 
growth longleaf  pines and many scrub hardwoods 
covered both s i t e s ,  Before t he  study was i n s t a l l e d  
pines were removed and hardwoods were i n j ec t ed  wi th  
herb ic ides .  

Seed spo t s  were prepared a t  6.6-ft square 
spacing (1,000 per ac re  o r  100 per  plot)-- leaves 
and duff were scraped away wi th  a f i r e  rake,  and 
mineral s o i l  was exposed. Spots were hand sown 
wi th  about 20 s t r a t i f i e d ,  r epe l l en t - t r ea t ed  seeds  
t o  i n su re  heavy s tocking  on each spot .  Seeds were 
pressed i n t o  mineral s o i l  wi th  t he  seeder ' s  boot .  
After  one complete growing season, spo t s  were 
thinned t o  appropr ia te  d e n s i t i e s  of t h e  t a l l e s t  
seedl ings  per  spot .  

The c e n t r a l  36 spo t s  on each treatment p l o t  
were measured a t  age 10. Seedling su rv iva l  was 
determined from the  d i f f e r ence  between t o t a l  t r e e  
counts on a l l  36 spo t s  a t  ages 2 and 10. Spot 
s tocking was t h e  proport ion of s p o t s  stocked wi th  
one o r  more seedl ings  and t r e e s  per spot  was t h e  
average per  stocked spot .  Tota l  he ight  and d.b.h. 
were measured f o r  t he  t a l l e s t  t r e e  on each of 36 
spots ,  and f o r  every tree on n ine  c e n t r a l  s p o t s  
wi th in  t he  36 measurement spots .  Heights were 
measured t o  t he  nea re s t  1 - f t  with a te lescoping  
pole and d.b.h. t o  t he  nea re s t  0.1-inch wi th  a 
diameter tape.  For each measurement va r i ab l e ,  



d i f f e r e n c e s  between s p o t  d e n s i t i e s  were t e s t e d  
f c r  s i g n i f i c a n c e  a t  t h e  .05 l e v e l  by a n z i y s i s  c z  
var iance .  Separa te  ana lyses  were made f o r  each 
s p e c i e s  on each s i t e .  Experimental des ign  d i d  
n o t  pern5-t s t a t i s t i c a l  comparison of s p e c i e s  o r  
s i t e s .  

XESULTS &YD DISCCSSION 

Surv iva l  

Mean s u r v i v a l  ranged from 92 .5  percen t  f o r  
l o b l o l l y  s i n g l e - t r e e  s p o t s  on t h e  medium s i te  t o  
6 0 . 7  p e r c e c t  f o r  s l a s h  nine-Cree s p o t s  on the  
poor s i t e  ( t a b l e  1 ) .  On t h e  medium s i t e ,  s i n g l e  
t r e e s  of b o t h  s p e c i e s  surv ived  b e t t e r  than t r e s s  
on p l o t s  w i t h  n i n e  p e r  s p o t .  Three s i n g l e - t r e e  
p l o t s  on t h e  medium s i t e  had 100 p e r c e n t  s u r v i v a l ;  
one was s l a s h  p i n e  and t h e  o t h e r  two were l o b l o l l y .  
On t h e  poor s i t e ,  seed s p o t  d e n s i t y  d i d  n o t  a f f e c t  
s u r v i v a l  o f  e i t h e r  s p e c i e s .  

Table 1.--Mean s u r v i v a l  from age  2 t o  1011 

-- --- 
Slash  p i n e  Loblo l ly  p i n s  - 

Trees p e r  s p o t  Medium Poor Medium Poor 
a f t e r  t h i n n i n g  s i t e  s i t e  s i t e  s i t e  ..---.--- 

Eumb c r ___________ Percent--------- 

I/ By c o l u m ,  t rea tment  means n o t  followed 
by th; same l e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  5-percent l e v e l ,  

Spot S tock ing  

At age 10 on b o t h  s i t e s ,  s l a s h  p ine  thinned 
t o  f i v e  and n i n e  t r e e s  p e r  s p o t  had h i g h e r  s tock-  
i n g  r a t e s  than p l o t s  w i t h  one o r  two t r e e s  p e r  
s p o t  ( t a b l e  2 ) .  The t r e n d  was s i m i l a r ,  b u t  n o t  
s o  c l e a r c u t ,  f o r  lob lo l ly - - the  f  i v e - t r e e  t r e a t -  
ment on a  medium s i te  and t h e  n i n e - t r e e  t r e a t -  
ment on a  poor s i t e  bo th  had b e t t e r  s t o c k i n g  
than t h e  one- and two-tree t r e a t m e n t s .  

I'hese r e s u l t s  seem reasonable  s i n c e  s p o t s  
w i t h  more t r e e s  growing on a  b e t t e r  s i t e  had an 
i n i t i a l  advantage. But s i n g l e - t r e e  s p o t s  pro- 
vided an e x c e l l e n t  s t a n d  of 727 (625 t o  833) 
well-spaced 10-year-old t r e e s  p e r  a c r e .  

P l o t s  thinned t o  two s e e d l i n g s  p e r  s p o t  a t  
age 2 s t i l l  averaged 1 . 6  and 1 .7  t r e e s  8 y e a r s  
I n t e r ,  o r  84 p e r c e n t  of o r i g i n a l  s t o c k i n g .  As 
expec ted ,  s u r v i v a l  on denser  s p o t s  was pro- 
p o r t i o n a t e l y  l e s s  because of g r e a t e r  competi t ion 
f o r  growing space.  FLve-tree s p o t s  averaged 2 . 9  
t o  4 . 1  ten-year-olds, and n ine- t ree  s p o t s  aver- 
aged 3.9 t o  5 . 2 -  

Tree S ize  

i tLi?lcsr slash pine  per  s p o t  on t h e  nedium 
s i t e  <>t tte highest c e n s i t y  averaged 2 3  f t .  I t  
b 7 2 ~  s ignif icc-- i t l - j  s h o r t e r  than t h e  average t r e e  on 
cse- =d two-tree s p o t s ,  bu t  t h e  d i f f e r e n c e  xas  
o n l y  2 ft ( t a b l e  3 ) .  S i n g l e  l o b l o l l y  p i n e s  on t h e  
~ o o r  ;. i ti: xrtr 3 8  f t  whi le  t h e  t a l l e s t  t r e e  on 
l r & l ~  ;PC cs +;vi reged 2 4  f t ,  b u t  t h e  d i f f e r e n c e  w a s  
j-rot1zb;y rkot cc*usl~II by t h e  e x t r a  t r e e .  

Hcight d i f f e r e n c e s  between t h e  t a l l e s t  and 
second z a l l e s t  t r e e s  en  m u l t i p l e - t r e e  s p o t s  ranged 
from 2 . 1  t o  6 , 8  f t  by t redtmenc.  These two ex- 
tremes were b o t h  l c b l o l l y  p i n e s  on t h e  medium s i t e ;  
t h e  g r e a t e s t  d i f f e r e n c e  occurred on two-tree s p o t s  
and t h e  l e a s t  d i f f e r e n c e  on n i n e - t r e e  s p o t s .  The 
zzher  LO combinations of d e n s i t y ,  s p e c i e s ,  and s i t e  
bad average d i f f e r e n c e s  o f  only 2.5 t o  4.1 f t .  
Dominants i n  a l l  combinations o f  s p e c i e s ,  s i te ,  and 
m u l t i p l e  t r e e s  a r e  probably f i r m l y  e s t a b l i s h e d ,  w i t h  
enough h e i g h t  advantage t o  main ta in  t h e i r  super io r -  
i t y ,  And a s  t r e e s  age,  s p o t  d e n s i t y  w i l l  probably 
i n f l u e n c e  he igh t  d i f f e r e n c e s  more because growth of  
suppressed and subord ina te  t r e e s  w i l l  slow. 

Seed spo t  d e n s i t y  i n  t h r e e  of  t h e  f o u r  spec ies -  
s i t e  combinations s i g n i f i c a n t l y  in f luenced  d.b.h. 
S ing le  s l a s h  p ines  on t h e  medium s i t e  averaged 4 - 6  
i n c h e s ,  and s i n g l e  l o b l o l l y  p i n e s  on t h e  poor s i t e  
averaged 4 .4  inches .  Both were l a r g e r  than  domi- 
nan t  t r e e s  on a31 m u i t i p l e - t r e e  s p o t s  f o r  those  
t rea tments  ( t a b l e  3 ) .  Also, s i n g l e  and double 
t r e e s  were l a r g e r  than t h o s e  on f i v e -  and n i n e - t r e e  
s p o t s  f o r  l o b l o l l y  on t h e  medium s i t e .  S i n g l e  trees 
were up t o  1.4 inches  l a r g e r  than  dominant t r e e s  
on f ive-  and n ine- t ree  s p o t s  because o f  c l u s t e r e d  
competi t ion.  The t a l l e s t  t r e e  on a  m u l t i p l e - t r e e  
s p o t  was no t  always t h e  l a r g e s t  i n  d.b.h. ,  however. 
OccasionalLy, a codominant o r  i n t e r m e d i a t e  t r e e  had 
g r e a t e r  d ,b ,h . ,  b u t  o n l y  t h e  t a l l e s t  t r e e s  were 
be ing  compared, 

The t a l l e s t  and second t a l l e s t  t r e e  p e r  
m u l t i p l e - t r e e  s p o t  d i f f e r e d  s i g n i f i c a n t l y  i n  d.b.h. 
f o r  bo th  s p e c i e s  on t h e  medium s i t e - - d i f f e r e n c e s  
were g r e a t e r  f o r  doubles  than f o r  f ive-  and nine-  
t r e e  s p o t s ,  Ne i ther  s p e c i e s  had s i g n i f i c a n t  
d i f f e r e n c e s  on the  poor s i t e ;  s o  t r e e s  a p p a r e n t l y  
express  dominance more r e a d i l y  on a  good s i t e  
than on a  poor s i t e .  

Mann and Burns (1965) recommend t h e  smal l  land- 
owner sow s i x  seeds  on each of 1,000 prepared s p o t s  
p e r  a c r e .  But t h e i r  s t u d i e s  were ccncerned on ly  
wi th  s e e d l i n g  es tab l i shment .  Ten-year r e s u l t s  of 
t h i s  s tudy  suppor t  t h e i r  recommendation, based on 
t h e  wel l -es tab l i shed  rule-of-thumb used i n  d i r e c t  
seed ing  t h a t  one s e e d l i n g  i s  ob ta ined  from each 
t h r e e  seeds  sown. Five s e e d s  p e r  s p o t  w i l l ,  under 
normal circumstances,  e s t a b l i s h  a t  l e a s t  one seed- 
l i n g  on most s p o t s  w h i l e  f o u r  o r  f i v e  w i l l  be a  
r a r i t y .  The o v e r a l l  average w i l l  be one t o  t h r e e  
s e e d l i n g s  p e r  s p o t .  



S t a r t i n g  wi th  1,000 spo t s  per  ac re ,  t h i s  s tudy 
y ie lded  from 625 t o  902 spo t s  s tocked wi th  one o r  
two t r e e s  a t  age 10. Though spot  d e n s i t i e s  of f i v e  
o r  nine seedlings s i p - i f i c a n t l y  impraved the  pro- 
por t ion  o f  spo t s  s t i l l  stocked,  an average of 758 
well-spaced spo t s  pe r  ac re  wi th  one o r  two t r e e s  
each is an exce l l en t  s tand ,  Land mmagers who 
p r e f e r  fewer stocked spo t s  per  ac re  could sow 
propor t ionate ly  fewer spo t s .  

Growth r a t e s  were a l s o  b e t t e r  wi th  fewer t r e e s  
per  spot .  Though spot  dens i ty  had only a small 
inf luence  on he ights  of t h e  dominants i n  a c l u s t e r ,  
he ight  growth of one o r  two t r e e s  pe r  spo t  was 
s l i g h t l y  b e t t e r  than he ight  growth i n  mare densely 
stocked s tands .  Diameter growth of dominants on 
the  l e s s  dense spo t s  showed a decided advantage of 
up t o  1 .4  inches i n  10  years .  

Because of  these  advantages, h igher  spot  
d e n s i t i e s  a r e  undesirable,  bu t  n o t  completely 
unacceptable. Up t o  n ine  seedl ings  pe r  spo t  
y ie lded  h igher  per-acre spo t  s tocking ,  su rv iva l  
was adequate, indiv idual  t r e e  dominance was estab- 
l i s h e d  e a r l y ,  and he ight  growth was reduced only 
minimally, Reduction i n  diameter growth was 
g rea t e r ,  bu t  volume-per-acre d i f f e r ences  should 
be made up i n  t he  e x t r a  stems, 

Resul t s  from th2s study show conclusively t h a t  
spo t  seeding is a p r a c t i c a l  a l t e r n a t i v e  t o  plant-  
i ng  nursery  seedl ings .  And i t  is espec i a l l y  s u i t e d  
t o  t h e  small-woodlot owner, He can do the  job i n  
h i s  spa re  time, use t o o l s  a v a i l a b l e  around t h e  farm 
such a s  a f i r e  rake o r  pota to  hoe t o  prepare t he  
spots ,  and do i t  wi th  l e s s  e f f o r t  i n  l e s s  t i m e  a t  
l e s s  c o s t  than p lant ing ,  Raking a spo t  t o  mineral 
s o i l  and dropping f i v e  seeds is f a r  l e s s  labor ious  
than opening a sl i t  with a d ibble ,  properly p lac ing  
t h e  s eed l ing  roo t s ,  and c lo s ing  t h e  s l i t ,  Sowing 
a spot  r equ i r e s  25 t o  50 percent  l e s s  time than 
p l an t ing  a seedl ing ,  And a t  l o c a l  1979 p r i ce s ,  
sowing 1,000 spo t s  wi th  f i v e  l o b l o l l y  seeds i n s t ead  
of  p l an t ing  1,000 seedl ings  would save  $10.40. 
These savings  i n  e f f o r t ,  time, and money make 
spot  seeding an a t t r a c t i v e  establishment method 
f o r  farmers, 4-H Club s tuden t s ,  and landowners 
with small, understocked t r a c t s .  
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2 / Dane Roten- 

Abstract.--The N,C. Division of Fores t  Resources is  
u t i l i z i n g  a Mark T I  a e r i a l  i g n i t i o n  d ispenser  developed 
by the  P a c i f i c  Fores t  Research Center i n  Vic tor ia ,  B r i t i s h  
Columbia, t o  conduct prescribed burnfngs. The dispenser 
is mounted i n  a UHlB he l icopter .  The a e r i a l  i g n i t i o n  
device (AID) is a polystyrene b a l l  conta in ing  potassium 
p e m n g a n a t e .  I g n i t i o n  occurs i n  25 t o  30 seconds a f t e r  
t h e  AID is i n j e c t e d  with an e thylene  g lyco l  so lu t ion .  
Average c o s t  f o r  f i r i n g  f o r  hazard reduct ion  and s i l v i -  
c u l t u r a l  burning i s  $1.33 per  ac re  and $1.53 f o r  s i t e  
prepara t ion  burning, 

The use of  a e r i a l  i g n i t i o n  i n  prescr ibed  
burning was f i r s t  developed i n  A u s t r a l i a  during 
the  mid-sixt ies f o r  hazard reduct ion  purposes. 
An automated machine mounted i n  a fix-winged 
a i r c r a f t  was used t o  e j e c t  incendiary  capsules 
a t  a predetermined spacing along p a r a l l e l  
f l i g h t  l i n e s  over t he  a r ea  t o  be burned. An 
a i r c r a f t  was capable of  s a f e l y  burning up t o  
30,000 a c r e s  i n  a s i n g l e  day (Dept. of 
Forestry,  Western Aus t r a l i a ) .  

The N. C, Division of Fores t  Resources 
f i r s t  became aware of a e r i a l  i g n i t i o n  burning 
techniques while hos t ing  an Aust ra l ian  f i r e  
s tudy tou r  during 1971, I n  1975, I had the  
opportunity t o  p a r t i c i p a t e  i n  a r e t u r n  f i r e  
s tudy tour .  While w e  d id  no t  see an a e r i a l  
i g n i t i o n  prescr ibed  bum,  t he  r e s u l t s  were very 
obvious. Hazardous f o r e s t  f u e l  accumulation i n  
t he  commercial eucalypt  f o r e s t ,  a condi t ion  
which o f t e n  r e su l t ed  i n  l a r g e  des t ruc t ive  f i r e s ,  
had been p r a c t i c a l l y  e l iminated ,  

I n  1977, t he  N , C .  Division of Fores t  
Resources, i n  cooperat ion wi th  Weyerhaeuser 
Comppanyy, borrowed a Mark I1 a e r i a l  i g n i t i o n  
dispenser from Premo P l a s t i c s  loca ted  i n  
Victor%a, B r i t i s h  Columbia, t o  conduct a e r i a l  
i g n i t i o n  s tud ie s .  The r e s u l t s  were so  
impressive t h a t  a Mark I1 dispenser  was 

I f  Paper presented a t  Southern S i l v i -  
cu l tu rn1  Research Conference, Atlanta,  Georgia, 
Hovember 6-7, 1980, 

2 1  Dane Roten, Senior S t a f f  Fores ter ,  F i r e  
~ o n t r G l  S t a f f  , N, C, Division of  Fores t  Resources, 
P.0, Box 27687, Raleigh, Gnrth Carolina 27611, 

purchased and i n s t a l l e d  on a UHlB hel icopter .  
Since the  i n i t i a l  purchase, two add i t i ona l  
d ispensers  have been obtained. 

The Hark I1 a e r i a l  i g n i t i o n  dispenser was 
developed by the  Pac i f i c  Forest  Research Center 
i n  V ic to r i a ,  B r i t i s h  Columbia. It i s  manu- 
fac tured  and so ld  by Premo P l a s t i c s  Engineering 
Ltd., 863 Viewfield Road, Vic tor ia ,  B r i t i s h  
Columbia. The dispenser has four  feed chutes 
through which a e r i a l  i g n i t i o n  devices (AIDS) a r e  
dispensed. Each chute is  capable of dispensing 
one AID pe r  second. The chutes may be operated 
i n  any combination of one t o  four ,  The number 
of chutes a c t i v i a t e d  and the  speed of t he  
he l i cop te r  determines t he  i g n i t i o n  spacing along 
the  f l i g h t  l i n e .  The a e r i a l  i g n i t i o n  device 
(AID) i s  a high impact polystyrene b a l l  1.25 
inches i n  diameter. It contains 3.5 grams of 
potassium p e m n g a n a t e ,  As t h e  AIDS a redispensed  
through t h e  chutes, they a r e  automatical ly 
i n j e c t e d  by a hollow s t e e l  needle with 1 m l .  of 
50% ethylene  g lycol  so lu t ion ,  The chemical 
r eac t ion  normally produces (Sain 1979) i g n i t i o n  
i n  about 25 t o  30 seconds, 

The ob jec t ives  of  our a e r i a l  i g n i t i o n  
program a r e  t o  expand prescr ibed  burning 
c a p a b i l i t i e s  f o r  hazard reduction,  s i t e  prep- 
a r a t i on ,  and s i l v i c u l t u r e  burnings and t o  develop 
techniques f o r  burning-out and backf i r ing  i n  t h e  
con t ro l  of  w i ld f i r e s .  

The procedure mst o f t en  used i n  a e r i a l  
i g n i t i o n  f o r  hazard reduction and s i l v i c u l t u r a l  
burning is t o  f i r e  t he  base l i n e  domwind and 
allow the  f i r e  t o  back a s a f e  distance.  The base  
l i n e  is usual ly  f i r e d  by hand; however, i t  may be 



f i r e d  by a e r i a l  i g n i t i o n  i f  r ead i ly  v i s i b l e  from 
the  he l i cop te r ,  When the  base l i n e  i s  secure,  
f l i g h t  Lines are f 2 o m  upwind st a predetermined 
spacing,  This procedure keeps t he  he l i cop te r  
out  of t he  smoke and r e s u l t s  i n  a backing f i r e  
should a breakdown occur. Other methods of 
f i r i n g  may be des i r ab l e  when the  base l i n e  is  not 
perpendicular  t o  t he  wind d i r ec t ion ,  

S tudies  conducted by the  N.C. Division of 
Forest  Resources i n d i c a t e  t h a t  t he  spacing of 
spot  f i r e s  determines the i n t e n s i t y  of t he  b u m  
wi th in  c e r t a i n  l i m i t s .  These observations 
i n d i c a t e  t h a t  c lo se  spacing r e s u l t s  i n  a  s h o r t e r  
burn-out time with more hea t  being re leased  per  
u n i t  of time and consequently r e s u l t i n g  i n  a 
more i n t ense  burn. These observations concur 
wi th  research  done by Sacket t  which indica ted  
t h a t  c lo se  spacing (Sacket t  1968) produced more 
in t ens ive  burns. Optimum spacing t o  maximize 
r e s u l t s  and t o  minimize cos t s  i n  hazard 
reduction and s i l v i c u l t u r e  burnings appears t o  
be about two chains by two chains when burning 
under Division of Forest  ~ e s o u r c e s ' s  guide l ines .  
When s tand condit ions a r e  such t h a t  a  more 
i n t ense  burn is  required e i t h e r  t o  e l iminate  
add i t i ona l  f u e l  i n  hazard reduction o r  t o  k i l l  
l a r g e r  diameter hardwoods f o r  s i l v i c u l t u r e  
purposes, t he  spacing may be reduced. During 
marginal burning condi t ions ,  c lo se r  spacing may 
be used t o  i n t e n s i f y  t he  b u m  i n  s tands  t h a t  
otherwise would be d i f f i c u l t  t o  bum under 
e x i s t i n g  weather condit ions.  

The Mark I1 dispenser  t ranspor ted  by a 
UHlB he l i cop te r  has the c a p a b i l i t y  of f i r i n g  
approximately 1,000 acres  per  hour when f l i g h t  
l i n e s  a r e  spaced one chain apa r t .  Production 
can be increased by inc reas ing  the  d is tance  
between f l i g h t  l i n e s .  

F i r i ng  techniques and i g n i t i o n  spacing may 
vary considerably i n  s i t e  prepara t ion  burning. 
The various techniques of s t r i p  spo t  f i r i n g ,  
perimeter  f i r i n g ,  key ho le  f i r i n g ,  p lus  the  
technique of s t a r t i n g  i n  t he  center  and f i r i n g  
outward i n  increas ing  c i r c l e s  may a l l  be used 
successfu l ly .  A s  with hazard reduction f i r i n g ,  
the burn-out time can be reduced and the  f i r e  
i n t e n s i t y  increased by reducing the  spacing 
between spot  f i r e  i gn i t i ons .  Very s t rong 
convection can be formed i n  heavy f u e l s  by rapid  
c lo se  spaced f i r i n g  techniques which produce 
e f f e c t s  s i m i l a r  t o  mass i gn i t i on .  

I n  an e f f o r t  t o  minimize s tand damage when 
burning i n  an e x i s t i n g  s tand,  we recommend s t r i c t  
adherence t o  t he  guide l ines  e s t ab l i shed  by 
Sackett .  Research done by Sackett  i nd i ca t e s  
t h a t  t he  optimum r e l a t i v e  humidity range f o r  a  
successfu l  bum is  30% t o  60% and the  optimum 
wind (Sackett  1968) between one and f i v e  miles per 

h o ~ r .  A rule-of-thumb f o r  convert ing open 20 
"00 t standard wind v e l o c i t i e s  t o  in-woods 
v e l o c i t i e s  is: I n  closed canopies - 10% of 
gpen ydind ve l cc i ty ,  i n  open s tands  such a s  
n a t a r a l  longleaf  - 25% of open wind ve loc i ty .  
As a guide, we have used 6 P F  a s  an upper 
temperature l i m i t  f o r  winter  hazard reduction 
burning. These guides a r e  conservative when 
b-xm i.ng i n  more mature pine s tands  ; however, 
they a r ?  r e a l i s t i c  when burning i n  younger pine 
p l an t a t i ons .  

The N.C. Division of Forest  Resources does 
con t r ac t  a e r i a l  i g n i t i o n  f o r  the  f o r e s t  land of 
t he  S t a t e .  P r i ce s  a r e  graduated depending upon 
the  s i z e  of the  a r ea  t o  be burned. The charges 
range from $5.00 per  ac re  f o r  t r a c t s  l e s s  than 
30 ac re s  down t o  $1.50 per  ac re  f o r  t r a c t s  over 
1,000 acres .  These charges cover t he  cos t  of 
A I D s  (LO$ each),  opera t ing  c o s t  of t he  UHlB 
h e l i c o p t e r  ($130/hr.),  and the  cos t  of personnel  
and equipment required t o  execute t he  burn. 
Addit ional  charges a r e  made f o r  l i n e  construction.  
These charges vary from $75 per  mile f o r  plowed 
l i n e s  i n  e x i s t i n g  s tands  t o  $190 f o r  bladed 
l i n e s  i n  s i t e  prepared areas.  Our average cos t  
f o r  A I D s  and he l i cop te r  opera t ion  f o r  t h e  pas t  
year was $1.31 per  ac re  f o r  hazard reduction 
and s i l v i c u l t u r e  burns and $1.57 per  ac re  f o r  
s i t e  prepara t ion  burns, 

Las t  year we burned 12,148 ac re s  f o r  hazard 
reduction,  s i l v i c u l t u r a l  purposes and w i l d l i f e  
h a b i t a t  improvement, and 5,873 ac re s  f o r  s i te  
prepara t ion  f o r  a  t o t a l  of 18,021 acres .  We have 
a need t o  burn 200,000 ac re s  annually f o r  hazard 
reduction and s i l v i c u l t u r e  purposes. While we do 
not  a n t i c i p a t e  ever  having the  capab i l i t y  t o  
completely f u l f i l l  t h i s  need, we do hope t o  develop 
p r i v a t e  cont rac tors  capable of providing t h i s  
s e r v i c e  t o  the  l a r g e  i n d u s t r i a l  landowners, 
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Abstract,--Upland hardwood s tands  on good s i t e s  were 
burned a f t e r  c l e a r c u t t i n g  t o  determine t h e  e f f e c t s  of f i r e  
on spec i e s  dens i ty ,  frequency , composit ion,  and dominance. 
One f i r e  i n  4 -  t o  6-year-old stands d i d  n o t  s u b s t a n t i a l l y  
a l t e r  a t rend  whereby oak was replaced by o the r  spec ies .  
The s t ands  recovered rapid ly  from t h e  f i r e s  and l o s s  of 
growth and stem q u a l i t y  appeared t o  be small. Increased 
browse dens i ty  and herbaceous coverage improved w i l d l i f e  
h a b i t a t .  

A p a r t i c u l a r l y  vexing problem i n  upland 
hardwood management has  been t h e  i n a b i l i t y  t o  
adequately regenerate oak on good sites. Recog- 
n iz ing  t h i s  problem, t h e  1979 John S. Wright 
Fores t ry  Conference a t  Purdue Universi ty was en- 
t i t l e d  "Regenerating oaks i n  upland hardwood 
fo re s t s . "  In  a recent  research  evalua t ion  the  
Hardwood Research Council described t h e  regenera- 
t i o n  of  oak problem a s  "most urgentt t  (NcLintock 
1979). 

A dec l ine  of oak on good s i t e s  w i l l  have a 
s u b s t a n t i a l  impact on timber production through 
t h e  l o s s  of high q u a l i t y  oak veneer and sawlogs. 
On poorer sites--where oak seems t o  regenera te  
readily--timber is o f t en  poor qua l i t y  and s u i t a b l e  
only f o r  low-value products .  

The g r e a t e s t  impact of oak l o s s  may be upon 
w i l d l i f e  because oak is an important food source 
f o r  many species .  Van Dersal (1940) reported 
t h a t  186 d i f f e r e n t  kinds of  w i l d l i f e  feed on oak, 
and t h a t  acorns were a prefer red  o r  s t a p l e  food 
f o r  a g rea t  number. Hamilton (1941) reported t h a t  
deer mice, white-footed mice, and red-backed 
vo le s  o f t en  a t e  l a r g e  q u a n t i t i e s  of mast, pa r t i c -  
u l a r l y  beechnut and acorns. ( S c i e n t i f i c  and 
common names of a l l  spec i e s  a r e  included i n  t he  
appendix.) From an in t ens ive  review of food hab i t  

I /  Paper presented a t  Southern S i l v i c u l t u r a l  
fieseatch Conference , Atlanta  , Georgia, 
November 6-7, 1980. 

21 Wi ld l i f e  Bio logis t  and P r inc ipa l  
~ i l v i T u l  t u r i s  t , respect ive ly  , a t  t h e  Sewanee 
S i l v i c u l t u r e  Laboratory, maintained a t  Sewanee, 
Tennessee, by the  Southern Fores t  Experiment 
S t a t i on ,  Forest  Service-USUA, i n  cooperation with 
t he  Universi ty of t he  South. 

s t u d i e s ,  Martin, Zin, and Nelson (1951) drew t h e  
fol lowing conclusions : In  t h e  Southeast ,  oak 
ranked f i r s t  i n  percentage of u se  by w i l d l i f e  and 
only Panicum spp. and c o n  were used by more 
spec ies .  I n  t h e  ea s t e rn  United  state^, oak cm-  
pr i sed  over 25 percent  of t h e  d i e t  of wood duck, 
wild turkey,  b lue  jay ,  b lack  bear,  raccoon, l e s s e r  
p r a i r i e  chicken, ea s t e rn  fox s q u i r r e l ,  gray squi r -  
rel, and whi te- ta i led  deer .  Oak comprised over 5 
percent  of t h e  d i e t  of  ruf fed  grouse, bobwhite 
q u a i l ,  common grackle ,  white-breasted nuthatch,  
brown thrasher ,  t u f t ed  titmouse, rufous-sided 
towhee, red-bell ied woodpecker, red-headed wood- 
pecker, f l y i n g  s q u i r r e l ,  e a s t e rn  chipmunk, and 
whi te  footed mouse. 

Recent s tud i e s  have documented the  l o s s  of 
oak from good hardwood s i t e s .  McGee and Hooper 
(1970, 1975) found t h a t  a s tand of high q u a l i t y  
mixed hardwoods i n  t he  southern Appalachians, 
which had been mostly oak with p r o l i f i c  advance 
reproduction,  converted quickly t o  yellow-poplar 
following c l ea rcu t t i ng .  In a summary of research  
i n  t he  c e n t r a l  Appalachians, Trimble (1973) and 
Smith (1979) concluded t h a t  n e i t h e r  se lec t ion-  
cu t t i ng  nor c l ea rcu t t i ng  adequately regenerated 
oak on exce l l en t  sites ( s i t e  index 80). Yellow- 
poplar  was a major component of regenerat ion on 
such sites. They found t h a t  on f a i r  oak s i t e s  
( s i t e  index 60), c l ea rcu t t i ng  regenerated oak 
b e t t e r  than se lec t ion-cut t ing .  Merz and Boyce 
(1958) found i n  southern Ohio t h a t  cu t t i ng  inten- 
s i t y  may have a g rea t e r  impact on oak regenerat ion 
than s i t e  qua l i t y .  However, t he  genera l  t rend  on 
good s i t e s  has  been t h e  l o s s  of oak a f t e r  e i t h e r  
se lec t fon-cut t ing  o r  c l ea rcu t t fng .  

Recent hardwood Mnagement guide l ines  
suggest t h a t  the  perpetuation of oak i n  new s t ands  
probably depends on the  presence of s u f f i c i e n t  
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i-,i. r: , i f f e c t e < i  t h ~  e,tab'lishme:!t of oak  : i , r r ~ d s .  

T,oss i7f h c  r t c a n  cl r s t r u t  prchabl-4 held 3.7 

t . !  E t c t  simi1:ir  t a  t imber  h a r v e s r i n g .  n c p e n d ~ n -  
or: thr. dominance and d i s t r i b u t i o n  c t  c h e s t n u t  in 
ti:< s t a n d ,  d i f f t r t n t  t y ~ 5 . s  of c t r t t  ing vo~ll.(i b ,we 
kc I li s l m t l < l t e d .  S i n c e  d i f f e r e n s  3cttin;: prbc-ci.cr 

st nn t improved o,lk r egen t . r a t  ion,  t h c  :-OLE. 0 1  
: .;*- I n  ~ h t e  o r i g i n  of  oak s t ,nds  seem worthy o f  
c1.r:: i d e r a t i o n .  

t::trren ( 1 3 4 3 ) ,  i n  a  r ev iew of. i l r c  c i f e c t s  
or s o u t h e a s t e r n  v e g e t t i t i o n  s a i d  f i r e  w2,s o f  -;,? j o r  
c c o l o g l c a l  importance.  I n  some p a r t s  o f  t l l c  
r'xglon, f i r e  seen:s t o  e x e r t  a s  much i n f l u e n c e  <is 
c l  j-nate and so i l .  i n  d e t e r m j n i n g  t h e  dnmin'2rlt t l  

i;f . ; c l ~ ~ t a t i o n .  Tk? r o l e  o f  f i r e  i n  imai.ntdixiiig 
t:'lny c o n i f e r  f o r e s t  t y p e s  i n  t h e  e a s t e r n  P n i t e d  
S t r L t e s  k a s  bcen l o n g  recogn ized  ( L i t t l e  and Ffosre 

$0) There  i s  much s p e w ;  a t i c n  l - i ~ i z l i t t f  e 
t ~. i c l tncc  of  f i r e ' s  r o l e  i n  t h e  e s t a b ' l i  ,:xment ci.f 
c ~k : , t , nds  ( X c r r t t t  1979, Sander  1977 1 . St€;-hcss  
; nd Waggoner (1996) t h i n k  t h a t  don?iran,:c o f  oak 
ic Connec t i cu t  is l i k e l y  t h e  r e s u l t  o f  b c ~ t E ~  f i r c .  
<tn.l rc i? '  a t e d  c l e a r c u t t i n g  f o r  ftlelwocd arrd char-  
c - ~ ~ ~ I I  p r o d u c t i o n ,  ' is w e l l  a s  t h e  l o s s  o f  r.t~c:stnut. 

The rrcled t o  de te rmine  i f  f i r e  a c t u a l l y  
d a major  r o l e  i n  e s t a b l i s h i n g  oak on good 

i t < : ;  l e d  t u  t k Z i s  s t u d y .  I t  r e p o r t s  on t h e  e f f t c t s  
cf L ~ r n i r t g  sonng upland hnrdlJ:i:c:oJ s t ~ ~ n c l s  t h a t  had 
- t T - 0  l o p t d  a f t e r  c l c a r c u t t  i l l y , .  Thf s t u d y ' s  b road  
i : t j c c r i v e  is t o  d t t t r m i n c  Lf f i r c  a f f e c t s  t n c  
.. c i e s  compos i t ion  anti clominance of  young hard-  
ccc? s t a n d s .  il s p e c i f i c  i n t e r e s t  i:; t o  de te rmine  

i, :.i;~gLe b u r n s  nl;:>lied a t  d i $ f t r e r , t  s e a s o n s  in-  
2 ,  ' s i  oak  rc iproduct ion or, good site;, The c a G C c ~ : t  
.. ( : 3 rt on ;iellovd-poplar i s  of p n r c i c u l ~ l r  i.n t t  r e s t  
ixct  : - t l lo \+-poplar  i s  o f t e n  <t. n<; jor  co:npc t i t c r  

* 2 a,i:c on g c ~ d  s i t e s  i n  t h e  s o u t h e r n  A p p a l a c 7 ~ i a n  
icunt ' i in  and P l a t c a u  re;-ion.;, 

T t l s  p x p l o r n t o r y  s ' 1 1 ~ ; -  l a c k s  r e p l - i c a t i o n  and 
' - 

--l-:i;i c? t o  a c o ~ 2 n r i , o n  of  s t a n d  development 
1;:- t\--o ? re , l s  burqcc LII t h e  s p r i n g ,  a n r  Ere; I:urntd 

11 t k  f.; L I, t?nd one unEurntld n r e a .  The aim i s  
t o  f o r m u l a t e  r a t t i e r  than  t e s t  hypo theses  concern- 
i n <  the r o l e  of f i r e  i n  hardwood r e g e n e r a t i o n .  
' * n l u a t l ,  S a s i c  d a t a  a r e  p rov ided  on f i r e  e f f e c t s  
: -  --cc;ntT h.;ir;(y.:~sd : t a n d ~  i n  3 r c g i c n  whcrc suck - ' - - 

. -  r e  1 i n .  In fo rmat ion  ga ined  can fo r -  
,;t >t:si~ f o r  f u t u r e ,  n o r e  i n t e n s i v e  r e sca rc t - .  
E,,rTit : r t  p r t c d  r e s u l t s  (XcGee 1979, 1980) ca- 
.'?a. i ; c _  ! t ir.':cr-ri l dr_c_d Yralues w h i l e  t h i s  r z p o r t  
. -  : .  : '- , -i.-"c.r ar;d w i l d l i f e  i m p l i c n t i o r ~ c .  

;-< - ' . ' 7  -[!\- ,?i3 5SSC:IPTION OF STUW AREA 

-a -c , , j L r ~ t l o r  w i t h  Alahams X a r i o n a l  F o r e c t  
~t .- ,Lnnel ,  t ; j u r  str;dy a r e a s  & e r e  e s t a b l i s h e d  i n  
7- ~ r t h e r n  , i.nk;lr;,i L;. t h e  W i 1 l i : m n x  B . Bankhead 

' r e .  A11 : i r eas  a r e  a t  l e a s t  2 ha  ( 5  
, cr- ' , )  i n d  a r c  on s l o p p s  between t h e  s a n d s t o n e  
cop 3f tht- Cur~5rr 'Iand P l a t e a u  and l i m e s t o n e  
;,,ilev:, t o  the  n c r t t - .  E l e v a t i o n  r e l i e f  i s  =ibout 
1~:5  ( 2 - i  i t . ) ,  ra,:gir,;: from 300 xl (1,OOG f t . j  
(3 1 t. p 15: t h e  1,lateau t o  195 m (650 f t. ) i n  t h e  
valleys. S o i l s  l i e  r l o s t l y  o v c r  l i m e s t o n e  b u t  a r e  
st. : ng l s  i n f  I uencc5d by s a n d s t o n e  and sha1.e c o l l u -  
vium fxon t h e  p l a t e a u  t o p .  

4r~,as I , 'I, and 3 a r e  w i t h i n  thr. same s t a n d  
.PC ,irr con t iq i iuus .  ~ s p c c t  r a n g e s  from c a s t  t o  

no:el-t,3bt ir Lrca  3 ,  z o r t h e a s t  t o  n o r t h  i n  a r e a  f 

. nd nor  r;: t o  w 2 ~  E i n  area 2 .  ;ire; r ,  : and 3 are  

. idjnc_e>,t  and qii3 t e  r i m i l a r  excep t  a r e a  3 i c  2 11.- 

+ ' - 6 :  * 21psiopc . ~ 3 0  th  ii1-C' yood h a r d ~ . ~ c c d  s i t e s  W : I C ~ C  

niort- a,;.sic- p ~ c  i e s  mi:zi.i t *ompe t e  bc.avil.1; wS t h  
c;aks. ;2rr,l 2 i s  a  s l i g h t l y  poczc r  s i t e  d-16 t o  
7 ~~,+ , , , i c ,  7 n  T i  i p e c t  and l e s s  p r c t e c t i + m  iron; su r rc :  nd iny  
r e r r n i n ,  Oaks were expec ted  t o  compete wr.11 wi th  
ot!:er s p e c i e s  on t h i s  5 i t e .  Area 4 i s  1 4 . 3  lm 
( I ?  qi3t.s) t .ast  o f  t h e  o t h c r  t h r e e  a r e a s .  Prtta 4 
J -  ~ r ,  a norrf- f.it,j.ilp s l o p e  above a  b ranch  or  
? 'ndi<>n Ccick ,  The c r  ~c 1. ha-. eroded t h r o u r ' ,  t E , c  
sa-d: , tnne cap  ~f t h e  plattzail t o p  and fortntd ; i e t*F  
i 11;: f s t o  t h e  n o r t h  and e a s t .  As a r e s u l t  t h j s  
a r e a ,  t s p c c i a l l y  t h e  mid and lower  s l o p e ,  i s  w e l l  
p r o t c ~ c t e d  and t t ie  most mes ic  of a 1 1  a r e a s .  Area 
4 i s  s i m i l a r  t o  a r e a s  1  and 3 .  

P r i o r  t o  h a r v e s t  e a c h  a r e a  suppor ted  sa.w- 
t imber  s t a n d s  of mixed hardwoods. The s t a n d s  
Gere predon!ii?ately oak w i t h  s c a t t e r e d  yellow- 
p o p l a r ,  w h i t t  abh,  h i c k o r y ,  and o t h e r  s p e c i e s .  
The t imber  was good w i t h  numerous i n d i v i d u a l  s t e a  
of h igh  quc:l-ir:-. 

Treatments  

Harves t  and s i t e  p r e p a r a t i o n  fo l lowed  pre-  
s c r i b e d  n a t i o n a l  f o r e s t  t e c h n i q u e s .  E e r c h a n t a b l t  
t i rcber  i n  n r e a s  1 ,  2 ,  and 3 was h a r v e s t e d  i n  au-  
tumn 1970, and a l l  remaining s t ems  2 .54  cm (1 i n  ! 
d ~ h  arid g r e a t e r  were Ln jec ted  w i t h  u n d i l u t e d  
2,;-D i n  c>utumn 1971. In  a r e a  4  t i x b e r  was 



harves ted  i n  a u t u m  1973, and s i t e  s i m i l a r l y  
prepared i n  a u t u m  1975. 

A r e a  1 was burned i n  A p r i l  1976, f i v e  grow- 
ing seasons  a f t e r  harvest and four growing 
seasons  a f t e r  i n j e c t i o n .  Area 2 was burned i n  
Pjovember 1976, s i x  growing seasons  a f t e r  harves t  
and f i v e  growing seasons  a f t e r  i n j e c t i o n .  Area 4 
was burned i n  March 1978, f o u r  growing seasons 
a f t e r  ha rve s t  and two growing seasons a f t e r  
i n j e c t i o n .  Area 3 was no t  burned. 

F i r e  i n t e n s i t y  v a r i e d  between and wi th in  a l l  
burns .  The burn on a r e a  1 was a s t r i p  head f i r e  
that was gene ra l l y  l i g h t  and spo t t y .  Twenty 
percent  o f  t h e  a r e a  was v i r t u a l l y  burn-free and 
an a d d i t i o n a l  36 percent  rece ived  a l i g h t  burn 
wi th  on ly  t h e  top  l o o s e  l a y e r  of  l i t t e r  consumed. 
The f i r e  was l i g h t  due t o  h igh  f u e l  mois ture  and 
p a r t i a l  greenup. As a r e s u l t  of low i n t e n s i t y  
and coverage many stems were n o t  top-k i l led .  

The burn on a r e a  2 was a l s o  a s t r i p  head 
f i r e  bu t  coverage was good and i n t e n s i t y  moderate 
wi th  l o o s e  l i t t e r  and o t h e r  f i n e  f u e l s  consumed. 
A 1 1  reproduct ion ,  except  t h e  l a r g e s t ,  was top- 
k i l l e d .  Area 4 was burned w i th  a r i n g  head f i r e .  
Coverage was e x c e l l e n t ,  t h e  f i r e  was i n t e n s e ,  and 
a l l  stems were t op -k i l l ed .  

Data Col lec t ion  

Densi ty and composition of a l l  woody t axa ,  
except  lowbush b l u e b e r r i e s  and woody v ine s ,  were 
checked w i th  a g r i d  of  permanent sampling po in t s .  

Po in t s  were spaced 15 m (50 f t . )  a p a r t  w i th  two 
c i r c u l a r  nes ted  quadra t s  a t  each po in t .  Woody 
stems g r e a t e r  than 1.4 m (4.5 f t . )  i n  he igh t  were 
sampled wi th  40.5 m2 ( , O l  a c r e )  quadra t s ,  and 
smal le r  stems were sampled w i t h  4 m2 ( ,001 ac r e )  
quadra t s  which, r e spec t i ve ly ,  g ives  a 20 percent  
and 2 percent  s m p l i n g  i n t e n s i t y .  I nd iv idua l  
stems were recorded by spec i e s  o r  i n  t h e  ca se  of  
h ickory ,  elm, sumac, a z a l e a ,  hawthorn, and plum 
by genera.  

I n i t i a l  i nven to r i e s  were made on a l l  f ou r  
a r e a s  p r i o r  t o  burning. Followup i nven to r i e s  
were made year ly  a f t e r  each growing season.  
Because of d i f f e r e n t  ha rve s t i ng  and burning d a t e s ,  
t h e  number of years  of d a t a  c o l l e c t i o n  from each 
s tudy  a rea  v a r i e s  ( t a b l e  1 ) .  Data through t h e  
1979 growing season a r e  included i n  t h i s  r e p o r t .  

Addi t iona l  d a t a  were c o l l e c t e d  i n  1979 t o  
determine he ight  and dominance of woody stems and 
coverage by herbaceous and v ine  spec i e s .  Height 
and dominance was sampled by d iv id ing  each 40.5 m2 
dens i t y  quadrat  i n t o  quadrants  and record ing  t h e  
spec i e s  and he ight  of t h e  t a l l e s t  woody stem i n  
each quadrant .  Therefore,  400 dominant stems 
were t a l l i e d  f o r  each .4 ha (1 a )  sampled a r e a .  

Coverage by herbaceous spec ies  and woody 
v ines  was v i s u a l l y  es t imated  on 1 m2 (10.8 f t  .2) 
c i r c u l a r  quadra t s .  One quadrat  w a s  l o ca t ed  1.5 m 
( 5  f t  .) t o  t he  r i g h t  of each permanent sampling 
po in t .  F i e ld  da t a  were recorded by spec i e s  o r  
genera,  bu t  s eve ra l  taxa were grouped i n t o  va r i ous  
vege t a t i ve  ca t ego r i e s  f o r  d a t a  a n a l y s i s .  

Table 1.--Sequence of  t rea tments  and i nven to r i e s  on fou r  a r e a s  used t o  s tudy  t h e  e f f e c t  of 
burning young hardwood s t ands  on t he  southern  Cumberland P la teau ,  William B .  Bankhead 
National  Fores t  , Alabama 

Treatments and Inven to r i e s  

Area I n i t i a l  ~ e - i n v e n t o r i e d /  
Number Harvest  I n j e c t i o n  Inventory Burned l y r .  2 y r .  3 y r .  4 y r .  

1 F a l l  F a l l  Feb . Apr i l  9 ,  Sept .  Oct. Nov. Sept .  
1970 1971 1976 (5)Lf 1976 (5)L1 1976 1977 1978 1979 

2 F a l l  F a l l  Feb . Nov. 7, Oct. Nov . Oct. 
1970 1971 1976 (5) 1976 (6)  1977 1978 1979 

3 F a l l  F a l l  March Not No Oct. Nov. Sept .  
1970 197 1 1976 (5) Burned Data 1977 1978 1979 

4 F a l l  F a l l  Oct. March 2 0 ,  Nov . Sept .  
19 73 1975 1977 (4) 1978 (4) 19 78 1979 

I f  Numbers i n  pa r en the s i s  a r e  age  of s tand  i n  yea r s .  - 

2f Re-inventories  a r e  re fe renced  by t h e  number of  growing seasons s i n c e  burning f o r  a r e a s  
1 ,  2,-and 4 and growing seasons s i n c e  i n i t i a l  inventory f o r  unburned a r ea  3 .  



RESLZTS 

Densi ty and Spec ies  Composition of  Woody S z e m  

The d e n s i t i e s  repor ted  below w i l l  be t h e  
number of s tems p e r  0 . 4  ha ( 1  a ) .  Report ing 
woody d a t a  i n  2 s i z e  c l a s s e s  f a c i l i t a t e s  an 
understanding of s tand  s t r u c t u r e .  

d e s i r a b l e  browse such a s  red maple, blackgum, dcg- 
wood, w h i t e  oak,  and smooth hydrangea had t h e  
h ighes t  d e n s i t y  i n c r e a s e .  The i n c r e a s e  was per- 
s i s t e n t  and was 211, 171, and 67 percen t  g r e a t e r ,  
r e s p e c t i v e l y ,  than pre-burning d e n s i t i e s  on are& 

f o u r  y e a r s  a f t e r  burning,  on a r e a  2 t h r e e  years  
' a f te r  burning,  and on a r e a  4 two years  a f t e r  
S ~ r n i r ~ g ,  The i n i t i a l  percentage i n c r e a s e  on a r e a  
i was smal le r  b e c d u s e  i t  was younger when Surncd .  

Small Stems 
Large Stems 

On unburned a r e a  3 t h e  d e n s i t y  of s a a l !  
stems (2 1.4 m i n  h e i g h t )  began decreas ing  af t i?r  
age  5 ,  when t h e  i n i t i a l  inven tory  was c ~ n l : ~ c t e d .  
Two y e a r s  a f t e r  i n i t i a l  inven tory  d e n s i t y  had 
decreased t o  7,623 from 11,249. Although d e n s i t y  
increased  t o  13,749 f o u r  y e a r s  a f t e r  i n i t i a l  in-  
ven tory ,  t h e  i n c r e a s e  was due t o  many very  small  
s e e d l i n g s ,  p r i m a r i l y  r e d  maple. Few of t h e s e  
were expected t o  s u r v i v e .  On a11 burned a r e a s  
t h e  d e n s i t y  increased  s u b s t a n t i a l l y  t h e  f i r s t  
y e a r  a f t e r  burning and then g e n e r a l l y  began a  
d e c r e a s e  toward preburn l e v e l s .  The i n i t i a l  in -  
c r e a s e s  were from 7,790 t o  23,771 on a r e a  1 ;  
11,867 t o  36,785 on a r e a  2; and 18,749 t o  31,234 
on a r e a  4 .  The i n c r e a s e s  were due p r i m a r i l y  t o  
s p r o u t i n g  from t o p k i l l e d  s tems.  A f t e r  1  y e a r  t h e  
number o f  s p r o u t s  on a l l  a r e a s  began t o  decrease .  
But d e n s i t y  on a r e a  1, s i m i l a r  t o  a r e a  3 ,  was in- 
c reased  by t h e  presence  of many red  maple 
s e e d l i n g s .  These two a r e a s  a r e  cont iguous wi th  a  
red  maple seed s o u r c e  i n  t h e  sur rounding  f o r e s t  
and from a few r e s i d u a l s  n o t  k i l l e d  dur ing  s i t e  
p r e p a r a t i o n .  

Although major s h i f t s  i n  s p e c i e s  composition 
d i d  n o t  appear  a f t e r  burning,  some changes were 
a p p a r e n t .  Despi te  being t o p k i l l e d  by f i r e ,  a l l  
hardwood s p e c i e s  sprou ted  t o  some degree .  How- 
e v e r ,  a  common c h a r a c t e r i s t i c  o f  oaks on a l l  
a r e a s  was t h a t  n o r t h e r n  red  oak--the most pre- 
f e r r e d  oak species--did n o t  s p r o u t  a s  w e l l  a s  
b l a c k ,  s c a r l e t ,  whi te ,  o r  c h e s t n u t  oak.  Red 
maple sprou ted  v igorous ly  and increased  i n  r e l a t i v e  
importance on a l l  a r e a s .  Yellow-poplar r e a c t e d  
d i f f e r e n t l y  between t h e  a r e a s .  Immediately 
fo l lowing  t h e  f i r e s  yellow-poplar increased  on 
a r e a  1 b u t  decreased on a r e a s  2 and 4. On a r e a  4 ,  
where t h e  f i r e  was h o t  and reproduc t ion  s m a l l e r ,  
many yellow-poplar were k i l l e d .  Yellow-poplar 
d e n s i t y  was very low on a r e a  2 b e f o r e  t h e  f i r e  
and almost  n o n e x i s t e n t  3 y e a r s  l a t e r ,  The g r e a t e s t  
change on t h e  unburned a r e a  was a  l a r g e  d e c r e a s e  
i n  yel low-poplar .  Densi ty o f  smal l  oaks  a l s o  
decreased .  S ince  a l l  stems t h a t  become a member 
of t h e  o v e r s t o r y  i n  t h e  f i n a l  s t a n d  must grow i n t o  
t h e  l a r g e r  s i z e  c l a s s  ( g r e a t e r  than 1.4 m), a  more 
d e t a i l e d  d i s c u s s i o n  of d e n s i t y  and composition 
change is presen ted  i n  t h a t  s e c t i o n  of t h e  r e p o r t .  

Smaller  s i z e  stems were most a v a i l a b l e  a s  
browse f o r  white- tai ler :  d e e r ,  Not on ly  was browse 
q u a n t i t y  i n c r e a s e d ,  browse q u a l i t y  was a l s o  
improved ( B l a i r  e t  a 1  . 1980) . Some of  t h e  more 

Absolute Density .--Enburned a r e a  3 i s  a  good 
example of  how a young s t a n d  of hardwoods w i l l  
develop fo l lowing  s i l v i c u l t u r a l  c l e a r c u t t i n g .  
Density of l a r g e  stems ( g r e a t e r  than 1.4 m i n  
he igh t )  rn<lched a  peak of 5,140 per  0 . 4  ha a t  age 
7 .  Due t o  ~ n g r o w t h  from t h e  smal le r  ca tegory ,  
oak,  yeltow-poplar,  r ed  maple, h ickory ,  and elm 
increased  i n  d e n s i t y  s i n c e  t h e  i n i t i a l  inven tory  
3~ age 5 .  Black cher ry  and whi te  a s h  increased  
very  l i t t l e .  As expe-ted,  d e n s i t y  of l a r g e  stems 
decreased markedly t h e  f i r s t  year  a f t e r  burning.  

Tile s m a l l e s t  percentage decrease  was i n  a r e a  
1 where many l a r g e  stems were n o t  t o p k i l l e d  by 
t h e  Less i n t e n s e  f i r e .  Stem d e n s i t y  on a l l  
burned a r e a s  is now g r e a t e r  than preburn l e v e l s .  
For a r e a s  1 ,  2 ,  and 4 ,  r e s p e c t i v e l y ,  4 ,  3 ,  and 2 
growing seasons a f t e r  burning,  l a r g e  stem d e n s i t i e s  
sre 5,335; 4,717; and 5,822. 

R e l a t i v e  Density.--Changes i n  s p e c i e s  compo- 
s i t i o n  a s  s t a n d s  age  o r  a s  a  r e s u l t  of a  
d i s tu rbance  such a s  f i r e  a r e  more ev iden t  when 
comparing r e l a t i v e  d e n s i t y  than a b s o l u t e  d e n s i t y .  
R e l a t i v e  d e n s i t y  p r e s e n t s  d e n s i t y  on a  percen tage  
b a s i s  r a t h e r  than a s  a c t u a l  number of stems 
( t a b l e  2) . When comparing changes i n  r e l a t i v e  
d e n s i t y  on t h e  unburned a r e a  s i n c e  i n i t i a l  inven- 
t o r y ,  t h e  most apparen t  f e a t u r e  i s  t h e  s t a b i l i t y  
of s p e c i e s  composition. From age 5 t o  age  9 i f  
i n d i v i d u a l  oak s p e c i e s  a r e  excluded, yellow- 
popla r  had t h e  g r e a t e s t  loss--from 17.7 percen t  
t o  14.7 percen t .  Red maple had t h e  g r e a t e s t  
increase--from 11.7 percen t  t o  13.7 p e r c e n t .  
Although oak t o t a l s  changed l i t t l e ,  d i f f e r e n c e s  
wi th in  t h e  oak group were ev iden t .  Northern r e d  
oak decreased s u b s t a n t i a l l y  whi le  b lack  oak,  
s c a r l e t  oak, and whi te  oak increased  a t  j u s t  
about t h e  same r a t e .  

There were some changes i n  r e l a t i v e  d e n s i t y  
between preburn and postburn popula t ions .  me 
g r e a t e s t  changes a f t e r  4  years  on a r e a  1 was a  
decrease  In yellow-poplar from 22.6 percen t  t o  
14.1 percen t  and an i n c r e a s e  i n  red  maple from 
1 . 8  percen t  t o  12.1 percen t .  On a r e a  2 ,  a l l  major 
s p e c i e s  decreased except  ches tnu t  oak and red  maple. 
The major i n c r e a s e ,  from 17.5 percen t  t o  31.0 
percen t  3  y e a r s  a f t e r  t h e  burn,  w a s  i n  t h e  ixiscel- 
laneous hardwood category.  Eighty percen t  of t h e  
stems i n  t h i s  category wtre  snall t r e e  and s 5 r u h b y  
s p e c i e s .  On both a r e a s  1 and 2 ,  t h e  r e l a t i v e  



Table 2.--Relative dens i ty  of  woody stems g rea t e r  than 1.4 m (4.5 f t . )  i n  height  a t  var ious  ages of one 
unburned and t h r e e  burned regenerat ion a r eas  of upland hardwoods on the  southern Cumberland Plateau,  
Bankhead National  Fores t ,  f i a b d i  

Area and Yea 
NRO BO WO CO YP BC WA H I C  RM Elm BG DW 

A m  3 (Unburned) 
I n i t i a l  21.8 8.0 0.8 6.9 6.2 17.7 3.5 3.0 3.3 11.7 5.3 9.8 7.7 16.2 
2 Years 20.1 4.4 3.7 6.2 5.8 14.4 3.0 2.7 2.9 13.5 5.1 9.1 10.5 18.8 
4 Years 21.0 3.8 3.7 8.4 5.2 14.7 2.6 2.6 3.8 13.7 6.3 9.8 10.9 14.6 

AREA 1 
Pre-burn 14.8 7.2 2.0 2.3 3.2 22.6 5.6 6.6 1.9 1.8 2.8 7.6 15.3 21.1 

Burned Spring 1976 
1 Year 7.6 3.1 1.3 0.6 2.6 15.8 7.3 9.8 1.0 11.3 2.1 5.3 15.8 23.9 
2 Years 8.9 3.8 1.2 1.0 2.9 14.1 7.0 8.7 0.9 12.5 1.6 5.2 14.0 27.1 
4 Years 12.2 3.6 2.7 2.6 3.3 14.1 5.2 7.8 2.1 12.1 2.4 6.2 15.1 23.0 

Pre-burn 19.2 5.5 4.6 6.2 2.9 3.2 9.1 5.1 2.0 17.3 9.3 6.7 9.1 17.5 
Burned F a l l  1976 
1 Year 8.7 0.4 3.2 1.6 3.5 3.3 14.1 8.9 1 6  16.5 5.6 3.5 7.1 29.6 
3 Years 14.4 1.3 3.3 5.0 4.8 1.2 8.0 4.8 1.9 19.2 5.3 5.8 8.1 31.0 

AREA 4 
Pre-burn 6.8 1.8 0.2 0.9 3.9 6.7 2.3 1.5 2.4 10.5 0.7 2.8 9.1 55.3 

Burned Spring 1978 
1 Year 10.8 2.6 1.2 0.8 6.3 8.4 5.7 2.6 1.0 9.0 0.4 5.6 2.8 53.1 
2 Years 7.3 2.2 0.8 1.1 3.2 5.1 3.2 1.9 2.8 10.5 0.6 6.0 6.9 55.4 

1/ Rela t ive  dens i ty  = Density per species x 100 - Total  dens i ty  

21 Years i n d i c a t e  t h e  number of growing seasons s ince  i n i t i a l  inventory on a r e a  3 and s ince  burning on 
t h e  o i h e r  a r e a s ;  a r e a s  1, 2, and 3 were 5 years  o ld  a t  f i r s t  inventory and area  4 was 4 years  o ld .  

31 NRO--northern red oak; BO--black oak, s c a r l e t  oak, southern red oak; WO--white oak; CO--chestnut 
oak; ~ ~ - - ~ e l l o w - ~ o ~ l a r ;  BC--black cherry;  WA--white ash;  HIC--hickories; RM--red maple; Elm--elms; 
BG--blackgum; DW--dogwood; Misc. Hdws.--other t r e e s  p lus  shrubby species .  

dens i ty  of nor thern  red  oak was s u b s t a n t i a l l y  re-  
duced a f t e r  burning. On a rea  4 t h e  f a i l u r e  of 
one f i r e  t o  a l t e r  spec i e s  composition was most 
apparent .  Only 2 years  a f t e r  burning t h e  r e l a t i v e  
dens i ty  of a l l  spec ies  except blackgum was very 
s i m i l a r  t o  preburn l e v e l s .  

In  a r e a  4 t h e  percentage of miscellaneous 
hardwoods was very high. Sugar maple, American 
beech, b lack  walnut, and cucumber t r e e ,  spec ies  
c h a r a c t e r i s t i c  of a mixed mesophytic f o r e s t ,  
were present  on t h i s  a r e a  but  absent  from the  
o the r  a r eas .  The major d i f f e r ence  was t h a t  2 
species ,  e a s t e rn  hophornbean and ca ro l ina  buck- 
thorn,  were much more abundant on a r e a  4. 
Eastern hophornbean comprised 20.5 percent  of t he  
t o t a l  s tand  and was the  most abundant s i n g l e  
spec ies .  A s  age increases  sm11 t r e e  spec ies  
w i l l  be l e s s  a b l e  t o  dominate t he  s tands .  

Frequency 

Frequency t o  i nd i ca t e  d i s t r i b u t i o n  of t he  
various spec ies  is presented only  f o r  t he  l a r g e  
stems higher than 1.4 m ( t a b l e  3). Burning gen- 
e a r l l y  had l i t t l e  long term e f f e c t  on spec ies  
d i s t r i b u t i o n  whether comparing preburn wi th  post-  
bum inventor ies  o r  burned a r e a s  with t h e  
unburned area .  An exception was an increase  i n  
red maple on a r ea  1, which went from 15 percent  
before burning t o  91 percent  4 years  a f t e r  burn- 
ing. The red maple increase  on t h e  o the r  a r e a s  
was much smaller .  Frequency of black oak and 
h ic3mries  increased with time on a l l  a reas .  The 
l a r g e s t  decrease i n  frequency, 18 percent ,  
occurred t o  northern red oak on a r e a  2. 



Table 3.--Frequency of woody stems g r e a t e r  than 1.4 m (4.5 f t . )  i n  h e i g h t  a t  v a r i o u s  ages of 1 
unburned and 3 burned r e g e n e r a t i o n  a r e a s  of upland hardwoods on t h e  sou thern  Cumberland 
P l a t e a u ,  Bankhead Nat iona l  F o r e s t ,  ~ l a b a r n d ~  

Area and Year A l l  Misc . 
of inventory?/ Oaks WRO BO WO GO YP BC WA H I C  RN Elm BG DFI Hdws. 

- - - - - - - - - - - - - - m e  P e r c e n t - - - - - - - - - - - - - - - -  
AREA 3 (Unbumed) 

I n i t i a l  90 71 23 62 58 83 71 50 46 85 40 79 92 98 
2 Years  89 67 60 56 62 90 71 56 56 96 42 75 94 83 
4 Years 92 71 60 56 64 83 69 56 62 96 48 83 88 88 

AREA 1 
Pre-burn 89 74 38 42 42 88 86 59 44 15 48 77 97 97 

Burned Spring 1976 
1 Year 70 44 30 17 41 80 79 59 24 73 30 56 82 79 
2 Years 82 64 30 23 4 7  86 82 59 29 80 35 58 89 95 
4 Years 91 73 59 41 56 88 82 62 54 91 45 76 95 97 

-- - 

AREA 2 
Pre-burn 88 57 52 54 21 46 84 62 36 87 67 74 77 92 

Burned F a l l  1976 
1 Year 5 7 5 28 16 18 21 62 43 15 56 36 34 44 80 
3 Years 90 39 69 64 38 36 92 62 62 92 74 80 87 100 
-- -- 

AREA 4 
Pre-burn 62 39 9 17 33 76 45 34 42 78 11  44 88 100 

Burned F a l l  1978 
1 Year 52 22 17 6 22 39 44 22 6 58 6 36 36 94 
2 Years 76 39 30 22 33 69 58 41 56 81 17 70 78 98 

1 /  Frequency = - x 100 
Tota l  number of sample p l o t s  

2/ Years i n d i c a t e  t h e  number o f  growing seasons s i n c e  i n i t i a l  inven tory  on a r e a  3 and s i n c e  
burniKg on t h e  o t h e r  a r e a s ;  a r e a s  1 ,  2 ,  and 3 were 5 y e a r s  o l d  a t  f i r s t  inven tory ,  and a r e a  4 
was 4 y e a r s  o l d .  

3/ NRO--northern r e d  oak; BO--black oak, s c a r l e t  oak, sou thern  r e d  oak;  WO--white oak;  
CO--chestnu t oak;  YP--yellow-poplar ; BC--black cher ry  ; WA--whi t e  a s h ;  BIG--hickories; RM--red 
maple; Elm--elms; BG--blackgum; DW--dogwood; Misc. Hdws.--miscellaneous hardwoods inc lud ing  
o t h e r  t r e e s  p l u s  shrubby s p e c i e s .  

Dominance and Height Growth 

Dominance based on t r e e  h e i g h t  is probably 
t h e  b e s t  key t o  f u t u r e  s t a n d  development because 
t r e e s  i n  s u p e r i o r  p o s i t i o n s  a r e  most l i k e l y  t o  
compete s u c c e s s f u l l y  f o r  n u t r i e n t s ,  wa te r ,  and 
l i g h t .  

Dominance in format ion  is suppl ied  on a r e l a -  
t i v e  b a s i s  by c a l c u l a t i n g  t h e  percentage of t h e  
t o t a l  dominant stems t h a t  was composed of t h e  
same s p e c i e s  o r  s p e c i e s  group ( t a b l e  4 ) .  At age  
9 ,  oaks ,  yellow-poplar,  r ed  maple, b lack  cher ry ,  
and w h i t e  a s h  comprised 76 percen t  of t h e  dominant 
stems on unburned a r e a  3 .  On t h e  burned a r e a s ,  
the above s p e c i e s  increased  i n  r e l a t i o n  t o  elasped 
time s i n c e  burning.  On a r e a  4 ,  two y e a r s  s i n c e  
burn ing ;  a r e a  2 ,  t h r e e  y e a r s  s i n c e  burning;  and 
area 1, f o u r  y e a r s  s i n c e  burning;  t h e i r  r e s p e c t i v e  
combined r e l a t i v e  dominance is  46, 59, and 77 
p e r c e n t .  As time s i n c e  burning i n c r e a s e s  and 
shrubs  and smal l  t r e e  s p e c i e s  a r e  r e l e g a t e d  t o  t h e  

unders to ry ,  t h e  dominance of t h i s  group of s p e c i e s  
on a r e a s  2 and 4 should i n c r e a s e .  But a s  s t a n d  
age i n c r e a s e s  f u r t h e r ,  we expect  a d e c r e a s e  i n  t h e  
v i g o r  of b lack  c h e r r y ,  whi te  a s h ,  and r e d  maple. 
I f  t h i s  is t r u e ,  then yellow-poplar w i l l  be t h e  
g r e a t e s t  competi tor  a g a i n s t  oaks f o r  space  i n  t h e  
u l t i m a t e  overs to ry .  The e f f e c t  of burning on t h e  
dominance of oaks over  yellow-poplar is  mixed. 
Oaks and yellow-poplar a r e  n e a r l y  equal  on a r e a  4 ,  
very  s i m i l a r  t o  unburned a r e a  3.  But on a r e a  1, 
yellow-poplar is  much more dominant and on a r e a  2 
t h e  r e v e r s e  is  t r u e .  Di f fe rences  i n  s i t e  q u a l i t y ,  
f i r e  i n t e n s i t y ,  and s t a n d  age  a t  t ime of burning 
may account  f o r  much of t h e  v a r i a b i l i t y .  

Growth s i n c e  burning has  been e x c e p t i o n a l  on 
a l l  a r e a s .  Average h e i g h t s  of dominant stems i n  
a r e a  1 f o u r  y e a r s  a f t e r  burning a r e  almost  equa l  
t o  t h e  9-year-old unburned s t a n d  ( t a b l e  4 ) .  How- 
ever ,  many stems were no t  k i l l e d ,  s o  some dominant 
stems i n  a r e a  1 were a l s o  9 y e a r  o l d .  On a r e a  4 
where a l l  stems were t o p k i l l e d ,  t h e  2-year-old 



Table 4  .--Relative dominance (RT)) and average he ight  in  f e e t  of  t h e  t a l l e s t  
woody stems on 3 burned and 1 unburned regenera t ion  s t ands  of upland hardwood 
on thf / southern  Cumberland P la teau ,  Bankhead Nat iona l  Fo re s t ,  Alabama ( F a l l  
1979)- 

Area 1 Area 2 Area 4  
Area g/ Burned Burned Burned 

Spec ies  Unburned Spring 1976 F a l l  1976 Spr ing  1978 
: Avg. : Avg. : Avg. : Avg. 

RD : N t .  RD : H t ,  RI> : N t .  RD : H t .  
X Ft .  X F t .  X Ft .  Z Ft. 

Oaks 
Yellow-poplar 
Red Maple 
Black Cherry 
White Ash 
Dogwood 
Blackgum 
E. Hophornbean 
E. Redbud 
Swee tgum 
Sas sa f r a s  
Sumac 
Others  

Tota l  100 100 100 100 

1/ Dominance was determined by t h e  t a l l e s t  stem pre sen t  on sy s t ema t i ca l l y  
loca ted  10 m2 (109 f t. 2, p l o t s .  Re la t ive  dominance = 

Number of  p l o t s  on which a c e r t a i n  spec i e s  is t a l l e s t  
To t a l  number of  p l o t s  

x 100 

2 /  Areas 3, 1, and 2 were harves ted  i n  f a l l  1970, site prepared i n  f a l l  
1971 ; a r e a  4  was harves ted  f a l l  1973, s i t e  prepared f a l l  1975. 

dominant stems of major t r e e  s p e c i e s  average 
3.1 m (10 f t . )  i n  he ight .  

Herbaceous Coverage 

Herbaceous spec i e s  o r  genera p l u s  woody 
v ine s  and Rubus spp ,  were grouped i n t o  var ious  
c a t e g o r i e s  based on importance t o  w i l d l i f e  
( t a b l e  5 ) .  The va lue  of p rescr ibed  burning t o  
w i l d l i f e  is apparent  when t o t a l  coverage between 
a r e a s  is compared. Herbaceous cover decreases  a s  
t ime s i n c e  t h e  f i r e  i nc r ea se s ,  from 4 8 . 4  percent  
on a 2-year-old bum t o  24.2 percent  on a 4-year- 
o l d  burn, and is lowest  a t  10.0 percent  on t h e  
unburned 9-year-old s tand .  

Legumes, an important source  of  food f o r  some 
game spec i e s ,  were scarce  on a l l  a r e a s  except  
a r e a s  2 and 4 .  Wild l i f e  food g r a s s e s  and sedges,  
p r imar i ly  Panicum spp. and Carex spp . ,  were r e l a -  
t i v e l y  abundant on t h e  most r e c e n t l y  burned a r ea s ,  
2 and 4 .  Panicmu g ra s se s  a r e  heav i l y  used by both 
game and nongame spec i e s  in t h e  southern  United 
S t a t e s .  Rubus spp. ,  blackberry and dewberry, 
another  heav i l y  used genera were abundant only on 
a r e a  4 .  Vine coverage ,-- t h e  burned a r e a s  was 
double t h a t  of t he  unburned a r e a .  The v ine  ca te -  
gory c on t a in s  many spec i e s  favored by whi te - ta i led  

dee r .  The most abundant was poison-ivy but  
Alabama supple jack ,  green b r i e r ,  and grape  were 
a l s o  abundant. Only t r a c e s  of f o r b s  of high 
va lue  t o  bobwhite q u a i l  were p r e sen t .  

DISCUSSION AND S-Y 

This s tudy was undertaken t o  supply i n fo r -  
mation on t h e  e f f e c t s  of f i r e  on young s t ands  of 
upland hardwoods, A primary i n t e r e s t  was t o  de- 
termine i f  a s i n g l e  f i r e  would i nc r ea se  t h e  
importance of  oak i n  young s t ands .  The 4 s tudy 
a r e a s  observed had supported good q u a l i t y  s t ands  
--predominately oak--prior t o  c l e a r c u t t i n g .  
Following c l e a r c u t  t ing  , some oak was obvious ly  
being replaced by f a s t e r  growing spec i e s .  The 9- 
year-old unburned s t and  ( a r ea  3) is i n d i c a t i v e  o f  
how upland hardwood s t ands  on good s i t e s  i n  t h e  
southern Appalachian p l a t eaus  w i l l  develop fol low- 
ing c l e a r c u t t i n g .  The dominant s t and  con t a in s  
yellow-poplar, oak, red  maple, b lack  cher ry ,  
e a s t e rn  redbud, whi te  ash ,  and f lowering dogwood 
i n  t h a t  o rder .  The o r i g i n a l  oak s tand  has been 
converted i n t o  a mixed s t and  where oak is  st i l l  
important but  no t  predominant. 

One f i r e  i n  t he se  young hardwood s t and s  d i d  
no t  apprec iab ly  r eve r s e  t h e  l o s s  of oak o r  change 



Table 5.--Percent coverage by herbaceous v e g e t a t i o n  on burned and unburned 
r e g e n e r a t i o n  a r e a s  of upland hardwoods on t h e  sou thern  Cumberland P l a t e a u ,  
Bankhead Nat iona l  F o r e s t ,  Alabama ( f a l l  1979) 

" --- 
Area I . 2  Area 2 Area Lk Area 3 

Vege ta t ive  Category Burned Btirned Burned Not 
Spring 1976 F a l l  1976 Spring 1978 Burned 
- - - - - - - - - - - P e r c e n t - - - - - - - - - - - -  

Legumes 
W i l d l i f e  Food 

Grasses  & Sedges 
Other Grasses  
vine&/ 
Rubus spp .2/ 
Composites 
Quai l  Food Forbs 
Other Forbs 

T o t a l  Coverage 24.1 34.4 48.4 10.0 

1/ Areas 1 ,  2 ,  and 3 were harves ted  i n  f a l l  1970 and s i t e  prepared i n  
f a l l  1 9 7 1  ; a r e a  4 was harves ted  i n  f a l l  1973 and s i t e  prepared i n  f a l l  1975. 

2/ Also i n c l u d e s  woody v i n e s .  - 
3/ Blackberry and dewberry. - 

4/ T = t r a c e  ( l e s s  than 1 p e r c e n t ) .  - 

s p e c i e s  composi t ion.  However, t h e  f i r e s  had 
l a r g e  s h o r t  term e f f e c t s  on stem d e n s i t y  and 
s t a n d  s t r u c t u r e ,  a f a v o r a b l e  impact on w i l d l i f e  
h a b i t a t ,  and some e f f e c t  on s p e c i e s  composition. 
Densi ty of stems l e s s  than 1.4 m i n  h e i g h t  in-  
c reased  s u b s t a n t i a l l y  a f t e r  burning because of  
m u l t i p l e  s p r o u t i n g  from t o p k i l l e d  s tems ,  On a r e a  
1 ,  burned 4 y e a r s  e a r l i e r ,  d e n s i t y  p e r  0.4 ha  is 
now 24,198 a s  compared wi th  7,790 b e f o r e  burning.  
Densi ty of stems t a l l e r  than 1.4 m was reduced 
t h e  f i r s t  y e a r  a f t e r  burning.  However, because 
of r a p i d  s p r o u t  growth, d e n s i t y  2 y e a r s  a f t e r  
burn ing  approached o r  surpassed  pre-burning 
d e n s i t y  on a l l  3 burned a r e a s .  

Some changes i n  s p e c i e s  composition occurred 
because some stems were only t o p k i l l e d  and sprout-  
ed w h i l e  o t h e r  stems were completely k i l l e d .  The 
ho t  f i r e  i n  t h e  4-year-old s t a n d  on a r e a  4 com- 
p l e t e l y  k i l l e d  a number of smal l  yellow-poplar 
stems. Most of t h e  stems k i l l e d  were 1- and 2- 
year-old s e e d l i n g s  t h a t  had n o t  developed a l a r g e  
r o o t  system. Although many small yellow-poplar 
s tems were k i l l e d ,  most of t h e  l a r g e r  stems; 
g r e a t e r  than 1.4 m i n  h e i g h t ;  sprou ted ,  grew 
r a p i d l y ,  and maintained t h e i r  r e l a t i v e  importance 
i n  t h e  s t a n d .  S ince  yellow-poplar is a major 
competi tor  a g a i n s t  oak on good s i t e s ,  burning 
young s t a n d s  a t  t h e  proper  age  and i n t e r v a l  t o  
c o n t r o l  yellow-poplar may i n c r e a s e  dominance of 
oak i n  t h e  u l t i m a t e  s t a n d .  

Red maple was t h e  qnecies  t h a t  responded most 
favorab ly  t o  f i r e .  Small-stem d e n s i t y  increased  
g r e a t l y  on a l l  burned a r e a s .  Although large-stem 

d e n s i t y  increased  on a l l  a r e a s ,  t h e  r e l a t i v e  in- 
c r e a s e  was l a r g e ,  from 1.8 t o  12.1 p e r c e n t ,  o n l y  
on a r e a  1 which burned w i t h  a coo l  f i r e .  Red 
maple is a major component o f  a l l  4 s t a n d s  w i t h  
moderately h igh  d e n s i t y  and dominance. 

Although a s i n g l e  burning d i d  n o t  seem t o  
g r e a t l y  favor  t h e  development of oak,  t h e r e  were 
o t h e r  p o s i t i v e  w i l d l i f e  b e n e f i t s .  m e  amount o f  
browse a v a i l a b l e  t o  whi te - ta i l ed  d e e r  was g r e a t l y  
increased ,  and t h e  i n c r e a s e  was p e r s i s t e n t  4 y e a r s  
a f t e r  burning.  Burning increased  herbaceous 
growth t h a t  contained many important  w i l d l i f e  food 
p l a n t s .  Herbaceous coverage ranged from 48.4 
percen t  on a 2-year-old burn t o  o n l y  10.0 p e r c e n t  
on t h e  unburned 9-year-old s t a n d .  

S ince  s p e c i e s  composition was o n l y  s l i g h t l y  
a f f e c t e d ,  t h e  g r e a t e s t  n e g a t i v e  impact o f  f i r e  
would be l o s s  of growth and p o s s i b l e  lowering of  
stem q u a l i t y .  The l o s s  i n  growth was n o t  a s  g r e a t  
a s  a n t i c i p a t e d  because of r a p i d  s p r o u t  growth a f t e r  
burning.  Average annual  growth of  t h e  t a l l e s t  
stems o f  t h e  major t r e e  s p e c i e s  was 1.5 m (4.8 f t . )  
i n  t h e  2-year-old burned a r e a  and 0.9 m (2.9 f t .) 
i n  t h e  9-year-old unburned a r e a .  

The damaging e f f e c t  o f  f i r e  upon hardwood s t e m  
q u a l i t y  is wel l  known, and f i r e  s c a r s  o f t e n  s e r v e  
a s  e n t r y  p o i n t s  f o r  wood decaying organisms 
(Hepting 1935, Toole 1960). But t h e  damaging 
e f f e c t  on young stems t h a t  a r e  t o p k i l l e d  may b e  
smal l .  Roth and S l e e t h  (1939) i n  a s tudy  of oak 
s tands  i n  t h e  Allegheny, Appalachian, and c e n t r a l  
s t a t e s  found t h a t  sprou t  s t a n d s  fo l lowing  s e v e r e  



burns had a lower decay inc ident  than those re- 
s u l t i n g  from c u t t i n g  opera t ions  wi thout  f i r e .  
The p l o t s  wi th  t he  lowest decay had been burned 
e i t h e r  s h o r t l y  before o r  a f t e r  cu t t i ng .  They 
believed that f i r e  reduced decay by lowerfng the  
o r i g i n  of sprouts  t o  o r  below ground l e v e l .  
Smith (1979) and Watt (1979) a l s o  concluded t h a t  
decay should not  be a s i g n i f i c a n t  problem i n  
sprout  o r i g i n  reproduction.  On a r e a  1 where m n y  
stems were no t  t opk i l l ed ,  f i r e  s ca r ing  is q u i t e  
ev ident ,  al though many of t h e  smal ler  wounds have 
healed wi th  c a l l u s  grawth, Jensen (1969) p re sen t s  
evidence t h a t  supports  t h e  hypothesis  t h a t  a 
wound must remain open t o  m i n t a i n  a c t i v e  decay. 
Shigo (1979) expla ins  how t r e e s ,  by t h e  process 
of compar tmnta l iza t ion ,  r e s t r i c t  t o  small  a r e a s  
t h e d e f e c t s  t h a t  occur a f t e r  wounding, F i r e  may 
a l s o  lower qua l i t y  by increas ing  t h e  incidence of  
mu l t i s t emed  t r e e s .  

In  summary, s eve ra l  conclusions can be  drawn 
from our  da ta .  An oak component w i l l  be present  
in the  developing s tands  but  w i l l  be l e s s  than 
t h a t  in t h e  o r i g i n a l  s tands .  On good s i t e s  
yellow-poplar w i l l  be more abundant i n  t he  new 
s tands  than i n  the  o r i g i n a l  ones. A s i n g l e  pre- 
scr ibed  bum has a l a r g e  i n i t i a l  e f f e c t  on s tand 
dens i ty  and s t r u c t u r e  al though long term e f f e c t s  
appear small. Changes i n  spec i e s  composition 
a f t e r  burning a r e  s m a l l ,  and oak is not  appar- 
en t ly  favored t o  any g r e a t  ex tent .  At t h i s  t b e  
many spec i e s  a r e  present  in s u f f i c i e n t  dens i ty  
t o  dominate t h e  u l t ima te  s tand .  A t  what age and 
s i z e  t h e  var ious  spec i e s  w i l l  l o s e  v igo r  and be- 
come l e s s  important in t h e  stand elsn be de ter -  
mined only in time. Various w i l d l i f e  spec i e s  a r e  
bene f i t t ed  by burning due t o  t h e  increase  in 
woody and herbaceous growth. The g r e a t e s t  d e t r i -  
mental impacts of burning a r e  l o s s  of growth and 
poss ib l e  lowering of  s tand  qua l i t y .  When s tands  
a r e  burned a t  a young age  and complete t o p k i l l  
occurs,  t h e  l o s s  of growth and q u a l i t y  w i l l  be 
min-1. 
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APPENDIX I 

1 / S c i e n t i f i c  and Common Name of  Woody Species- 

S c i e n t i f i c  Name Common Name 

Acer rubrum L. -- 
Acer saccharum Marsh. 
Carya spp. 
Cercis  canadens i s  L. 
Cornus f l o r i d a  L. -- 
Crataegus spp . 
Fagus g r a n d i f o l i a  Ehrh. 
Fraxinus americana L . -- 
Hydrangea a rborensens  L. 
Jug lans  n i g r a  L. 
L i r  iodendron t u l i p i f  e r a  L . 
Xagnolia acuminata L, 
Eyssa s y l v a t i c a  Marsh. 

red  maple 
sugar  maple 
h ickory  
e a s t e r n  redbud 
f lower ing  dogwood 
hawthorn 
American beech 
w h i t e  a s h  
smooth hydrangea 
b l a c k  walnut  
yellow-poplar 
cucumbert r e e  
blackgum 

Ostrya v i r g i n i a n a  (Mi l l .  ) e a s t e r n  hophornbean 
K. Koch 

Prunus s e r o t i n a  Ehrh. b l a c k  cher ry  
Prunus spp. plum 
Quercus a l b a  L. w h i t e  oak 
Quercus cocc inea  Muenchh . s c a r l e t  oak 
Quercus f a l c a t a  Michx. sou thern  r e d  oak 
Quercus p r i n u s  L. c h e s t n u t  oak 
Quercus r u b r a  L. n o r t h e r n  r e d  oak 
6 e r c u s  v e l u t i n a  L. b l a c k  oak 
Rhamnus e a r o l i n i a n a  Walt.  Caro l ina  buckthorn 
Rhododendron nudif lorum pink a z a l e a  

(L.) Torr .  
Rhus spp.  
Ulmus spp.  

sumac 
elm 

Herbaceous and Vine Spec ies  

Berchemia scandens ( H i l l )  Alabama supple - jack  
K.  Koch 

Carex spp. sedge,  c a r e x  
Panicum spp.  pan i cum 
Rhus r a d i c a n s  I;. poison ivy  
Rubus spp. b lackber ry  and 

Smilax x. 
V i t i s  spp.  
Zea mays L. - 

dewberry 
g r e e n b r i e r  
g rape  
corn  

APPENDIX I1 

Common and S c i e n t i f i c  Names of Animal s p e c i e &  

Common Name S c i e n t i f i c  Name 

Blue j a y  
Bobwhite q u a i l  

Bi rds  - 
Cyanoci t t a  c r i s t a t a  
Colinus v i r g i n i a n u s  
-- 

Brown t h r a s h e r  Toxo stoma ruf um 
Common g r a c k l e  Q u i s c a l u s  q u i s c u l a  
Lesser  p r a i r i e  chicken Tympanuchus p a l l i d i c i n c t u s  

- - 

Red-bellied woodpecker Centurus c a r o l i n u s  
Red-headed woodpecker Melanerpes e ry throcepha lus  
Ruffed grouse Bonasa umbellus 
Rufous-sided towhee P i p i l o  erythrophthalmus - - 

Tuf t e n  t i tmouse  Parus b i c o l o r  -- 
White-breasted S i t t a  c a r o l i n e n s i s  

nu tha tch  
Wild tu rkey  Meleagris  ga l lopavo  
Wood duck Aix sponsa - 

Mamma 1 s 

Black b e a r  Ursus americanus 

I /  Names based on L i t t l e ,  E l b e r t  L.,  Jr., 
1979 ,-Checklist of United S t a t e s  Trees and 
Fernald,  M.  L . ,  1950, b r a y ' s  Manual o f  Botany. 

21 Bi rd  names accord ing  t o  Robbins, Chandler - 
S., B .  Bruun, H .  S. Zin, and A. Singer ,  1966, B i r d s  
o f  North America; and mammal names accord ing  t o  
Bur t ,  W .  H .  and R. P. Grossenheider ,  1964, A F i e l d  
Guide t o  t h e  Mammals. 



Deer mouse Peromyscus mniculatus 
Eastern chipmwk Tmias s triatus 
Eastern gray squirrel Sciurus carolinensis 
Flying squirrel volans 

sabrinus 
Fox squirrel Seiurus n i  ger 
Raccoon Procyon l o  tor 
Redback vole  Clethrionomys 
White-footed mouse Peromyscus leueopus 
White- ta i l ed  deer Odoco i l eus  virginianus 



PRESCRIBED FIRE OE SLOPING TERRAIX I N  WEST TENNESSEE 

1 / TO MAINTAIN LOBLOLLY PIKE (PISUS TAEDA L .)-- 

2  / P e t e r  de Bruyn and Edward Buckner- 

Abstract . - -Prescr ibed burning i n  a  22-year-old l o b l o l l y  
p ine  p l ~ n t a t i o n  k i l l e d  LO percen t  of t h e  unders to ry  hardwoods 
and reduced f u e l  l e v e l s  approximately 43 percen t .  S o i l  pH 
increased  fo l lowing  s p r i n g  and summer burns ,  b u t  decreased 
fo l lowing  t h e  f a l l  burn. Burning t i n e s  i n  sampling t r a n s -  
e c t s  ranged from 30 t o  245 minutes ,  depending on burn type,  
s l o p e  p e r c e n t ,  and wind speed. 

INTRODUCTION 

Tennessee is i n  a  t r a n s i t i o n  p o s i t i o n  between 
t h e  C e n t r a l  Hardwood Region, dominated by v a r i o u s  
oak-hickory a s s o c i a t i o n s ,  and t h e  Southern P ine  
Region where t h e  yel low p ines  a r e  dominant. Most 
of Tennessee 's  commercial f o r e s t l a n d  is on upland 
s i f e s ,  w i t h  oak-hickory t h e  dominant cover type ;  
over 90 p e r c e n t  of t h e  f o r e s t  cover  i s  hardwoods. 
According t o  t h e  f o r e s t  survey,  however, 
approximately one-half of t h e  commercial f o r e s t -  
land i n  Tennessee w i l l  be most p roduc t ive  i f  
managed f o r  p i n e  (Wells,  e t  a 1  . , 1974) . 

Over t h e  l a s t  t h r e e  decades f o r e s t  indus- 
t r i e s  have converted thousands of a c r e s  of 
Tennessee 's  upland hardwood f o r e s t s  t o  p ine  
p l a n t a t i o n s .  This  t r e n d  cont inues  and r e p r e s e n t s  
t h e  most i n t e n s i v e  f o r e s t r y  c u r r e n t l y  being 
p r a c t i c e d  i n  t h e  s t a t e .  

Attempts t o  conver t  hardwood s t a n d s  t o  p i n e  
a r e  hampered by t h e  a g g r e s s i v e  seed ing  and roo t -  
s p r o u t i n g  of hardwoods. The i n t e n s i v e  s i t e  
p r e p a r a t i o n  measures c u r r e n t l y  being used t o  
c o n t r o l  unwanted hardwoods may a l t e r  s o i l  proper- 
t i e s  s u f f i c i e n t l y  t o  reduce p r o d u c t i v i t y .  Most 
of t h e  o l d e r  p ine  p l a n t a t i o n s  i n  t h i s  r e g i o n  have 
a g g r e s s i v e  hardwood u n d e r s t o r i e s  t h a t  compete f o r  
s o i l  mois tu re  and n u t r i e n t s  and w i l l  make p i n e  
r e g e n e r a t i o n  more d i f f i c u l t  and expensive.  

-i'~aper p resen ted  a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l a n t a ,  Georgia ,  November 
6-7, 1980. 

L / ~ r a d u a t e  Student  and Assoc ia te  P r o f e s s o r  
of F o r e s t r y ,  r e s p e c t i v e l y ,  The Univers i ty  of 
Tennessee, Knoxvil le ,  Tc-nessee 37901. 

Grea te r  i n d u s t r i a l  demand f o r  p i n e s  and 
t h e i r  g r e a t e r  p r o d u c t i v i t y  on most upland s i t e s  
i n  t h i s  r e g i o n  make t h e  n a t u r a l  p rogress ion  from 
p i n e s  t o  hardwoods economically u n d e s i r a b l e .  
P ines  can be maintained on ly  by r e p e a t e d  d i s -  
tu rbances  t h a t  d i s c r i m i n a t e  a g a i n s t  hardwoods. 
The g r e a t e r  s u s c e p t i b i l i t y  of hardwoods t o  f i r e  
damage prov ides  t h e  f o r e s t  managers w i t h  an 
economical t o o l  f o r  main ta in ing  p ine  on s i t e s  
t h a t  would o therwise  p rogress  toward a  hardwood 
climax ( v a r i o u s  oaks on most upland s i t e s  i n  
Tennessee). 

While a  g r e a t  d e a l  is  known about  t h e  be- 
hav ior  and e f f e c t s  of p r e s c r i b e d  f i r e  i n  t h e  
deep South, i t  has  been l i t t l e  used i n  t h e  r o l l i n g  
t o  s t e e p  t e r r a i n s  c h a r a c t e r i s t i c  of most of 
Tennessee. Aggressive hardwood compet i t ion  and 
h igh  f u e l  l e v e l s  i n  t h e  p i n e  p l a n t a t i o n s  now 
common over  much of Tennessee make p r e s c r i b e d  
f i r e  a n  a t t r a c t i v e  management t o o l .  F o r e s t  
managers need s a f e  and e f f e c t i v e  g u i d e l i n e s  f o r  
i t s  u s e  i n  t h i s  reg ion .  

METHODS 

The o b j e c t i v e s  of t h e  s tudy  were t o  de te rmine  
t h e  e f f e c t s  of s e l e c t e d  methods of p r e s c r i b e d  
burning on: 1) t h e  hardwood unders to ry ,  2) n u t r i -  
e n t  m o b i l i t y  i n  t h e  s o i l ,  3)  f u e l  l e v e l s ,  and 
4 )  t h e  growth r a t e  of p l a n t a t i o n  p ines .  A 22-year- 
o l d  l o b l o l l y  p i n e  (Pinus t a e d a  L . )  p l a n t a t i o n  i n  
West Tennessee was s e l e c t e d  f o r  t h i s  s tudy .  

Treatment p l o t s  of approximately 314 h e c t a r e  
were l o c a t e d  on t h e  west and e a s t  s i d e s  of a  
north-south o r i e n t e d  r i d g e .  Burns were conducted 
i n  each season except  win te r  when burning was n o t  
p o s s i b l e  due t o  adverse  weather  condi t ions .  Each 
s e a s o n a l  test c o n s i s t e d  of 4 cont iguous t rea tment  
p l o t s ,  2  on t h e  west f a c i n g  s l o p e  and 2  on t h e  
e a s t .  On each s l o p e  one burn o r i g i n a t e d  from t h e  



r i d g e  c r e s t  and t h e  o the r  from t h e  base of the  
slope.  Since d e s i r a b l e  burning condit ions f o r  
t h i s  reg ion  c a l l  f o r  3-8 h / h  winds out  of t he  
west, t h i s  arrangement p e m i t t e d  evalua t ion  of 
head f i r e s  burning both u2 and downslope and 
back f i r e s  burning both up and d o n s l o p e ,  

In each t r a t m e n t  p l o t  t h e  hardwood under- 
s t o r y  was sampled along 4 t r a n s e c t s  (3 meters 
wide by 50 meters long) o r i en t ed  up and doban- 
slope.  I n  each t r a n s e c t  t h e  hardwood understory 
was inventor ied  according t o  spec i e s  and s i z e  
c l a s s .  Following burning each hardwood i d e n t i f i e d  
i n  t he  pre-burn inventory was assigned t o  one of 
the  fol lowing c l a s se s :  1)  k i l l e d ,  2 )  k i l l e d  
baek but  sprouting,  and 3 )  a l i v e .  A l l  planta-  
t i o n  pines wi th in  t r a n s e c t  boundaries were 
measured and tagged p r i o r  t o  burning. Remeasuring 
took p lace  during t h e  dormant season over a 2- 
year period.  Mor ta l i ty  of t h e  c rop t r ee s  was 
recorded a t  each re inventory .  

S o i l  samples were co l l ec t ed  p r i o r  t o  and 
a f t e r  burning t o  determine the  r e l e a s e  of 
s e l ec t ed  n u t r i e n t s  and t h e  e f f e c t  of burning on 
s o i l  pH. S ix  sampling s i t e s  were chosen i n  each 
treatment p l o t ,  2 on t h e  upper-, 2 on mid-, and 
2 on the  lower-slope pos i t i ons .  At each sampling 
point  t h r ee  samples were co l l ec t ed  represent ing  
t h e  0-10 cm, 11-20 cm, and 21-30 cm depths. 

Fores t  f l o o r  samples were co l l ec t ed  a t  4 
l oca t ions  i n  each treatment p l o t  p r i o r  t o  
burning t o  determine the  amount of f u e l  per  
hec t a r e  and i t s  moisture content  a t  burning time. 
The same sampling scheme was used a f t e r  burning 
t o  determine the  reduct ion  i n  f u e l  per  hec tare  
due t o  burning. 

During each burn r e l a t i v e  humidity, ambient 
a i r  temperature, and wind v e l o c i t y  and d i r e c t i o n  
were monitored. The du ra t ion  of each burn (time 
requi red  f o r  t h e  f i r e  t o  t r a v e l  t h e  length  of 
t h e  t r a n s e c t s )  was recorded. Thermocouples were 
buried beneath t he  f o r e s t  f l o o r ,  a t  i ts i n t e r f a c e  
with t h e  mineral  s o i l ,  a t  3 pos i t i ons  on the  
s lope  t o  determine t h e  r e l a t i v e  temperatures 
a t t a i n e d  i n  t h e  d i f f e r e n t  burn types.  

RESULTS 

Weak and/or v a r i a b l e  winds during burns 
prevented evalua t ion  of head f i r e s  and backf i res  
a s  o r i g i n a l l y  planned. The time requi red  f o r  
each f i r e  t o  burn the  50 meter length  of t he  
sampling t r ansee t  ( r a t e  of burn) was subs t i t u t ed  
a s  an  in t eg ra t ion  of s lope  and windspeed e f f e c t s  
i n  evalua t ing  r e s u l t s .  

Fuel reduct ion  was not  r e l a t e d  t o  t he  r a t e  
of burn, but  was g r e a t e r  when both f u e l  mois- 
t u r e  and r e l a t i v e  humidity were low. The 
g r e a t e s t  reduction i n  i .yl l e v e l s  r e su l t ed  from 
the  f a l l  burn of 1978, an extremely dry f a l l  
f o r  t h i s  region,  where f u e l s  were reduced 58 
percent  compared t o  approximately 40 percent  f o r  

t he  o ther  burns. Fuel reductions i n  treatment 
plots ranged from 20 t o  70  percent .  

Although highly v a r i a b l e , s o i l  P i nc rease  
averaged approximately 3 kg/ha following burning 
(Table 1). The increase  was g rea t e s t  a t  t he  

Table 1.--Changes i n  s o i l  phosphorus and potassium 
following burning (kglha). 

PHOSPHORUS 
Depth (cm) Preburn Postburn 

0-10 cm l e v e l ,  and was the  smal les t  i n  t he  11-20 
cm l e v e l  but increased again i n  t h e  21-30 cm 
l eve l .  These changes probably r e f l e c t s o i l  tex- 
t u r a l  d i f f e r ences  with higher c lay  and organic 
matter  contents  associa ted  with increased s o i l  P. 
S o i l  K changes were highly va r i ab l e  and, a s  a 
percentage of t h a t  ex t rac ted  i n  t he  s o i l  t e s t  
procedure, ove ra l l  increases  were much smaller  
than f o r  P. S o i l  pH decreased mainly fol lowing 
the  f a l l  burn, while t he re  was a s l i g h t  i nc rease  
i n  s o i l  pH following summer and spr ing  burns. This 
may be associa ted  with t he  extremely dry condi t ions  
and hot  burns t h a t  f a l l .  

Species s u s c e p t i b i l i t y  t o  f i r e  var ied  g r e a t l y  
(Table 2 ) .  While only 21 percent  of t h e  s a s s a f r a s  

Table 2 .  Species arranged according t o  
decreasing s u s c e p t i b i l i t y  t o  f i r e .  

SPECIES MORTALITY 
PERCENT 

eas t e rn  red cedar 
(Juniperus v i rg in iana  L.)  

sugar maple 
(Acer saccharum Harsh.) 

yellow poplar 
(Liriodendron t u l i p i f e r a )  

wild black cherry 
(Prunus s e ro t ina  Ehrh.) 

red maple 
(Acer rubrum L.) 

dogwood 
(Cornus f l o r i d a  L.) 

w i t  ch-hazel 
(Hamael i s  vf rg in iana  L.) 

vacc inium 
(Vacc inium spp . ) 

viburnum 
(Viburnum spp . ) 

red oak 
(Quercus spp . ) 



Table 2 ( c o n t . )  
SPECIES MORTALITY 

PERCENT DISCUSSION AND CONCLUSION 

w h i t e  oak 
(Qiemcus s p p .  ) 4 Q 

sweet gum 
(Liquidambar s t y r a c i f l u a  L.) 34 

a s h  
(Fraxinus spp . ) 2 8 

elm 
(Ulmus spp . )  

b lack  gum 
(Nyssa s y l v a t i c a  Marsh.) 2 3  

h ickory  
(carya  spp. ) 2 2 

s a s s a f r a s  
( S a s s a f r a s  albidum Nut t . )  2 1 

stems were k i l l e d ; 9 3  p e r c e n t  of t h e  e a s t e r n  r e d  
cedar  s tems were k i l l e d .  S u s c e p t i b i l i t y  t o  f i r e  
was n o t  found t o  d i f f e r  among seasons .  

Fue l  r e d u c t i o n  and hardwood m o r t a l i t y  were 
g r e a t e s t  i n  t h e  f a l l  1978 burns when f o r e s t  f u e l s  
were extremely dry.  This  r e l a t i o n s h i p  among f i r e  
i n t e n s i t y ,  f u e l  reduc t ion ,  and hardwood m o r t a l i t y  
appeared t o  hold f o r  c o n d i t i o n s  p r e v a i l i n g  i n  t h e  
t h r e e  seasons  t e s t e d  (Table 3) .  R e l a t i v e  humidi ty 
and f u e l  mois tu re  appeared t o  i n t e r a c t  t o  c o n t r o l  
f i r e  i n t e n s i t y .  

Table 3.--Relationship between burning c o n d i t i o n s  
and burn e f f e c t s .  

BURNING CONDITION BURN EFFECT 
FUEL 

BURN RELATIVE MQTSTURE FUEL HARDWOOD 
SEASON HUMIDITY CONTENT REDUCTION MORTALITY 

PERCENT PERCENT PERCENT PERCENT 
Summer 1978 60 2 4  4 0 35 
F a l l  1978 3 5 2 4 5 8 4 4 
Spring 1979 30 4 2 42 41  

The diameter  growth of p l a n t a t i o n  p i n e s  was 
n o t  r e l a t e d  t o  any of t h e  burn e f f e c t s .  However, 
c r o p t r e e  m o r t a l i t y  was r e l a t e d  t o  f i r e  i n t e n s i t y .  
Fif ty-one c r o p t r e e s  d i e d  fo l lowing  t h e  f a l l  burn 
i n  1978 i n  which t h e r e  was a  58 p e r c e n t  f u e l  
reduc t ion ,  and 28 c r o p t r e e s  d ied  fo l lowing  t h e  
summer burn t h a t  year  i n  which t h e r e  was a  40 
percen t  f u e l  reduc t ion .  

R e s t r i c t i n g  p r e s c r i b e d  burning t o  per iods  of 
"optimum" f u e l  mois tu re  and weather c o n d i t i o n s  is  
d i f f i c u l t  i f  n o t  imposs ib le ,  e s p e c i a l l y  when l a r g e  
acreages  a r e  involved.  The smal l  and h i g h l y  v a r i -  
a b l e  d i f f e r e n c e s  found i n  t h i s  s tudy  among seasons ,  
f i r e  type ,  and r a t e  of burn sugges t  t h a t  " f i r e  i s  
f i r e "  and g e t t i n g  burning accomplished should be  
t h e  primary concern r a t h e r  than w a i t i n g  f o r  
"optimum" c o n d i t i o n s .  Experience h a s  shown t h a t  
"optimm" burning c o n d i t i o n s  r a r e l y  occur  due t o  
t h e  l a r g e  number of u n c o n t r o l l a b l e  v a r i a b l e s ,  
most of which a r e  weather  r e l a t e d .  

I n  g e n e r a l ,  hardwood c o n t r o l  and f u e l  reduc- 
t i o n  was b e s t  accomplished i n  t h e  f a l l  1978 burns 
which were c a r r i e d  o u t  when t h e  f i r e  danger r a t i n g  
was high.  Since f i r e  t y p e  had l i t t l e  e f f e c t ,  i t  
appears  t h a t  t h e  primary o b j e c t i v e s  f o r  us ing  
p r e s c r i b e d  f i r e  i n  t h e  h i l l y  t e r r a i n  of Tennessee 
a r e  b e s t  met by u s i n g  f i r e  types  t h a t  a r e  e a s i l y  
c o n t r o l l e d  (e .g. ,  b a c k f i r e s  downslope) when f o r e s t  
f u e l s  a r e  h i g h l y  combust ible .  
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Thermocouple read ings  v a r i e d  g r e a t l y  d u r i n g  
t h e  summer and f a l l  burns;  maximum tempera tures  
a t  t h e  l i t t e r - m i n e r a l  s o i l  i n t e r f a c e  ranged from 
34 t o  lOW degrees Centigrade.  F l u c t u a t i o n s  
dur ing  t h e  s p r i n g  burn 1979 were f a r  l e s s  (48 t o  
75 degrees  Centigrade)  due t o  a  h i g h e r  f u e l  mois- 
t u r e  con ten t .  
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SUSR PINE IS OF LITTLE  VALUE^ 
2 J 

Dale D. Wade and tawrenee P. Wiihite- 

Abstract.--On a Lower Caas ta l  P la in  s i t e  i n  Georgia, un- 
burned p l o t s  and p l o t s  t h a t  had received a low-intensi ty broad- 
c a s t  burn were drum chopped, bedded, and michine p lanted  t o  
s l a s h  p ine  (Pixus eZZiottii Fagelm. var. ezzbttii). Measure- 
ments through 6 years  a f t e r  p l a n t i n g  suggested t h a t  burning 
had l i t t l e  o r  no e f f e c t  on s u r v i v a l ,  f u s i f o m  r u s t  i n f ec t ion ,  
overtopping,  o r  growth of pine seedl ings .  Independent of t h e  
e f f e c t s  of  burning, pine growth was s i g n i f i c a n t l y  reduced by 
e a r l y ,  t r a n s i t o r y  overtopping and by prcximity t o  bluestem 
grasses  o r  b i t t e r  ga l lber ry .  

For many decades, f o r e s t e r s  have burned 
c l ea reu t  southern pine s i t e s  t o  prepare them f o r  
pine p lant ing .  These p re sc r ibed  f i r e s  reduced the  
w i l d f i r e  hazard,  f a c i l i t a t e d  p l an t ing ,  and in- 
creased s u r v i v a l  and growth of  t h e  pine seedlings.  
During the  l a s t  few decades, even b e t t e r  perfor-  
mance of  p ines  has been achieved by following the  
burn with various types  and i n t e n s i t i e s  of mechan- 
i c a l  s i t e  prepara t ion .  We ques t ion  t h e  b e n e f i t s  
of  such burning when condi t ions  preclude a hot  
f i r e  and when the  a r e a  i s  a l s o  scheduled f o r  
i n t ens ive  mechanical t rea tment  . 

The s tudy described here  was designed t o  
measure t h e  b e n e f i t s ,  i f  any, of  a l i g h t  i n t e n s i t y  
f i r e  p r i o r  t o  bedding t o  prepare a s i t e  f o r  p lant -  
i n g  o f  s l a s h  p ines  (Pinus ezziottii Engehn. var. 
eztiottii). Observations on t h e  e f f e c t s  of com- 
pe t ing  vegeta t ion  on seedl ing  growth a r e  a l s o  
reported.  

The s tudy a r e a  i s  on t h e  Lower Coastal Plain 
i n  Echols County, Georgia, on land  leased  by St .  
Regis Paper Comp~ny of J acksonv i l l e ,  Florida.  S o i l  
i s  a poor ly  drained Leon f i n e  sand. A n a t u r a l  
s tand  of  s l a s h  pine was harves ted  from the  a r ea  
6 years  before  it was s i t e  prepared. 

l / ~ a p e r  presented a t  Southern S i l v i  c u l t u r a l  - 
Research Conference, At lanta ,  Georgia, November 
6-7, 1980. 

2/Authors a r e  Research Fo res t e r s ,  USDA Forest  
Servi;, Southeastern Forest  Experiment S t a t i on ,  
Southern Fore s t  F i r e  ta tory  , Macon, Georgia 
31202, and Fores t ry  Sciences Laboratory , Charles- 
ton ,  South Carolina 29407, respect ive ly .  

Observations and measurements taken on t h i r t y  
I /4-milncre p l o t s  Jus t  p r i o r  t o  prepara t ion  revealed  
t h a t  t he  vegetat ive cover of  t he  s i t e  cons is ted  
mostly of  b i t t e r  ga l lbe r ry ,  bluestem g ra s se s ,  saw 
pa lne t to ,  blueberry bushes, f e t t e r  bushes, and 
threeawn and dropseed grasses.2/  The ovendry 
weight of vegeta t ion ,  o r  s tanding  f u e l ,  was e s t i -  
mated t o  be 4 . 1  tons  p e r  acre.  

During the  6 years be tween c l e a r  c u t t i n g  and 
s i t e  prepara t ion ,  most of  t he  logging deb r i s ,  and 
a l l  of  t he  pine-needle l i t t e r ,  had decomposed. 
The l i t t e r  l a y e r ,  t he re fo re ,  was composed mostly 
o f  f a l l e n  leaves from shrubs and dead herbaceous 
mater ia l .  It was est imated t o  weigh l e s s  than 
1/2 ton  pe r  acre. 

A W H O D S  

S i t e  Preparat ion and Plant ing  

St. Regis scheduled the  s i t e  f o r  broadcast  
burning i n  August 1971, t o  be followed by s c a r i f i -  
ca t ion  with an o f f s e t ,  tandem-drum chopper and 
the  r a i s i n g  of 6-inch-high beds on 12-foot cen te r s  
wi th  a bedder-packer. Af ter  a 1  lowing seve ra l  weeks 
f o r  s o i l  s e t t l i n g ,  1-year-of d nursery seedl ings  o f  
s l a s h  pine were t o  be planted 6 f e e t  a p a r t  along 
the  beds with a Lowther drag-type p l an t ing  machine, 
i n  which a p l an t e r  r i d e s  fac ing  forward and i n s e r t s  
seedl ings  i n t o  t he  p l an t ing  s l i t .  

3 /Sc i en t i f i c  nmes  of  competing p l a n t s  a r e  
p r o g d e d  i n  t a b l e  1. 



To aceomodate our s tudy,  four  1/2-acre blocks 
were e s t ab l i shed  on the  s tudy s f t e  before  burning, 
and h a l f  of each block was randonsly chosen t o  
remain a s  an unburned but  chopped and bedded p lo t .  

F i r e l i n e s  were plowed i n  kdgust 1971 t o  pro- 
t e c t  four l /h-acre p l o t s  from t h e  broadcast  bum- 
t h a t  would be s e t  a s  soon a s  condi t ions  were favor- 
ab le ,  The next s eve ra l  months, however, i l l u s t r a -  
t e d  one of the  problems t h a t  prompted us t o  estab- 
l i s h  t h i s  study: r a i n  began f a l l i n g  whenever 
f u e l  moisture condit ions i n d i  eated t h a t  t he  s i t e  
would soon be dry enough t o  burn. 

The a r e a  f i n a l l y  d r i ed  out enough t o  car ry  
a f i r e  i n  e a r l y  Noveniber. The ensuing f i r e  
t r ave r sed  between 60 and 81 percent  of  t h e  four  
burned p l o t s ,  t o p k i l l i n g  t h e  g ra s se s ,  fo rbs ,  and 
smaller  shrubs, We es t imated  f i r e  i n t e n s i t y  t o  
be l e s s  than 50 BTU's p e r  second p e r  foot  of f i r e  
l i n e .  A l l  unburned po r t i ons  of t he  burned p l o t s  
were mapped s o  t h a t  a f t e r  p l an t ing  these  por t ions  
could be excluded from the  100-tree measurement 
p lo t s .  The e n t i r e  study a r e a  was chopped i n  
January, bedded i n  February, and p lanted  i n  
March of 1972. 

Measurements 

After  p lant ing ,  t h e  d i s t ances  between p lant -  
i ng  pos i t i ons  were measured t o  determine i f  burn- 
ing  f a c i l i t a t e d  cons t ruc t ion  of  beds and thus 
permitted more uniform p lan t ing  spacing. Also, 
each measurement seedl ing  was judged t o  be e i t h e r  
we l l  p lanted ,  deep p lanted ,  shallow planted ,  o r  
unplanted ( r e l ea sed  from t h e  p l an t ing  machine a t  
the  proper d is tance ,  bu t  no t  a c t u a l l y  p lanted) .  

Seedling he ights  and diameters and incidence 
of cankers (earned by &omrtim f u s $ f m e  Hedgc. 
& Hunt) were recorded pe r iod ica l ly  through 6 years  
a f t e r  p lant ing .  

Changes i n  understory f u e l  weight and under- 
s t o r y  p l a n t  spec ies  were documented on two 1/4-  
milacre p l o t s  l oca t ed  i n  each treatment p l o t .  
Percent crown cover of t he  various understory 
spec ies  was est imated using a l i g h t  t a b l e ,  a dot 
g r i d ,  and s te reo-pai rs  of  35-m color  t ransparen- 
c ies .  These t ransparencies  had been taken downward 
from a por table  camera support  over  permanent 
quadrats  a s  described by Pierce  and Eddleman ( 1910 ) . 

Coapeti t ion t o  t he  p ines ,  inc luding  overtop- 
ping,  was pe r iod ica l ly  evalua ted  by recording the  
spec ies  of  p l a n t  w5thin 1 foo t  of  each surviving 
measurement pine t h a t  appeared t o  be o f f e r ing  the 
most c o q e t i t i o n  t o  t h a t  pine.  

S t a t i s t i c a l  Analyses 

Analyses of  variance f o r  a completely random- 
i zed  design were used to conpare d i f ferences  be- 
tween the  burned and unDumed t r e a t a e n t s .  Factors 

examined included q u a l i t y  of  p lant ing;  he igh t ,  
diameter and su rv iva l  of t he  p ines ;  incidence of 
fusiform cankers; percent  of  p ines  overtopped by 
competing vegeta t ion;  weight of unders tom f u e l s  ; 
and frequencies o f  various understory species.  

Eats from the  burned and u n b m e d  p l o t s  were 
combined f o r  ana lys i s  of  e f f e c t s  of  overtopping 
spec ies  on he ight  and d i a e t e r  of  pines. Again, 
d i f ferences  were evaluated by ana lys i s  of  variance.  

X f f e r e n c e s  between percent  crown coverage o f  
burned and unburned unders%ories were analyzed by 
a t - t e s t .  

RESULTS A1\JD DISCrUSSION 

Seedlina Performance 

Seedling spacing along t h e  p l an t ing  rows aver- 
aged 5-1/2 f e e t  f o r  both t h e  burned and unburned 
p l o t s ,  but t he  standard devia t ion  i n  spacing was 
a c t u a l l y  g r e a t e r  f o r  t he  burned p lo t s .  Burned 
p l o t s  contained more well  p lanted  seedl ings  than  
the  unburned p l o t s  (92  versus 88 percent ) ,  but t h e  
d i f ference  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  Thus, 
burning before mechanical prepara t ion  r e s d t e d  i n  
l i t t l e ,  i f  any, improvement i n  p lant ing .  

A comparison based upon a l l  measurement posi-  
t i o n s  6 years  a f t e r  p l an t ing  showed t h e  following: 

S ign i f i can t  
Burned Unburned l e v e l  o f  
p l o t s  p l o t s  d i f ference  

6 t h  Year: 

percent  su rv iva l  89 8 3 ws 
h e i g h t i n f e e t  15.6 16.6 NS 

DBH i n  inches 2.65 2.85 NS 

These d i f ferences  a r e  not  s u f f i c i e n t  t o  judge one 
treatment b e t t e r  than  t h e  other.  

By 6 years  a f t e r  p lant ing ,  5 t r e e s  on t h e  
unburned p l o t s  had been k i l l e d  by fusiform r u s t  
cankers and 18 survivors had stem cankers, whereas 
no t r e e s  had been k i l l e d  by fusiform on t h e  burned 
p l o t s  and 16 survivors had stem cankers. The 
d i f ferences ,  however, were not  s t a t i s t i c a l l y  s ign i -  
f i  cant. 

Understory Development 

M e d i a t e l y  a f t e r  chopping and bedding, both 
the  burned and unburned p l o t s  were e s s e n t i a l l y  
devoid of  s tanding vegetat ion.  Recovery of  vege- 
t a t i o n  appeared t o  be f a s t e r  on the  unburned p l o t s ,  
bu t  d i f ferences  between treatments i n  he ight  and 
dens i ty  of  comqeting vegetat ion and i n  numbers of 
p ines  overtopped were not s t a t i s t i c a l l y  s i g n i f i c a n t .  



B i t t e r  g a l l b e r r y  bushes and b iws tem grasser  
dominated t h e  understory before preparat ion.  They 
s t i l l  d o d n a t e d  it af'ter prepara t ion  ( t a b l e  1 ) .  
Saw p a b e t t o ,  blueberry bushes, f e t t e r  bushes, and 
threeawn and dropseed g ra s se s  were l e s s  prevalent  
af'ter s i t e  prepara t ion  than before.  The o the r  
spec ies  l i s t e d  i n  t a b l e  1 were encountered too  
in f r equen t ly  t o  judge t h e  e f f e c t  o f  s i t e  prepara- 
t i o n  upon t h e i r  nmbers .  In  genera l ,  however, 
t he  u n d e r s t o q  on both t h e  burned and unburned 
p l o t s  t h r e e  years  a f t e r  prepara t ion  looked much 
a s  it had before  preparat ion.  

Bo s i g n i f i c a n t  d i f f e r ences  between burned and 
mburned p l o t s  were found i n  t he  frequencies o f  
b i t t e r  ga l lbe r ry ,  o r  bluestem grasses ,  o r  threeawn 
k lus  dropseed grasses  o r  panic  p lus  paspalum grasses.  
P r e ~ ' a n c i e s  of t he  o ther  species l i s t e d  i n  t a b l e  
1 could not  be s t a t i s t i c a l l y  cowared  because they 
were absent  from one o r  more p lo t s .  

CJoody p l a n t  e m p e t i t i o n  t o  pines on the  burned 
p l o t s ,  i n i t i a l l y  low, increased  t o  almost t h a t  on 
the  u n b m e d  p l o t s  by 6 years  a f t e r  p l an t ing  ( f i g .  
I). A t  no measuremnt, however, was t h e  d i f f e r ence  
s ign i f i can t .  

Table 1,--Qecies wi th in  I foot  o f  t h e  surv iv ing  pines t h a t  appeared t o  be o f f e r ing  t h e  most competition t o  
indiv idual  p ines ,  expressed a s  percentages of  p l  an t ing  pos i t i ons  with surv iv ing  pines. &/ 

Species o r  Species Groups 

One year  Three yea r s  S ix  years  
a f t e r  p lant ing  a f t e r  p l an t ing  af'ter p lant ing  

B m e  d Unburned Burned Unburned Burned Unburned 

- - _ _ _ _ _ _ _ _  - percentages - - - - - - - - - - - 
WOODY PLAFTS 

B i t t e r  ga l lbe r ry  ( I ~ x  gkbra  ( L )  Grayf 
Southern waxmyrtle (Myrica cerifera L. var. 

ceriferal 
F e t t e r  bushes (Ltfonid spp. Nut ta l l )  
Redbay (Persea borboncia (L )  Sprengel) 
Sweet pepperbush (CZethmr aZnifoZ&z L. ) 
Chokeberry (Sorbus arbutifo 2 - k ~  ( L )  Heynhold) 
Saw palmetto (Serenoa repens re art ram) Small) 
Sweet g a l l b e r r y  ( n e x  coriaceu ( ~ u r s h )  Chapman) 
Blueberries (Vacciniwn spp. L. ) 
Red maple (Acer r m b m  L. ) 
Grape (V i t i s  spp. L. ) 
Greenbrier  ( S 2 n i Z a x  spp. L. ) 

HERBACEOUS P W S  

Bluestem grasses  (Andropogon spp. L. ) 
Threeawn and dropseed grasses (Ar&tida spp. 

L. and Sporobozus spp. R. Brown) 
Panic and paspalum grasses  (Panicurn spp. L. 

and PaspaZm spp. L. ) 
Other grasses  and g ra s s l i kes  ( ~ o a e e a e  , 

a p e  raceae , and Juncaceae ) 
Gomposi t e s  (AS te raceae  ) 
Redroot (l;achmnthes caroZiniana ( Lam. ) 

Dandy) 
Ferns 
Unidentif ied Eferbaceous spec ies  

NO COMPmIMG PWVTS WITRm 1 FOOT OF PIRES 0.6 1 .3  0.0 0.0 0.0 0.0 

TOTAL PER 100.0 100.0 99.9 100.0 100.0 1100.1 

l / ~ o r  example, t he  f i r s t  numerical en t ry  i nd i ca t e s  t h a t  24.3 percent  of t he  pines surv iv ing  on t h e  
burned p l o t s  1 year  a f t e r  p l an t ing  appeared t o  be receiving more competition from b i t t e r  ga l lbe r ry  than 
from any o the r  species.  



The measurement of crown coverage using 
v e r t i c a l  s tereophotographs i n d i c a t e s  t h a t  vegeta- 
t i v e  r eco lon i za t i on  f:f t he  s tudy  s i t e  was r a g i d ,  
with more than  90 percent  of t h e  s i t e  covered 
Kith vege t a t i on  2 years a z t e r  s i t e  prepara t ion ,  
Percent cover of herbs  peaked a t  2 yea r s ,  %hen 
aecreased during t he  next  yea r  a s  coverage of 
woody p l a n t s  increased.  Neither  t h e  woody nor 
the  herbaceous coverage d i f f e r e d  s i g n i f i c a n t l y  
between t h e  burned and unburned p l o t s .  Graphic 
p r e sen t a t i on  of  t h i s  coverage ( f i g .  2 ) sugges ts ,  
however, a s  d id  t h e  competi t ion d a t a  i n  f i gu re  1, 
t h a t  burning p lus  mechanical p r epa ra t i on  r e su l t ed  
i n  more e f f e c t i v e  i n i t i a l  con t ro l  of  woody p l a n t s  
than d id  me chani c a l  p r epa ra t i on  alone. 

Of t h e  436 well-planted p ines  no t  overtopped 
by o t h e r  vegeta t ion  1 yea r  a f t e r  p l an t i ng ,  only 
2 subsequently became overtopped ( t empora r i l y f ,  
and only 6 died  between the  f i r s t  and s i x t h  yea r s  
a f t e r  p lan t ing .  Of t he  158 well-planted pines 
overtopped a t  1 yea r ,  only 3 were s t i l l  over- 
topped a t  3 y e a r s ,  2 were overtopped a t  4 yea r s ,  
1 was overtopped a t  6 yea r s ,  and only 2 d ied  
between t h e  f i r s t  and s i x t h  years .  Despite i t s  
t r a n s i t o r y  na tu re ,  t h e  overtopping,  o r  something 
a s soc i a t ed  wi th  i t ,  reduced he igh t  and diameter 
growth through 6 yea r s  a f t e r  p l an t i ng :  

Years Pines Pines not  S ign i f i can t  
s i nce  overtopped overtopped l e v e l  of 

p l an t i ng  a t  1 yea r  a t  1 year  d i f f e r ence  

- - - - - - height  i n  f e e t  - - - - - - 

The most meaningful of t he  competi t ion measure- 
ments appeared t o  be t h e  one made 6 yea r s  a f t e r  
p l an t i ng  among the  well-planted surv iv ing  p ines  
t h a t  were not  i n f e c t e d  wi th  stem canker. In t h a t  
measurement, 73 percent  of t h e  p ines  were Judged 
t o  be rece iv ing  t h e i r  major competition from 
b i t t e r  ga l l be r ry ,  19 percent  from bluestem g ra s se s ,  
and the  remaining 8 percent  from saw palmetto,  
f e t t e r  bush, waxmyrtle, redbay, red  maple, o r  
grape vine. Average he ight  and diameter  o f  t he  
p ines  va r i ed  wi th  t h e  spec i e s  of  t h e  competitor: 

Competitor Pine B i g h t  Pine CBH 

f e e t  - inches  

Bluest  ems 15.3 2 .6  

Pines competing with t he  bluestems ( c h i e f l y  
Andropogon virginicus L. and A. capiZZipes Xash) 
averaged s ign i f i can tpy  s h o r t e r  (0.05 l e v e l  ) and 
s z a l l e r  i n  diameter (0.025 l e v e l )  than  pines com- 
pe t i ng  with those spec ies  r e f e r r ed  t o  c o l l e c t i v e l y  
as "a l l  o the r s f f .  The growth r e t a rd ing  e f f e c t  of 
the bluestems q e n  s l a s h  pine may be l e s s  o f  a  
competition e f f e c t  than an a l l e l o p a t h i c  e f f e c t ,  
conside r i ng  ?ha t  P r i e s t e r  and Pennineon (1318 ) 
found t h a t  water  e x t r a c t s  Prom t h e  shoots  of  A .  
uirg;nicm slowed the  he ight  growth o f  l o b l o l l y  
pine (Pinus taeda I;. ) seedl ings ,  

Pines competing with b i t t e r  ga l l be r ry  were 
s i g n i f i c a n t l y  smal le r  i n  d i m e t e r  (0.025 l e v e l  ) 
but  not  s i m i f i s a n t l y  s h o r t e r  than p ines  competing 
with the  " a l l  o thers f '  category. Pines competing 
with b i t t e r  g a l l b e r r y  d id  not  d i f f e r  s i g n i f i c a n t l y  
i n  he ight  o r  diameter from p ines  competing with 
blue s t  ems. 

S U I W Y  AND CONCLUSIONS 

Growth of s l a s h  pine seedl ings  was s i g n f i c a n t l y  
reduced by proximity t o  bluestem grasses  o r  t o  
b i t t e r  ga l l be r ry ,  o r  by temporary overtopping by 
any competing p l an t s .  This information may be of  
more d i r e c t  use t o  the  f o r e s t e r  researcher  than 
t o  t he  f o r e s t  manager. 

Of more immediate use t o  t he  f o r e s t  manager 
a r e  t he  r e s u l t s  i nd i ca t i ng  t h a t  prescr ibed  f i r e  
before  mechanical prepara t ion  may not  be ne ces s a w .  
E f f ec t s  o f  t he  low i n t e n s i t y  f i r e  before chopping, 
bedding, and p l an t i ng  had n e i t h e r  p r a c t i c a l  nor 
s t a t i s t i c a l  s ign i f icance .  A f i r e  of  h igher  in ten-  
s i t y  might have produced d i f fe rences  o f  s t a t i s t i -  
c a l  and economic s igni f icance .  The f a c t  remains, 
however, t h a t  without any p r e s c a r i f i c a t i o n  f i r e ,  
s l a sh  pine averaged 16 f e e t  t a l l  and 83 percent  
su rv iva l  6 years  a f t e r  p lan t ing .  Under t h e  condi- 
t i o n s  of  the  study,  an e n t i r e l y  adequate planta-  
t i o n  was e s t ab l i shed  without burning! 

Because most of t he  logging deb r i s  had de- 
composed and t he  mechanical t rea tments  had ade- 
qua te ly  con t ro l l ed  t he  competition, burning was 

cos t  e f f ec t i ve .  P re sca r i f i c a t i on  burning 
probably i s  equal ly  unnecessary on s i t e s  where 
most o f  t he  combustible ma te r i a l  has been removed 
by whole-tree harvest ing.  Even on s i t e s  wi th  more 
deb r i s ,  a  prolonged wait  f o r  good burning condi t ions  
could r e s u l t  i n  the  cost  o f  burning outweighing 
i t s  bene f i t s .  I f  such a  wait  seems l i k e l y ,  and a  
me chani c a l  t reatment t h a t  w i l l  a l low acceptable  
s tand  establishment a t  an acceptable cos t  i s  ava i l -  
ab l e ,  burning should probably be foregone. 

A l l  o thers  17. 3 3.1 
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Figure 1. --Trend toward woody competition with time s ince  s i t e  prepara t ion .  
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Figure 2.  --Trend toward woody understory coverage with time s ince  s i t e  
preparat ion.  



BOTTOmmD Kfrffi)"dOODS RESEmCH ON SITE P E P m T I O H ,  
PLmTATIOM ESTABLISW;?IENT, Ah9 CULTUUL TREAmNTS, 

AT THE SOUTHEW PiifRDWOODS LABORATORYL/ 
2 1 Harvey E . Kennedy, Jr .- 

Abstract.--The South conta ins  about 219 m i l l i o n  a c r e s  of 
f o r e s t s ,  70 m i l l i o n  a c r e s  of which a r e  most p roduc t ive  when 
managed a s  hardwoods. Bottomland hardwoods cover about 22 
m i l l i o n  of t h i s  70 m i l l i o n  a c r e s .  Hardwood p l a n t a t i o n  manage- 
ment h a s  been i n c r e a s i n g  dur ing  t h e  l a s t  few y e a r s ,  b u t  n a t u r a l  
s t a n d  management s t i l l  accounts  f o r  more than 99 percen t  of 
hardwood product ion i n  t h e  South. This  paper summarizes re -  
s e a r c h  and exper ience  a t  t h e  Southern Hardwoods Laboratory 
t h a t  have solved some of t h e  problems i n  p l a n t a t i o n  manage- 
ment. Proper  s i t e  s e l e c t i o n ,  good s i t e  p r e p a r a t i o n  and 
c u l t i v a t i o n ,  h igh  q u a l i t y  s e e d l i n g s ,  and proper  p l a n t i n g  
techniques  a r e  musts i f  hardwood p l a n t a t i o n s  a r e  t o  be 
s u c c e s s f u l .  P l a n t i n g  l a r g e  s e e d l i n g s  may reduce c o s t s  of 
s i t e  p r e p a r a t i o n  and cultivation, a s  w e l l  a s  g e t  more d e s i r -  
a b l e  s e e d l i n g s  i n t o  an a r e a .  

The South c o n t a i n s  more than 532 m i l l i o n  
a c r e s  of l and .  F o r e s t s  cover  41 percen t  of t h i s  
land a r e a .  Of t h e  219 m i l l i o n  a c r e s  of f o r e s t  
l and ,  70 m i l l i o n  a c r e s  a r e  most p roduc t ive  when 
managed f o r  hardwoods. Bottomland hardwoods 
t o t a l  22 m i l l i o n  a c r e s ,  wi th  upland and mountain 
hardwoods compris ing t h e  remaining 48 m i l l i o n  
a c r e s .  I n  1977, 54 percen t  of t h e  hardwoods har-  
v e s t e d  i n  t h e  e a s t e r n  United S t a t e s  came from t h e  
South. 

Hardwoods were t h e  primary o b j e c t  of ea r -  
l i e s t  f o r e s t  management p r a c t i c e s  i n  t h e  United 
S t a t e s ,  b u t  t h e  emphasis s h i f t e d  r a p i d l y  t o  coni-  
f e r s  t h a t  were demanded by i n d u s t r y  and more 
e a s i l y  managed. High-grading, f i r e ,  g raz ing ,  and 
poor markets  f o r  i n t e r m e d i a t e  p roduc ts  have 
caused hardwoods t o  be  neg lec ted  i n  f o r e s t  manage- 
ment. 

I/ Paper p resen ted  a t  Southern S i l v i -  
c u l t u & i l  Research Conference, A t l a n t a ,  Georgia, 
November 6-7, 1980. 

2 1  P r i n c i p a l  S i l v i c u l t u r i s t ,  Southern Hard- 
w o o d s - ~ a b o r a t o r ~ ,  which is  maintained a t  
S t o n e v i l l e ,  M i s s i s s i p p i ,  by t h e  Southern Fores t  
Experiment S t a t i o n ,  Fores t  Service--USDA, i n  
coopera t ion  wi th  t h e  P f i s s i s s i p p i  A g r i c u l t u r a l  
and F o r e s t r y  Experimenr s t a t i o n  and t h e  Southern 

Recent ly,  t h e  demand f o r  hardwood produc ts  
such a s  f u r n i t u r e ,  p a l l e t s ,  pulpwood, cons t ruc-  
t i o n  m a t e r i a l ,  and fuelwood has  increased .  To 
meet t h e  h igher  demand f o r  hardwood produc ts ,  
b e t t e r  f o r e s t  and p l a n t a t i o n  management wi th  
supplemental p l a n t i n g  of d e s i r e d  s p e c i e s  i n  
n a t u r a l  s tands  w i l l  have t o  b e  p r a c t i c e d .  

This  paper summarizes some r e s e a r c h  r e s u l t s  
on p l a n t a t i o n  es tab l i shment ,  s i t e  p r e p a r a t i o n ,  
and c u l t u r a l  t rea tments  a t  t h e  Southern Hardwoods 
Laboratory. 

SITE PREPARATION AND CULTIVATION 

One of t h e  f i r s t  p r e r e q u i s i t e s  f o r  success-  
f u l  hardwood p l a n t a t i o n s  i s  proper  s i t e  s e l e c t i o n .  
Species  must be adapted t o  t h e  s i t e .  The most 
d e s i r a b l e  s i t e s  would be moist  b u t  wel l-drained 
sandy loams and s i l t  loams i n  most sou thern  r i v e r  
bottoms. Best growth f o r  a l l  s p e c i e s  occurs  a t  
s i t e s  r e c e i v i n g  ample moisture d u r i n g  t h e  growing 
season (McKnight 1970). Many hardwoods can with- 
s tand  f looding  dur ing  t h e  dormant season i f  t h e  
water  is cool  and moving o r  does n o t  s t a y  on t h e  
ground f o r  extended per iods  dur ing  t h e  growing 
season.  Our experience has  shown t h a t  f looding  
dur ing  t h e  f i r s t  growing season can be very  
damaging t o  young hardwood p l a n t a t i o n s ,  bu t  trees 
can withstand prolonged f looding  a f t e r  t h e  f i r s t  
growing season.  

Hardwood F o r e s t  Research Group. 



Sites which are recornended for planting are 
inherently fertile, and the clirnate in the South 
is well suited for excellent growth. Weeds as 
well as trees grow rapidly, but most hardwoods 
are intolerant and can stand little if any compe- 
tition for light and ntoisture when trees are 
young, Careful site preparation is essential to 
get trees established and to make weed control 
easier during the first growtng season (HcKnight 
1970). 

Site preparation is the m s t  costly phase in 
establishing southern bottomland hardwood planta- 
tions. In 1976, contract clearing, raking, 
windrowing, burning, and disking costs were about 
$150 per acre (Johnson 1977). This cost may be 
as much as $200 or more per acre now. Such 
intensive site preparation is required to do the 
straddle cuftivation essential to achieve nearly 
conrplete control of vines, weeds, sprouts, and 
other seedlings while planted seedlings are being 
started. Also added to the clearing costs would 
be $50-60 per acre for first-year cultivation. 
The plantation needs to be cultivated at 3- to 4- 
week intervals five to six times the first grow- 
ing season. Clearing costs under contract 
programs may be bettered by companies using their 
own equipment. 

Best sites for most hardwoods are on land 
recently cleared of timber. The soil is in good 
physical condition and weeds are usually not 
plentiful (McKnight 1970). Trees should be 
sheared and the site thoroughly cleaned and 
disked to facilitate planting and first-year 
cultivation. Stumps left after logging and 
standing unmerchantable trees and shrubs should 
be cut at or just below the groundline. The 
sheared material should be windrowed and burned. 
Some of the debris from near the edge of the 
clearing operation can be used to construct crude 
fences to exclude deer if they are a problem. 
These fences need to be 10 to 12 feet in height 
and about 20 feet across the base. 

Use of "old-field sites" will elimgnate the 
cost of clearing. Experience and research have 
shown, however, that these sites need to be deep 
plowed (fallowed) before planting. Plowing 
breaks the sod, reduces competition from weeds, 
eliminates compaction, aerates the soil, and 
allows rapid infiltration of moisture from rain- 
fall, Baker and Blacbon (1978) reported on 

r fallowing as a simple technique for 
improving old-field sites for cottonwood. This 
technique should also work for other hardwoods. 

For cultivation, most forest managers prefer 
tractors of about 100 horsepower, a size large 
enough for clearing, fallowing, and planting, but 

I1 enough for cultivating (Kennedy and 
Henderson 1476) .  One tractor per 200 acres is 
required for adequate results, Comercial 
planters are straddle cultivating one row at a 
time with conventional front-mounted farm cul- 
tivators until trees are about 2 feet tall, 
Front-mounted cultivators allow the driver to 
have better visibility and control and therefore 
cause less damage to trees than with rear-mounted 
cultivators. Cultivators equipped with chisel- 
or shovel-type plows allow tillage close to young 
trees without appreciable damage. Equipment most 
frequently used consists of: (1) large front- 
mounted cultivators with 19 to 21 shanks that 
will straddle one row while covering the space 
within rows, or (2) offset front-mounted cul- 
tivators equipped with 5 to 6 shanks that 
straddle the row while covering a small area on 
each side; with this system, a disk or spring- 
tooth harrow drawn behind the tractor covers the 
area between rows. When trees are too tall to 
straddle, the cultivators are removed, and 
tillage between rows is accomplished with a disk 
or harrow. 

P m A T I O N  ESTABLISHMENT 

In the past few years plantation acreages 
have been increasing and today there are between 
100,000 and 150,000 acres (Johnson 1977). How- 
ever, in the eastern United States, natural 
stands still account for over 99 percent of the 
hardwood production. 

Research and experience have solved many of 
the problems of growing cottonwood and other 
hardwoods in plantations (Johnson 1977). Species 
being grown in plantations today are cottonwood, 
sycamore, sweetgum, green ash, and black walnut. 

After site preparation, the area is ready 
for planting. The planting operation can be 
accomplished by hand with dibbles or with 
machines, whether planting hardwood seedlings or 
cottonwood cuttings. Good planting techniques 
and quality seedlings are a must if the planta- 
tion is to be a success. Forest owners are now 
looking for quality seedlings with a rootcollar 
diameter at least 114- to 318-inch or larger 
and tops 30 to 36 inches tall (McKnight and 
Johnson 1980, Weber 1972). Cottonwood cuttings 
should be 314- to 1-inch at the large end and a 
minimum of 318-inch at the small end. 



High site preparation cost is probably the 
main deterrent of hardwood plantation establish- 
ment at this time. Ongoing research at the 
Southern Hardwoods Laboratory is aimed at over- 
coming the expensive site preparation and 
cultivation costs by planting large seedlings. 
Work is currently underway with cottonwood, 
sycamore, and four oaks. The objective is to 
improve early height growth by planting trees 
up to 3 years old, 10 to 15 feet tall, and 2 
inches in dianeter at the root collar (Johnson 
1979). Trees have been planted with and'witIaout 
top and root pruning in 9-inch diameter auger 
holes. Other work is being done on growing 
large seedlings for 1 to 2 years in containers 
(9 inches diameter by 24 inches tall) and plant- 
ing seedlings with undisturbed root systems. 
Potential early benefits are rapid early growth, 
planting trees large enough that cultivation can 
be kept to a minimum, and a planting height 
beyond the range of deer. Early results with 
this method are very encouraging. 

BENEFITS OF CULTURAL TREAWNTS 

At the Southern Hardwoods Laboratory, three 
levels of cultural intensities were tested with 
six hardwood species. Cultural intensities 
were: disk (clean cultivation), mow, and control 
(no treatment). Species were sycamore, green 
ash, cottonwood, sweetgum, Nuttall oak, and 
sweet pecan. After four growing seasons, trees 
in disked plots were significantly taller and 
had larger diameters than trees in mowed and 
control. There were no real differences between 
mowed and control. Disking increased heights 
from 42 percent for green ash to 130 percent for 
sycamore over trees in control plots. Diameter 
increases ranged from 144 percent for cottonwood 
to 240 percent for Nuttall oak. 

Survival was best in disked plots (91 per- 
cent), with mowed next (80 percent), and control 
lowest (76 percent). Disked plots ranged from 
a low of 84 percent survival for sweetgum to 
99 percent with sycamore. Green ash survived 
best in mowed and control plots with sycamore a 
close second. 

Trees in disked plots had significantly 
higher foliar N and Ca concentrations and 
significantly lower P and Mg than trees in mewed 
and control plots. Trees in mowed plots had 
significantly lower K than control; those in 
disked plots were intermediate with no difference 
between mowed and disked. Although foliar 
nutrient concentrations were lower for some 
nutrients in trees in Jisked plots, if we assume 
weight to be proportional to size, then nearly 

twice as much of each nutrient would have been 
accumulated in trees in disked plots as in mowed 
and control. Cottonwood had the highest nutrient 
concentrations for most elements tested. Syca- 
more was lowest or tied for lowest for N, P, and 
K; fourth for Ca; and third for Plg. 

Cultural treatments, particularly disking, 
did not cause any significant reductions in soil 
nutrient levels. One of the major benefits of 
disking was probably vegetation control. How- 
ever, it also improves soil structure, water 
infiltration, gas exchange between the soil and 
atmosphere, organic matter, and nutrient avail- 
ability. 

SUMMARY AND CONCLUSIONS 

Research and experience have solved many of 
the problems in planting cottonwood and other 
priority hardwoods. Our recornendations entail 
intensive site preparation and clean cultivation 
through at least the first growing season. 
Proper site selection, good site preparation and 
cultivation, high quality seedlings, and proper 
planting techniques are musts if hardwood 
plantations are to be successful. Planting large 
seedlings may reduce the costs of site prepara- 
tion and cultivation. In addition to competition 
control, other benefits of disking include better 
soil nutrient and moisture availability, incor- 
poration of organic matter and mineralization, 
gas exchange between the soil and atmosphere, and 
improved soil structure. 
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SITE PmPAMTION T R E A m H T S  AbJ;D NUTRIENT LOSS 

1 / 
FOLLOWING COKeLETE HARVEST USING TEE NICHOLSON-KOCH MOBILE CHIPPER- 

2 / Robert G o r d e r  
James N, M i l l e r  
Conrad Brewer 

Abstract . - -Sfte  d i s tu rbance ,  v e g e t a t i o n  c o n t r o l ,  and 
n u t r i e n t  l o s s  were assessed  fol lowing complete biomass har- 
v e s t i n g  of a p i n e  p l a n t a t i o n  by t h e  Nicholson-Koch mobile 
ch ipper ,  Thirty-two percen t  of t h e  s o i l  a r e a  was s i g n i -  
f i c a n t l y  compacted t o  a 1 0  cm depth. L i t t e r  zone m a t e r i a l  
showed a two-fold i n c r e a s e  due t o  ch ips  l o s t  dur ing  h a r v e s t .  
Herb ic ide  t rea tments  (Tordon 10K and Velpar G r i d b a l l )  were 
a p p l i e d  fo l lowing  h a r v e s t .  Tordon c o n t r o l l e d  84 percen t  of 
t h e  hardwood r e s p r o u t s  dur ing  t h e  f i r s t  growing season and 
Velpar 37%. Tension-cup and - p l a t e  l y s i m e t e r s  were used t o  
monitor  p e r c o l a t i o n  l o s s e s  from t h e  s o i l .  During t h e  f i r s t  
5 months, t rea tments  a c c e l e r a t e d  l o s s e s  of Ca, Mg, K,  Na, 
PO4, NO3, S04, and Hc03. Loss due t o  Tordon t rea tment  was 
g r e a t e r  than  chipping a lone ,  f o r  a l l  n u t r i e n t s  analyzed. 

As c u r r e n t  energy sources  con t inue  t o  i n c r e a s e  
i n  c o s t  and d e c r e a s e  i n  a v a i l a b i l i t y ,  a t t e n t i o n  
has  tu rned  toward wood a s  a renewable f u e l  source  
f o r  wood process ing  and o t h e r  i n d u s t r i e s .  Nation- 
a l l y ,  t h e  wood process ing  i n d u s t r y  i s  40 percen t  
s e l f - s u f f i c i e n t  i n  energy produc t ion  (Arola 1976) 
w i t h  t h e  Southeas t  having t h e  g r e a t e s t  p o t e n t i a l  
b u t  t h e  lowest  u t i l i z a t i o n  a t  t h e  p r e s e n t  time. 
Complete biomass h a r v e s t  f o r  f u e l  is a developing 
r e a l i t y  (Koch and McKenzie 1976) bu t  t h e  concept 
r a i s e s  q u e s t i o n s  regard ing  impacts on f u t u r e  s i t e  
p r o d u c t i v i t y .  The engineer ing  r e s e a r c h  work u n i t  

&/paper p resen ted  a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l a n t a ,  Georgia, 
November 6-7, 1980. 

L l ~ r a d u a t e  Research A s s i s t a n t ,  Auburn Univer- 
s i t y ;  Research F o r e s t e r ,  Southern F o r e s t  Experiment 
S t a t i o n ;  and A s s i s t a n t  P r o f e s s o r ;  Auburn Univers i ty ,  
Auburn, Alabama 36849. 

Use of t r a d e ,  f i r m  o r  c o r p o r a t i o n  names i n  
t h i s  p u b l i c a t i o n  is  f o r  t h e  in format ion  and conve- 
n ience  of t h e  reader .  Such u s e  is no t  an  o f f i c i a l  
endorsement o r  approval  by t h e  U.S. Department of 
A g r i c u l t u r e  of any product  o r  s e r v i c e  t o  t h e  
e x c l u s i o n  of o t h e r s  t h a t  may be  s u i t a b l e .  

I f  h e r b i c i d e s  a r e  handled, a p p l i e d  o r  
disposed of improperly they may be  i n j u r i o u s  t o  
humans, domestic animals ,  d e s i r a b l e  p l a n t s ,  and 
p o l l i n a t i n g  i n s e c t s ,  f ~ , f , ,  o r  o t h e r  w i l d l i f e ,  and 
may contaminate  wate r  s u p p l i e s .  Use h e r b i c i d e s  on ly  
xhen needed and handle  them wi th  ca re .  Follow t h e  
d i r e c t i o n s  and heed a l l  p recau t ions  on t h e  con ta iner  
l a b e l .  

of t h e  Southern F o r e s t  Experiment S t a t i o n  a t  
Auburn, Alabama, is t e s t i n g  a complete biomass 
h a r v e s t  system, t h e  Nicholson-Koch Mobile Chipper 
(Koch and Savage 1980). A mobile-chipper t e s t  
s i t e  was used i n  t h i s  s tudy  t o  a s s e s s  s i t e  prepa- 
r a t i o n  p o t e n t i a f ,  s u r f a c e  d i s t u r b a n c e ,  and 
n u t r i e n t - l o s s  impacts  a f t e r  complete biomass 
h a r v e s t  ,.?/ 

STUDY AREA 

A complete biomass h a r v e s t  was performed 
dur ing  A p r i l ,  1980 on a 1-ha s tudy  s i te  i n  t h e  
F o r e s t r y  Department Woodlot, Auburn Univers i ty .  
The s o i l  s e r i e s  was a Blanton loamy sand w i t h  
w e l l  developed l i t t e r  (8 cm) and humus (5-10 cm) 
l a y e r s .  Slope on t h i s  s i t e  ranged from 5-15% 
w i t h  two o l d  t e r r a c e s  on t h e  s t e e p e r  s l o p e s .  A 
p a r t i a l l y - f i l l e d  g u l l y  runs  a c r o s s  t h e  c e n t e r  of 
t h e  a r e a ,  r e s u l t i n g  from p a s t  c u l t i v a t i o n .  

A p l a n t a t i o n  of 53-year-old mixed l o b f o l l y  
(Pinus taeda)  and s l a s h  p i n e  (Pinus e l l i o t t i i )  
averaging 147 m e t r i c  tons  p e r  h e c t a r e  (m. t . / h a )  
t o t a l  s tand ing  crop comprised t h e  o v e r s t o r y  on 

3/~11 f u r t h e r  r e f e r e n c e s  t o  h a r v e s t i n g  on 
t h i s  si te a r e  made w i t h  t h e  assumption t h a t  a l l  
s t and ing  t r e e s ,  shrubs ,  and v e g e t a t i o n  were 
removed a t  o r  j u s t  above t h e  s o i l  s u r f a c e ;  no 
r o o t  h a r v e s t  occurred,  



approximately half of the area. A shorrleaf pine 
(Plnus echinata) stand averaging 87 m.t.lha covered 
the other half of the test site. Prevalent mid- 
story species were southen red oak (quercus 
falcata), water oak (Quercus - sweetgm 
-- 

(Liquidabar styraciflua), persirnun (~iospyros 
virginiana), dogwood (Cornus florida), red maple 
(Acer rubra), and high bush blueberry (Vaccinium 

A complete block experimental design was used 
with three blocks and five '05 ha treatment plots 
per block. Four of the five treatment plots were 
completely harvested before applying additional 
treatments to control hardwood resprouting, The 
fifth treatment plot in each block remained unhar- 
vested and untreated. 

The following treatments were assigned randomly 
and initiated on the four harvested plots in each 
block: 

1. Velpar Gridball - hand applied in a grid 
pattern at 1.3 kg/ha active ingredient 
(1 cc formulation1). 

2. Tordon 10K - using commercial fertilizer 
spreader with a random scatter effect 
(small pellet2), applied at 5.6 kg/ha a.i. 

3, Chipped only - no additional vegetation 
control measures initiated after harvest- 
ing (this plot to serve as a baseline for 
vegetation response to complete harvest), 

4 .  Windrowing - land clearing by crawler- 
tractor with a straight blade. 

Herbicide treatments were applied on June 18, 1980 
after resprouting had begun. Windrowing is sched- 
uled to begin in the fall (1980) prior to winter 
planting of loblolly pine seedlings. 

In the following sections, study methods and 
results will be presented jointly under separate 
headings. 

SURFACE DISTURBANCE 

The degree and coverage of surface disturbance 
was assessed using seven categories, modified from 
Jhrness f 1967) .  

I. Undisturbed--the humus lager still in place 
and no evidence of compaction. 

2. Slightly disturbed--three conditions fit 
this class: 
a, Humus removed and mineral soil exposed; 
b, Al-horizon soil, humus Sayer, and/or 

chips intimately mixed with about 
equal proportions; 

c, Al-horizon soil deposited on top of 
litter, 

3. Deeply disturbed--Al-horizon removed and 
A2-horizon or deeper soil layers exposed. 

4 ,  Compacted (depressed)--obvious compaction 
due to passage or a wheel and/or track. 

5. Debris pile--mixture of debris and chips 
greater than 10 cm deep. 

6. Soil deposition--eroded mineral soil 
deposited on soil surface. 

7. Mon-soil areas--stumps or logs. 

Five 50- to 60-m transects were installed 
across the test site at regular intervals and the 
surface condition at 1-m spaced points was cate- 
gorized into disturbance classes. Soil core 
samples were extracted in pairs from compacted 
(depressed) points and from undisturbed poi ts 

37 within 30 cm at 0-5 cm and 5-10 cm depths.- 

Results from the soil-surface survey are 
tabulated below. 

Classes 

Undisturbed 
Slightly disturbed 
Deeply disturbed 
Compacted 
Debris piles 
Soil deposition 
Non-soil 

Covered ( X )  

Compaction is the most prevalent disturbance 
affecting about one-third of the area. This is 
less than a theortical maximum calculated from 
track- and chassis-width measurements in a 
complete harvest. If the inside track of the 
mobile chipper and/or wheels of a towed chip wagon 
followed over the outside track patch of the pre- 
vious swath then 44 percent of the area would be 
compacted, while overlapping swaths would result 

I~A 1073 active ingredient pellet of hexazinone 
manufactured by E.1 .  Dupont de NeMours and Company, 

2 f ~  10% active ingredient pellet of picloram 
manufactured by Dow Chemical Company. 

2'Compaction data furnished by Anthony L. 
King, formerly with the Southern Forest Experiment 
Station, presently with Agricultural University, 
Kenya, Africa. 



in 66 percent compaction. O l ~ r  f ind inc .4  is less than 
t h e  theoretical compactSon potential owing TO ground 
protection afforded mainly by chips from the feller 
bar operation and also limbs and surface roots. 
Differences in bulk density between compacted and 
disturbed soils were compared using paired t-tests 
and were found significant (p 1., 0.01) at both 
the 0.5 cm and 5-10 cm depths. Mean bulk density 
at the 0-5 cm depth was 1.54 g/cm3 for cozlpacted 
and 1.37 g/cm3 for undisturbed conditions and at 
the 10 crn depth 1.58 and 1.42, respectively, 

Hatchell (1970) reported that increases in 
bulk density from 0.17 to 0.20 g/ cm3 in loamy sand 
and loam soils reduced shoot weights of I-year-old 
loblolly pine by 33 to 43 percent and root weight 
by 40 to 55 percent. Such a reduction in growth 
for seedlings on one-third of the areas harvested 
by the mobile chipper may not occur due to dimi- 
nution of compaction effects by continuous- 
furrow or dibble-planted seedlings. This has not 
yet been determined. Planting by dibble would be 
difficult on 7.1% of this area due to deep deposi- 
tion of chips and twigs. 

HUMUS AND LITTER 

Humus and litter were sampled prior to mobile 
chipping and again following harvest, Samples 
measueing 0.09 m2 ( 1 ft2) were extracted at six 
systematically located points within each treatment 
plot before harvest, a total of 90 samples. Sample 
locations were 4 m from plot corners (45') and mid 
points on the longest sides (90°), with post-har- 
vest samples taken immediately adjoining pre-har- 
vest sample locations. During pre-harvest sampling 
the distinct humus and litter layers were separated 
at the time of collections but post-harvest samples 
required mechanical separation by nested sieves of 
chips and twigs from both litter an2 humus. Ashing 
will be performed on pre-harvest humus samples and 
post-harvest humus and litter samples to adjust 
weights for the mineral soil component. Only humus 
samples have been ashed at this time. 

The chipping operation added 4.5 m.t./ha of 
chips and twigs to the original litter layer which 
weighed 2.3 m.t./ha. This 195 percent increase, 
due principally to chips, is attributed to feller- 
bar operation and chip-loss during turns when the 
chip wagon was not aligned with the chip discharge 
duct on the chipper, Fewer turns on larger areas 
or better alignment should decrease this loss. 
The influence of this large influx of material to 
the forest floor and resulting impacts on the 
mineralization processes are not known. These low- 
nutrient, high cellulose chips should decompose 
slowly releasing nutrients more gradually. Most of 
the needle and twig component was removed from the 
site with harvest, Removal from a forest of the 
leaf, twig and needle components as typifies com- 
plete biomass harvest, r ? y  diminish the available 
nutrient supply necessary for future growth. Waide 
and Swank (1975) in their model of nitrogen cycling 
in a loblolly pine plantation located in North 

Carolina have indicated a 100 percent increase in 
nitrogen removal with complete tree harvesting. 
Additionally they found that with leaf, twig, and 
needle removal, a substantial decrease in yield 
may be expected in the third rotation. Cole et al, 
(1968) in a study of Douglar-fir (Pseudotsuga 
menziesii) indicated that complete tree removal 
would more then double nutrient loss from a site 
following harvest. 

NUTRIENT LEACHING 

This study has begun to quantify the losses 
due to leaching following complete biomass chip- 
ping and removal, by employing tension lysimeters, 
Two types of lp7imeters were used; tension cup and 
tension plate.- Cups provide soil solution 
samples with minimum concentration bias due to 
ceramic adsorption or ion screening, Plates allow 
calculations of loss on an area basis. Description 
of these devices and installation procedures can 
be found in Miller (this same conference). Prior 
to installation all lysimeters were washed with 
distilled water to eliminate ceramic contaminants. 

Leaching losses are being monitored on the 
following three treatment plots within each block: 
(a) unharvested check; (b) chipped only (completely 
harvested) and (c) complete harvest plus 
herbicide control (Tordon 10K at 5.6 kg/ha a.i.). 
Lysimeters were installed below the lateral rooting 
zone at 60 cm. All installations occurred during 
the 3-week period following harvest completion. 
Lysimeters were placed just below the maximum 
lateral rooting zone to reflect true losses from 
the system. Lysimeters were systematically grouped 
into two units, with a central plate, and two cups 
(three in the check) as satellites at a distance 
of 3.6 m within monitored plots. A total of 18 
plates and 42 cups have been installed on this 
study site. 

All devices are evacuated to 0.2 bars which 
approximates Field Capacity moisture tensions. 
Percolating water that is held with less than 0.2 
bars of tension may pass through the ceramic 
elements to be collected. Precipitation inputs 
are being quantified by 1 recording and 2 non- 
recording gages on the area. a 

Calcium (Ca) , magnesium (Mg) , potassium (K) , 
and sodium (Ha) are being analyzed in soil 
solution and precipitation samples using standard 
techniques of atomic adsorption spectrophotometry. 

L/~oth lysimeters are modified versions of 
commercial models manufactured by Soil Moisture 
Equipment Corp., Santa Barbara, California. 

Z/~his treatment plot to serve as a baseline 
for nutrient response following complete harvest, 
with no additional attempt at vegetation control, 



S u l f a t e  (SO4) de te rmina t ions  a r e  by t h e  barium- 
c h l o r i d e  g e l  technique (Tabatabai  1974).  Phosphate 
@Oh), n i t r a t e  (N03), b i c a r b o n a t e  (HC031, and PH 
a r e  de te rmined  us ing  s t a n d a r d  methods ( ~ c ~ a n d  
e t  a l .  1976) .  

A s u b s t a n t i a l  i n c r e a s e  i n  l e a c h i n g  l o s s  h a s  
occur red  due t o  complete t r e e  ch ipp ing  and removal 
(Table I ) .  The use  of h e r b i c i d e  f o r  r e s p r o u t  
c o n t r o l  h a s  a c c e l e r a t e d  t h i s  l o s s  f o r  a l l  n u t r i e n t s  
s t u d i e d  e x c e p t  phosphorus which h a s  shown only  a 
s m a l l  i n c r e a s e  i n  l o s s  due t o  h e r b i c i d e  t rea tment .  
Bicarbona te  and n i t r a t e  a r e  t h e  most concent ra ted  
an ions  r e s p o n s i b l e  f o r  c a t i o n  l e a c h i n g  i n  t h i s  
s o i l  system, This  d a t a  i n d i c a t e  t h a t  ecosystem 
recovery and on-s i t e  n u t r i e n t  i m o b i l i z a t i o n  have 
no t  y e t  begun. The d i f f e r e n c e  between n u t r i e n t  
l o s s  i n  chipped p l o t s  and t h a t  i n c u r r e d  wi th  
h e r b i c i d e  a p p l i c a t i o n  is  probably a t t r i b u t e d  t o  
r o o t  development and n u t r i e n t  up take  by t h e  
r e a s s u r g i n g  vege ta t ion .  

HERBICIDE CONTROL 

F i r s t  y e a r  v e g e t a t i o n  c o n t r o l  by h e r b i c i d e  
t r e a t m e n t s  was assessed  by complete stem counts  
w i t h i n  t h r e e  t rea tments  p l o t s ;  Tordon, Velpar ,  and 
Chipped Only. Sprouts  were c a t e g o r i z e d  a s  e i t h e r  
u n i n j u r e d ,  i n j u r e d  o r  dead. A t a b u l a t i o n  of mean 
t o t a l  hardwood stems p e r  h e c t a r e  r e v e a l s  f u r t h e r  
t h e  e f f e c t i v e n e s s  of t rea tments ;  Chipped p l o t s  aver- 
aged 17,200 stems, Velpar p l o t s  14,700 and Tordon 
11,700. 

Tordon p l o t s  demonstrated t h e  most e f f e c t i v e  
e a r l y  c o n t r o l  f o r  hardwood, shrub ,  and woody-vine 
regrowth (Table 2 ) ,  averag ing  84 percen t  of a l l  s tems 
counted a s  i n j u r e d  o r  dead. Those p l o t s  i n  which 
Velpar was a p p l i e d  demonstrated some v e g e t a t i o n  
c o n t r o l ,  b u t  suppressed on ly  37 percen t  of a l l  s tems.  
The csipped-onlp p l o t s  (no h e r b i c i d e  app1ied)had t h e  
lowest  inc idence  of stem d e a t h  o r  i n j u r y ,  a v e r a g i n g  
on ly  5 percen t .  The average  p e r  h e c t a r e  was 14,550 
hardwoods, 7850 shrubs ,  and 5912 v ines .  

Tordon was p o s t  e f f e c t i v e  a g a i n s t  b l u e b e r r y ,  
sweetgum, r e d  maple and grape  c o n t r o l l i n g  o v e r  95 
percen t  of t h e s e  s p r o u t s .  It was l e a s t  e f f e c t i v e  
a g a i n s t  t h e  oaks bu t  c o n t r o l l e d  a n  impress ive  71  
percen t .  

Velpar  has t o  d a t e  been l e s s  e f f e c t i v e  i n  vege- 
t a t i o n  c o n t r o l  than Tordon. G r e a t e s t  c o n t r o l  by 
Velpar was found i n  r e d  maple, w h i l e  c o n t r o l  i n  
excess  of 50 percen t  occur red  on ly  i n  t h e  r e d  oak 
group. The impact of damage t o  v e g e t a t i o n  by 
i n s e c t s ,  wa te r  s t r e s s ,  and d i s e a s e  i n  t h e  Tordon 
and Velpar p l o t s  may be  d i scounted .  The h i g h e s t  
per-species  i n j u r y  r a t e  i n  t h e  chip-only p l o t s ,  
though n o t  a t t r i b u t a b l e  t o  h e r b i c i d e  a c t i o n ,  was 
used t o  c r e a t e  a  b a s e l i n e  f o r  s e p a r a t i n g  t r u e  
h e r b i c i d e  damage from n a t u r a l  i n j u r y  of dea th ,  i n  
t h e  Tordon and Velpar p l o t s .  

Table 1. Area l  p r e c i p i t a t i o n  i n p u t s  and leach ing  l o s s e s  f o r  e i g h t  n u t r i e n t s  from a completely 
harves ted  mixed p i n e  p l a n t a t i o n  on Blanton loamy sand,  c o l l e c t i o n s  5/10 t o  10/11/80. 

1 / Inputs- Losses 

N u t r i e n t s  Min . Max. 
Cnharvested Chipped and 

Check Chipped Herb ic ide  

I'ninirnum i n p u t s  c a l c u l a t e d  u s i n g  t h e  lowest  concent ra t ions  of t h r e e  ra ingages ,  presumably minimum 
a d d i t i o n s  of b i r d  droppings and i n s e c t s ,  and maximum i n p u t s  used mean concent ra t ions .  



Table 2. Earlv results of vegetation control from three treatments on a completely harvested mixed 
pine planatation, ~uburn University Woodlot. 

liegetation Control Treatments 

Species 

- 

Chip Only 

1 I % Damage- 

Chip and Velpar 

% Damage 

Chip and Tordon 

X Damage 

Hardwoods 

2 f  Red Oak- 
Sweet gum 

Red Maeje Others- 
Total 

Shrubs 

Blueberry 
others?/ 

Total 

Vines 

Grape 
Greenbrier 

Total 

L/~ncludes dead and injured. 

/Refers to the Red Oak group with several species represented. 

/Means in a row followed by a different letter are significantly different at the 5% level. 

bl~ncludes hickory, yellow poplar, persimmon, sassafras, black locust, elm, black cherry, blackgum, 
beech, magnolia, and American hornbeam. 

5/~ncludes hawthorn, sumac, and bayberry. 

DISCUSSION 

Forest managers have a responsibility to 
understand the balance and regulation of nutrient 
cycling in a forest ecosystem. Nutrient inputs 
by precipitation, mineral weathering, dry fallout 
and fertilization as well as losses by biomass 
removal, leaching and gaseous losses must be 
regulated by a modern management approarh, 
Continued site productivity and the renewable 
nature of the forest resource depends upon this 
knowledge and regulation. The significance of 
harvest removal of nutrients may be most critical 
where complete biomass harvesting occurs and 
where on-site nutrient capital is low to marginal, 

Several studies (Wells and Jorgenson 1975, 
Weetman and Weber 1972, Pritchett and Smith 1974) 
have demonstrated the significant increase in 
nutrient loss when whole tree harvest has 
occurred. Development of the Nicholson-Koch 
Mobile Chipper may make possible even greater 
utilization of the material typically left 
following harvest, while producing a corresponding 
increase in nutrient removal. 

Future research will quantify major contri- 
buting components of the nutrient cycle on this 
site, Litter, humus, chip and soil nutrient 
budgets will be determined, while monitoring of 
leaching loss and precipitation input will 
continue. It may be important to note that when 
this or similar harvest systems are used, 



alteration of the cutting schedule to occur before 
spring leaf-out may contribute significantly to 
continued site productivity, especially on 
typically poor quality sites, Also, the importance 
of minor essential nutrients that have been removed 
through harvest may become critical to future 
site productivity, and therefore an attempt will 
be made to assess these losses in further efforts. 
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2 / Robert F. Lowery- 

A b s t r a c t  .--Young lob l o l l y  p i n e  (Pinus t a e d a  L .) planta-  
r i o n s  can  be r e l e a s e d  from hardwood compet i t ion  u s i n g  dichl.or- 
prop a s  a  d i r e c t  ed-spray . Cont rac t  l abor  q u a l i t y  performance 
i n c e n t i v e s  have produced good hardwood c o n t r o l  a t  c o s t s  
somewhat h i g h e r  than  a e r i a l  s p r a y  c o s t s .  Spraying begins 
once l e a v e s  a r e  f u l l y  expanded i n  s p r i n g  and cont inues  u n t i l  
e a r l y  J u l y .  Di f f icu l t - to -cont ro l  hardwoods can be k i l l e d  i f  
g iven  thorough coverage e a r l y  i n  t h e  season.  P ines  w i l l  be 
damaged i f  sprayed a c c i d e n t a l l y .  

INTRODUCTION 

The suspension of f o r e s t r y  uses  of 2,4,5-T 
l e f t  t h e  Southeas t  United S t a t e s  without  an  
e f f e c t i v e  h e r b i c i d e  f o r  s e l e c t i v e l y  r e l e a s i n g  
s o u t h e r n  p ine  from hardwood compe t i t i o n .  Approxi- 
mately. 240,000 ha  of p i n e  lands  a r e  being encroached 
upon a n n u a l l y  by hardwoods i n  t h e  Southeas t  
(Walstad 1976). The s e a r c h  f o r  h e r b i c i d e s  t o  
s e l e c t f v e l y  c o n t r o l  hardwoods on t h e s e  a r e a s  a t  
a n  a c c e p t a b l e  c o s t  con t inues  with g lyphosa te ,  
hexazinone and t r i c l o p y r  r e c e i v i n g  t h e  most 
a t t e n t i o n  i n  c u r r e n t  t e s t s .  

Weyerhaeuser h a s  some 4,000 ha  of l o b l o l l y  
l a n t a t i o n s  i n  Southwest Arkansas annua l ly  
ng t h e  p o i n t  where r e l e a s e  is necessary.  
o  proven s e l e c t i v e  h e r b i c i d e  t o  use ,  f o r -  

i n  t h i s  r e g i o n  began experimenting i n  1979 
i rec ted-spray ing  u s i n g  backpack sprayers .  
8 n o t  a  new concept  f o r  sou thern  p i n e  
e a s  even 2,4,5-T was a p p l i e d  i n  t h i s  

on a r e a s :  (1)  where d r i f t  would be a  
, (2) t h a t  were t o o  s m a l l  f o r  economical 
a p p l i c a t i o n ,  o r  ( 3 )  t h a t  were t o o  s t e e p  
t b l o  er o p e r a t i o n .  I n  t h e  1979 t e s t s ,  I! done 170, a  50:50 mixture  of 2,4-D and 
o r  d i c h l o q r o p  , and weedoneR 2,4-DP, 

rop  on ly ,  were a p p l i e d  t o  hardwood brush 
l o b f o l l y  p i n e  p l a n t a t i o n  t e s t  p l o t s .  It 

r presen ted  a t  S 
f e r e n c e ,  At lan ta  

o u t h e r n  S i l v i c u l t u r a l  
, Georgia, November 

t a t  i o n  Management - 
Southern F o r e s t r y  
, Arkansas 71901. 

soon became ev iden t  t h a t  Weedone 170 was producing 
c o n s i d e r a b l y  more p ine  damage than  d i c h l o r p r o p  
a l o n e  when i n a d v e r t e n t l y  a p p l i e d  t o  p i n e s ,  bu t  
hardwood c o n t r o l  was e s s e n t i a l l y  t h e  same wi th  
bo th  h e r b i c i d e s .  The 2,4-D component of Weedone 
170 probably was r e s p o n s i b l e  f o r  t h e  increased  
p i n e  damage. Areas sprayed w i t h  d ich lorprop  
e x h i b i t e d  l i t t l e  p i n e  damage u n l e s s  t h e  p i n e s  
were sprayed d e l i b e r a t e l y .  

Based on t h e s e  r e s u l t s ,  Union Carbide ob ta ined  
24-C l a b e l s  i n  Alabama, Arkansas and M i s s i s s i p p i  
t o  use d ich lorprop  a s  a d i rec ted-spray  t o  c o n t r o l  
unwanted hardwoods i n  young p i n e  p l a n t a t i o n s .  
During 1980 some 6,000 ha  of p i n e  p l a n t a t i o n s  
were t r e a t e d  on Weyerhaeuser l ands  i n  Arkansas. 
This  paper  reviews t h e  techniques  used i n  t h i s  
d i rec ted-spray  program and summarizes t h e  r e s u l t s  
ob ta ined  a s  of e a r l y  September, 1980. 

PRESENT PROGRAM 

The 1979 t r i a l s  and t h e  f i r s t  weeks of t h e  
1980 spray  season  c l e a r l y  demonstrated t h e  neces- 
s i t y  of c a r e f u l  h e r b i c i d e  a p p l i c a t i o n  t o  meet o u r  
goa l  of good hardwood c o n t r o l  and minimal p i n e  
damage. A t t e n t i o n  t o  q u a l i t y  c o n t r o l  through 
each phase of t h e  o p e r a t i o n  h a s  g iven  t h e  d e s i r e d  
l e v e l  of b rush  c o n t r o l  and t h e  use  of c o n t r a c t  
l abor  crews f o r  a p p l i c a t i o n  h a s  allowed us t o  
meet t h i s  goa l  a t  a n  a c c e p t a b l e  c o s t .  

C o n t r a c t o r s  a r e  paid on a  per-hectare  b a s i s  
wi th  a  q u a l i t y  i n c e n t i v e  b u i l t  i n t o  t h e  payment 
schedule,  Payment is  made a f t e r  h e r b i c i d e  symptoms 
begin t o  appear ,  i . e .  one t o  two weeks a f t e r  
a p p l i c a t i o n .  A t  t h a t  t ime,  a  Company i n s p e c t o r  
checks t r e a t e d  a r e a s  f o r :  (1) coverage of ass igned  
a r e a ,  (2) coverage of brush less t h a n  1.2 m t a l l ,  
( 3 )  coverage of b rush  g r e a t e r  than  1.2 m t a l l ,  
and (4)  p i n e  damage. The c o n t r a c t o r  is paid a  



percentage of t h e  previous ly  negot ia ted  per-acre 
con t r ac t  p r i ce  based on t h e  q u a l i t y  of work i n  
each of these  fou r  ca t ego r i e s .  I n  1980, con t r ac to r  
d i r e c t  &-spray app l i ca t ion  c o s t s  were approx imte ly  
50% higher  per-hectare than the c o s t  of aerial. 
app l i ca t ions .  

p l an t a t i ons  i n  need of r e l ea se .  The leve l  of 
damage on indiv idual  t r e e s  genera l ly  is not high.  

Dichlorprop applied as a d i  rected-spray has 
been e f f e c t i v e  i n  control lPng most hardwood 
competition. Even red maple and ash  can be 
con t ro l l ed  i f  given thorough coverage e a r l y  i n  
t h e  spray season, A v a r i e t y  of p lanta t ions  
t r e a t e d  i n  t h e  spr ing  of 1980 were sampled i n  
e a r l y  Sep tmber  t o  a s se s s  t he  l eve l  of cornpetition 
cont ro l .  Only stems g r e a t e r  than one-half t h e  
he ight  of nearby pines were included i n  t he  

The Cmpany provides t h e  pre-mixed spray 
s o l u t i o n  t o  t he  con t r ac to r  a t  t h e  p l an t a t i on  s i t e  
t o  i n s u r e  mixture uniformity. The mixzyre is 
prepared by adding one p a r t  of 480 g L dichlor-  
prop t o  24 p a r t s  of water. A s u r f a c t a n t ,  T r i t on  

R 

A6-98, is added a t  t h e  r a t e  of one p a r t  su r f ac t an t  
t o  320 p a r t s  of t h e  dichlotprop/water  mixture. 

Fre- Defo- 
Sgraylng begins once hardwood leaves a r e  

f u l l y  expanded i n  spr ing  and continues u n t i l  
e a r l y  Ju ly .  A s  with many o the r  f o l i a g e  appl ied  
herb ic ides ,  dichlorprop e f f i c a c y  decreases  a s  t he  
summer season progresses,  hence t h e  e a r l y  Ju ly  
cut-of f  da te .  

Species quency l i a t  i on  
% % 

Sassa f r a s  
(Sassaf ras  albidum) (Nutt.) Nees 1 100 

Pers h o n  
(Diospyros v i rg in i ana )  L . 

I n  t h e  f i e l d ,  t h e  directed-spray crew typi- 
c a l l y  c o n s i s t s  of 10 people; each crew member 
owns t h e  backpack type sprayer  used. The crew 
members walk through t h e  p l an t a t i on  ab reas t  of 
one another spraying a 3 m wide swath of brush a s  
they  go. The laborers  a r e  i n s t ruc t ed  t o  spray  t o  
J u s t  sho r t  of t he  poin t  of runoff ,  They a r e  lead 
by the  f a s t e s t  working person and t r a i l e d  by t h e  
slowest;  t h e  l a t t e r  occas ional ly  t i e s  p l a s t i c  
f lagging  t o  mark the  edge of t he  a r e a  j u s t  sprayed. 

Sumac 
(Rhus spe.)  L. 

B lack-gurn 
(Nlys s a  sy lva  t i c a )  Marsh. 

Hawthorn 
(Crataegus z.) L. 

Swee tgum 
(Liquidambar s t r y r a c i f  lua)  L. 7 8 1 Directed-spray treatment is e a s i e s t  when the  

hardwoods a r e  small ,  i . e .  l e s s  than  1.5 m t a l l .  
It is e a s i e r  f o r  workers t o  move through young 
p l an t a t i ons  and thorough spray  coverage of t h e  
cmpe t fng  stems can be accomplished quicker  and 
with l e s s  herb ic ide  than i f  l a r g e r  t r e e s  a r e  
t r e a t e d .  Accidental spraying of pines a l s o  is 
reduced s ince  nozzles usual ly  a r e  d i r ec t ed  down 
over t h e  tops  of sho r t  competing stems. Pine 
growth a l s o  w i l I  be enhanced i f  they a r e  essen- 
t i a l l y  free-to-growth from an  e a r l y  age r a t h e r  
than  being l e f t  u n t i l  s t rong  hardwood competition 
develops a s  was of t en  done when r e l ea s ing  a e r i a l l y  
with 2,4,5-T (Balmer e t  a l .  1978, Langdon and 
Trousdel l  1974, Roberts 1960). The va lue  of 
t he se  repor tedly  l a rge  growth gains f a r  outweighs 
t h e  somewhat higher c o s t  of directed-spray t r ea t -  
ment r e l a t i v e  t o  a e r i a l  appl ica t ions .  Therefore, 
our d i rec ted  spray program is aimed a t  two- t o  
three-year-old pine p lanta t ions .  P l an t a t i ons  
t h a t  a r e  going t o  have severe  hardwood competition 
can be i den t i f i ed  e a s i l y  a t  t h i s  t i m e .  

Black Cherry 
(Prunus s e r o t  ina)  Ehrh . 
Elm 
(Ulmus SE.) L. 

Red Oak 
(guercus spp. ) L. 

White Oak 
(Quercus spp. ) L. 

Hophornbeam 
(Os t ryav i rg in i ana )  [Mill . ]  K. Koch 1 68 

Dogwood 
(Cornus f l o r i d a )  L. 

Hickory 
(Carya spp.) Nut t . 
Red Flaple 
(Acer rubrum) L. RESULTS 

Pines w i l l  be k i l l e d  i f  sprayed thoroughly 
with t he  dichlorprop spray mixture. However, 
a cc iden ta l  contac t  with por t ions  of t he  crown 
w i l l  k i l l  only t h a t  por t ion  of t h e  f o l i a g e  sprayed. 
Our assessments i nd i ca t e  t h a t  40% of t he  p ines  
e x h i b i t  some s ign  of herb ic ide  contac t ,  but t h i s  
f i g u r e  is understandable considering t h e  in t imate  
contac t  between hardwood and pine fo l i age  i n  

Ash 
(Fraxinus spp. ) L. 

SUMMARY 

A directed-spray with a 4% dichlorprop 
s o l u t i o n  p lus  sur f  ac t an t  g ives  good cont ro l  of 



most hardwood brush competition i n  young p ine  
p l an t a t i ons  i n  Southwest Arkansas. I n  addi t ion ,  
monetary incent ives  t o  cont rac t  app l i ca to r s  f o r  
q u a l i t y  work has cont r ibuted  t o  obtaining these  
t e s u l  ts a t  a  reasonable c o s t  . Treat ing  p l an t a t i ons  
a t  a young age before t he  hardwoods reach 1,s na. 
i n  he ight  improves treatment ef f  icacy, reduces 
acc iden ta l  spraying of p ines ,  reduces labor and 
mater ia l  c o s t s  and leaves pines i n  a free-to-grow 
condi t ion  a t  an e a r l i e r  age than i f  t h e  t r e a t m n t  
is delayed. This technique o f f e r s  an  a l t e r n a t i v e  
to  a e r i a l  app l i ca t ion  of 2,4,5-T f o r  pine r e l ea se  
unt il an e f f e c t i v e  a1  te rna  t i v e  a e r i a l  r e l ea se  
herb ic ide  treatment is ava i l ab l e  . 
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DISCONTmOUS EMUNDING AS A SITE T R E A W N T  ON A FLATWOODS SOIS' 

Abstract.--After four growing seasons,  s l a s h  pines on 
t r e a t e d  p l o t s  (planted by hand on 38-cm and 75-cm high d is -  
continuous mounds of t o p s o i l  formed by a crawler t r a c t o r  on 
a very gen t ly  r o l l i n g  Caddo-Messer s i l t  loam complex) aver- 
aged 38 percent  l a r g e r  root -col la r  diameter  and were 25 per- 
cent  t a l l e r  than pines planted on unt rea ted  p lo t s .  Slash 
pines grew equal ly  well  on both mound s i z e s .  Discontinuous 
mounding d i d  not  hinder sur face  drainage,  a s  continuous bedding 
on a very gen t ly  r o l l i n g  s i l t  loam s o i l  o f t e n  does. 

INTRODUCTION 

Bedding by conventional methods o f t e n  only 
marginally increases  he ight  and volume growth i n  
s l a s h  p ine  (Pinus e Z Z i o t t i i  Engelm. va r .  eZZio- 
t t i )  p l an t a t i ons  on flatwoods s o i l s  of the  West 
Gulf Coastal  P l a in  (Derr and Mann 1977, Cain 1978, 
and Haywood, I n  p re s s ) .  P ine  s u r v i v a l  is  normally 
acceptable  without  p l an t ing  on beds because most 
fo re s t ed  flatwoods of t he  West Gulf Coastal  P l a in  
a r e  somewhat poorly drained r a t h e r  than poorly 
drained (Derr and Mann 1977). Bedding improves 
l o c a l  dra inage ,  bu t  t h e  improvement can be  n u l l i -  
f i e d  on very gent ly  r o l l i n g  s i l t  loam s o i l s  because 
water s t ands  i n  adjacent  furrows a t  low poin ts  
along t h e  beds (Shoulders and Terry 1978). I f  
average midwinter depth t o  f r e e  water  exceeds about 
45 cm on unt rea ted  s i t e s ,  p ine  growth is acceptable 
without p l an t ing  on beds (McKee and Shoulders 1970). 
On a very gent ly  r o l l i n g  s i l t  loam flatwoods, t he  
depth t o  f r e e  water  may exceed 45 cm under pimple 
mounds, b u t  b e , a t  t h e  s o i l  su r f ace  i n  intermound 
depressions.?/ So pine response t o  bedding on 
such sites may be h ighly  va r i ab l e .  And p lant ing  
on beds may increase  t he  s u s c e p t i b i l i t y  of  pines 
t o  fusiform r u s t  (caused by t4.omrt.im quermnun 
(Berk. ) Hiyabe ex S h i r a i  f . sp.  @usifom@ Burdsall  
and Snow), which can decrease su rv iva l  (Haywood, 
i n  p re s s ) .  

I f  Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a r c h  Conference, At lanta ,  Georgia, November 
6-7, 1980. 

21 Associate S i l v i c u l t u r i s t ,  Southern Forest  
~ x ~ e r y m e n t  S t a t i on ,  Forest  Service--USDA, Pine- 
v i l l e ,  Louisiana 71360. 

31 Haywood, J. D. 1979. S i t e  treatment 
and f e r t i l i z a t i o n  to  stirnuldce growth of s l a s h  
pine on a poorly drained Wrightsv i l le  s i l t  loam 
s o i l .  Progress repor t  of s tudy FS-SO-1102-9.23. 
Southern Forest  Experiment S t a t i on ,  P inev i l l e ,  
Louisiana. 

Derr and ~ e l d e r k f  informally t e s t e d  dipcon- 
t inuous mounding on a Wrightsv i l le  (Typic Glossa- 
qua l f ,  f i n e ,  mixed, thermic) and Vidrine (Glossa- 
qu i c  Hapludalf, coa r se - s i l t y  over clayey,  mixed, 
thermic) s i l t  loam complex t o  determine i f  a r t i -  
f i c i a l  mounds would inc rease  p ine  growth where t h e  
water  t a b l e  is a t  t he  s o i l  su r f ace  i n  winter .  Af t e r  
6 years ,  s l a s h  pine su rv iva l  was 6 percentage p o i n t s  
h igher  on discontinuous mounds than on check 
Trees on discontinuous mounds averaged 56 percent  
l a r g e r  d.b.h. (diameter a t  1.37 m above groundline) 
and were 46 percent t a l l e r  than s l a s h  pines on check 
p l o t s ,  whi le  s l a sh  pines on bedded p l o t s  averaged 
17  percent  l a r g e r  d.b.h. and were 11 percent  t a l l e r  
than t r e e s  on check p lo t s .  The e a r l y  success of  
discontinuous mounding on t h i s  s i t e  l e d  t o  f u r t h e r  
eva lua t ions  on a d i f f e r e n t  very gent ly  r o l l i n g  f l a t -  
woods s o i l .  

SOIL DESCRIPTION 

The study a rea  is loca t ed  i n  c e n t r a l  Louisiana 
on a Caddo (Typic Glossaqualf ,  f i n e - s i l t y ,  s i l i c e o u s ,  
thermic) and Messer (Haplic Glossudalf ,  coa r se - s i l t y ,  
s i l i c e o u s ,  thermic) s i l t  loam complex. The Messer 
s i l t  loam is a deep, moderately wel l  drained,  s lowly 
permeable s o i l  developed from loam depos i t s .  It 
occurs i n  t h e  complex on convex c i r c u l a r  mounds t h a t  
a r e  up t o  21 m i n  diameter ,  and 75 cm i n  he ight .  
S ize  and frequency of mounds vary g r e a t l y  but a s  
many a s  10 per  hec tare  may be present .  The Caddo 
s i l t  loam is a poorly dra ined ,  slowly permeable s o i l  

31 Ib id .  - 

4 /  Derr, H. J . ,  and T. W. Melder. 1973. 
S i t e k z a t m e n t  and f e r t i l i z a t i o n  t o  s t imu la t e  growth 
o f  s l a s h  pine on a poorly drained Wrightsv i l le  s i l t  
loam s o i l .  Study Plan FS-SO-1102-9.23. Southern 
Forest  Experiment S t a t i on ,  P i n e v i l l e ,  Louisiana. 



formed i n  deep loamy m a t e r i a l s  of n e a r l y  l e v e l  
r e r r a c e s  of mid r o  e a r l y  P l e i s t o c e n e  age,  Tne study 
s r e a  was dzvided i n  t o  two topographic classes--an 
e l e v a t e d  f i a t  of Caddo and Messer s o i l s  and a 
depress ion  of Caddo s o i l .  The depress ion  forms a 
c i r c u i a r  swale o f  about  0 .4  ha  arid h a s  very  poor 
s u r f  ace  dra inage .  

VEGETATIVE COITR 

T h e  s tudy  a r e a  was k e p t  re3 a t i v e l y  c lean  of 
shrubs and t r e e s  by p e r i o d i c  burning. But t h e r e  
were s c a t t e r e d  c l u s t e r s  o f  sou thern  bayberry (?@&ca 
ceinzfez-a L, ) , p o s t  oak ($Llei"~~ds ~ i ; ~ I Z a t a  Wangenh . ) , 
and b lack jack  oak (4. mrilnul&~ca Muenchh.) on t h e  
Caddo-Pilesser £1 a t ,  and a few i s o l a t e d  blackgums 
(TJbfcsa r~ l v c t i cn  Marsh. v a r  . Sg h a t i e a )  i n  t h e  
:-wale. 

Burning ended when t h e  s tudy  was i n s t a l l e d ,  
and d e n s i t y  of shrub and t r e e s  increased .  A f t e r  
A y e a r s ,  topographic f e a t u r e s  could be d i s t i n g u i s h e d  
by v e g e t a t i v e  cover .  Southern bayberry was very  
comqon on t h e  e l e v a t e d  f l a t  h u t  l a c k i n g  i n  t h e  de- 
p ress ion .  Buttonbush (C~phaZ(xr,thus occidentaZis 
I,. ) was found o n l y  i n  t h e  swale. 

A£ t e r  p r e s c r i b e d  burning,  r e c t a n g u l a r ,  
15.25-m x 61-m p l o t s  were e s t a b l i s h e d  i n  a rando- 
mized complete b lock  des ign  wi th  two b locks  i n  
each topographic  c l a s s .  Two d iscont inuous  mound- 
ing  t r e a t m e n t s  and an u n t r e a t e d  check were es tab-  
l i s h e d  i n  each block.  Mounds were formed i n  l a t e  
October 1975. I n  t h e  f i r s t  mounding t r e a t m e n t ,  a 
John Deere T350 c rawler  t r a c t o r  equipped w i t h  a 
s t r a i g h t ,  1.8-m wide dozer  b l a d e  was used t o  push 
up  p i l e s  of t o p s o i l  t h a t  averaged 38 cm h igh  and 
had a 1.2-m x 1.8-m base.  Mounds i n  t h e  second 
t reatment  averaged 75 cm high.  Within rows, mounds 

were averaged on a plot-by-plot b a s i s .  Using 
ana lyses  of v a r i a n c e  (0.85) , I analyzed treatment 
e f f e c t s  s e p a r a t e l y  by topographic c l a s s ,  and I 
pooled b locks  t o  t e s t  f o r  topographic d i f f e r e n c e s  
and topography-treatment i n t e r a c t i o n .  I used 
Duncan's M u l t i p l e  Range Tes t  t o  i s o l a t e  d i f f e r e n c e s  
between i n d i v i d u a l  t rea tments .  

A t  s t a n d  age 4 ,  s l a s h  p i n e  s u r v i v a l  averaged 
9 1  percen t  among rogued p ines .  

Occ~lrrence of b o l e  f u s i f o r m  r u s t  g a l l s  among 
s u r v i v i n g  t r e e s  averaged 67 p e r c e n t .  Inc idence  of  
r u s t  was s i m i l a r  on both topographic  c l a s s e s .  

Percen t  s u r v i v a l  and s tem f u s i f o r m  r u s t  i n f e c t i o n  .- 
of s l a s h  p i n e  a f t e r  f o u r  growing seasons  -- 

Topographic c l a s s /  Trees i n f e c t e d  wi th  
t rea tment  S u r v i v a l  b o l e  fus i fo rm r u s t  

Percen t  Percen t  

Caddo-Messer f l a t  

Check 
Low mound 
High mound 90 a 75 a 

Average 9 0 67 

Caddo depress ion  

Check 
Low mound 
High mound 9 1  a 65 a 

Average 92 6 8 

* Means w i t h i n  each column fol lowed by t h e  same 
letter a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  (0.05). 

were spaced 6 . 1  m a p a r t ,  c e n t e r  t o  c e n t e r .  Rows of Discontinuous mounding improved t h e  growth of  
m~unds  were spaced 3.05 m a p a r t ,  c e n t e r  t o  c e n t e r .  

s l a s h  p i n e ,  b u t  s i z e  of mounds made no d i f f e r e n c e  
Adjacent rows were o f f s e t  i n  a s taggered  p a t t e r n .  
This arrangement allowed f o r  537 mounds p e r  hec- ( t a b l e  1 ) .  Slash p i n e s  averaged 38 p e r c e n t  g r e a t e r  

t l ? r c .  It took 11 hours t o  t r e a t  a s i n g l e  h e c t a r e .  
diameter  and had 25 percen t  g r e a t e r  h e i g h t  p e r  t r e e  
on mounds than d i d  s l a s h  p i n e  on check p l o t s .  

A f t e r  t h e  mounds had s e t t l e d ,  t h r e e  uni- 
f ?m. ly  graded s l a s h  pine s e e d l i n g s  were handplanted 
cn  r<;ch mound a t  60 cm i n t e r v a ! ~  i n  February 1976. 
lntrea?cd check p l o t s  were p lan ted  a t  t h e  same 
r'iti. and spac ing  used on mounded p l o t s .  A f t e r  t h e  
f Lr, t (;rowing season ,  one t r e e  was rogued from 
v n z h  ~ ~ l * ~ n d ,  o r  p l a n t i n g  s p o t ,  i f  a l l  t r e e s  sur -  
-~L\ i f>d.  C r i t e r i a  used i n  roguing were t h e  presence 
3f bc!e f ~ s i f o r n  r u s t  g a l l s ,  spacing on t h e  mounds, 
~ n d  st i n g  v igor .  

Stir?* i v a l ,  bole fus i form r u s t  i n f e c t i o n ,  
d i < ~ r . e t c  r a t  n e a r  g roundl ine ,  and s e e d l i n g  n e i g h t  
',.."rt r o n s u r c d  , ~ t  s tand  age 4 .  Surv iva l  and f u s i -  
:("m r u s t  percentages were converted t o  a r c  s i n e  

,#&, p-ry)---.- --"-- 
rb r t  ron before  a n a l y s i s .  I n d i v i d u a l  t r e e  d a t a  

Height growth dur ing  t h e  f o u r t h  growing season  was 
g r e a t e r  on mounds than on check p l o t s .  So p i n e s  on 
mounds were s t i l l  growing f a s t e r  than  p i n e s  on 
check p l o t s .  P i n e s  not i n f e c t e d  wi th  fus i form 
r u s t  had similar r e s u l t s .  Uninfected s l a s h  
p ines  p lan ted  on mounds averaged 39 p e r c e n t  l a r g e r  
diameter ,  were 29 percen t  t a l l e r ,  and grew 37 
percen t  more i n  h e i g h t  dur ing  t h e  f o u r t h  growing 
season than d i d  un infec ted  p i n e s  on check 
p l o t s  . 

When t rea tments  were averaged,  t r e e  d iameter  
and h e i g h t  d i d  no t  d i f f e r  s i g n i f i c a n t l y  between t h e  
Caddo-?lesser f l a t  and Caddo d e p r e s s i o n  ( t a b l e  1 ) .  
All pines  i n  t h e  depress ion  outgrew p i n e s  on  t h e  
f l a t  dur ing  the f o u r t h  growing season.  But 4th-  
year  h e i g h t  growth of  un infec ted  p i n e s  d i d  n o t  
d i f f e r  between topography c l a s s e s .  
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t r a c t ,  though t h e  depression was a we t t e r  s i t e  than 
the  f l a t ,  
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Table 1.--Slash pine measurements a t  s tand  age 4 

- 
-- A l l  survitrLng t r e e s  Trees without  bole  f u s i f o m  r u s t  cankers 

Topographic Tota l  Height growth during Tota l  Height growth during 
c l a s s l t r ea tmen t  Diameter he ight  4 th  growing season Diameter he ight  4 th  growing season 

em - m - m - cm - m - m - 
Caddo-Messer f l a t  

Check 3.58 a* 1.84 a 0,515 a 3.84 a 2.15 a 0,686 a 

Low mound 4.95 b 2.25 cd 0.671 b 5.41 b 2.69 b 0.936 b 

High mound 4.83 b 2.18 be 0.677 b 5.21 b 2.64 b 0.972 b 

Average 4.45 2.09 0.621 4.82 2.49 0.865 

Caddo depression 

Check 3,86 a 1.96 ab 0.604 b 4.14 a 2.21 a 0.738 a 

Low mound 5.33. b 2.56 d 0.747 c 5.66 b 2.99 b 1,012 b 

High mound 5.46 b 2.51 cd 0.735 c 5.89 b 2,92 b 0.969 b 

Average 4.88 2.34 0.695 5.23 2.71 0.906 

* Means wi th in  each column followed by t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t ,  ~ u n c a n ' s  
Mult iple Range Test (0.05). 



THE EFFECTS OF SITE PREPARBTIOH ON GROmN OF LOBLOLLY 

a/ Shih-Chang Hu and Voradeth Ditthavong- 

Abstract.--A study was made to determine the response 
of regular and genetically improved loblolly pine (Pinus 
taeda L.) seedlings to three different site preparations. 
Results at the end of the first growing season indicated 
that chopping plus burning was superior to chopping only 
and to intensive site preparation in terms of seedling 
survival and height growth. 

INTRODUCTION 

It is general knowledge that today's con- 
sumption of wood and wood products is increasing 
by leaps and bounds. Miller (1978) pointed out 
that the need for wood will far exceed the rates 
of production in the next 25 to 30 years. More- 
over, the decrease of forest land is a chronic 
phenomenon here in the South, especially in 
Louisiana. This is due to a rapid expansion of 
urban and industrial zones. Another type of 
forest acreage loss stems from land clearing for 
uses that will provide a higher rate of return 
to the owner than that gained from forest acti- 
vities (Marlin 1978). 

Such circumstances generate the problem of 
accelerating wood production on decreasing forest 
areas. However, Haines et al. (1975) affirmed 
that future demands for timber could be satisfied 
if better forestry were utilized. To these 
authors, better forestry refers essentially to 
"successful regeneration and subsequent use of 
the full capabilities of the land." Haines et 
al. (1975) laid stress on the importance of site 
preparation, which is a prerequisite for forest 
renewal . 

Although intensive site preparation -- chop- 
ping, disking, and ditching -- represents a 
popular practice in the South, many investigators 
have found that its need and desirability still 

I/ Paper presented at Southern Silvicultural 
~esearch Conference , Atlanta, Georgia, November 
6-7, 1980. 

21 Associate Professor and former Graduate 
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remain in question. For intensive site prepara- 
tion has not only proven to be expensive, it may 
deteriorate the site and jeopardize long-term 
forest productivity as well (May et al. 1973, Hebb 
and Burns 1975, Haines et al. 1975, Schultz 1975, 
Sundra and Lowry 1975, Moehring 1977). 

The basic objective of this study was to 
determine the effects of site preparation on the 
growth of hand-planted loblolly pine (Pinus taeda 
L.), which is the most important timber species 
in the South. A subsidiary objective was to com- 
pare the rate of growth of regular seedlings with 
genetically improved seedlings. 

METHODS AND PROCEDURES 

Description of Experimental Area 

This study was conducted on the LSU Idlewild 
Experiment Station near Clinton, Louisiana. 

The average annual rainfall in this area is 
approximately 158 centimeters. The distribution 
of precipitation is fairly uniform throughout the 
growing season. The average temperature is 8.90C 
for January and 26.70C for July. The frost-free 
period averages about 247 days yearly. 

The main forest type in Idlewild is pine or 
pine-hardwood with loblolly and shortleaf pines 
as dominant timber species. The site index for 
loblolly pine is about 100 in this experiment 
station. 

Field Procedure 

The plantations were hand-planted on recently 
clearcut sites in early February and March 1979. 
They consisted of three 0.80-hectare rectangular 



blocks which rece ived  t h e  fo l lowing  prepla:lting 
s i t e  t rea tments :  

Treatment (Block) 1: chopped on ly ;  
Trea txcn t  (Bleck) 2: chopped and burned; 
Treatment (Block) 3: chopped, burned, stumps 

removed, and double d i sked ,  

Each block was d iv ided  i n t o  two 0.40-hectare 
~ l o t s ,  one of which was hand-planted wi th  1-0 
r e g u l a r  and t h e  o t h e r  w i t h  1-0 g e n e t i c a l l y  improved 
L ~ s i o L l y  p ine  s e e d l i n g s  a t  2 .4  by 2.4-meter spacing 
r e s p e c t i v e l ~ ~ ,  Within each p l o t  t h e r e  were f o u r  
r e p l i c a t i o n s  c o n s i s t i n g  of 100 t r e e s  each,  p lan ted  
i n  10 rows of 10 t r e e s  each ( a  0.06-hectare sub- 
? L o t ) .  T h ~ s  t h e r e  were a  t o t a l  of 24 measurement 
s u b p l o t s .  To minimize border  e z f e c t s ,  a s t r i p  of 
4 .8  mete rs  wide was e s t a b l i s h e d  around each subplo t .  

The p l a n t i n g  s t o c k s  were ob ta ined  from t h e  
Louisiana O f f i c e  of F o r e s t r y ' s  n u r s e r y  i n  Degidder, 
Louisiana.  The g e n e t i c a l l y  improved and r e g u l a r  
s e e d l i n g s  were t r e a t e d  t h e  same i n  t h e  nurse ry .  
The improved s e e d l i n g s  came from seed c o l l e c t e d  
from a n  open-pol l inated,  unrogued seed orchard .  

The i n i t i a l  he igh t  of each s e e d l i n g  was 
measured i n  A p r i l  1979, b e f o r e  h e i g h t  growth 
began. The he igh t  growth and s u r v i v a l  r a t e  a t  
t h e  end of t h e  f i r s t  growing season was made i n  
January 1980. 

S t a t i s t i c a l  Analys i s  

Pa i red  t - t e s t s  were used t o  t e s t  t h e  s i g n i -  
f i c a n c e  of d i f f e r e n c e  between t h e  average h e i g h t  
growths and s u r v i v a l  r a t e s  of t h e  r e g u l a r  and 
g e n e t i c a l l y  improved s e e d l i n g s  p l a n t e d  on each 
t reatment  o r  block. 

Comparisons of t h e  average he igh t  growths 
of t h e  s e e d l i n g s  between t r e a t m e n t s  o r  b locks  were 
made by a l e a s t  squares  a n a l y s i s  of v a r i a n c e  us ing  
a t - t e s t .  

RESULTS AND DISCUSSION 

Surv iva l  and Treatment 

The average s u r v i v a l s  f o r  each of t h e  t h r e e  
t r e a t ~ e n t s  a r e  p resen ted  i n  Table 1. It appears  
t h a t  the  b e s t  s u r v i v a l  (86.5 percen t )  occurred on 
chopped and burned p l o t s ,  and t h e  lowest  (71.4 
percen t )  on the  most i n t e n s i v e l y  t r e a t e d  p l o t s  
(Treatment 3) .  The t rea tment  which involved on ly  
chopping had a n  i n t e r m e d i a t e  r a t e  of s u r v i v a l  
( 7 7 . 8  p e r c e n t ) .  The r e s u l t s  noted i n  t h i s  s tudy  
are i n  c o n t r a s t  t o  t h e  observa t ions  made by Wells 
and Cru tchf ie ld  ( 1 9 7 4 ) .  The two i n v e s t i g a t o r s  
f w n d  t h a t  the  more i n t e n s i v e  t h e  t rea tment  
( c l e a r i n g  with a KG b lzde  p l u s  windrowing p l u s  
double d i s k i n g ) ,  t h e  g r e a t e r  t h e  s u r v i v a l .  

The cause of low s u r v i v a l  i n  t rea tment  3 may 
be because t h e  s e e d l i n g s  were p l a n t e d  t o o  soon 
a f t e r  d i sk ing .  It has been r e p o r t e d  t h a t  p l a n t i n g  
on f r e s h l y  disked s o i l  can r e s u l t  i n  40 t o  50 
percen t  m o r t a l i t y  in t h e  f i rs t  or second month 
even i f  t h e  s o i l  is moist  (Mann 1974). 

The S e s t  s u r v i v a l  i n  t rea tment  2  was probably 
due  t o  b e n e f i c i a l  e f f e c t s  provided by chopping and 
burning. McNab and Xch (1977) remarked t h a t  one 
year  a f t e r  p l a n t i n g  l o b l o l l y  p i n e  s e e d l i n g s  p l a n t e d  
i n  a s h e s  of burned logging s l a s h  had f i v e  t imes  
g r e a t e r  s u r v i v a l  than  those  p l a n t e d  away from t h e  
ashes .  

The d i f f e r e n c e  i n  s u r v i v a l  between t rea tment  
1  and t reatment  3 (77.8 percen t  v e r s u s  71 .4) ,  
though no t  s u b s t a n t i a l ,  may i l l u s t r a t e  t h e  a d v e r s e  
e f f e c t  of s o i l  d i s t u r b a n c e  which reduced produc- 
t i v i t y  of t h e  s i t e .  

Surv iva l  and Type of P l a n t i n g  Stock 

At each l e v e l  of s i t e  p r e p a r a t i o n ,  t h e  sur -  
v i v a l  of r e g u l a r  t r e e s  was g r e a t e r  t h a n  t h a t  of 
g e n e t i c a l l y  improved t r e e s  (Table 1 ) .  The r a n g e  
i n  average s u r v i v a l  was from 78 t o  91 p e r c e n t  f o r  
o r d i n a r y  p l a n t i n g  s t o c k  and from 65 t o  82 p e r c e n t  
f o r  s u p e r i o r  m a t e r i a l .  

Both v a r i e t i e s  of l o b l o l l y  p i n e  surv ived  b e s t  
on t reatment  2  (Block 2 ) ,  second b e s t  on  t rea tment  
1 (Block I ) ,  and l e s s  on t rea tment  3  (Block 3) .  

There i s  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r -  
ence i n  favor  of r e g u l a r  s e e d l i n g s  a t  t h e  5 per-  
c e n t  l e v e l  of p r o b a b i l i t y .  On t h e  average ,  t h e  
r e g u l a r  s e e d l i n g s  had a  s u r v i v a l  r a t e  of 83.7 
compared t o  o n l y  73.7 percen t  f o r  g e n e t i c a l l y  i m -  
proved s e e d l i n g s .  

These r e s u l t s ,  however, do n o t  suppor t  t h e  
evidence provided by Dutrow and Row (1976), i n  
which t h e  s u r v i v a l  of s u p e r i o r  s e e d l i n g s  was 
g r e a t e r  than  t h a t  of r e g u l a r  s e e d l i n g s .  

On t h e  b a s i s  of t h i s  s tudy ,  i n a p p r o p r i a t e  
environment and c o n d i t i o n s  were perhaps  t h e  main 
cause  of t h e  i n f e r i o r  performance of g e n e t i c a l l y  
improved t r e e s .  According t o  Goddard e t  a l .  (1975), 
t h e  b e s t  g e n e t i c  s t o c k  never  produces i t s  f u l l  
p o t e n t i a l  i f  s o i l s  having c r i t i c a l  n u t r i e n t  d e f i -  
c i e n c i e s  a r e  n o t  f e r t i l i z e d .  

Height Growth and Treatment 

The average he igh t  growths of l o b l o l l y  p i n e  
a t  t h e  end of t h e  f i r s t  growing season a r e  shown 
i n  Table 1 and i l l u s t r a t e d  i n  f i g u r e  1. The b e s t  
he igh t  (28.95 cen t imete rs )  was found i n  p l o t s  
which were chopped and burned, and t h e  lowest  
(20.06 c e n t i m e t e r s )  i n  chopped, stumps removed, 
and double d i sked  p l o t s .  The t r e e s  t h a t  r e c e i v e d  
chopping on ly  had an  i n t e r m e d i a t e  h e i g h t  growth 
(22.35 c e n t i m e t e r s ) .  



Table 1.--Eelationship of site preparation treatnent and seed origin to first-year 
survival and height increment of 1-0 loblolly pine seedlings 

Site preparation Regular Genetically improved Average 
treatment Sum. Nt, inc. Surv. Ht, inc. Sum. Ht, inc. 

Percent - Cm Percent Cm - Percent - Cm 

Chopped 82.0 23.1 73.5 21.6 77.8 22.35 

Chopped, burned 90.8 33.0 82.3 24.6 86.5 28.95 

Chopped, burned, 
stumps removed, 
and double disked 78.0 21.1 64.8 17 '8 71.4 20.06 

Average, 3 treatments 83.7 25.7 73.7 21.7 78.6 23.7 

Figure 1.--Average first-year height growth of 
loblolly pine grown on three differ- 
ently prepared sites. 

Trees on treatment 2 (chopped and burned) 
averaged 8.89 centimeters (44.3 percent) and 
6.60 centimeters (29.5 percent), respectively, 
taller than those on treatment 3 and treatment 1. 
The average height of trees grown on treatment 1 
(chopped only) was 2.29 centimeters (11.4 percent) 
greater than that of those on treatment 3. The 
comparisons of the average height growths of 
loblolly pine seedlings indicated that the differ- 
ences were statistically significant at the 1 
percent level of probability. 

As with the case of survival, the results 
obtained for average height growth in this study 

were also in contrast with the findings revealed 
by Wells and Crutchfield (1974) and Hunt and 
Cleveland (1978), in which the tree heights in- 
creased with the intensity of site preparation. 

On the basis of the present investigation, 
it is difficult to know exactly what factors 
affected the height growth of the seedlings, 
But, the beneficial effect created by burning of 
logging slash and less intense competition from 
ground cover vegetation appeared to be one of the 
probable causes of the improved height growth in 
treatment 2. McNab and Ach (1977) reported that, 
at age one, the average height growth of seedlings 
planted in ashes of burned logging slash was more 
than twice that of seedlings not in the ashes, 
Lennartz and McHinn (1973) noted that increases 
in height growth were related to the degree of 
disturbance or reduction of competing vegetation. 

The poorer height growth in treatment 3 was 
possibly due to the fact that topsoil was removed 
or disturbed during the operations of site pre- 
para t ion. 

Height Growth and Type of Planting Stock 

Figure 2 shows a histogram of average height 
growths of regular and genetically improved 
loblolly pine seedlings planted on three differ- 
ently prepared sites. 

Obviously, both kinds of planting stock 
grew best on treatment 2, second best on treat- 
ment 1, and poorest on treatment 3. The range 
in average height growth was from 21.1 to 33.0 
centimeters for regular seedlings and from 17.8 
to 24.6 centimeters for genetically improved 
seedlings. 

The regular seedlings on treatment 2 aver- 
aged 9.9 (42.8 percent) and 11.9 centimeters 
(56.4 percent) greater in average height growth 
than those on treatment 1 and treatment 3. 
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33.0 
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Figure 2.--Average first-year height growth 
of regular and genetically improved 
loblolly pine. 

Treatment 1, however, produced 2.0 centimeters 
(9.5%) more average height growth than treatment 
3. 

The average height growth of genetically 
bproved seedlings in treatment 2 was 3.0 centi- 
meters (13.8 percent) and 6.8 centimeters (38.2 
percent) greater than that of the seedlings in 
treatment 1 and treatment 3 respectively. On 

tment 1 the genetically improved trees aver- 
3.8 centimeters (21.3 percent) taller than 

se on treatment 3. 

The regular trees on treatments 1, 2, and 3 
aged, respectively, 1.5 centimeters (6.9 per- 
, 8.4 centimeters (34.1 percent), and 3.3 
ters (18.5 percent) greater in height 
than the genetically improved trees. 

hough the regular trees outgrew the 
lly improved trees on every treatment, no 
ant differences were detected between the 
height growth of the two varieties of 
pine when a11 three site preparation 
ts were combined in the analysis. 
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S ON m36HT G OF LOBmLLY PINE 

2/ Steven J. Arbour and Ehndrew W, Ezell- 

Abstract.--The effect of using chopburn versus shear/ 
windrow/burn site preparation in the sandy soils of East 
Texas was evaluated by comparing total tree heights of ten- 
year-old loblolly pine (Pinus taeda L.) plantations. Stem 
analysis was completed on 120 trees to reconstruct height 
growth patterns. Results from the study indicate that trees 
performed better on sites receiving a chop/burn treatment 
when the overall site/treatment interaction is considered. 

INTRODUCTION 

In view of the concurrent trends of in- 
creasing demand for forest products and decreas- 
ing availability of commercial forest land, 
forest land managers are confronted with the 
prospect of producing more on less land. The 
obvious solution to this problem resides in in- 
creased intensive management of forest lands. 
In the South, this directive often leads to in- 
tensive cultural manipulation of even-aged stands 
of pine created by harvest-regeneration activity 
involving clearcutting and planting. 

Following harvest operations, the first 
problem to be resolved in intensive pine manage- 
ment is the disposition of undesirable debris 
and residual vegetation. There are approximately 
138 million acres in the South classed as 
southern pine sites. Of this total, alomost 73 
million acres support varying amounts of unwanted 
hardwoods, and recent estimates indicated nearly 
0.8 cubic feet of hardwoods for every cubic foot 
of pine on these sites (Murphy and Knight 1974). 
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Novder 6-7, 1980. 
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To alleviate the problem of debris and 
residual vegetation, site preparation activities 
are usually undertaken and may be either mechani- 
cal treatments, chemical applications, burning or 
some combination of the three. Mechanical treat- 
ments (usually in conjunction with fire) are the 
prevalant form of site preparation activities in 
Texas, accounting for an estimated 70 per cent of 
the annual site preparation acreage (Blackburn et 
al. 1978). 

Chopping and shearing are two mechanical 
treatments commonly employed on the sandy soils 
of the Coastal Plain region ~f East Texas. 
Chopping with burning is the preferred method on 
these sandy soils since it reduces unwanted 
vegetation with less soil disturbance (Balmer and 
Little 1978, Balmer et al. 1976, Grelen 1959). 

Shearing and windrowing is very effective 
in concentrating debris and residuals but may re- 
sult in scalping the soil surface. This site 
preparation method is used extensively on coarse- 
textured soils even though it may displace an 
appreciable amount of topsoil and possibly re- 
duce site productivity (Burns and Hebb 1972, 
Brendemuehl 1967, Haines et al. 1973). 

Quantitative information relating tree height 
growth performance to chopping or shearing is 
lacking for East Texas. Such information is 
valuable to land managers in deciding which 
method or combination of methods has a more 
favorable effect on yield. Therefore, it is the 
purpose of this paper to examine height growth of 
loblolly pine in relation to mechanical site pre- 
paration treatments conducted on the sandy soils 
of East Texas. 



Ter,-1-ear-oldloblolly pine plantations lo- 
cated within the Willis Geologic formation of the 
Zpper Coastal Plain region were used as sapnpie 
sites in this study. Selection of plantations 
was according to the following criteria: (1) 
plantations to be ten years of age, (2) planting 
stock of similar grade, ( 3 )  survival rate of at 
least 60 per cent, (4 )  no severe evidence of 
fire, insect, or disease damage, and (5) plant- 
ation received its site preparation treatment 
during summer or fall of 1969. 

Plantations chosen had received either 
chop/burn or shear/windrow/burn site preparation, 
and all had been machine planted during the 
1969-70 planting season. A total of four plan- 
tations (hereafter referred to as locations) were 
selected. 

For the study, a total of twenty ( 2 0 ) ,  two- 
acre study sites were delineated. Each site was 
marked as a square block with sides 295 feet 
long. Within each study site, three ( 3 )  circular 
l/20-acre sample plots were established, result- 
ing in a total of 60 sample plots for the study. 
All planted trees within each sample plot were 
numbered with aluminum tree tags to facilitate 
data collection and future identification. 

In addition to other data collected frc 
each plot, two trees were selected for stem 
analysis to evaluate height growth. Trees with 
excessive crook, sweep, or forked growth were not 
considered for selection and total of 120 trees 
were felled for stem analysis data. Discs, 
approximately one inch wide were removed at four- 
foot intervals starting at the base of the tree 
and proceedinq to the tog. All sample discs were 
tagged to ensure proper identification. 

The annual height growth pattern for each 
tree was reconstructed using the method de- 
veloped by Curtis (1964). Lenhardt's (1974) 
adjustment technique was employed to correct for 
growth peaks located between sample discs. From 
the data collected, annual total height and mean 
annual increment were determined. 

RESULTS AND DISCUSSION 

Evaluation of height growth between chop/ 
burn and shear/windrow/burn site preparation 
treatments dzscloses that average total tree 
height is higher on sites receiving a chop and 
burn site preparation treatment (Table 1.1 
Trees growing on the chop and burn areas 
averaged 7 per cent tailer in total height than 
trees found on shear, windrow and burn sites. 
However, treatment effect accounts for only part 
of the variation assoc--+a" with height diffe- 
rences. The stratifiedJnested sampling design 

ased in the study requires an analysis of treat- 
ment/location interaction to account for height 
differences betveen treatments and among loca- 
tions. 

Table 1. Average Annual Tree Height by Treatnent and Location 

Tree Chop/Burn Shear/Wlndrw/Burn 
Age Plantation 1 Plantation 2 Plantation 3 Plantation 4 

Height differences which may be attributed 
to the treatment/site interactions are analyzed 
in '%hie 2. Results of the test indicate that 
averaae total tree heights differ among lo- 
cations at the P < .O1 level. 

Table 2. Analysis o f  variance on the e f fec t  o f  treatment and locat ion 
on t ree  height. 

Source d f  s s ms f 

Location x Treatment 3 121.87 40.62 9.74** 

Variation Within (Loc. x T r t . )  16 66.72 4.17 

Total 19 188.59 

**significant a t  P <. 01 

Average annual total height trends asso- 
ciated with each location are found in Figure 1. 
The average height of trees growing on Location 
1 was 12.5%, 10.7%, and 15.5% greater than trees 
on Locations 2, 3, and 4, respectively. It 
should be noted that trees growing at Location 1 
mintained heightdominance over the other lo- 
t~tions throughout all ten growing seasons. 



FIGURE 1. . ! k R k z  AMMl mrAL NlGWr FOR A L l  UXATIW 

Trees on Locations 2, 3, and 4 share a 
closer trend in height growth. Trees on Location 
4 exhibited greater height growth than trees on 
Location 2 and 3 during the first four growing 
seasons. At this point, average tree height on 
Location 3 surpassed that found on Location 4 
and remained greater through the tenth growing 
season. Average tree height on Location 2 sur- 
passed that found on Location 4 after the seventh 
growing season. This variation in height domi- 
nance among the locations suggests a change in 
the-overall capacity of the planted trees for 
utilizing the 'resources of the site and that site 
potential is being reflected in height growth 
during the later years examined in this study. 

Since we are dealing with a cultural 
treatment applied to a physical site, considera- 
tion must be given not only to the two variables 
but to the site/treatment interaction as well. 
variation in height growth patterns found among 
the locations may be due to a response to site 
preparation activities, differences in soil pro- 
perties, or products arising from the interaction 
such as vegetative competition levels. 

While it is beyond the scope of this paper 
to fully examine the effect of physical site 
properties, various soil parameters were measured 
and evaluated. Overall, Locations 1 and 2 are 
comparable in soil physical properties, and 
Locations 3 a d  4 were quite similar in their 
measured soil characteristics. Thus, height 
differences due to site preparation effects may 
be examined within comparable soil regimes. 

The greater soil depths to the least per- 
meable horizon found at Locations 1 and 2 offer an 
increased volume of soil available for root pene- 
tration. Pentration and extension of root systems 
is a critical factor in tree growth on sandy soils. 
The significant differences in average total 
height observed between Locations 1 and 2 may be 
attributed to other site variable-i.e. nutrient 
pool (as evidenced by the density of vegetation 
supported by two sites), soil moisture regime, or 
orographic differences. 

By comparison, soils found at Locations 3 
and 4 were considerably shallower and of finer 
texture than the soils at Locations 1 and 2. Root 
development was probably more variable and of 
lesser extent on these shallower sites. As was 
the case with Location 1 and 2, variation in 
height between Locations 3 and 4 was due to other 
inherent site properties. 

In relating height growth patterns to soil 
physical properties, it appears plausible that 
trees on Location 4 encountered adverse root 
development conditions around age 4 due to the 
shallower, finer-textured soils. Height growth 
was restricted on Location 3 during the initial 
establishment period, but accelerated after the 
trees adapted to local site conditions. The 
trees on Location 2 encountered fewer impediments 
to root development, and although repressed in 
the early years, were able to better utilize the 
sites resources in the later years of growth 
examined. 

In order to examine variation in height 
growth patterns for all locations, the annual 
per cent differences in tree height were 
evaluated (Figure 2). Location 1, the best site 
in terms of height growth, was used as a base, 
and all other locations were compared to values 
from that site. This comparison reveals a level- 
ing trend in height differences past the sixth 
growing season. Height differences peaked at 
year four between trees of Locations 1 and 2. 
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Figure 2. Coapariton of d l f f t r m c e s  i n  a r t rage  annual 
t o t a l  ketght for a l l  l o c a t ~ o n s .  

Kcrght trend between Locations 1 and 3 follow a 
different path, with per cent height differences 
declining until the sixth growing season, where- 
after, the per cent differneces level out. The 
greatest differences in height growth patterns 
existed between Locations 1 and 4. Per cent 
height differences peak at year six, with tree 
heights maintaining a uniform difference in 
growth rates through year ten. Again, in each of 
theabove comparisons, height dominance seems to 
be expressed by the sixth growing season, with 
differences in per cent tree height leveling out 
and being maintained through the tenth growing 
season. 

The results obtained from the study indicate 
that height growth was better on sites receiving 
a chop/burn site preparation treatment. Though 
differences rn soil properties exist among the 
locations, the study was geared to evaluate 
mechanical site preparation activities employed 
in the sandhill region of East Texas. Since 
each location received soil scarification during 
the planting operation, it would seem best to 
~npiernent a chop/Surn site preparation treatment 
i n  order to incorporate and conserve available 
nTdtrrents on the site. Implementing shear and 
windrow practices could possibly give a double- 
:carlfication effect to the site, augmenting 
rca~val of the nutrient-enriched top soil in 
t b s e  sari* soils and, also,exposing nore 
of the soil to temperature extremes and erosive 
~ C ~ C Q S .  These sandy soils regresent an extreme 
cf  the total spectrum of forest sites found in 
sast Texas, and the impact of site preparation 
activities during the :rrtical early years of 
clantat ic3n establish me it^ may be more pronounced 
39 i h c s e  sites. Thus, proper selection have 
c;k=tant;al effects on the heiqht growth of - 7 y13nzcci trces rn these arecis. 
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Abstract.--Gross volume response to nitrogen fertilization 
in 12 loblolly pine plantations averaged 197 and 157 cu.ft/acre 
over a 4-year period for thinned and unthinned areas, respec- 
tively. When assessed in terms of net volume, sawlog volume and 
mean diameter the relative fertilizer response advantage in 
thinned stands was more pronounced and consistent than for gross 
volume. Periodic volume response to both thinning and ferti- 
lization is modelled in terms of stand and site variables. 

IMTRODUCTIOX 

Thinning and nitrogen fertilization of loblolly 
pine are increasingly being looked to as means of 
increasing yields and reducing the time for trees 
to grow to merchantable sizes. In addition to the 
opportunities provided by these silvicultural 
practices for alleviating supply problems created 
by an imbalance in age and size classes (Zobel 
1980), thinning in particular is gaining in 
popularity for generating cash flow on small pri- 
vate ownerships and as a cultural practice designed 
to reduce the risk of southern pine beetle damage 
(Ku, et a1 1980). 

The evaluation of management alternatives and 
the prescription of economically and silviculturally 
sound management practices requires the availability 
of models which accurately predict the effect of 
various management regimes on yield for a range 
of conditions. The development of such models, 
particularly for thinning and fertilization effects, 
has been hindered by a lack of suitable data sets 
for constructing or validating such models and a 
limited understanding of variables influencing tree 
and stand response to management practices. 

This paper presents some preliminary results 
from a series of thinning x N fertilization studies 

installed in loblolly pine plantations by Forest 
Industry Cooperators of the North Carolina State 
Forest Fertilization Cooperative (NCSFFC). Because 
of the preliminary nature of the data they are 
examined more with the intent of improving our 
understanding of the nature of the response to 
thinning and fertilization rather than for con- 
struction of predictive models. 

Trial Description 

The basic study consists of a 2 x 2 factorial 
of thinning (+ -) and N fertilization (+ -) arranged 
in a randomized block design. The treatments were 
replicated four times at each site. The same basic 
study was installed at 19 separate sites. The 12 
studies for which we have 4-year measurements are 
reported in this paper. The site and stand char- 
acteristics at time of study establishment at each 
of these 12 sites are given in table 1. 

The thinning prescription was to reduce the 
basal area (sq.ft/acre) to the numerical equivalent 
of the estimated fifty-year site index by selective 
thinning from below. While the thinning prescrip- 
tion was consistent within sites, it was rather 
loosely interpreted by most cooperators giving a 
range of thinning intensities over sites (table 1). 

I/ Paper presented at Southern Silvicultural 
~esearch Conference, Atlanta, Georgia, November 
4-7, 1980. Paper No. 6677 of the Journal 
series of the North Carolina Agricultural Research 
Service, Raleigh. 

21 Director, Data Analyst, and Liaison Forest 
~oils~~~ecialist, respectively, of the North Caro- 
lina State Forest Fertli+7s+ion Cooperative, School 
of Forest Resources, M C. State University, 
Raleigh, N. C. 27650. 

Nitrogen fertilizer was applied in early spring 
as amonium nitrate at the rate of 150 lbs ~facre. 
On sites where P or K deficiencies were suspected, 
on the basis of soil and foliar analysis, fertilizer 
applications of these elements were made to all 
plots. 

Measurements 

Diameter at breast height and heights of all 
or a sample of trees across the diameter range 



i a b l c  1.--Initial site and stand characteristiis 
- -- -- 

1/ SCSFFC Study code. - 
2 1  25 year base - 
31  Unthinned (UT),  thinned (T) - 

were rccorded at the initiation of the trials a3d 
again after four growing seasons. Heights for all 
trees' in each plot were estimated from height- 
diameter equations developed for each treatment. 

Total individual tree stem voiumes (0.b.) were 
calculated using the volume equation of Smalley and 
Eower (1968). Net periodic volume increment was 
obtained by taking the difference between estimates 
of per acre living volume at trial initiation and 
that after four growing seasons. Gross periodic 
volume increment was obtained in a similar manner 
except trees which died during the 4-year assess- 
ment period were included in the estimate of the 
volume at the end of the assessment period. Sawlog 
volumes were calculated using the equation of 
Burkhart et al. (1972). 

Statistical Analysis 

Estimates of volume and diameter increments 
over the 4-year measurement period were *~djusted 
for initial differences in these variables using 
covariance analysis. The covariance adjustment was 
done within thinning treatment as it would otherwise 
romove thinning effects since the covariate is 
related to thinning. 

RESULTS AND DISCUSSION 

Thinning Response (unfertilized stands) 

Thinning in unfertilized stands reduced 4-year 
gross volume increments an average of 322 cu.ft/acre 
i21.GC:j over that in unthinned plots (table 2). 
i+ovever, as a result o a lower mortality in thinned 
>lots, the average reak~~iuu was only 9.6% for net 
'clune increment and 5 out of 12 trials even showed 
g.iin in net volume production in the thinned rela- 

tive to the unthinned treatments. 

As expected, mean diameter increment in 
thinned stands was greater than that in unthinned 
stands due to concentration of growth on fewer stems. 
3espite this concentration of growth on fewer, 
larger stems in thinned stands, sawlog volume incre- 
.&enr ::as c -  ~xerr-lgc stkll greater in ttnthinned 
stands. Undcuhtedly most of the volume increment 
in the unchi-nra stands was put onto dominant and 
sodomicant szems; the lack of growth on small 
suppressed trees would act to reduce the average 
diameter increment in unthinned stands. 

The trends noted above are not unusual or new 
(Feduccia and %nn 1976). They are also obtained 
over a relatively short growth period and since 
thinnjng effects tend to be long-term in nature, 
they must be regarded only as early trends. 

Growth in Thinned Stands (unfertilized) -- 

Tc gain an insight into factors influencing 
g,rovth of thinned stands, two approaches are avail- 
abie: develop an independent model of growth for 
thinned stands or examine deviation in growth in 
thinned stands from those predicted using a standard 
growth model for unthinned stands. We chose the 
latter approach because of the availability of an 
independent model for predicting periodic volume 
increment of loblolly pine stands and the general 
acceptance of the philosophy of this approach in 
modelling management effects on forest yields 
(Pienaar 1979; Reukema and Bruce 1977). 

The independent model relating 5-year gross 
volume increment (PV5) to basal area (BA) and 25-year 
site index (S I )  was developed with data from 79 
NCSFFC study sites representing close to the complete 
ranges of site and stand conditions found in un- 
thinned, unfertilized loblolly pine plantations 
in the South: 

Using this model PV5 was predicted for each of 
the 12 thinned and unthinned stands. To enable 
comparison with the observed 4-year gross volume 
increment, predicted PV5 was proportionally adjusted 
using a factor of 0 .8 .  Deviations between observed 
and predicted values were calculated as were the 
standard deviations of these residuals for each 
type of stand: 

4-vr eross volume increment 

Mean Sx.y 
Stand Observed Predicted Residual Residual 

--- - ---- (cu.ft/acre)--------- 
Unthinned 1478 1427 2 5 268 
Thinned 1156 1319 -188 313 

There is a good prediction of volume increment 
in the 12 unthinned stands with a close correspond- 
ence of Sx.y values for the independent model using 
the original 79 sites and the 12 current study, 



Table 2,--Four-year volume and diameter increments for unthinned (UT) and thinned (T) stands 

1 / 
Gross volume Met volume Sawlog volume 

Study 
Mean diameter- 

NO . UT T (UT-T) ITT T (UT-T) UT T (In?-?I) ri? T 

2 

2/ 
1111- 

ll/Z 

14 

l5/l 

1512 

151 3 

16 

22/l 

2215 

2 3 

Avg . 
I/ Mean increment on trees surviving at the final measurement. - 
2/ Five-year data. - 

unthinned sites. This provides confidence that the prediction equations developed, after looking at 
large deviation between observed and predicted all variable combinations, are shown below: 
values for thinned stands, shown above, is a real 
effect of thinning and not the result of the 12 
sites representing a different population from that 
used to construct the independent model. 

Our data above show that volme growth in 
thinned stands is, on average, well below that in 
unthinned stands of the same basal area and site 
index. We hypothesized that deviations from pre- 
dictions using unthinned stands might be associated 
with effects of thinning on 1) the crown/basal 
area ratio, 2) the diameter distribution, and 
3) damage to the soil and residual trees. A number 
of variables, with potential as indicators of 
effects 1) and 2) were screened for their 
ability to explain variation in the deviations from 
predicted volume increment (RES. V). We had no 
measure of thinning "damage" for the various sites. 
Variables screened included: 

Relative basal area reduction (BAR) = BAU - BAT 
BAU ' 

Where BAU=basal area for unthinned stand 
BAT=basal area for thinned stand, 

Index of selectivity (IS) = log (BAR) % 

log (SPAU-SPAT~SPAU) 

Where SPAU = stemlac for unthinned stands 
SPAT= steraslac for thinned stands 

(note, the more selective the thinning is for 
size-low thinning-the larger IS becomes- 
Pienaar 1979) , 

and also BAU, BAT, SPAU, SPAT, BAU*SPAU and SI. 

The best single, double and triple variable 

-the more selective the thinning (from below: 
the less the reduction in volume growth relatdve 
to an unthinned stand of the same BA & SI. 

2. RES.V = - 1842 + 766*IS + 1.82*SPAT 

-the more selective the thinning and the 
larger the number of stems left after thinning, the 
less the reduction in volume growth relative to an 
unthinned stand of the same BA and SI. 

3.  RES.V=-766+11.5 BAT-8.3 BAU+L.25 SPAU 

-the greater the basal area left after thin- 
ning, the greater the number of stems before thin- 
ning and the lower the basal area before thinning, 
the less the reduction in volume growth relative 
to an unthinned stand of the same BA and SI. 

Little effort will be made here to develop 
biological explanations for the above relationships 
It is apparent that most of the variables are in 
some way related to the selectivity of thinning, 
the intensity of thinning, and the degree of 
suppression of residual tree crowns. Suffice it 
to say that these relationships provide an indica- 
tion of the types of variables we should evaluate 
in attempting to develop definitive thinning models, 
A word of warning however, the relative importance 



of different variables in predicting deviations in 
periodic growth of thinned stands will undoubtedly mod. stccked C41/2) 
vary according to the length of the period after  ell (!7/21 
thinning considered. over (131) 

The generally low lX2 values far our "best" 
prediction equations indicate that we have a long 
way to go in developing appropriate variables to 
account for the effects of thinning. One effect 
not evaluated here, and which m y  account for some 
of the unexplained variation, is the effect of damage 
to the soil and residual trees during the thinning 
operation, Work is needed on this important 
quest ion. 

Fertilizer Response 

Volume and diameter responses to fertilization 
were significant in 9 out of the 12 trials. The 
magnitude and frequency of the response to N fer- 
tilizer is consistent with the findings of NCSFFC 
from a large number of other trials in loblolly pine 
plantations (Ballard 1980). Gross volume responses 
were, on average, greater in thinned stands, but it 
was not a consistent trend (Table 3). While the 
average relative response gain for thinned over 
unthinned stands was only 25% for gross volume, it 
was 49%, 64%, and 90% for net volume, sawlog volume, 
and mean diameter, respectively. The consistency of 
the trend also increased fn the same order. Such Figure 1.--The effect of thinning (T) and fertili- 
a trend is expected with the volume response in zation (F) on volume growth by initial diameter 
thinned stands goint onto fewer, larger stems (fig. class in three loblolly pine stands of different 
1). Volume response in thinned stands thus tends to initial stocking. 

Table 3.--Four-year volume and diameter gains from N fertilization of unthinned  and thinned (T) stands. 

Gross volume Net volume Sawlog volume Mean diameter 1 Study 
NO. UT T (UT-T) UT T (UT-T) UT T (UT-T) UT T (UT-T) 

------------------ (cu.ftlaC)------------------ ----- (bd . f t /ac) ----- -------- (in) -------- 



be more valuable than an equivalent response in 
wtthinned stands. 

An often heard concern about thinning is the 
effect it has over sonventiorral rotation lengths, 
of reducing total volume yield. Our data show 
that fertilization can be used to offset this yield 
loss. Over the 4-year period from thinning, thinned 
and unfertilized stands produced 322 and 115 cu. 
ftlacre less gross and net volume, respectively, 
than their unthinned counterparts (table 2). 
Fertilization of thinned stands however increased 
gross and net vol production 197 and 185 eu. 
ftlacre, respectively (table 3). Thus thinned and 
fertilized stands had a greater net volume produc- 
tion (70 cu,ft/acre) but a still lower gross 
volume production (-125 cu. f tlacre) than unthinned 
stands over the 4-year period. Fertilization acts 
to speed up site reoccupancy after thinning, 

Modelling Fertilizer Response 

Unthinned stands- Consistent with our findings 
using data from other trials (Duzan and Allen 1980) 
we found a simple model with basal area at time of 
fertilization (BA, sq.ft/acre) and site index 25 
($1, ft) gave the best prediction of 4-year gross 
volume response to N fertilization (AV,  cu.ft/acre) 

The 12 plantations used for these studies are 
on non P-deficient sites with a relatively narrow 
range of drainage classes. Under these circum- 
stances the SI may be reflecting site N status. 
Basal area, as an index of growing stock, reflects 
the potential of the stand to put on extra volume 
in response to fertilization. 

Thtnned stands--In addition to SI and BA a 
number of other variables including IS, BAR, SPA 
were screened alone and in various combinations for 
predicting gross volume response in thinned stands, 
The general level of prediction was very poor with 
only one variable (stems per acre prior to thinning, 
SPAU) providing a significant prediction. 

AV = -214 + 0.68*SPAU R' = 0.38 
Sx.y = 90.1 

2 The R value for the equation could not be 
significantly improved by inclusion of any other 
tested variable. The biological explanation for 
this relationship is unclear and thus use of it 
for prediction purposes, even within the range of 
conditions encountered in the calibration popu- 
lation, is not recomended. 

Our understanding of the mechanism of M 
fertilizer response in thinned stands must be 
improved in order to generate variables with a 
sound biological basis and good predictive 
capability. A factor which could have contributed 
to the poor prediction L; ;Ite and stand variables 
is a variation between sites in degree of site 
disturbance during thinning. The degree of 
disturbance can influence both the N status of the 

site and the vigor of the residual trees. 

It is noticeable that while the characteristice 
of thinning response and fertilizer response %n 
unthinned stands are influenced by stand conditions, 
those of response in thinned stands appear to be 
largely independent of them (fig. I). Fertilization 
of thinned stands appears to stimulate vol 
growth in larger diameter classes to a greater 
extent than that in smaller diameter classes 
irrespective of stocking levels prior to thinning. 
Apparently in overstocked stands with severely 
suppressed individual tree crowns, N fertilization 
is required to rejuvenate individual tree crowns 
in order for the trees to respond to the additional 
crown space provided by thinning. 
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ISFLIJENCE OF PRUNING ON WOOD G R m H  PROBIfCT 

VOLUME IN A LOBLOLLY PINE P L A N T A T I O ~ /  

Terry R. Clason and Char les  T. ~ t i f f g '  

Abstract . - -Effec&s of one-and two-step pruning on t r e e  
growth were s tudied.At age  6 ,  a p r e c o m e r c i a l  th inn ing  and 
a pruning % 112 t o t a l  t r e e  h e i g h t  were app l ied  s i n g u l a r l y  
o r  i n  combination. Five years  l a t e r ,  p l o t s  t r e a t e d  i n i t i a l l y  
were th inned  t o  100, 200, o r  300 t r e e s  per  a c r e  and r e s i d u a l  
t r e e s  pruned t o  17 f e e t ,  p l o t s  thinned t o  100 t r e e s  per  
a c r e ,  t r e e s  pruned a t  age 6 but  n o t  thinned were s i g n i f i -  
c a n t l y  s m a l l e r  than  e i t h e r  of t h e  precommercially thinned 
one-or two-step prunings.  Two-srep pruning,  app l ied  w i t h  a 
precommercial th inn ing ,  d id  n o t  reduce t r e e  growth. 

INTRODUCTION 

On given s i te ,  l o b l o l l y  p i n e  s t a n d s  of 
s i m i l a r  age and composition w i l l  produce t h e  
same t o t a l  stem cubic-foot  volume over  a range 
of s t o c k i n g  d e n s i t i e s ,  However, how t h e  wood 
y i e l d  is  d i s t r i b u t e d  among produc ts  on i n d i v i -  
d u a l  t r e e s  w i l l  i n f l u e n c e  t h e  s t a n d ' s  u l t i m a t e  
value.  Qui te  o f t e n ,  h igher  v a l u e  can be  a t t a i n e d  
by growing a smal l  number of l a r g e  diameter  t r e e s  
s u i t a b l e  f o r  lumber and plywood. Various s i l v i -  
c u l t u r a l  p r a c t i c e s  can be  used t o  m n i p u l a t e  
s t a n d  composi t ion and d e n s i t y  t o  y i e l d  high- 
q u a l i t y  crop t r e e s  i n  t h e  s h o r t e s t  p o s s i b l e  t i m e .  

P r a c t i c e s  such a s  s i t e  p r e p a r a t i o n ,  a r t i -  
f i c i a l  r e g e n e r a t i o n ,  hardwood brush c o n t r o l ,  and 
e a r l y  and f requent  th inn ings  a r e  extremely bene- 
f i c i a l  t o  t h e  r a p i d  growth of high-value p ine  
p l a n t a t i o n s .  Pruning, which enhances formation 
of knot-free wood, could c o n t r i b u t e  s i g n i f i c a n t l y  
t o  t h e  development of premium sawtimber t r e e s .  
When used i n  con junc t ion  wi th  o t h e r  high-yield 
s i l v i c u l  t u r a l  p r a c t i c e s ,  such a s  t h i n n i n g ,  
pruning schedules  can be developed t o  maximize 
knot-free wood formation. T h i s  r e p o r t  d i s c u s s e s  
t h e  e f f e c t  of one-and two-step pruning schedules  
on sawtimber product ion and q u a l i t y  i n  a 29-year- 
old l o b l o l l y  p ine  (P;nus taeda L,) p l a n t a t i o n .  

I /  Paper p resen ted  a t  Southern ~ i l v i c u l t u r a l  
~ e s e a r c h  Conference, A t l a n t a  Georgia, ~ o v e m b e r  
6-7, 1980, 

21 Terry R. Clason and Charles  T. S t i f f  a r e  
~ s s i s y a n t  P r o f e s s o r s a t  t h e  North Louisiana H i l l  
Farm Experiment S t a t i o n ,  Homer, La, 71040 and 
School of F o r e s t r y  and W i l d l i f e  Management, 
Louisiana S t a t e  Univers i ty ,  Baton Rouge, La. 
70803, r e s p e c t i v e l y .  

MATERIAL AND METHODS 

Data 

Data were c o l l e c t s d  from a 29-year-old lob- 
l o l l y  p i n e  p l a n t a t i o n  l o c a t e d  on t h e  R a r t h  
Louis iana  H i l l  Farm Experiment S t a t i o n  n e a r  Homer, 
Louisiana.  Research p l o t s  were e s t a b l i s h e d  an a n  
abandoned c o t t o n  f i e l d  wi th  s o i l  t y p e s  mainly from 
t h e  Shubuta, Luverne and Bowie S e r i e s ,  a l l  having 
a f i n e  sandy loam t e x t u r e ,  S i t e  index averaged 
68 f e e t  on a 25-year base ,  w i t h  s i t e  q u a l i t y  of 
i n d i v i d u a l  p i o t s  ranging from 65 t o  78 f e e t .  

I n  February 1950, b a r e  rooted s e e d l i n g s ,  
graded a s  1 and 2 by Wakeley'e (1954) g rad ing  sys- 
tem, were p lan ted  on t h e  10-acre s tudy  a rea .  Seed- 
l i n g s  were grown from l o b l o l l y  seed c o l l e c t e d  by 
t h e  Louisiana F o r e s t r y  Commission from n a t u r a l  
s t a n d s  l o c a t e d  i n  North Louisiana.  P r i o r  t o  
p l a n t i n g ,  s i t e  p r e p a r a t i o n  included c u t t i n g  
e x i s t i n g  p i n e  and hardwood s a p l i n g s ,  po ison ing  
stumps and burning. 

Within t h e  s tudy  a r e a  two 1-acre b locks  each  
were p lan ted  a t  4x4, 6x6, 6x8, 8x8, and 10x10-foot 
spacings.  Surv iva l  r a t e s  were g e n e r a l l y  h igh  bu t  
i n t e r p l a n t i n g  was done where necessary .  Hardwood 
competi t ion and p i n e  m o r t a l i t y  on one 10x10-foot 
block n e c e s s i t a t e d  i ts  e x c l u s i o n  from t h e  s tudy.  

I n  1955 a t  age  6, each block was sub-divided 
i n t o  4 p l o t s .  Measurement a r e a s  ranged from 0.16 
t o  0.29 a c r e s  without  b u f f e r  s t r i p s .  Three cu l -  
t u r a l  t rea tments  were randomly ass igned  t o  each 
block: 

1. P r e e o m e r c i a l l y  t h i n  (PCT) t o  400 t r e e s  
per  a c r e  (TPA) ; 



2. Prune (PRN) 400 crop TPA t o  8 f e e t  or 
112 t o t a l  he ight ;  

3. P recomerc i a l l y  t h i n  t o  400 TPA and 
prune t o  8 f e e t  o r  112 t o t a l  height  
(PCT x PRN) . 

The f o u r t h  p l o t  i n  each block was maintained un- 
t r e a t e d  a s  p a r t  of t h e  o r i g i n a l  spacing study. 
From 1955 t o  1960, diameter  and he ight  were mea- 
sured annually on crop t r e e s  only. Subsequent 
da t a  analyses  were done assuming no treatment 
e f f e c t  from i n i t i a l  spacing treatments.  

F ive  years  l a t e r  a t  age 11, t h r e e  commercial 
th inning  treatments were appl ied  t o  t he  previously 
t r e a t e d  p l o t s ,  Treatments included : 

1. Thin t o  100 TPA (T100) and prune t o  
17 f e e t ;  

2. Thin t o  200 TPA (T200) and prune t o  
17 f e e t ;  

3. Thin t o  300 TPA (T300) and prune t o  
17 f e e t .  

The 1960 t rea twents  were r ep l i ca t ed  th ree  times 
on each 1955 treatment and growth da t a  were 
co l l ec t ed  on a per iodic  b a s i s  from 1960 through 
1978. Resul t ing  age 6 and age 11 treatment com- 
b ina t ions  summarized i n  Table 1 provide a com- 
par i son  between one-and two-step pruning schedules. 

Table 1.--Treatment d e s i  a t i o n s  f o r  age 6 and 11 f? t reatment combinations- 

Age 6 
Treatments 

Age 11 Treatments 
TlOO T200 T300 

PCT TRT 1 1 TRT 1 2 TRT 13 

PGT x PRN TRT 3 1 TRT32 TRT33 

~ T R T ~  1, TRT12, and TRT13 speci fy  one-step pruning 
schedules,  while o the r  combinations i nd i ca t e  
two-step prunings, 

Times required t o  apply t h e  1955 and 1960 
treatments were recorded. P recomerc i a l  thinning 
was acco~ilplished with a hand bow saw a t  t he  r a t e  
of 60 t r e e s  per  hour. Pruning, which was done with 
a pole pruning saw, averaged 12.5 t r e e s  per hour 
i n  1955 and 6.6 t r e e s  per  hour i n  1960. The 
average t imes required per t r e e  f o r  each pruning 
schedule were 9.1 minutes f o r  a one-step and 13.9 
minutes f o r  a two-step schedule. Pulpwood volumes 
removed dur ing  the  1960 th inning  a t  age 11 were 
10.3, 6-7,  and 5.1 cords t o r  100, 200 and 300 TPA 
p l o t s ,  respect ive ly .  

Taper da t a  were c o l l e c t e d  on 454 f e l l e d  t r e e s  
i n  1978 a t  age 29. Indiv idual  t r e e  volumes, both 
i n s i d e  and outs ide  bark,  @ere accumulated from a 
6-inch stunp t o  t he  t r e e  top. In  addi t ion ,  analy- 
t i c a l l y  derived indiv idual  t r e e  cubic-foot product 
volumes were computed under t he  fol lowing assumed 
merchantabil i ty s tandards :  

I .  Butt b o l t  - cubic f e e t  i n  the f i r s t  8.3-foot 
sawlog ; 

2 .  Butt log - cubic f e e t  i n  t h e  f i r s t  16.7-foot 
sawlog; 

3 ,  Sawlogs - top d i b  2 8 inches;  
4 .  Chip-n -sawlog - 6 inches 5 top  d i b  < 8 inches;  
5. Chips - 3 inches 2 top  d i b  < 6 inches;  
6 .  Top - top d ib  < 3 inches. 

I n  t h i s  way, indiv idual  t r e e  product mix was max- 
imized, Volumes were ca l cu l a t ed  f o r  2-foot 1-inch 
sec t ions  v i a  the fol lowing conic formula: 

where, 
Vi = cubic-foot volume of t h e  i t h  conic 

sec t ion ,  i = 1,  2, ..., m; 
D i  = diameter ( inches)  of t he  l a r g e  end of 

the  i t h  sec t ion;  
di = diameter ( inches)  of t h e  small  end of 

t he  i t h  s ec t ion ;  
Li = length ( f e e t )  of t h e  i t h  sec t ion .  

Analysis 

Analysis of covariance (ANOCOV) was u t i l i z e d  
t o  t e s t  f o r  treatment i n t e r a c t i o n  d i f f e r ences  i n  
p l o t  a t t r i b u t e s  by the  fol lowing l i n e a r  model: 

where, 
Wijk = value of t he  p l o t  a t t r i b u t e  f o r  t h e  i t h  

treatment 1955, i s  1 ,  2, 3; and 
the j t h  treatment 1960, j = 1,  2, 3; 
and k th  observation,  k = 1,  2, , , , lij ; 

~l = t r u e  mean of t h e  population; 
= the  i n t e r a c t i o n  between i t h  treatment 

1955 and j t h  treatment 1960; 
yXijk = regress ion  of W i j k  on Xijk,  where 

Xijk = s i t e  index, 
cijk = e r r o r  component. 

S i t e  index was used a s  a cova r i a t e  t o  ad jus t  f o r  
s i t e  qua l i t y  d i f f e r ences  i n  t he  comparisons, 

Data were a l s o  analyzed t o  determine e f f e c t  
of pruning on t o t a l  merchantable volume, t o t a l  
sawlog volume, and b u t t  b o l t  and b u t t  log  volume. 
Treatment e f f e c t s  were t e s t ed  by ANOCOV with t he  
fol lowing l i n e a r  model: 



here, 
r ; ii = i n d i ,  f d u a l  t r e e  c1lbi.c-foci ~7olume fc r  

t h e  i t h  treatment !?;5, i = 1 ,  2 ,  3; 
t h e  2 %  'nr trnent L3h0, j = 1, 2 ,  3; 
znd t h e  k t h  ?kserx* a t  hen, k = 1, 2 ,  
..., 3 i j ;  

c = t r u e  %can bf t h e  p o ~ u l a t i a n ;  
U~ = the e f f e c t  from t h e  i t h  t r e a i n e n t  1955; 
2 :  - t h e  e f f e c t  f r cm t h e  j t h  t r e a t m e n t  1960; 

/ a , = t h e  interaction between t h e  i t h  t r e a t -  &' n e n t  1955 and t h e  jtR t r e a t m e n t  1960; 
.:;I ;, = r e p r e s s i o n  o f  Y i j k  on X i j k ,  where Xijk 

= s i t e  i n ~ e x ;  
-ib: = t ' r ror  co:-~;c?ent, 

F i p r ~ r  n t  clear wood d e t c  r r n i n a t i  ,tls were made 
-I--,: ii'C s;i~xi b u t t  Logs f o r  g rade  "I3 b s t e e r  

r ?;gs GJ i v ~  L6.5 fetl?: l.03~1, and ar~eradecl 
, , -8 a c h e  $a a t  cixP swill. end,  Srrzce i ~ : d i v i ' ~ ~ a l  
i s  ;: 8 a t a  wcre  LO^ c ~ v a i l r i b l e ,  d i r f r r e n c e q  i n  pvr- 

... t c l e , i r ~ a c , ~ l  t.y trear.nent c m b z c n t i o ~ l  were riot 

i i - ' t i yz~d .  

i)iar,:ittcrr g r ~ w t h  011 ~htr .  r e s e a r c h  p l o t s  & c i s  

. .in: i(:,*ntI; i n f l ~ e n c e d  by b o t h  iili::ning and 
1;' ti,-ln% tredcmerltz c ~ p p l i e d  a t  age 6, F o i l  c , ~  I ',. 
5 I'il 6 . )  r e p o r r e d  Lilac precommt.rcia1 t h i n n i n g  s f g n i -  
!~c~:r,rLy s t i171~1ated dia~net-c r growth,  rdgardlcs- :  
3 ,  i n .  tiowever, p run ing  t o  1  / 2 t r e e  i t -  [kt: t 
i:~r r r c d  a n c g a t i v e  r e s p o n s e ,  e s p e c i a l l y  dur i r ig  
t!lt Clrst: t i - ree  :rerdrs. By age 11, t % i n n t d  13lo'- 

(PI, ,') ii i;irnet.t~r incremcn t w a s  1.0 and 0.6 ~ c h  
; r ~  ' i t e r  t l lan t h e  pruned (PflPJ) , ,lnd r h e  th i ' ined 
.'II.? ura;rzcd p l a t s  (PCT x PRR) , r e s p e c t i v e l y ,  bet-- 
r;cZt :it31 c f E e c t a  on d i a m e t e r  grawth f rom prun ing  
t4.5 2ersent  o r  more l i v e  crown have been s u b s t a n -  
t i , , : re  by d t h e r  s t u d i e s  (Labyak and Schuniacher 

L 4 ,  'koung anil +. 4?:er 13; 2, and Banks and P r e v o s t  
1976) .  Al so ,  Bar,&:. ar.. I r e v o s i  (1976) i n d i c a t e d  
t h a t  f o l l o w i n g  a  s e t e r e  p run ing  a a j a c e n t  unpruned 
t r e e s  g e n e r a l l y  groG a t  a f a s t e r  r a t +  and surpass 
t h e  pruned trees, 

The zge  11 t h i - r  ing  t r e a t x e n t s  ( T l C O ,  T290 
and L'360) a f f e c t e d  i r d  i-;:dual t r e e  d i a x e c e r  guo:-:tn 
s i g n i f i c a n t l y .  D i f f e r e n c e s  i n  d i a n c t r r  & r o w t h  be- 
tween t h i n n i n g  in t i .  .ait-tt.s were s i s n i f  i c a n t  a t  ages 
14 ,  2 3 ,  tiad 28 ( i - o i ~  1964, S ~ e p a r d  1974, 
and Sp r i r i z  P" 2:. 19774), Tkc 17-year p e r i o d  EoLLow- 
i n g  t h i n r ~ i n g  r e s u l r e d  i n  a 7.5,  5.6, and 4.4-inch 
d iamete r  g r o v t h  Lncreme,i i n  t h e  100, 200 and 300 
;FA p l o t s ,  r ~ s p e c t  i v e l y .  During t h i s  s a n e  p e r i o d ,  
growth inc rement s  on age 6 t r e a t m e n t s  d i d  not 
d i f r e r  and a - ~ e r a g ~ d  6 , 4  i nches .  

Thinni ,  g  t r e a f x e n t s  c lpplfed at age  11 a f f e c c e d  
pLr)t diamett ,r  c l a s s  d i s t r i b i l t i o n .  By a g e  29 ,  r e -  
1 ~ t i v e  curnulativr. f r c q ~ e n c y  o f  d i a m e t e r s  l a r g e r  
than 10 inches increased a s  t h i n n i n g  i n t e n s i t y  
increasc*d 'Fig. 1). More t h a n  95 p e r c e n t  of t r e e  
d i a n e t - r s  on p l o t s  t h i n n e d  t o  100 TPA were larger 
%:mail 13 inches .  The 11-inch and l a r g e r  d i a m e t e r  
c l a s s e s  accoiicited f o r  72  ancl 50 p e r c e n t  of t h e  
t r t - e s  on 100 2nd 300 TPA p l o t s ,  r e s p e c t i v e l y .  

1.n the  a n a l y s i s  of age 6  2nd i i  treatmtr:t 
c.f fec, ts ,  t h t  iniluenc;.  of d i f f e r e n t  p r u n i r % ,  -\t hi.- 
c t : , l t ;  on s t a n d  growth and development were %or. 

i s c e , - n i b r e .  iiowever, c*omparisons "netrcr..en rivi-ra;.e 
:>,~>t diamete-cs a t  age 29 5v age  6 k rea t tnen l s  wi t f i i i i  
age I I t r e a t m e n t s  (Tab1.e I )  r e v e a l e d  tliat: prun5?g 
 schedule,^ have a f f e c t e d  t t n n d  d e v ~ . l o p m ~ n t  ( T r b l t  2 )  
SLgnif  icari t d i f f e r e n c e s  e x i s t e d  ?,etwecn tlit- age  6 
t r e z t m e n t s  t h i n n e d  t o  100 PPA a t  age 11, &~erage 
d i a m e t e r  or, t h e  TP.7'21 p l o t s  was s i g n i r  icamt !y small.- r 
than  TRTll at12 TRT3L. No d i f f e r e n c e  was l?ett->l:ted 
hczween T P I l  l and TRT3L. Tks, a  two-srrp  p run ing  

Pa'cle 2 ,  Avernge plot a t t r i b u t e s  by Kreatr;-l-f. co~r,bi3.~Lton &or ZCZ -year-old lobloi i y p7ne. 

"lot - - T r e a t m e l l t  -- -- ---- 
A t t r i b u t e  TRTIl TRT12 TRTR'I*L3 TitT21 TRr22 PRT23 'PRTT31 TRT3Z TRT33 

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

g riL -qLtare r.eans: Teans t x i t i i  the s;irre S e t t e r  f o r  each respcrlse var iable  do n o t  d i f f e r  
;,I: :c,ay:ti. ,*t tne a = 13 .O level. 



D.B.H. (IN.) 
Figure 1. Diameter c l a s s  d i s t r i b u t i o n s  by treatment combinations 

p r i o r  t o  1978 thinning f o r  29-year-old l o b l o l l y  pine.  

schedule, applied i n  conjunction with a precom- 
merc ia l  thinning,  followed by a subsequent s tocking  
reduct ion  t o  100 TPA, d id  not  reduce average stand 
diameter any more than a one-step pruning. How- 
ever ,  pruning without preconnnercial thinning re-  
su l t ed  i n  reduced diameter growth. 

S imi lar  comparisons f o r  200 and 300 TPA p l o t s  
indica ted  nons igni f icant  d i f f e r ences  (Table 2). 
Apparently, indiv idual  t r e e  competition on the  200 
and 300 TPA p l o t s  was such t h a t  t he  growth advan- 
tage  manifested a t  age 11 on PCT p l o t s  was l o s t  
by age 29. 

Basal a r e a  and volume decreased a s  stand 
dens i ty  decreased (Table 2). Except f o r  TRT21, 
d i f f e r ences  between combinations were nons igni f i -  
cant .  

Bennett (1955) s t a t e d  the  advantage of two- 
s t e p  over one-step pruning was a g r e a t e r  production 
of c l e a r  wood. Percent c l e a r  wood i n  t he  b u t t  saw- 
logs  i n  Table 3 support t h a t  contention,  However, 
a s  s t a t e d  previously,  indiv idual  log  observations 
were unavai lab le  f o r  analyzing treatment d i f f e r -  
ences. Both two-step pruning schedules yielded 50 
t o  LOO percent  more c l e a r  wood than the  one-step. 

Table 3. Percat clear Mod by trutnunt combination for 
29-mr-old loblolly pine. 

Averape Average 
Numbor d-ter log vo u m  Ptrcmt 

h t 8 t r n t  101s ( I U C ~ I I )  (ftf) clurvaod 



. ' , t -  t t. r c   ass d i s t r i b u t ~ o n s  of t h e  454 fel'c-ii 
+ r i: rre;itmtzit combG-aaticn (Table 6 )  a r e  s i m i -  

.- ,I: c .i 1978 t r ea tment  d iamete r  distribctierr::  
( , , I  t r t c h s  (F ig .  1).  Average d . b , h .  f o r  t h e  
, c i L' L L C  t?:; b~~ ~CI s l i g h t l y  ILSS out  s t i l l  w i t h i n  
I ,  ,: nd ' l r t  r l ed id t ions  of t h e  average p l t ~ t  iii,i- 
. c ;t .- l r ; ; ' iDic  s I: 'ind 4 ) .  Thus, i n d i v i d u a l  t r e e  

I 1 1 - n ~  c : rcm t h t  i e l l e d  t r e e s  provided a. represen t -  
,,; :l,c ~ . ~ n t ? l c  t o r  t h e  ana lyses .  

l:xblc, 5 ~ h o w s  age  6 and 11 t rea tment  e f f e c t s  
171 ~ n a  ;v";itual t r e e  volumes. A t  age  29, s i g n i f i c a n t  
i , i  t ,-t n c c s  rJeri? expressed o n l y  among t h e  age 11 
- r s T o t a l  t n d i v i d u a l  t r e e  volume and ali 
,,t1~122. .columes inc reased  a s  t h i n n i n g  i n t e n s i t y  

i - i  1-t , s c c i .  'The percen tage  of  t o t a l  s tem volume 
,) ,- ' c . .c*; t  5 2  the  b u t t  sawlog was 43,  3 3 ,  ;md 22  per- 

t c L i > t  f o; t h e  1G0, 200 acd 300 TPA p l o t s ,  respec-  
' i 1 c : > - *  

1':-,1'11, li,lTLL, ant1 TRT31 were t h e  on ly  t r e a t -  
1 i t  - c ~ - ~ b i n : t t l o , ~ s  s i g n i f i c a n t l y  a f f e c t e d  by t h e  
' . rcxr;t p r u n i ~ g  schedules  (Table  6 ) .  Trees  rc- . . 

t L ::, . tao-:;cc p pruning  ith hour a p r e c o m e r c i a l  
i -1: I, n<rd ~ L ; ; n i E i c , ~ n t l y  l e s s  t c t a ? ,  sawlog, b u t t  

1' '~ztt b o l t  - cltmtrs than t h e  precommercially 
+ 1 , c  ' L C  atmc.nt+. ?.in volume d i f  f e s e n t p c  were 

I t L. .>c t s ~ c  t n TKTl l and TKT31, i3li'ct l o g  volunit- 
I zLc i zir +L, 47, and 45 p e r c e n t  of t h e  t o t a l  

:r !:.TI 1 , TRT2 1 ,  and TI"RT31, r e s p e c t i v c i ;  . 
i- f cil:,l trt-rc c l b  i c - foo t  product  h r e r+ka~ms  

I " t r,t c:c.binatic:ns appi7ar i n  Table 7 .  'Jr;bic- 
I r - 2 1  t ' ~ ~ 2 l l l m f s  f o r  t c t r i l ,  ~a%.lOg, b u t t  'lc)p 

' t t  :t:lt :LTC < , s s t n t i n l i >  t h e  sane as the  ,d- 
I ' :LT t :, : cnnd i n  T'xb1cl.s 5 and 6. Yclume o" 
- ..l ~t ;:rc:dlLct ;, c'lips and chip-  n-tJawlo:3s, 

I c1 : +r:-.i,:::in : 2; i t cns i ty  decreased .  

( ' 7  L ~ C  l in6 f o r  pruning: k!ar,c- i.t.c-n  lib^?^ 3s t C: . 
prtt ro  ,:, s t u d i e s  invcll v ing  thrs tie;, lcI,:!!: n-. rd rrb -. 
i r ? m  :iL.j* L ~ I :  e r  r r  e e s ,  i,:byak ,ind Sc;:.rr.:tc:,ib;* ( ' 5 , 
, ~ ~ ~ ; g , r ~ u c ~ - u  p i 'uning  a s e l e c t e d  ;~unb+_r  nt crol; C *  . :. 
i r  +::XI -5 roc:f.ed s t a n d s  accompan iL 1 1  by r2 .;el, rrc 
t l . i i ~ n i l ~ i ,  t o  p rec lude  f u r t h e r  n a t i i r a l  pr r in iLLg,  
?Iciint?tt (1955) r~ccmi i t~nded  a  p r a c t  i c , i l  : chLclL1le f-c K 

p r u n i ~ g  wider-spaced , old-f i e l d ,  s l a s h  pirit: I lau-- 
r a t i ons  on good s i t e s .  H i s  s chedule  is s i n l i i s f  
t o  thst u t i l i z e d  i n  t h e  p r e s e n t  s tudy.  I n  a d d i t i o n ,  
t i~ r i ing  of pruning should b e  based on h e i g h t ,  d i a -  
meter  and t a p e r  ~ h a r ~ ~ c t e r i s t i c s  of t h e  100 l a r g c s t  
t r e e s  p e r  a c r e  (Banks and Prevos t  1976) ,  The Eirst 
pruning shou Id  be done when average  t r c e  d  ic-n6.t er 
is 4 ,O irlcti<s (Vel 1975). L o c a t e l l i  (1977)  s t a t e d  
pruning woul.2 be prof i t a b l ~ ,  provided nilly cr(>p 
t r e e s  are pruned and pruning is done tin a t  l e a s t  
7-: crt;  I lbcks .  

The p r e s e n t  s t u d y  has shown t h a t  guide1int .s  
~ : < ~ t t . d  ,iGove ccln be used t o  produce prtamium s<*wlog 

-.. . . . - - A -  - . .  

- -&:.-?.: EZ:L??Z?~ - A F - S - T -  7 :  -;t-- - - 
' b i  ;i:ce t v ~ e  T 1 - : 5 7 TRTS- TRT 1 TP 1.: :'RT 



Taole 6. Least square mans cubic-foot product vol-s (i.b.1 for 454 fel led trees by 
treataent colahinations fat  29-geardld Loblollg pine,L/ 

Total 32.78 
tf '56 

Butt log 13.79 
20.98 

Butt bolt 7 .  64a 
k0. 52 

3.26' 
to. 33 

l'?~eans &th the siosc letter for each response variable do not differ sigaificantly at  the a = 0.10 
level. 

Table 7 .  Average individual tree cubic-fwt volume (i.b.) product breakdown by tra-nt 
cornbiaation for 29-yaclr-old loblolly pine. 

Vo llnas Treatment 
type TRTll TXTl2 mT13 TRT21 TRT22 TRT23 TRT31 TRT32 TRT33 ------ - * 

Butt bolt 8.1 3.6 2.1 6.5 3.8 2.4 7.3 3.4 2.3 
21.8 52.7 i2.4 22.3 t2.3 2 .  t2.7 t2.6 22.5 

Butt log 14.6 5.9 2.5 11.7 6.3 3.7 13.0 5.8 3..4 
23.3 25.1 t4.0 t4.1 i4.7 25.1 t4.8 t4.9 k4.7 

Chips 1 .9  3.2 3.9 2.4 2.8 3.5 2.0 3.1 3.7 
t0.7 21.5 21.3 t0.6 I .  1 .  k0.7 t1.1 t1.5 

TOP 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.1 0.2 
to. k0.1 tO.l tO.l to.1 20.1 20.1 20.1 to.1 

Total 34.3 18.6 13.9 27.9 18.2 15.7 28.8 18.5 15.2 
t8.0 28.0 t5.6 27.9 t6.4 t9.0 t9.8 27.1 t7.2 

t r e e s  conta in ing  up t o  28 percent  c l e a r  wood i n  t he  
b u t t  l ogs  on a 30-year ro t a t i on ,  A s  the  demand f o r  
c l e a r  wood increases ,  pruned sawtimber t r e e s  w i l l  
i nc rease  i n  importance and value. 

CONCLUSIONS 

1. Two-step pruning is required f o r  maximum c l e a r  
wood formation i n  b u t t  sawlogs. 

2. First-phase pruning of 100 t o  125 crop TPA 
should include a p r e c o m r c i a l  thinning t o  400 
TPA. 

3. 4cond-phase pruning should be done i n  conjunc- 
t i o n  wi th  a severe  commercial thinning t o  100 
TPA. 

LITEMmRE CITED 

Banks, P. F, and M e  J. Prevost. 1976. Sawlog 
pruning regimes f o r  Evsua patuta, P, eZZiottii 
and P. taeda i n  Rhodesia. S. African For. 
Jour. 99:44-48, 

Bennett,  F. A. 1955. The e f f e c t  of pruning on 
he ight  and diameter growth of planted s l a sh  
pine. J. For, 53 :636-638. 

Fo i l ,  R, R., T. Hansbrough, and Re G, Merr i f ie ld .  
1964, Development of l o b l o l l y  p ine  as a f f ec t ed  
by e a r l y  c u l t u r a l  t reatments.  H i l l  Farm Facts- 
Fores t ry  5. N.La. H i l l  Farm Expt. Sta.,  LSU, 
5~ 

Labyak, L, F, and F. X, Schumacher. 1954. The 
con t r ibu t ion  of i t s  branches t o  t h e  main-stem 

growth of l o b l o l l y  pine. J. For. 52 :333-337. 
Loca t e l l i ,  J. 1977. Why and how should s i l v e r  f i r  

i n  t he  Vosges be pruned? Revue F o r e s t i e r e  
Francaise 29 : 375-380. 

Shepard, Re D. 1974. Effec t  of i n i t i a l  spacing 
and thinning on t h e  growth and development of 
l o b l o l l y  pine. H i l l  Farm Facts  - Fores t ry  10. 
N. La. H i l l  Farm Expt. Sta.,  LSU. 35p. 

Sprinz,  P., T. Clason, and D. Bower. 1979. Spacing 
and thinning e f f e c t s  on the  growth and dev- 
elopment of a l o b l o l l y  pine p l an t a t i on ,  p. 
1-42. I n  Clason, T. R, (Ed.), Fores t ry  
~ e s e a r c r ~ e ~ o r t .  1979. N.La.Hi11 Farm Expt . 
Sta., LSU. 

Vel, E. M, 1975. Some supplementary d a t a  on t h e  
pruning of Enus earibaa var ,  hondwmsis. 
CELOS Rapporten No. 94, 20p. 

Wakeley, P. C. 1954. P lant ing  the  southern p ines .  
USDA Forest  Service Agr icul tura l  Monograph 
18. 233p. 

Young, He E. and P. J, Kramer. 1952. The e f f e c t  
of pruning on t h e  he ight  and diameter growth 
of l o b l o l l y  pine. J. For. 50 :474-479. 



SO9E SHORT-TEW? EFFECT'; OF THI?J>lZXG A:,E 

PRCNISC 1:- \Gil:G LOBLOLLY 2:CE T L ~ I - z I A T I ~ ~ ; s ~ ' ;  
m I 

James D , h- l r  to& 

Abstract.--Tll;i.- .gc.irs a f t e r  ;in o i d - ' i * ~ i d  lojloiiy ~ i n e  
p l a n t a t i o n  was t'ni-lz,ed a m  prul-cd t o  ' bd *il L ; r ~ , ? s  and 3 i ~ e  
crown ra ' i los ,  s t e ~ ~ x o o d  volu.::e ti;3k t h  mi, g r v a t e s t  under t h e  
l i g h t e s t  c h i m i n g  .rnd unaffected c y  prunirhg. S ten :  form i m -  
proved most unaer the  s e v e r e s t  th inn ing  ana pruning.  

t o b l o l l y  p ine  sawtimber can be  grown i n  
p i a n t a t i o n s  i n  r o t z t i o n s  of 21 t o  27 years ,  w i t h  
heavy th inn ing ,  low pruning,  and unders to ry  
c o n t r o l  (Burton and Shoulders  1974). But how 
u o d d  l i g h t e r  l e v e l s  of t h i n n i n g  and h igher  l e v e l s  
u f  pruning a f f e c t  stemwood volume growth e a r l y  i n  
i h ~  rotct t ion? This  paper r e p o r t s  some 3rd-year 
r ~ s u l t s  of a s tudy  e s t a b l i s h e d  t o  answer t h i s  
rjaestion. 

PROCEDURES 

D e s c r i p t i o n  of Study Area 

The s tudy was i n s t a l l e d  i n  a n  o l d - f i e l d  
3 / Loblol ly p ine  p l a n t a t i o n  n e a r  MonticelLo, Ark.- 

TL,C s tand  had been machine-planted a t  a  spacing 
of about  6 by 6 f t .  i n  w i n t e r  1958-59. When t h e  
s tudy began, t h e  p l a n t a t i o n  was 11 y e a r s  o l d .  I t  
contained,565 p i n e  s t e m s l a c r e  w i t h  a  b a s a l  a r e a  

L 
of 107 f t  / a c r e .  The d.b.h, range was 1 t o  11 
inches;  $75 s temslacre  were 2 4.6 inches  d.b.h.; 
the  5-inch c l a s s  had 1 8  percen t  of t h e  t o t a l  p i n e  
s t e z s / n c r e ,  t h e  6-inch c l a s s  had 32  percen t ,  and 
t h e  7-inch c l a s s  had 25 percen t .  Dominant and 
ccdonin:rnt t r e e s  averaged 37 f e e t  t a l l ,  and t h e i r  
l i v e  crovn l e n g t h  was 59 percen t  of t o t a l  h e i g h t .  

i; P < ~ p e r  p resen ted  a t  Southern S i l v i -  
cdl  tuT<ll  Research Conference, A t l a n t a ,  Georgia, 
: ~ ~ - v t ~ b c . r  6-7, 1980. 

2 ;  S o i l  S c i e n t i s t ,  Southern Fores t  Experi- - 
.$--lt S t a t i o n ,  Fores t  Serv ice ,  USDA, P i n r v i l  1 P ,  

L 'ilLbic~na 
3 /  L'ind m a  t e c h n i c a l  a s s i s t a n c e  were -- 

r;r 1:~, I:& t h e  Crosse t t  Div is ion ,  Georgia-Pacif i c  
LCT;>crntion. 

The unthinned p l a n t a t i o n  had very f e x  hard- 
wood t r e c s ;  none had a  dominant o r  codominant 
crcwr,, and a l l  were f e l l e d  when t h e  s t u d y  began. 
There was no woody unders to ry  a t  age  11. 

The s o i l s  a r e  Tippah and Sacul  s i l t  loams. 
The A 1  hor izon  is  3 t o  4 inches  t h i c k .  S lopes  
a r e  0 t o  4 percen t  t o  t h e  sou th .  

Thi r ty -s ix  square  0.4-acre ? l o t s  were l a i d  
o u t  and were organized i n t o  t h r e e  b l o c k s  accord- 
i n g  t o  s e v e r i t y  o f  e r o s i o n  t h a t  had occur red  when 
t h e  land  was i n  row crops .  I n  b l o c k  T ,  where 
evidence of e r ,  s i o n  was s t r o n g e s t ,  b a s a l  a r e a  2 
avera  ed 99 i t  / a c r e  and no p l o t  had l e s s  t h a n  5 
90 f t  / a c r e ,  I n  block 11 no p l o t  had l e s s  t h a n  
98 ft2,'acre, arid i n  b lock  I11 no p l o t  had l e s s  
than 105 f t z l a c r e .  

Treatments 

At age 11, f o u r  th inn ing  l e v e l s  (very  l i g h t ,  
l i g h t ,  heavy, and very  heavy) and t h r e e  pruning 
l e v e l s  (low, medium, and high)  were a p p l i e d  i n  
a l l  1 2  p o s s i b l e  combinations. Thinnjng l e f t  
b a s a l  a r e a s  of 100, 80, 60, o r  40 f t  / a c r e  i n  
merchantable t r e e s  (2  4.6 inches  d.5.h.  c o n t a i n i n g  

two 63-inch b o l t s  t o  a 3-inch top  d . i . b . ) .  Trees  - 
smal le r  than  t h i s  were submerchantable and were 
removed i n  t h e  f i r s t  th inn ing .  Where p o s s i b l e ,  
th inn ing  w3s from below. But need t o  ach ieve  
uniform spacing and t o  remove forked and crooked 
t r e e s ,  wolf t r e e s ,  and t r e e s  w i t h  fusi:orm r u s t  
stem g a l l s  requ i red  c u t t i n g  r:aay doninan t  2nd CL-- 

dominant tree:; so d i d  t h e  redtt:tior~ o f  b,isni 
a r e a  t o  40 f t d l a c r e .  

The low l e v e l  of  pruning l e f t  a l i v e  crown 
1 9  f e e t  long,  equa l  t o  52 p e r c e c t  s f  t r e c  height, 
High pruning l e f t  a  crown l e n g t h  of 1 3  f e e t  (37 
p e r c e n t ) ,  and medium pruning l e f t  n i 5 - f t ,  crows 
(41 percen t ) .  



The low l e v e l  of pruning was mild; i n  l i g h t l y  
and very l i g h t l y  thinned p l o t s ,  most t r e e s  had 
some lower limbs dead of suppression a t  age 14 ,  
Even under very heavy thinning,  low pruning d id  
not  g r e a t l y  reduce the  photosynthetic capaci ty ,  
High pruning bid: some t r e e s  had only 2 annual 
whorls, wi th  in tervening  sho r t  branches, and the  
l eade r ,  

Measurements and Analysis  

A11 measurements were made i n  t he  0.1-acre 
square p l o t  a t  t h e  cen te r  of each 0.4-acre t r ea t -  
ment p l o t .  The p l o t s  were inventoried before  
treatment a t  age 11 and before  treatment a t  age 
14. The f i r s t  and every f i f t h  t r e e  measured i n  
each 1-inch d.b.h. c l a s s  (2 4.6 inches)  were 
chosen a s  sample t r e e s  f o r  add i t i ona l  measurements 
u n t i l  each p l o t  had 12  sample t r ee s .  I measured 
upper bo le  diameters and he ights  wi th  a magnifying 
o p t i c a l  dendrometer and got  bole  volumes, t o t a l  
and t o  a 4-inch top, by the  he ight  accumulation 
method (Lohrey and Del l  1969). To ob ta in  stemwood 
diameter i n s i d e  bark  from s t e m  diameter ou t s ide  
bark, I derived a conversion f a c t o r  from paired 
d.0.b. and d. i .b.  measurements a t  4 po in t s  along 
t h e  stem of 108 t r e e s  f e l l e d  i n  thinning.  

The height  accumulation program computed 
cubic-foot volume and basa l  a r ea  f o r  each sample 
t r ee .  The summary program computed volume/acre 
of each p l o t  by mult iplying the  mean volume/basal 
a r ea  r a t i o  of t h e  sample t r e e s  by t h e  p l o t  basa l  
a r ea l ac re .  After-cut volume/acre was determined 
from t h e  mean volume/basal a r ea  r a t i o  of sample 
t r e e s  l e f t  (usual ly  fewer than 12  t r e e s )  and the  
a f t e r - cu t  basa l  a rea /acre ,  

Absolute form quot ient  was ca l cu l a t ed  as:  
AFQ = (bole d.o.b, midway between b.h. and apex) 

d.b.h. 

Using randomized complete blocks w i th  3 
r ep l i ca t ions ,  I examined treatment-associated 
d i f f e r ences  i n  growth parameters through ana lys i s  
of variance.  I used Duncan's Mul t ip le  Range Test  
t o  eva lua t e  d i f f e r ences  between treatment means 
when t h e  thinning and pruning i n t e r a c t i o n  was 
s i g n i f i c a n t  ( a t  t he  -05 l e v e l )  and t o  evalua te  
main e f f e c t s  of thinning and pruning when in t e r -  
a c t i o n  was not  s ign i f i can t .  

Growth i n  D.b.h, 

Growth i n  d,b,h.  was s i g n i f i c a n t l y  l e s s  under high 
than under low pruning. The thinning and pruning 
i n t e r a c t i o n  was not  s i g n i f i c a n t .  

Table 1.--Periodic growth in mean ci,b,kn., age 11- 
14,  of t r e e s  surv iv ing  t o  age 1 4  

Thinning l e v e l  
Pruning Very Very Pruning 
l e v e l  heavy Heavy Light  l i g h t  means - 

---------I- inches------------- 
High 1.61 1 . 3 7  .92 I/ : .80 1 .16a-  
Medium 1.79 1.37 1 ,00  '78 1.24 ab 
Low 1.87 1.38 1.12 ,80 1.29 b 

Thinning 
means 1.76 a 1.35 b 1.02 c -80 d 1.23 

I/ Means followed by the  same l e t t e r ,  w i th in  
a row or a column, a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  ,05 l eve l .  

For a l l  surviving t r e e s ,  per iodic  growth i n  
d,b.h. per  foo t  of he ight  growth was s i g n i f i c a n t l y  
less undez high pruning than under low pruning 
and was near ly  twice a s  g r e a t  under very heavy 
th inning  a s  under l i g h t  and very l i g h t  thinning 
( t a b l e  2). With g r e a t l y  increased growing space,  
t r e e s  became more stocky; w i th  high pruning, t r e e s  
became more s lender .  Treatments a f f ec t ed  stem 
form. 

Table 2.--Periodic d.b.h. growth per foot  of 
per iodic  height  growth 

Thinning l e v e l  
Pruning Very Very Pruning 
l e v e l  heavy Heavy Light  l i g h t  means 

----------- inches------------- 
High .25 . 1 7  .14 12  .18 a- I/ 
Medium .26 -19 .17 ,14 .19 ab 
Low .32 .19 .16 .15 -21 b 

Thinning 
means .28 a -19 b . I6  c .14 c .19 

1/ Means followed by t h e  same l e t t e r ,  w i th in  
a row or a column, a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  .05 l eve l .  

Per iodic  growth i n  d.b.h, was g r e a t e s t  i n  
t he  very heavy, l e a s t  i n  t he  very l i g h t  thinning 
treatment,  and a l l  four thinning means were 
s i g n i f i c a n t l y  d i f f e r e n t  ( t a b l e  1 ) .  Annual d,b.h. 
growth between ages I1 and 14 averaged .59 inch 
i n  t h e  very heavy, .45 inch i n  t he  heavy, '34 inch  
i n  t h e  l i g h t ,  and .27 inch i n  the very l i g h t ,  



3.--Periodic annual  growth i n  t o t a l  scemood,  
i n s ide  bark,  inc lud ing  l e a d e r  

Tshle 4.--Periodic annual growth i n  he ight  t o  a 
6-inch top  d.o.b,  i n  sample t r e e s  

Thinning l e v e l  
pruning Very Very Pruning 
l e t e l  heavy Heavy L i g h t  l i g h t  means 

Thinning l e v e l  
Pruning Very Very Pruning 
l e v e l  heavy Heavy Light  l i g h t  means 

1/ Means followed by t h e  same l e t t e r ,  w i t h in  - 
a row o r  a column, a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  the  .05 l e v e l .  

Growth i n  Cubic-Foot Volume 
and Height t o  a 6-inch Top 

--em-------- feet------------- 
High 4.8 4.1 2.6 2.6 1 / 3.5 a- 
Medim 4 . 3  3.3 2.5 2.4 3.1 a 
Low 4.0 3 . 3 3.1 2.3 3.2 a 

Thinning 
means 4.3 a 3.6 b 2.7 c 2.4 c 3.3 

I/ Means followed by t h e  same l e t t e r ,  w i t h in  
a row-or a c o l ~ ,  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t he  '05 l e v e l ,  

Table 5.--Periodic annual  growth i n  b a s a l  a r e a  

Thinnine l e v e l  

Growth i n  t o t a l  stemwood, i n s i d e  bark t o  a 
zero top, was s i g n i f i c a n t l y  lower w i th  heavy th in-  
ning, and even lower w i th  very heavy th inn ing ,  than 
with very l i g h t  th inn ing  ( t a b l e  3 ) .  With a11 
pruning l e v e l s  combined, pe r i od i c  annual  growth 
ranged from 328 f t 3 / a c r e  under very  l i g h t  th inn ing  
to 227 f t 3 / a c r e  under very  heavy. There were no 
important d i f f e r e n c e s  among pruning means. 

Pruning Very Very Pruning 
l e v e l  heavy Heavy Light  l i g h t  means 

ft2/acre---------- 
High 7.11 7 . 8 9 - 7 0 0  8.22 I/ 7.81 a- 
Medium 7.67 9.11 7.44 7.67 7.97 a 
Low 8.67 9.11 9.33 9.00 9.03 b 

Thinning 
means 7.81 a 8.70 b 8.26 ab 8.30 ab 8.27 

Pe r iod i c  annual  growth i n  he ight  t o  a 6-inch 
top was g r e a t e s t  under very  heavy th inn ing ,  s ig-  
n i f i c a n t l y  l e s s  under heavy, and even l e s s  under 
l i g h t  and very l i g h t  th inn ing  ( t a b l e  4 ) .  There 
were no important d i f f e r e n c e s  among pruning means. 

Basal Area Growth 

Pe r iod i c  annual growth i n  b a s a l  a r e a  was 
g r e a t e s t  under low pruning and s i g n i f i c a n t l y  re- 
duced by medium and high pruning ( t a b l e  5); bu t  i t  
was vigorous i n  every t rea tment .  Di f fe rences  among 
thinning means were no t  important .  

Stem Form 

Absolute form quo t i en t  ~ n c r e a s e d  under a l l  
t reatments:  stem form became more c y l i n d r i c a l .  
Overall mean AFQ was .62 a t  age 11 and .65 a t  age 
14. The i n t e r a c t i o n  of th inn ing  and pruning was 
s i g n i f i c a n t :  d i f f e r e n c e s  due t o  pruning occurred 
or r ly  under heavy and very heavy th inn ing  ( t a b l e  6 ) .  
inder  very  heavy th inn ing ,  t h e  high-pruning mean 
kc:s g r e a t e r  than t h e  low-pruning mean bu t  no t  t h e  
v- tAt id iun i pruning mean. Under l i g h t  and very l i g h t  
t'rainning, pruning d i d  no t  s i g n i f i c a n t l y  a f f e c t  
stes form. 

Means followed by t h e  same l e t t e r ,  w i t h in  
a row o r  a column, a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t he  .05 l e v e l .  

Table 6.--Periodic annual  i nc r ea se  i n  ab so lu t e  
form quo t i en t  

Thinning l e v e l  
Pruning Very Very Pruning 
l e v e l  heavy Heavy Light  l i g h t  means 

High .049 a&' .039 ab ,021 c .033 bc  .036 
Medium .029 bc ,036 b .028 bc  .032 bc  .031 
Low ,027 bc .021 c ,021 c .030 bc .025 

Thinning 
means .035 .032 .023 '032 .030 

I f  Means followed by t h e  same l e t t e r ,  w i t h in  - 
a row o r  a column, a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  .05 l e v e l .  

DISCUSSION 

Per iod ic  ba sa l  a r e a  growth i n  young l o b l o l l y  
p ine  s t ands  u sua l l y  v a r i e s  d i r e c t l y ,  bu t  no t  g rea t -  
l y ,  w i th  r e s i d u a l  b a s a l  a r e a ,  being only  s l i g h t l y  
a f f ec t ed  by th inn ings  removing a s  much a s  50 percent  
of pretreatment  b a s a l  a r e a  (Wahlenberg 1960).  



Under l i g h t  and very l i g h t  thinning,  n a t u r a l  
crown-shortening proceeded s o  f a r  t h a t  a r t i f i c i a l  
pruning a c t u a l l y  dFd l i t t l e  t o  f u r t h e r  shor ten  
live-crown length .  Heavy and very heavy thinning 
s o  thoroughLy re leased  t h e  r e s i d u a l  t r e e s  that  
n a t u r a l  pruning stopped tenrporarily. The lowest  

ined a l i v e  and vigorous,  and pruning 
them caused a r e a l  d i f f e r ence  i n  stem £om.  

A t h i m i n g  that removes dominant and co- 
dominant t r e e s  encourages developmmt of increased 
t ape r  i n  r e s i d u a l  t r e e s  ( t a b l e  2). Thinning from 
below o r d i n a r i l y  has no measurable e f f e c t  on stem 
form (Larson 1963). Very l i g h t  and l i g h t  th innings  
i n  t h i s  s tudy were mainly from below, but  heavy 
and very heavy thinning harvested many dominant- 
s tand  t r e e s ,  The e f f e c t  of pruning on stem form 
is d i r e c t l y  oppos i te  t h a t  of thinning from above. 
Research elsewhere (Luckhoff 1949, Labyak and 
Schumaeher 1954, and Marts 1949, among o thers )  
wi th  l o b l o l l y  pine and o the r  con i f e r s ,  has shown 
t h a t  removal of 2 20 percent  of t h e  green crown 
reduces diameter growth and causes  t r e e s  t o  de- 
velop a more c y l i n d r i c a l  bole.  Af ter  a few years ,  
stem t ape r  and growth r a t e  r e t u r n  t o  normal, i f  
prunings a r e  not  repeated,  This  r e t u r n  t o  normal 
does not  mean t h a t  d,b.h, of pruned t r e e s  w i l l  
soon equal  t h a t  of t he  unpruned. Stem form i n  
young even-aged p ine  s tands  during the  l i n e a r  
period of he ight  growth improves rapid ly  wi th  in- 
c reas ing  age (Larson 1963). Wi l l i s ton  (1967) 
repor ted  t h a t  form c l a s s  of crop t r e e s  i n  l o b l o l l y  
p ine  p l an t a t i ons  i n  Tennessee, from age 19 t o  age 
29, increased more i n  p l o t s  thinned from below than 
i n  unthinned p l o t s .  I n  thinning s t u d i e s  elsewhere 
(Boggess and McMillan 1955, Brinkman e t  a l ,  1965) 
i n  p ine  p l an t a t i ons  and n a t u r a l  s tands ,  t he  
l a r g e s t ,  fastest-growing t r e e s  developed the  l e a s t  
taper  and made t h e  g r e a t e s t  short-term improvement 
i n  stem form. These d i f f e r ences  usual ly  a r e  
temporary; a l l  surv iv ing  trees, without  more 
c u l t u r a l  t reatment,  usual ly  approach a common stem 
form c h a r a c t e r i s t i c  of  t h e  spec i e s  and t r e e  s i z e ,  
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Abstract.--This paper reports the results of an effort 
to determine if traditional diameter distribution modeling 
methods can be applied to repeatedly thinned pine planta- 
tions. Data are from 297 plots in slash pine plantations 
thinned and remeasured up to five times over a period of 
about 20 years. The Weibull distribution fitted diameter 
distributions quite well -- as well as it and other distri- 
butions have fitted data from unthinned stands. Models to 
predict and project the 24th, 63rd, and 93rd percentiles 
of distributions were developed for unthinned stands, 
stands after first thinning, and following a growth period 
of variable length. An analysis of before and after thin- 
ning distributions showed no difference except at the first 
thinning. The first thinning, primarily a thinning from 
below, tended to shift the distribution toward large trees 
(more negative skewness). An example is provided with the 
models applied to project the distributions before and 
after thinning at ages 15, 20, and 25 and final distribu- 
tion at age 30. 

ij~csters hnve long been interested in thin- 
ci;? ?_., ,I i7ethod of sti~nrslnting growth and pro- 
[ d u c ~ n g  nigher quality sawlo~s. However, plrnta- 
L A ? ' -  Forestry in the South and the Scutheast has 

L / 
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been characterized in the sixties and seventies 
by a "plant 'em thick and cut 'em quickt' type of 
silviculture with almost total emphasis on pulp 
fiber production. There are no clear advantages 
to thinning in such a systeq. With increasing 
emphasis in recent years on solid wood products, 
primarily lumber and veneer, and a diminishing 
supply of high quality sawlogs from natural 
stands, interest has returned to the practice of 
thinning. Along with this returned emphasis 
comes a need to predict stand structure (volumes, 
tree heights, log lengths, etc., by diameter 
classes). 

In this paper we report on an analysis which 
looked at one very important aspect of predicting 
stand structure of thinned plantations, the di- 
ameter distribution. Data from repeatedly 
thinned and remeasured slash pine plantations 
Icere analyzed to determine whether or not smooth 
distribution functions can be used as models, and 
if before and after thinning distributions are 



different in shape. Regression equations are 
presented which can be used to predict three 
diameter distribution percentiles for unthinned 
and thinned plantations of slash pine. A lnethod 
of obtaining parmeters of the Weibull distribu- 
tion from the percentiles fs also explained. 

THE DATA BASE 

Data for these analyses come from the South- 
eastern Forest Experiment Station study known as 
the Slash Pine Plantation Stand Density Study. 
Several publications have resulted, either 
totally or in part, from this study (Bennett, 
1970; Bennett and Clutter, 1968; Field et al. 
1978; and Clutter and Jones, 1980). Clutter and 
Jones (1980) give a brief overview of the study, 
part of which is repeated here for completeness. 
Kowever, some details of the description of the 
data differ from their report since the analysis 
reported here is the first to use all remeasure- 
ments of the plots. 

The study, begun in 1958, represents a co- 
operative effort of the USDA Forest Service, 
Southeaster Forest Experiment Station, and 18 

i? landowners- . The 297 plots (each approximately 
114-acre in size) were distributed across 4 
states, 

State Number of Plots 

Georgia 
Florida 
Alabama 
Mississippi - 5 

297 

and across 3 physiographic provinces, 

Province Number of Plots 

Upper Coastal Plain 65 
Middle Coastal Plain 145 
Lower Coastal Plain 8 7 - 

29 7 

L/~n alphabetical order : Brunswick Pulp Land 
Company; Buckeye Cellulose Corporation; Container 
Corporation of America; Continental Forest Indus- 
tries; Florida Department of Agriculture and Con- 
sumer Services, Division of Forestry; Georgia Kraft 
Company; International Paper Company; ITT Rayonier, 
Incorporated; 0 .  F. McEachin Estate, MzRae, Georgia; 
Jesse Newsom Estate, Davisboro, Georgia; Owens- 
Illinois, Forest Products Division; Mr. W. C. 
Peterson, Soperton, Georgia; M r .  Joe Prescott, 
Lumber City, Georgia; St, Regis Paper Company; 
Sullivan Lumber Company; Union Caap Corporation; 
U.S. Forest Service, Florida National Forests; and 
H. E. Walton Estate, Cordele, Georgia. 

Plantations sampled had been established on old- 
fields and had no evidence of frequent or damag- 
ing fires, naval stores operations, heavy rust in- 
fection, or interplanting. No more than six K e r -  
chantable-size wild pines sr hardwoods were 
allowed on a selected plot. 

Each plot was randomly assigned a residual 
basal area class for thinning treatment, 

Basal Area Class Nuaber of Plots 
-square feet- 

At each measurement, including installation, each 
plot was thinned to the midpoint (2 12.5 square 
feet) of its assigned class if not already within 
the class range. This was done with an improve- 
ment cut from below, removing mostly smaller trees 
with some large trees taken if disease, poor stem 
quality, or spacing justified their removal. The 
leaving of large, unoccupied spaces in stands was 
avoided. Plots were well distributed over ages 9 
to 32 years, site index (base age 25) 38 to 80 
feet, and 100 to 1180 trees per acre at age of in- 
stallation (Tables 1-3). 

Table 1.--Slash Pine Stand Density Study-- 
Distribution of plots by age at in- 
stallation and site index (base age 251, 

Age 
Claes 

10 
15 
2 0 
2 5 
30 

Total 

Site Index Class (feet) 
30- 40- 50- 60- 70- 80- 
39 49 59 69 79 89 

Me------- nunber of plots--------- 

1 4 9 48 37 0 
0 5 18 49 8 0 
2 0 13 42 27 1 
0 1 6 16 4 0 
0 0 2 4 0 0 - - - -  - -  
3 10 48 159 76 1 

At plot installation (measurement number 1) and at 
each subsequent remeasurement, all diameters were 
recorded to the nearest tenth of an inch. Total 
height, height to live crown, and crown class were 
recorded on the first and every eighth tree there- 
after in each diameter class encountered. Thin- 
nings were carried out at 646 of the 1188 total 
plot visits (Table 4). Nine plots were never re- 
measured after installation while 13 plots were 
remeasured 5 times. The interval between measure- 
ments ranged from one to ten years with the ma- 
jority of plots being remeasured on a 5-year cycle: 



Table 2.--Slash Pine Stand Density Study--Distribution of plots by age and stems 
per acre at installation. 

Age Stems Per Acre Total 
Class 100- 200- 300- 400- 500- 600- 700- 800- 900- 1000- 1100- 

199 299 399 499 599 699 799 899 999 1099 1199 

-- ---------- 
Total 36 44 40 51 43 38 23 8 8 2 4 297 

Table 3.--Slash Pine Stand Density Study--Distribution of plots by site index 
(base age 25) and stems per acre at installation. 

Site Stems Per Acre Total 
Index 100- 200- 300- 400- 500- 600- 700- 800- 900- 1000- 1100- 

199 299 399 499 599 699 799 899 999 1099 1199 

80- 
8 9 

1 0 0 0 0 0 0 0 0 0 1 
- - - - - - - - - - - -  

Total 36 44 40 51 43 38 23 8 8 2 4 297 



Growth Period Length Nmber of Cases 
--years-- 

ANALYSIS AHD MODEL DEVELOPaNT 

Testing Smooth Distribution Curves 

Since the turn of the century smooth distri- 
bution curves of several types, primarily statis- 
tical distribution functions, have been used in 
forestry to characterize distributions of diame- 
ters. Most recent diameter distribution mbdeling 
work for unthinned conifer plantations has relied 
on the Weibull distribution introduced for this 
purpose by Bailey and Dell (1973). This function 
has also found use in modeling natural stands of 
conifers (Schreuder et al., 1979), natural 
mixed-species of Appalachian hardwoods (Stiff, 
1979), and uneven-aged mixed northern hardwoods 
(Hyink, 1979). To our knowledge, the use of this 
function or any other smooth distribution function 
with data from thinned conifer stands has not been 
thoroughly explored. 

The equation of the Weibull probability den- 
sity function is 

c-1 - [ (x-a) /b] 
f(x) (c/b) [ (x-a)/b] e 9 

a l x < m  
(1) 

= 0 9 

elsewhere, 

where x is d.b.h. and the coefficients, 2, b, and 
2, must be estimated from data or predicted with 
models. Bailey and Dell (1973) discuss charac- 
teristics of the Weibull which make it useful as 
a diameter distribution model. 

With the algorithm for maximum likelihood 
estimation proposed by Wingo (1972), equation (I) 
was fitted to data from each measurement of each 
plot both before and after thinning. Several 
checks for goodness of fit were then applied. 
The Kolmogorov-Smirnov test (Bssey, 1951) at the 
0.05 level rejected the Weibull for 5.022 of the 
before-thinning cases and 4.67% of the after- 
thinning cases. Before and after thinning refers 
to the stand immediately before and after trees 
are removed, without regard to the overall thin- 
ning history of the stand. As another check, 
quadratic mean dianeter (D ), minimum diameter 
(D ) , and maximum diameterq(D,) were compared for 
ths observed and fitted distributions. defining 

Table 4.--Slash Pine Stand Density Study-- 
Numbers of plots by age at measurement 

and measurement number. 

Heasurement Number 
Age 1 2 3 4 5 6 Totals 

---------- number of plots--------- 

Totals 

deviations by the function 

A ( Y )  = (observed y) - (predicted y ) ,  

ries were developed for d(D ), A(D ) ,  and . The after-thinning data Zitted h e  Weibull 
model as well as the before-thinning data (Table 
5) . In both instances, the fit was judged to be 
acceptable. 



Table 5.--Summaries of deviations for quadratic 
mean (Dq), minim- (b), and 
maximum diameter (D,) . 

Deviations' Bef ore Thinning After Thinning 

---inches--- -------- percent of cases-------- 

UA(~) = (observed y) - (predicted y) 

The next step was to examine whether or not 
ning by the method applied in this study sig- 
cantly changed the shape of the diameter dis- 
ion, In a row thinning, trees are not re- 
according to a size criterion, so an assump- 
t the before and after-thinning relative 
tions are the same would be tenable. How- 
th the thinning methods applied in this 
ize (diameter) and probability of removal 
e inversely related. This could lead to a 
n the relative distribution. 

the Kolmogorov-Smirnov test was em- 
en the observed distributions were con- 
ercentages and tests made at the 0.05 

erent underlying distributions be- 
thinning, 11.4% (74 plot measure- 
tests were significant. Of those, 
from initial thinnings. For stands 
n subjected to thinning in the past, 
the cases had different before and 

tributions. This implies that 
gime was started, thinnings sub- 
st one did not alter the rela- 
of diameters. With these re- 
proceeded to design a system of 
ons to predict before and after 
tions and to predict change in 
due to growth based on the Weibull 

Predicting the Weibull Parameters 

Past applications of the diameter distribu- 
tion approach to yield model development usually 
involved regressions to predict the parameters o f  
a chosen distribution. Such regressions have been 
developed using either maxim- likelihood or 
moment estitnates for the parameters as dependent 
variables and stand characteristics (age, sire in- 
dex, trees per acre, etc.) as independent variables. 
In most published work, one or more of the parame- 
ters was poorly regressed (r2 2 0.10) . This has 
been true with both the beta distribution and the 
Weibull. It was true for our data as well. We 
could not obtain acceptable regressions to predict 
the maximum likelihood estinaates of Weibull parame- 
ters. 

A likely reason for the poorly defined re- 
gressions experienced is that quite similar appear- 
ing distributions, in terms of shape and peakedness, 
may result from different sets of parameter esti- 
mates. This is simply variation introduced through 
the fitting process. However, we reasoned that 
statistics computed directly from the data may be 
more predictable since no process of curve fitting 
would be involved. If reliable regressions could 
be obtained to predict those statistics, they could 
then be equated to theoretical values as defined 
with equation (1). The resulting system of equa- 
tions could thus be solved for predicted values of 
the distribution parameters. 

A number of different sample statistics could 
be used in this approach: mean, mode, variance, 
minimum and so on. For a 3-parameter model like 
equation (I), three such statistics would be nec- 
essary. Since the k'th moment of the Weibull 
probability density function contains the ex- 
pression 

and solving for 5 would lead to complications, we 
choose not to use moments. Instead, we elected 
to predict percentiles since the p'th distribution 
percentile of the Weibull is a tractable equation: 

where D is that diameter such that exactly p per- 
cent ofPthe trees in the stand are smaller. 

For p we chose 24, 63, and 93. Although some- 
what arbitrary and much work could be done toward 
defining optimum choices, our decision was based 
on the fact that Dubey (1967) showed p = 24 and 
p = 93 to be jointly best for estimation of b and 
c when2 = 0 is specified (i.e. two-parameter - 
Weibull). Further, p = 63 was chosen because this 
value gives Dp = a + b, a much simplified expres- 
sion. 

These three percentiles were computed di- 
rectly from the measured diameters for each stand, 
both before and after thinning, at each measure- 
ment age. Linear interpolation was used where 



necessary to obtain the percentile. For example, 
if the 20th percentile was at 5.2 inches and the 
25th percentile was at 5.3 inches, 

With regression screening methods (fAS 
Institute, 1979), the following equations to pre- 
dict these three percentiles for unthinned stands 
were obtained with data from measurements of 
stands not thinned up to the time of measurentents: 

where ln(~) = natural logarithm of dominant 
height (H) in feet, 

A = age in years, 
Ts = surviving trees per acre, 

S = base-age-25 site index in feet, 
and D = the p'th percentile of the diame- 

pu ter distribution of an unthinned 
plantation, 

Equations (3) , ( 4 ) ,  and (5) were used to pre- 
dict distribution percentiles and equation (2) was 
used to define a system of 3 equations in the 3 
parameters. Solution of the equations for 2, b, 
and 5 allowed predicted distributions to be gene- 
rated. Exact procedures for obtaining the solu- 
tions are covered in the next section of this 
paper. Based on the Kolmogorov-Smirnov test, only 
3.1 percent of the predicted distributions were 
found different from the observed distributions at 
the 0.05 level. In addition, 78% of the cases had 
predicted quadratic mean diameters within 5 . 5  
inch of the observed (Table 6). 

In some cases, the solution to a system of 
equations defined as above gave negative estimates 
for 2. When this occurred, D24 and B93 were used 
to solve for b and 5 with 2 assumed to be zero. 

Based on data for stands at first thinning, 
the following regressions were developed: 

Table 6.--$wries of deviations 
for quadratic mean (Dq), minimum 
(b), and =xi=- (b) diameter 

for unthinned stands. 

1 / Deviations-- Percent of Cases 

d(D ) :  
-0.z to +0.5 
-1.0 to +1.0 
Average $0.13 

&(Dm) : 
-1.0 to +1.0 
-2.0 to +2.0 
Average = 0.60 

b(D ) :  
-1.6 to +1.0 82 
-2.0 to +2.0 93 
Average = $0.20 

I/A(~) = (observed y) - (predicted y) 

where Dpa = p eh percentile a£ ter thinning, 
Dpb = p'th percentile be£ ore thinning, 
Dq; = Dq before thinning, all in inches, 

= age in years, 
and Br = basal area removed as a proportion of 

basal area before thinning. 

None of the distributions generated by this 
system were declared significantly different from 
the observed and 91% of the cases had h(Dq) within 
+0.5 inches (Table 7). - 

Based on 825 cases where a stand was thinned 
one or more times and reneasured after some growth 
interval, the following regressions were fitted: 



Table 7.--Summaries of deviations 
for quadratic mean (D ), minimum 9 
(Dm), and maxim= (Dx) diameter 
for predicting distributions 
left imediately after 

first thinning. 

1 / Deviation* Percent of Cases 

A(D ) :  
-0.3 to M.5 
-1.0 to +1.0 
Average = 0.09 

A ( h )  : 
-1.0 to +1.0 
-2.0 to +2.0 
Average = 0.12 

A (Dx) : 
-1.0 to +1.0 8 6 
-2.0 to +2.0 96 
Average = -0.07 

= (observed y) - (predicted y) 

with the Kolmogorov-Smirnov goodness of fit test. 
In 89% of the cases, predicted quadratic mean 
diameter was within +0.5 inch of the observed - 
(Table 8). 

Table 8.--S1smaries of deviations for 
quadratic mean (Dq), minimum (Dm), 
and maximum (h) diameter for 

predicting distributions 
after growth. 

Deviations-- I/ percent of cases 

A(D ) :  
-0.g to +0.5 
-1.0 to +1.0 
Average = 0.10 

A (Dm) : 
-1.0 to +1.0 
-2.0 to +2.0 
Average = 0.59 

A(Dx) : 
-1.0 to +1.Q 8 3 
-2.0 to +2.0 94 
Average = -0.20 

24e = 0.4089 + 1.0314 D24s - 0.0289 A 
-0.0048 Bs + 0.0101 S + 0.1211 t (9) &/A(~) = (observed y) - (predicted y) 

s =0,28 

= 0.5135 + 1.0181 Dg3s - 0.0375 A 
-0.0045 Bs + 0.0098 S + 0.2279 t (11) 

S = 0.34 

e at the start of the 

thinned), all in inches, 
A. = age in years, 

B, = basal area in square feet per acre 
at the start of the growth period, 

S = base-age-25 site index in feet, 
t length of the growth period in years 

s was the situation with the equations 
utions after first thinning, none of 
d distributions based on equations 
re declared significantly different 

Converting from Percentiles to Weibull Parameters 

As was indicated above, predicted values for 
D24, D63, and D93 together with equation (2) de- 
fine a system of 3 equations with the parameters 
2, b, and 2 as unknowns: 

These can be combined to give an expression in c 
only : 

&/T e exact value for p in the case of D is -9 100(1-e ) where "e" is the base of the naturij 
logarithms. To 5 decimals, p = 63.21206. 



where the definitions of h(De4, 063, Dg3) and 
y(c) are implied by the first expression in (15) 
above. Thus, to calculate predicted values for 2, 
b, and 2, X(D24 ,  D63, D93) is computed with the - 
predicted percentiles and (15) solved for 5. 
Then b is cbtained with the equatim 

which is derived Erorn (12) and (13) above. Lastly, 
a can be obtained from either (12), (13), or (14); - 
equation (13) obviously being the easiest to 
solve. 

The function y(c) is quite well behaved 
(Table 9) and equation (15) can be solved easily 
and cheaply on a computer with standard Gethods of 
numerical analysis. However, to facilitate desk 
calculator solutions of (15), linear interpolation 
in table 9 is recommended. 

Table 9.--Values for y (c) = [I - (.2744368)1/CJ / 
[ (2. 65926001/~ -1 ] with c = 0.25 

to 12.0 by 0.25. 

AN EXAMPLE 

As an example of the application of these 
atodels, equations (3)-  (5) and (6)-(8) were used to 
determine the parameters of the diameter distri- 
bution before and after thinning (fig, la) of a 
15-year-old plantation with 500 trees per acre and 
site index of 60 feet at age 25. A light thinning 
from below was applied by which basal area was re- 
duced by 15% from 92 to 79 square feet per acre, 
and 394 trees per acre were left (table 10). 
This amounted to 150 to 180 cu. ft. of merchantable 
wood (4" 0.b. top) per acre removed. The shift in 
the diameter distribution is obvious (fig. la). 

Since an analysis of the full data set for mor- 
tality relationships is not complete at this time, 
the equation given by Clutter and Jones (1980) 
based on Eirst-remeasurement data was used. In 
addition, their site index equaeion was solved for 
dominant height in order to predict Dg3u with 
equation (5). Their mortality equation predicts 
about 1.2% mortality per year for the example 
stand which gives 371 trees at age 20 when the 
second thinning was imposed. Equations (9) - (11) 
were used to predict stand structure at age 20 when 
another 15% basal area removal was effected. The 
structure before and after the second thinning is 
shown in figure lb. The same process was applied 
to obtain stand structure at ages 25 and 30 with a 
third thinning imposed at age 25 (fig. 2). 

Stand structure at age 30 from the above 
thinned example was compared with structures pro- 
jected for two unthinned stands (figure 2b and 
table 10). One of these unthinned stands was 
started from 500 trees per acre at age 15, as was 
the thinned stand; and mortality was predicted 
with the Clutter and Jones (1980) equation which 
resulted in 399 trees per acre at age 30. The 
other unthinned stand had 239 trees per acre at 
age 30, the same as the thinned stand. 

The contrast between the two unthinned stands 
and the thinned stand at age 30 (fig. 2b) is quite 
reasonable. In this case, the thinned stand does 
not have significantly more trees in the large 
diameter classes (29 inches) than an unthinned 
stand of the same density. This is certainly logi- 
cal in view of the type of thinning carried out. 
Although we have not completed an analysis to test 
it, a conjecture that more of the larger trees in 
the thinned stand will yield good quality sawlogs 
and veneer bolts is undoubtedly supportable. 

CONCLUSIONS 

Previous work with the 'Weibull model for un- 
thinned plantations where equations to predict 2, 
b, and 2 were developed have given rejection rates - 
of 14% or greater with the Kolmogorov-Smirnov test. 
Deviations within s . 5  inches for quadratic mean 
diameter have ranged from 80 to 90% (Clutter and 
Belcher, 1978; Smalley and Bailey, 1974a and 1974b; 
Lohrey and Bailey, 1976). Our tests on these data 
from thinned slash pine plantations lead to no re- 
jections and 90% of the deviations were within 
t0.5 inches. We therefore conclude that smooth 
distribution functions, such as the Weibull, can 
be applied quite well in modeling diameter distri- 
butions of thinned conifer plantations. 

To obtain diameter distributions at later 
ages, a prediction of mortality was necessary. 



1.b. 

AGE 20 

Figure 1.--Diameter distributions at ages 15 and 20. Site index is 60 
feet, 15;: basal area removed in thinnings, and trees per acre 
at age 15 was 500. 
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+ UNTHINNED. 239 T.P.A. 
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Figure 2.-- Diameter distributions at age 25 and 30. One unthinned stand 
at age 30 has the same density as the thinned and the other 
started with the same density at age 15. 



Table 10.--Typical srand structure d~velosr~enc tc nge 30 for a slash pine plantation 
on site index 6C (base age 25) haxiir,g three periodic thinnings, compared with 

structures of two similar but  unthinned plantations. 

Age Trees Basal Percentiles Weibull Parameters Mean 
(years) per acre Area O24 D6 3 523 a b c D.b.h. 

-number- sq. ft. ------ inches------ --inches-- inches 

Unthinned Plantation 

I/I?irst thinning at age 15 in stand of 500 trees per acre; "B" and "A" denote 
before and after each merchantable thinning which removed 15% of the standing basal 
area. 

'Grown without thinning from an original stand of 500 trees per acre at age 15. 

3/Grown without thinning but having the same number of trees per acre at age 30 
as the thinned stand above. 
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A DIMETER DISTRIBUTIOM METHOD USEFUL IN COMPATIBLE GROWTH AND 

YIELD MODELING OF THINNED  STAND^ 

M. R. ~ t r u &  

D. P, Feduccia 

V .  C. Baldwin, J r .  

Abstract  .--Two growth and y i e l d  forecast ing 
techniques have been combined t o  develop equations 
t h a t  p r e d i c t  the change i n  diameter d i s t r i b u t i o n  
i n t h i  nned 1 obl 01 l y  p i  ne (Pi  nus taeda) p l  anta- 
ti ons . The equations are based f i e  concept o f  
compatible growth and y i e l d  applied t o  a diameter 
d i s t r i b u t i o n  model f o r  unthi  nned lob101 l y  pine 
plantat ions.  This produces a general i z a t i  on o f  
the unth i  nned equations tha t  pro jec ts  s i ze  
d i s t r i b u t i o n  i n  thinned plantat ions.  The fore- 
casts are compared w i th  stand tables from a 
thinned p l o t  from a spacing-thinning study 
located a t  Merryvi l l e ,  Louisiana. 

INTRODUCTION 

ameter d i s t r i b u t i o n  models have been used 
cast  y i e l d  o f  unth i  nned p l  a n t a t i  ons s i  nce 
n t roduc t i  on by Bennett and C l u t t e r  (1965). 
i n  t h i s  paper are based on a recent 
t i o n  o f  t h i s  technique by Feduccia and 
(1979). Feduccia assumes t h a t  the 

o f ' t r e e  dbh i s  described by the Weibull 

d a t  Southern S i  1 v i c u l  t u r a l  
, Atlanta,  Georgia, 

t Biometri c i  an, Weyerhaeuser 
60, Hot Springs , Arkansas 

a i s  Research Forester, Louisiana 
ssigned t o  the Southern 

riment Stat ion,  Forest Servi ce-USDA, 
p o r t  Highway, Pinevi  1 l e ,  Louisiana 

BalBwi n i s  Research Mensurationi s t  employ- 
Forest Service and a lso located a t  

D-a 
Proportion o f  t rees < D = 1 - e - ( ~ )  , 
where a, 6, and y are Weibull parameters and D i s  
an a r b i t r a r y  diameter 1 i m i  t. A1 1 t rees i n  the 
p lanta t ion are l a rge r  than a, B i s  a scale 
parameter t h a t  cont ro ls  the range o f  diameters 
and y i s  a shape parameter t h a t  cont ro ls  the skew 
o f  the diameter d i s t r i b u t i o n ,  The parameters are 
predicted from the stand var iables age from 
plant ing,  Ap, average he ight  o f  the dominant and 
codominant trees, Hd, and number o f  su rv i v ing  
t rees per hectare, Ts . Three p red ic t i on  equations 
w i th  the same funct ional  form bu t  d i f f e r e n t  
coef f ic ients  (bo, b l  , b2 and b3) are used t o  
p red ic t  the three parameters, namely 

These equations can be generalized t o  fore- 
cas t  s i ze  d i s t r i b u t i o n  o f  thinned p lanta t ions by 
applyi ng compatible growth and y i e l d  concepts 
developed by C lu t te r  (1963) and l a t e r  re f i ned  by 
Moser and Hal 1 (1 969) . Moser and Hal 1 def i ned 
the f i r s t  de r i va t i ve  o f  y ie ld ,  Y(A), w i t h  respect 
t o  age, A, as growth rate,  y(A), namely 

The change i n  y i e l d  o r  growth over the per iod 



Ao t o  Al, bY(Ao t o  A l ) ,  i s  

AY(Ao t o  A l )  = r1 y(A)dA = Y(A1) - Y(AO) 
J A0 

These concepts can be generalized t o  describe 
changes i n Wei b u l l  parameters. 

GROWTH OF WEIBULL PA 

The growth r a t e  o f  a Weibull parameter can 
be def ined i n  the  same way Moser and Hal1 
described growth o f  f o r e s t  stands. The growth 
rate,  p(A), o f  the Weibull parameter, P(A), i s  

The change i n  the Weibull parameter o r  growth 
over the per iod A0 t o  At, bP(A0 t o  A1 ) i s  

AP(M t o  Al)  = 1; p(A)dA = P(A1) - P ( I O ) .  

Applyin t h i s  t o  the equations from Feduccia and 
others Q1979) resu l t s  i n  

bP(A0 t o  A l )  b l  [ log(Al)- log(AO)] + 

where HO and HI are dominant heights a t  A0 and 
A1 and TO and T I  are t rees per hectare a t  A0 and 
Al. This s e t  o f  equations can be used t o  update 
inventory information. I f  HO, TO, and the 
Wei b u l l  parameters are known from measurements 
o f  an e x i s t i n g  stand and HI and TI are forecast 
from s i t e  index curves and surv iva l  curves, 
Weibull parameters a t  A1 can be forecast by add- 
i n g  dP(A0 t o  A1 ) t o  the Weibull parameters a t  AO, 
These forecast Weibull parameters can be used t o  
describe the stand tab le  a t  A1 . 

GROWTH OF WEIBULL PARAMETERS IN 
THINNED PLANTATIONS 

The same se t  o f  equations can be used t o  
forecast stand tab1 es i n  thinned p i  antations . 
The only d i f fe rence i s  t h a t  TO and TI are 
reduced due t o  the th inning. This resu l t s  i n  
greater s h i f t s  t o  the r i g h t  o f  the stand table, 
and hence fas ter  diameter growth i n  thinned 
stands. This procedure f o r  forecast ing stand 
tables was compared w i th  data from three thinning 

studies 1 ocated i n  ~ o u i  s i  ana .y This comparison 
ind icated t h a t  the thinned p lanta t ions grew 
s l i g h t l y  f a s t e r  than the equations forecast.  A 
cor rec t ion factor based on age a t  the first 
thfnning In tervent ion,  TW, and res idua l  basal 
area per hectare f o r  the f i r s t  th inning, TB, was 
added t o  the growth equation f o r  the a parameter 
t o  account for  the di f ference i n  estimated and 
observed dianteter grswth rates.  The cor rec t ion 
fac tor  was d e t e m i  ned by regressi  ng the 
di f ference between observed and estimated a 
parameter on a se t  o f  stand var iables inc lud ing 
TA and TB. The f i n a l  form o f  the  cor rec t ion 
factor, CF(A0 t o  A1 ) , i s  

CF(M t o  A l )  = [I .7541 - 0.0033948 TA TB] 

Use o f  the cor rec t ion factor resu l t s  i n  s l i g h t l y  
faster growth ra tes  i n p lanta t ions thinned 
heav i ly  a t  young ages, 

The use o f  t h i s  procedure f o r  est imat ing 
growth of thinned stands i s  i l l u s t r a t e d  w i th  
data from p l o t  54 of the Merryvi 1 l e  Thinning 
study.&'' The p l o t  was planted a t  a 3 x 3 meter 
spacing and i s  s i t e  index 21 meters on a 25 year 
base. Figure 1 shows the stand tab le  and 
Weibull diameter d i s t r i b u t i o n  fo r  the p l o t  a t  
17 years a f t e r  p lan t ing  and th inn ing t o  14 
square meters per hectare. The parameters o f  
the diameter d i s t r i b u t i o n  were estimated wi t h  
maximum 1 i k e l  i hood procedures from the stand 
tab le  data. 

lJUnpubl i shed Forest Ser.vi ce progress 
reports describe these three studies . 

Feduccia, D. P ,  1974. Thinning i n  a 
l o b l o l l y  pine spacing plantat ion.  U. S .  Forest 
Service Progress Report 41 10-FS-SO- 1102-3.1 , 
132 p. 

Feduccia, D. P. and W. F. Mann, 3r. 1975. 
Effect  of s i t e ,  i n i t i a l  spacing, and th inn ing 
i n t e n s i t y  on growth of planted lob101 l y  pine. 
U. S. Forest Service Progress Report 41 10-FS-SO- 
1102-3.22, 177 p. 

Feduccia, D. P, 1976, Row vs. se lec t i ve  
th inn ing f o r  planted slash and lob lo1 ly  pine. 
U, S. Forest Service Progress Report 41 10-FS-SO- 
1102-3.33, 126 p. 

2IData frm t h i s  study i s  described i n  
~educc ia ,  D. P. and W .  F. Mann, Jr .  1975. &. 
C i t *  - 
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DBH IN CENTIMETERS 

re 1.--Stand tab le  and diameter d i s t r i b u -  
t i o n  17 years a f  e r  p lan t ing  and li th inn ing t o  14 m /ha. 

Weibull parameter growth equations were 
t o  forecast the diameter d i s t r i b u t i o n  

2 years from p lant ing.  The resu l t s  o f  
forecast and the observed stand tab l  e 

presented i n  Figure 2. 

Figure 2. --Stand tab l  e and d i  ameter d i  s tri - 
but ion 22 years a f t e r  p lant ing.  

The forecas ti ng technique worked reasonably 
wel l  on t h i s  p l o t .  

SUMMARY 

Equations f o r  p ro jec t i ng  changes i n  
diameter d i s t r i b u t i o n  i n thinned and unthinned 
plantat ions have been developed. When used i n  
combination w i th  s i t e  index curves, surv iva l  
curves, i n d i  vidual t ree  vol ume equations 
and height from dbh curves they can be used 
t o  estimate y i e l d  and s i ze  d i s t r i b u t i o n  o f  
various th inn ing regimes and t o  update 
fo res t  inventory informat ion.  
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Abst rac t  .--Target,  a f t e r - t h i n n i n g ,  r e s i & ~ a l  d e n s i t i e s  
t k a t  ~ r o d u c e  n e a r  maximm p e r i o d i c  groThh of s l a s h  p i n e  plan-  
t a t i o n s  a r e  determined f o r  medium s i t e s  wi th  a c  average 
h e i g h t  a t  age 25 of  63 f e e t .  Tkis  was done by f i t t i n g  n e t  
5-year growth ( i n  pour,ds o f  dry m a d  p e r  a c r e )  t o  t h e  cor res -  
ponding v a l u e s  o f  S t a h e l i n ' s  percen t  s t o c k i n g  ob ta ined  from 
unthinned s t a n d s  cover icg  a  wide range of  d e n s i t i e s .  This  
approach i s  based on t h e  zssumption t h a t  t h e  growth of t h e  
th inned  s t a n d  w i l l  qu ick ly  recover  t o  t h a t  o f  an iunthinned 
s t a n d  of t h e  same percen t  s tock ing .  The s t a n d  ages a t  which 
t h i n n i n g s  should be made were a l s o  e s t a b l i s h e d .  This  age i s  
def ined  a s  t h e  p o i n t  where t h e  annual  a c c r e t i o n  o f  what would 
be t h e  y i e l d  from a  f i r s t  t h i n n i n g  beg ins  t o  decrease.  

INTRODUCTION 

Grc-~ ing  space i s  a  l e a d i n g  f a c t o r  i n  con t ro l -  
l i n g  tho tycwth r a t e  of i n d i v i d u a l  t r e e s .  R e  
choice c f  p l a n t i n g  spacing and t h e  t iming  and in- 
t e n s i t y  of t h i n n i n g  o f f e r s  f o r e s t e r s  who manage 
s lask  p ine  p l a n t a t i o n s  two methods o f  c o n t r o l l i n g  
t h i s  de5erminant o f  t r e e  growth. Much has been 
p u t l i s t e d  abcc t  t h e  e f f e c t s  o f  t h e  p l a n t i n g  spacing 
3n yic~id, b - ~ t  very  l i t t l e  on t h e  i n t e r r e l a t i o n s h i p  
b e t u e e ~  I n i % i a l  spacing and subsequent t h i n n i n g  
schedl~lcc.  

X defendable s t r a t e g y  f o r  pulpwood prodrzction 
i s  t o  mzximize t o t a l  ne t  growth ( i .  e. , growth of 
surviving t r e e s  minus m o r t a l i t y )  from a  s i t e  over  
the r-%$ion. % i s  i s  accomplished by t h i n n i n g  a s  
freq-lez5:;- as i s  eccncmical ly p o s s i b l e  i n  such a  
way ar  I c  sa1~~ag-e  p o t e n t i a l  m o r t a l i t y  and maintain 
the c t a z d  a t  r e a r  fill1 occupat ion o f  t h e  s i t e .  The 
~ r o k l c x  Ir %hat  ~ e a s u r c m e n t  of n e t  growth i s  both 
c o s t L y  ar-5 s x b l e c t  t o  l a r g e  e r r o r .  What we dc then 
i s  eaZLFratc ?lore e a s i l y  observed o r  measured ctock- 
i n g  sc: r i t -~+s with n e t  growth and use t h e  s t o c k i n g  
%"%' x i ?  2. Lkc .?cnt-c l  v a r i a b l e .  S t a h e l i n '  s (19L9 ) 

- # -  

-, 3.rrl" r r e r e n t e d  ai; 3outherz S i  l v i c u l t  -1ral - 
F P ~ e q ~ - k  1 3 r f ~ ~ n 2 " . ; 3 ~ ,  A t l a n t a ,  %eor,cia, I:ovember 5-7 - -  - , -;-c. 

"/L;r.zrr arp Zesearch F o r e s t e r s ,  CSDA Fores t  
srt i .?- ,  ?zy-i$r2. ;c;e-.ces Laboraton- ,  Char les ton ,  
ST 22--- Q*. 7 . , - i-. --~L,ke rc ?Q~F- - s  t Fi r e  TLak,o r a t o r f  , 
'&~0", 51 y 3 5 ,  rp;2ec*;ve7-. 
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s t o c k i n g  p e r c e n t  i s  used i n  t h i s  s tudy  because i f  
i s  e a s i l y  ob ta ined  by us ing  a n  angle  pr ism, does 
n o t  depend on age and s i t e  q u a l i t y ,  and has been 
s u c c e s s f u l l y  a p p l i e d  t o  th inned  s t a n d s  o f  n a t u r a l  
s l a s h  p i n e  (Gruschow and Evans 1959). The g o a l s  
o f  t h i s  work a r e  1) t o  e s t i m a t e  t a r g e t  r e s i d u a l  
d e n s i t i e s  and ages o f  t h e  f i r s t  t h i n n i n g s  f o r  p lan-  
t a t i o n s  r e s u l t i n g  f r m  a  wide range of p l a n t i n g  
d e n s i t i e s  on a medium s l a s h  s i t e  and 2 )  t o  hy-poth- 
e s i z e  s t o c k i n g  guides a s  t o  when t o  i n i t i a t e  f i r s t  
t h i n n i n g s  i n  t h e s e  s l a s h  p i n e  p l a n t a t i o n s .  

SOURCE OF DATA 

These d a t a  come from a  s tudy e s t a b l i s h e d  by 
t h e  Southeastern F o r e s t  Experiment S t a t i o n  i n  1352 
on t h e  Holt Walton Experimental F o r e s t  i n  t h e  r i d d l e  
Coastal  P l a i n  reg ion  of  Georgia. Seed l ings  were 
p lan ted  a t  8 spac ings :  15 x 1 5 ,  7.5 x  15, 10 x 10,  
6 x 1 2 ,  S x  e ,  5 x 10,  6 x 8, and 6 x 6 f e e t .  
T ~ r e e - q u a r t e r - a c r e  spacing p l o t s  were randomly 
ass igned  i n  each of two complete b l o c k s ,  and t h e  
p n t l r t  stuQJ was i n s t a l l e d  i n  an o l d  f i e l d  whLch 
h;zd l a s t  keen c u l t i 7 ~ a t e d  t h e  prevLcus ;.ear. Eiarrns 
az? Col l ins  i l365  ) cbserved t h a t  wi th  good s o i l  
~ o i s 5 u r e  cocd i t fons  and care  i n  handl ing  and p l a c t -  
Ing t h e  s e e d l i n g s ,  97 p e r c e n t  survi-fa1 a t  age k 
resulted--much b e t 5 e r  than  acerage ,  w l t h  each s r a c -  
i n g  p l o t  a s  f u l l y  s tocked  a s  coilld be e q e c t e d .  
S 2 a r t i n g  a t  age 13, aeasurements  f o r  each p l o t  con- 
r i z t e d  o f  a  complete dian;eter t a l l y  and a  raridom 
sample of h e i g h t s  on a t  l e a s t  2C t r e e s  l i s t r i b u t e d  
eTrenly cver  t h e  diameter  c l a s s e s .  %ese measure- 
n n t s  v e r e  taken annxa l ly   fro^ age 1C 5hroxgh age 
22 and ege in  a t  age 25 .  



The diameter and he ight  measurements on the  
two p l o t s  f o r  each spac ing  were combined i n t o  a 
composite p l o t  and converted t o  y i e l d  ( i n  pounds) 
of  t o t a l  stem dry weight ( i .  b, f p e r  ac re  (Queen 
and Pienaar 1917). Weight was used in s t ead  of  
volunte because we wanted t o t a l  y i e l d  t o  a  2-inch 
&iarneter c l a s s  and a  v o l  t a b l e  f o r  t h i s  range 
of  diatneters was no t  ava i l ab l e  when t h e  ana lys i s  
s t a r t e d ,  and because the  use of  pulpwood weight i s  
extensive.  These computations r e su l t ed  i n  112 
s tand t a b l e s  and y i e l d  observations ( e igh t  spacings 
each measured 1 4  t imes ). Each spacing y ie lded  n ine  
?-year n e t  growth values f o r  t he  growth per iods  
10 t o  15, 11 t o  16 ,... , 1 7  t o  22, and 20 t o  25 
years.  We chose the  5-year groKth per iod  because 
it represents  t he  p r a c t i c a l  minimm time between 
thinnings.  Also, t he  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  
growth becomes p roh ib i t i ve ly  l a r g e  f o r  per iods  
s h o r t e r  t han  f i v e  years.  The f i r s t  s t e p  was t o  
r e l a t e  t he se  increments o f  n e t  pe r iod ic  growth t o  
some measure of  stocking. 

Gruschow and Evans (1959) succes s fu l ly  used 
S tahe l in ' s  (1949) percent  s tocking  a s  a  p red i c to r  
o f  pe r iod ic  growth of thinned n a t u r a l  s tands  of  
s l a sh  pine. They chose not  t o  use basa l  a r e a  alone 
because a t  t h e o r e t i c a l  f u l l  s tocking  it va r i e s  
widely with s i t e  and age. In add i t i on ,  because of  
our range of  1000 seed l ing  p e r  acre  a t  p lant ing ,  
we wanted a stocking measure t h a t  r e f l e c t e d  in-  
c reas ing  b a s a l  a r ea  f o r  t h e  same s tocking  l e v e l  a s  
t he  number of  t r e e s  p e r  ac re  decreased. Figure 1 
i l l u s t r a t e s  how these  da t a  approach and then fol low 
S tahe l in ' s  100 percent  curve f o r  t he  two densest  
spacings. 

The dec is ion  of  when t o  t h i n  depends on the  
t a r g e t  s tocking  because a  g r e a t e r  percentage o f  
volume i s  removed t o  obta in  t h e  lower r e s idua l  
dens i t i e s .  Therefore, t he  f i r s t  s t e p  i n  t h i s  anal- 
y s i s  concerned e s t a b l i s h i n g  a  range fo r  r e s idua l  
s tocking  t h a t  produced near  maximum pe r iod ic  growth. 
This was done by combining the  da t a  from a l l  spac- 
ings  and then studying t h e  r e l a t i o n  of 5-year n e t  
growth t o  Stahel in '  s  (1949 ) percent  stocking. This 
i s  based on the  assumption t h a t  pe r iod ic  growth of 
a  thinned s tand w i l l  be c lose  t o  t h a t  of  an unthin- 
ned s tand with t he  same percent  stocking. A poin t  
of  maximum growth was expected t o  be contained i n  
t hese  da t a  because of t h e  wide range of  p l an t ing  
dens i t i e s .  

The s tand age a t  t he  f i r s t  th inning  from below 
va r i e s  with p l an t ing  spacing and, a s  discussed 
e a r l i e r ,  probEtbljr with t he  t a r g e t  r e s idua l  stock- 
ing. We est imated t h i s  s tand  age a s  t h a t  po in t  i n  
s tand  development where t he  annual increase  i n  the  
weight of  t he  f i r s t  th inning  begins t o  dec l ine .  
W e  aE>i oximated the  y i e l d s  f o r  t he  f i r s t  th inning  
a t  each age by removing t r e e s  one a t  a  t ime from 
the  observed s tand t a b l e s  u n t i l  t h e  t a r g e t  r e s idua l  
dens i ty  was reached. The onset  of  declini%g thin-  
ning y i e l d  i s  est imated a s  t he  po in t  o f  i n f l e c t i o n  

f o r  a  model expressing the  above defined th inning  
y i e l d  a s  a funct ion  of s tand  age. These removed 
y i e l d s  a r e  only approximations t o  r e a l  th innings  
be cause d i a e t e r  d i s t r i b u t i o n s  do not  contain in -  

t i o n  about s p a c i a l  d i s t r i b u t i o n s  of  t he  re-  
s i d u a l  s tands ,  but  because we a r e  removing t h e  
smal les t  t r e e s ,  t h e  outcome of a c t u a l  th innings  
should no t  d i f f e r  g rea t ly .  

For a  given p l an t ing  spacing,  t h e  age of  maxi- 
mum acc re t ion  i n  t h e  f i r s t  th inning  y i e l d  w i l l  
increase  with decreasing p l a n t a t i o n  su rv iva l ,  s o  
although these  ages can be used t o  compare t h e  
t iming of t h e  f i r s t  t h inn ing  under t he  uniform 
condit ions o f  t h J s  study,  they  do not. o f f e r  u se fu l  
guide l ines  f o r  f i e l d  appl ica t ions .  However, i f  
e i t h e r  percent  s tocking  o r  b a s a l  a r ea  values cor- 
responding t o  these  ages a r e  s t a b l e ,  then a  genera l  
th inning  r u l e  i s  suggested. This i s  our approach 
t o  sat isf 'ying the  second objec t ive .  

- 1  -. - - -  1--, 
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Figure 1. --The basa l  a r e a  and number of  t r e e s  p e r  
a c r e  f o r  t he  6 x 8 and 6 x 6 spacings p l o t t e d  
wi th  S t ahe l in ' s  100 and 80 percent  s tocking  
curves . 

RESULTS 

The n ine  pe r iod ic  growth and percent  s tocking  
values were combined f o r  t he  e i g h t  spacings (72 
observations ) and p l o t t e d  ( f i g .  2 ,  see l a s t  page 1. 
The mean r e l a t i onsh ip  was adequately described 
with the  quadra t ic  equation: per iodic  growth = 
5332.47 + 833.556 ( 5  s tock ing )  - 6.66355 ( $  stock- 
ingl2.  The R~ value of t he  model i s  0.44. The 
l a r g e  v a r i a t i o n  i s  explained i n  p a r t  by t h e  in-  
herent  v a r i a b i l i t y  i n  growth due t o  measurement 
e r r o r ,  a s  well  a s  va r i a t i on  r e s u l t i n g  from t h e  
spacing p lo t s .  E?[aximm n e t  growth from t h i s  
equation occurs a t  60 percent  s tocking  which l a s  
was a n t i c i p a t e d )  i s  i n s ide  t h e  observed s tocking  
range. The following p red ic t i ons  from t h i s  
equation (rounded t o  t he  nea re s t  100 l b s . )  



i l l u s t r a t e  t he  dec l in ing  r a t e  o f  per iodic  growth 
fo r  s tocking above 80 percent:  

Percent s tock ing  ~ b s / a e r e  

90 

LOO 

~ m c h o w  and Evans observed t h a t  t h e  r a t e  of in-  
ase f o r  percent  s tocking  was low i n  t he  l i g h t l y  

e a v i l y  stocked s tands  and tended t o  be great-  
t he  40 t o  50 percent  l eve l s .  This observa- 

a s  subs t an t i a t ed  by our da t a ,  so r e s idua l  
of 60 pe rcen t ,  50 percent ,  and 40 percent  

ng were used t o  i nves t iga t e  t h e  quest ion of 
o th in .  As with Gruschow and Evans' work wi th  
1 s la sh  p ine ,  we expect t he  percent  s tocking 

f o r  maximum growth t o  be h igher  f o r  planta-  
on b e t t e r  s i t e s ,  but  were unable t o  i nves t i -  

s i t e  e f f e c t s  i n  t h i s  study. 

The es t imated  ages of t h inn ing  f o r  these  p l o t s  
shown i n  t a b l e  1 f o r  r e s idua l  s tockings of 60, 

d 40 percent .  The growth r a t e  of  th inning  
culminates before age 10 f o r  t he  two densest  
gs, The e f f e c t  of  p l an t ing  spacing on age o f  
th inning  i s  l a r g e ,  while t h e  e f f e c t  of' res id-  

i ng  on th inning  age i s  only a 1-year re- 
f o r  each 10 percent  reduction i n  r e s idua l  
. The r e s idua l  b a s a l  a r ea s  a r e  not  con- 
u t  range from 10 t o  15 f ' t e 2  across  t he  
spacing range. This outcome f i t s  Reineke's 
e s u l t  which shows b a s a l  a r e a  f o r  a  given 

l e v e l  t o  be propor t ional  t o  the  inverse  
r o f  t r e e s  p e r  acre.  The standing basa l  
d corresponding percent  s tockings a t  t h e  
d th inning  ages f o r  r e s idua l  s tockings o f  
and 40 percent  a r e  shorn i n  t a b l e  2. The 
standing basa l  a r ea  values suggest t o  t h i n  
0 ,  and 40 percent  s tocking  when basa l  a r ea  
119, 112, and 107 f t . 2 ,  respect ive ly .  

have included raw data  i n  t a b l e  3 f o r  t h e  
e r e s t ed  i n  viewing the  ana lys i s  from 

s. m e  problem o f  extreme va r i a t i on  i n  
i s  c l e a r  i f  yea r ly  d i f ferences  a r e  

using these  d i f f e r ences  it i s  d i f -  
ne with any degree of  ce r t a in ty  
i ng  age a s  defined. Rowever, 
f  time using a l l  th inning  y i e l d s  
ng and r e s idua l  percent  s tocking 

than 0.99, and the re fo re  give 
of average ne t  growth f o r  any Rge 

age range and good est imates of  the  
ect ion.  The sums ( i .  e. , t o t a l  y i e ld s  ) 

of t he  p a i r s  of numbers f o r  each age and p l an t ing  
spacing i s  the  same (within rounding e r r o r )  f o r  
a l l  r e s idua l  p e r c e ~ t t  s t  ockings , bu t  t he  th inning  
conponent accounts f o r  a  l a r g e r  percent  of  t h e  
t o t a l  a s  r e s i 4 u a l  s tocking  decreases. The ntagni- 
tude of th innings  i n  t a b l e  3 ~ l s o  gives  i n f o  
about t he  economic f e a s i b i l i t y  of  f i r s t  th innings  
a t  various ages. 

Table 1.--Estimated age f o r  th inning  i n  e i g h t  p lant -  
i ng  spacings t o  achieve t h r e e  s e l ec t ed  r e s i d u a l  
s tock d e n s i t i e s  expressed a s  S tahel in '  s percent  
s tocking 

Trees p e r  Basal a r e a  Trees 
Plant ing  Thinning ac re  a t  a f t e r  a f t e r  
spacing age th inning  th inning  th inn ing  

f t  - E no - f t 2  - no - 
RESIDUAL DENSITY: 60 PERCmT STOCKING 

15 x 15l' >25 ~ 1 6 1  > l o 1  

7 . 5 ~ 1 5  19 339 97 240 

1 0 x 1 0  1 7  36 7 9 6 269 

6 x 12 16 507 94 34 3 

8 x 8  1 3  642 9 2 421 

5 x LO 12 8 19 9 0 5 38 

6 x &/ <IO >850 c90 

6 x 6 l /  <<o >I152 <87 

RESIDUAL DEMSITY: 50 PERCEZF STOCKIWG 

15 x 15~'  2 1  165 84 12 8 

7 . 5 ~ 1 5  1 7  347 8 1  2 17 

10 x 10 16 374 80 22 3 

6 x 1 2  14 520 78 303 

8 x 8  12 651 77 366 

5 x 10 11 826 75 4 82 

6 x 8  <lo >850 <75 
6 x 6 c1.0 >I152 <72 

RESIDUAL DEMSITY: 40 PERCENT STOCKING 

15 x 1$-' 2 1  165 6 7 97 

7 . 5 ~ 1 5  16 34 9 6 4 173 

10 x 10 15 376 64 182 

6 x 1 2  1 3  523 63  250 

8 x 8  11 652 6 1  302 

5 x 1 0  11 826 60 372 

6 x 8  <lo  >850 4 0  

6 x 6  <IO >I152 <5 8 

l/Annual growth r a t e  i n  th inning  y i e l d  culmi- 
n a t e s o u t s i d e  t he  observed age range (10 t o  25 yea r s  ). 

2/values supported by l imi t ed  n m b e r  of  da t a  - 
points .  



2.--The age,  b a s a l  a r e a ,  and percent  s tocking  before th inning  f o r  f i v e  p l an t ing  spacings t o  be t h i  
t o  r e s i d u a l  d e n s i t i e s  of  60, 50, and 40 percent  s tocking  

Thinning Basal  Thinning b s a l  
( f t  1 age a r e a  Stocking age a r e a  Stocki  

6 x 1 2  16 119.3 76 3.4 112.4 72 1 3  105.9 68 
8 x 8 1 3  120.1 78 12 114.1 74 11 104.3 68 
5 x 10 12 119.3 79 11 110.6 74 
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'ab;e 2.--Xeight of yield removed i c  'hlnni~g 
"~cwer value) and l e f t  i c  resia~til stand ilzlgFer 
;aLhe) fsr t 3 e o r ~ t i c a l  tklccizgs a g ~ l i e d  at ages 
13 through 22 and age 25, in eight sgacings re- 
?~<ced  ts r e s l d ~ a l  d e n s i t i e s  of G c ,  55,  and LO 
~ e r c e n t  s t o c k i n g  

- - - - - - - 

P l a n t i n g  s ~ a e i n g  ( feet ) 
Age 

( p a r ~  j 
15x15 7 . 5 ~ 1 5  l o x l o  6x12 8x8 5 x 1 ~  6x8 6x6 

P l a n t i n g  spac ing  i fee? 1 
*z" , 

!:rears : 15x15 ?.?XI$ ISXLO 6x12 8x8 5x32 6x8 6x6 

10s pounds 

i?SSI2Ui:L CEFISITY: 63 PEFCENT ETCCKING 

160 pounds 

i?ESIDUAL DENSITY: 50 PERCDE' STOCKIYG 



Table 3. --Continued 

&e 
P l a n t i n g  s p a c i n g  ( feet ) 

( y e a r s )  15x15 7.5~15 lOxlO 6x12 8x8 5x19 6x8 6x6 

t l l i  i l l  I l l I J  
0 I0 20 30 40 5 0  6 0  70 80 90 I00 I10 

STAHELINS STOCKING PERCENT 

Figure 2.--Net 5-year growth i n  pounds f o r  t o t a l  
stem dry weight and percent  s tocking p o i n t s  wi th  
t he  f i t t e d  quadra t ic  funct ion  used t o  e s t ima te  
t h e  stocking l e v e l  with maximum growth. 

l / P & a i n a t i o n  o f  annual  growth i n  t h i n n i n g  



THINNING OPPORTUNITIES IN THE MIDSOUTH 

DURING THE 1980's !,/ 

Charles E. Thomas 

and 

Mary S. Hedlund 

Abstract . - -Plantat ion acreages i n  t h e  Midsouth s ta tes  have increased 
subs tan t i a l l y  du r i ng  t he  past twenty years. Many o f  these acres w i l l  
f i r s t  reach commercial t h i nn ing  age du r i ng  t h e  coming decade. Volumes, 
i n  p ine only, on surveyed p lan ta t i ons  i n d i c a t e  t h a t  ser ious a t t e n t i o n  
must be pa id  t o  t h e  incroachment o f  hardwoods i f  the  o p t i m i s t i c  
expectat ions o f  publ ished growth and y i e l d  est imates are t o  be 
real ized.  Volumes ava i l ab le  from t h e  p o r t i o n  o f  basal area greater  
than 60 square f e e t  per  acre are repor ted  f o r  surveyed loca t ions  i n  
Mississ ippi .  

P  i n e  p lan ta t ions ,  represent t h e  hope and 
investment o f  t he  f o r e s t  i ndus t r y  i n  t he  South. 
Other sources o f  t imber  a re  l i k e l y  t o  be l ess  
product ive and the  product lower i n  qua l i t y .  
Considerable research resources have been devoted 
t o  desc r i b i ng  and model i ng t h e  p o t e n t i a l  r e tu rns  
from i n t e n s i v e  management o f  southern p ine  
p l  an ta t  ions. Unfor tunately,  most o f  these s tud ies  
have been case studies emphasizing t h e  b e t t e r  
stands and t h e i r  y i e l ds .  I n  t h e  past t he re  has 
been l i t t l e  attempt t o  summarize t h e  cu r ren t  s t a t e  
o f  p l an ta t i ons  o r  t o  fo recas t  product ion re tu rns  
from e x i s t i n g  stands over a  wide area. Extensive 
area repor ts ,  such as t h e  Forest  S t a t i s t i c s  o f  t h e  
U.S., 1977, made no attempts t o  de l i nea te  
p lan ta t i ons  from t h e  t o t a l  resource i n  t h e  
p ro jec t i ons  o f  t imber supply. This paper attempts 
t o  g ive  an overview o f  t h e  acres and volumes 
1 i ke ly  t o  be avai 1  ab le  f o r  commerci a1 e x p l o i t a t i o n  
dur ing t h e  decade o f  t h e  80's i n  t h e  seven 
Midsouth states. 

Two aspects o f  t he  t h i n n i n g  oppo r tun i t i es  w i l l  
be examined, F i r s t ,  t h e  acreages ava i l ab le  - t h e i r  
d i s t r i b u t i o n  i n  t ime and geography - w i l l  be 
reported. Second, a  sketch o f  t h e  volumes and basal 
areas c u r r e n t l y  found i n  two s p e c i f i c  s ta tes  
(Miss iss ipp i  and Louis iana) w i  11 be reviewed. Based 
on the f ind ings  f o r  example states, imp1 i c a t i o n s  
fo r  the t o t a l  resource o f  t he  Midsouth w i l l  be made. 

1 F Paper presented a t  Southern ~i 1 v i  cu l  t u r a l  
Research Conference, At1 an t a  , Georgia, November 6- 
7 ,  1980. 

Two sources o f  in fo rmat ion  were used t o  
ob ta in  t h e  numbers o f  acres i n  p lan ta t ions .  The 
f i r s t  i s  t h e  U.S. Forest  Serv ice p l a n t i n g  record. 
Each year  t h e  Forest  Serv ice re1 eases a  repo r t  
showing acres o f  Forest  P l a n t i n g  and seeding, by 
s t a t e  and ownership class. The Midsouth s t i l l  
t r a i l s  t h e  Southeast i n  t o t a l  acres p lan ted  w i t h  
about 13 m i l  1  i o n  acres as o f  f i s c a l  yea r  1978. 
These p l a n t i n g  record  acreages (which are  apt  t o  
overestimate t r u e  acreage) were compared t o  
Southern Fores t  Experiment S t a t i o n  s t a t e  inventory  
estimates o f  p l a n t a t i o n  acreage. To ta ls  f o r  a l l  
s ta tes  and f o r  t h e  most recent  10-year i n t e r v a l  i n  
two s ta tes  (Arkansas and M iss i ss ipp i )  were 
compared. The inventory  f i nd ings  a lone a re  ap t  t o  
be conservative. I n  t he  Midsouth t h e  percentage 
o f  i nven to r i ed  p l  an ta t  ions t o  p l  anted acres 
cons i s ten t l y  shows between 70 and 80 percent o f  
t h e  p l a n t a t i o n  acreage reported i n  t h e  p l a n t i n g  
records. Using a 20 percent reduc t ion  f a c t o r  on 
t he  repor ted  acres y i e l d s  about 10 mi 11 i o n  acres 
o f  p l a n t a t i o n  i n  t h e  seven states. This f i g u r e  i s  
about 33 percent o f  t he  30 m i l l i o n  acres o f  
commercial f o r e s t  p resent ly  considered p ine  t y p e  
i n  t h e  Midsouth. 

F igure  1 i l l u s t r a t e s  t he  t r end  i n  p l an t i ngs  
over a  25-year period. The t r e n d  f o r  Midsouth 
s ta tes  i s  somewhat d i f f e r e n t  from t h a t  found i n  
t he  A t l a n t i c  South, There a  c lear ,  nea r l y  l i n e a r  

2/ Research Forester  and Mathematician, 
respeFti vely, USDA-Fores t Service, Southern 
Forest Experiment S ta t ion ,  New Orleans, La. 



t rend was establ ished i n  the  50's. Even a f t e r  the  
p lan t  i ng expansion dur ing the  Soi 1 Bank P rogram, 
f o r e s t  industry continued t o  increase the acres 
planted almost year ly.  Our experience i s  
d i f fe rent .  A f t e r  t h e  b r i e f  expansion o f  p lan t ing  
dur ing the  1 ate 5 B k ,  p lan t ing  general l y  returned 
t o  the  leve ls  o f  the e a r l  i e r  p a r t  of the decade 
and remained a t  tha t  l eve l  u n t i l  the l a t e  1960's. 
Total  acres planted d i d  not regu la r l y  exceed 
400,000 per year u n t i l  a f t e r  1970. At the s t a t e  
l e v e l  t he  ages of p lanta t ions and acreages 
involved reveals an add i t iona l  trend, the  westward 
movement o f  f o res t  management practices. Figures 
2 - 5 show the onset o f  p lan ta t i on  establishment 
i n  several o f  t he  states. The o ldest  s i g n i f i c a n t  
p lan ta t i on  acreages are those o f  Alabama, whi le 
the  youngest are t o  be found i n  Texas and 
Arkansas. Only i n  the  l a s t  f i v e  years have 
s i g n i f i c a n t  acres o f  p lan ta t i on  been establ ished 
i n  Arkansas; these w i l l  not  become su i tab le  f o r  
commercial t h inn ing  u n t i l  we l l  i n t o  the  1990's. 

reveal the spec i f i c  d i spos i t i on  o f  S o i l  Bank era 
acres. Some c e r t a i n l y  rever ted t o  a g r i c u l t u r a l  
use, others remain i n  plantat ion.  Because many o f  
these S o i l  Bank-NIPF acres are now b i o l o g i c a l l y  
ready t o  be thinned, d fspss i t i on  o f  these 
p lan ta t i on  acres w i l l  receive some a t ten t ion  i n  
upcoming surveys. 

The age d i s t r i b u t i o n  o f  e x i s t i n g  pine 
p lanta t ions was de temi  ned from the  p lan t ing  data, 
Figure 9 shows percentage d i s t r i b u t i o n  of the  data 
i n  5-year age classes over the  10 m i l l i o n  acres 
planted. Again the largest  concentration i s  i n  
the  20-year o l d  class, those establ ished under 
S o i l  Bank aegis. The second la rges t  c lass i s  the  
recent p lan t ing  (5-year-01 d class). Recall from 
Figure 4 t ha t  some of these young plant ings are on 
poor short leaf  s i t e s  i n  the western pa r t  o f  the 
region and they w i l l  probably requ i re  longer t o  
reach a commercially th inab le  densi ty and volume. 

The d i s t r i b u t i o n  o f  p ine p lan ta t i on  i s  almost 
evenly d iv ided i n quarters among A1 abama, 
Mississippi ,  Louisiana and the  remaining fou r  
s ta tes  o f  the Midsouth (Figure 6). For the  next 
10 years s i g n i f i c a n t  acreages su i tab le  for  
th inn ing  w i l l  come from the  three Gulf  Coast 
states. 

I n  Louisiana the re  are many fewer acres o f  
p lan ta t i on  inventor ied than appear i n  the 
p lan ta t i on  record. During the  t e n  year i n t e r v a l  
preceding the  l a s t  inventory o f  t he  states fo res t  
less  than 60% o f  the acres reported i n  the  
p lan ta t i on  record were discovered. This i s  a 
major departure from the  pa t te rn  and percentage 
found i n  other midsouth states. A s i m i l a r  
percentage o f  acres was found t o  have been 
establ ished dur ing t h e  10 year i n t e r v a l  which 
began i n  1952. 

The next two f igures (7 and 8) por t ray  the 
ownership classes o f  commercial f o res t  land i n  the  
region. Figure 7 i s  the  ove ra l l  ownership pat tern  
i nd i ca t ing  t h a t  indust ry  owns near ly 20 percent o f  
t he  188 m i l l i o n  acres reported i n  Forest 
S t a t i s t i c s  o f  1977. Seventy two percent o f  t he  
acreage i s  owned by NIPF's (Mon-Industrial P r i v a t e  
Forest owners). I n  terms o f  p lanta t ions Forest 
Industry has near ly 50 percent o f  t he  reported 
acres planted, whi le on1 38 percent o f  these 
acres are NIPF (Figure 8j. (National Forest and 
other pub l ic  owners represent less than 10 percent 
o f  the p lanta t ion acres). Many o f  the NIPF acres 
o f  p lan ta t i on  can be a t t r i b u t e d  t o  the  So i l  Bank 
Program. Forest survey data ind icated s i g n i f i c a n t  
s h i f t s  i n  land use between the  two most recent 
surveys. Examination of the  survey data d i d  not 

The acreage of th inn ing  opportuni ty i n  t h e  
Midsouth dur ing the  decade ahead i s  i l l u s t r a t e d  i n  
Figure 10. Unl ike the  Southeastern area trend, a 
more pronounced upward t rend  i n  acres i s  
noticeable. The number o f  acres planted i n  1965 
was less than 250,000, and when discounted fo r  the  
acres observed i n our s ta te  i nventor i  es t h i s  
amounts t o  200,000 acres t h a t  should be ava i l ab le  
f o r  thinning. However, by the  end o f  the  per iod 
an annual th inn ing  po ten t ia l  on near ly 600,000 
acres could e x i s t  i n  the Midsouth. I n  t h e  
r e l a t i v e l y  short  space of 10 years a three- fo ld  
expansion i n  the  numbers o f  acres w i l l  requ i re  
commercial th innings, i f  the  o p t i m i s t i c  estimates 
o f  production under in tens ive management are t o  be 
realized, Such an increase could e a s i l y  requ i re  
technological  o r  systems changes, thus i t  would be 
wel l  t o  begin planning now fo r  t h i s  development. 

A second considerat ion i n  the  region i s  the  
t im ing  o f  the  avai lab4 1 i t y .  A comparison o f  the  
years i n  which plant ings began t o  increase 
not iceably shows c l e a r l y  the  movement east t o  
west. It should not be su rp r i s ing  t h a t  
s i g n i f i c a n t  acreages reach commercial t h inn ing  
dens i t ies  and volumes i n  Alabama and M iss i ss ipp i  
e a r l i e r  than i n  Louisiana, Texas, and Arkansas. 
This state-by-state t rend does have something o f  a 
m i t i g a t i n g  in f luence on the ove ra l l  increases, but  
i n  some cases i t  could mean t h a t  the  t ime t o  p lan 
i s  already s l i pp ing  past - as i n  Alabama. This 
problem o f  acrages ava i lab le  f o r  th inning, 
deserves considerable a t ten t ion  by the  s ta tes  and 
p r i v a t e  indust ry  now. 

O r i g i n a l l y  i t  was our i n ten t ions  t o  est imate 
po ten t ia l  t h inn ing  volumes i n  pine p lanta t ions f o r  
the e n t i r e  Midsouth. Time and data access l i m i t e d  
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us t o  estimates f o r  Miss iss ipp i  and Louisiana. 
The Miss iss ipp i  survey was chosen because i t  i s  
the  most recent one completed among the  important 
Gul f  Coast states. We are cu r ren t l y  updating the  
inventory of Louisiana so i t  too  seemed a log ica l  
choice. It must be noted t h a t  y i e l d s  
i d e n t i f i e d  on e x i s t i n g  p lanta t ions may be poor 
pred ic tors  o f  f u t u r e  y i e l d s  on well-managed fo res t  
indust ry  lands. Nonetheless, the  data we have 
co l l ec ted  r e f l e c t s  a rea l  work s i t u a t i o n  i n  which 
many p lan ta t i on  acres are not managed a t  the 
i n t e n s i t y  o f  some forest  indust ry  lands. 

Our inventor ies are based on the  carefu l  
measurement of not only dbh, but  o f  upper stem 
diameters on thousands o f  t rees 5.0 inches and 
l a r g e r  a t  breast height. Computation o f  
merchantable volume i s  on data f o r  an ind iv idua l  
t r e e  using rout ines developed by L. Grosenbaugh. 
Volumes o f  ind iv idua l  t rees are expanded t o  a 
per-acre basis and recorded i n  cubic fee t  per 
acre. Further ca lcu la t ions o f  cords per acre are 
based on u t i l i z a t i o n  studies. 

D i s t r i b u t i o n  o f  s i t e  classes (Figure 11) might 
g ive an idea o f  the p o t e n t i a l  number of acres 
producing b e t t e r  re turns than those reported i n  
Tables 1 - 4. Notice t h a t  the b e t t e r  s i t e s  are 
producing a t  l eas t  85 cu. ft./acre. Based on our 
cubic foot t o  standard cord conversion factors,  
t h i s  i s  a l i t t l e  more than 1 cord per acre per 
year. 

Thinning y i e l d s  of p ine only i n  M iss i ss ipp i  
and Louisiana are low compared t o  those found i n  
t h e  Southeastern region. Two of many possible 
reasons for  t h i s  cond i t ion are cited. F i r s t ,  much 
o f  the  data comes from S o i l  Bank era plant ing.  On 
average these acres r e f l e c t  a lower i n t e n s i t y  o f  
management--typical o f  many NIPF acres. Second, 
i n  some areas hardwood competit ion forms a 
s ign i f i can t  po r t i on  of the basal area and volume. 
{The volumes reported are s t r i c t l y  f o r  pine). 

Tables 1 - 4 summarize average stocking and 
volumes i n  p lanta t ions i n  Mississippi .  Our tab les  
represent volumes on medium s i t e  lands. Total  
area refers t o  the  estimate o f  the acres i n  a 
given age class. Yields r e f e r  t o  probable cords 
per acre produced as a r e s u l t  o f  th inn ing an 
average acre t o  60 square fee t  o f  basal area and 
conversion of cubic f o o t  volume t o  standard cords. 
Volumes reported are exc lus ive ly  pine. Table 1 
por t rays volumes and stocking f o r  the Northern 
Un i te  (2) of Mississippi .  Plantat ions are 
p r imar i l y  L o b l o l l y  on pine type sites. Table 2 
shows simi t a r  parameters f o r  Central Miss iss ipp i  
(Uni t  3). The probable th inn ing  y i e l d s  are 
highest for  t h i s  un i t ,  s t i l l  they are lower than 



',ne pr0:ectlons g i ~ e n  f o r  A t l d c 9 c  50,*, ' 
- ' anta t ions  of ir,ediu;n si",. Table 3 iJn:: 4 
Southeast Miss iss ippi )  i s  characterized by lower 
?er  acre volumes a n d  basal areas d t  d g e  15 f2r  
s ' - t z s  w h j i i ?  a t e  pr ;iilar f l y  s lash pi ' , i t ;  t;,e. Tl~ ia l s  
:or the  s t a t e  are not t?uch d i f f e ren t  thar: t h e  
~:dividual units .  The 2otentf a1 y i e i i ~  rep:rted 

*etAe are  f o r  atJerage coqdi:ions, S u t  5iey silgsest 
-,nd+, the 15  yedr age c l a s s  (a c l s s s  d ic ta ted  by 

*:ej~tory data co1lection rout ines)  i s  s $ i l l  a 
';",le young t o  expect substant ia l  t h f  ~rtirtg 

The young loblcl  ly plantations in Lou;sfana (dges 
1 - 10 and I 1  - 20) were compared t o  expected 
yiclds which are  predicted in the Forest Service 
r l Jb i  i ca t  ion Yiel as of unthi nned Loblol ly  p i  r,e 
plantations on cutover s i t e s  in the  west Gulf 
Jegion (SO-148, Feduccia, e t  a l .  ). Based on the  
nuriber of t r e e s  surviving,  s i t e  index and age 
s i  m e  planting the re  was remarkable agreement, on 
the dverage, between the  predicted y ie lds  and t o t a l s  
observed inventory. The numbers of cords of pine 
avdilable through thinnings generally follows the  
pattern es tabl ished in  Mississippi data. 

We fee l  t h a t  average volumes will  be 
considerably greater  when the increases in fo res t  
industry managed lands begin t o  appear in  the  
s t d t i s t i c s .  In addit ion i f  we reinember t h a t  
p l  d n t  d t  i on fo res t ry  was much be t t e r  devel oped i n 
the At lant ic  South during the  Soil  Bank era i t  i s  
land 's  production levels  i s  present in t h e  
Mississippi-Louisiana data than in comparable 
Atlantic data. There i s  a l so  a good deal of 
voli~i~ie in hardwood on the  plantations found in 
Mississippi. If  t h i s  volume i s  d i r ec t ly  u t i l i zed  
or converted t o  pine through proper s i t e  occupancy 
and maintenance, i t  increases the  net volumes 
available from the  s i t e  s igni f icant ly .  Stands 
which will reach thinning age during t h e  80 ' s  
ori gi ndted more recently than the  ones analyzed 
and the  impact of improved f o r e s t  management 
should be realized during t h e  80's .  

T o  p u t  potential  volumes in perspective,  
consider the  pulp production f o r  t h e  seven-state 
area (Figure 1 2 ) .  There were a t o t a l  of 25 
nillio~ standard cords reported in Southern 
Pulpwood Production, 1977. During t h e  past 20 
years ?;undwood production has increased 
s ign; f icant ly  from 6 million t o  12 mill ion 
st3ndard cords per year. Most of the  increase 
o c c ~ ~ r r e d  between 1965 and 1970. The most recent 
'ncrea;es < , I  overall  pulp production have come 
frcr> S,cY"e r t t i l iza t ion of wood residues. Wood 
residues,  ~ h S c h  accounted f o r  5 - 15 percent of 
'-he : ; i i , -  : rcd~c' ion during the  19601s, now 
contrlL>~:e 2 5  percent of the  t o t a l .  Further 
'X:i?ns'>rs il pulping capacity may be possible 

t q r o u s ~  ga'ns i n  d t i l i z a t i o n  of residues. However, 
a ica j c r  opportunity fo r  increased production wi 11 
be dvai 1 able frorn thinnings,  especia l ly  toward the  
end of the  coming decade. Potential  thinning 
~ o i l ~ n ~ e s  in the  Midsouth a t  the  end of the  period 
~ r i  11 a p p r ~ ~ a ~ ~ ~  1.25 mil 1 ion cords even a t  
c o n s c r ~ a t i v e  levels  used fo r  predic i t ion  in t h i s  
ca;er. ?his represents nearly 15 percent of the 
c ~ r r e n t  annual softwood roundwood production. I f  
dverage ?er  acre volumes increase s igni f icant ly  
due t o  the impact of be t t e r  management expected 
in the region during the  8 0 ' s ,  t he  f igure  could 
be c loser  t o  5 mill ion cords or  50 percent of 
the  to t a l .  

In summary, review Figure 10. Regardless of 
t h e  in terval  between pl ant i  ng and comrnerci a1 
thinning,  be i t  15 o r  20 years,  there  i s  an 
imminent expansion of the  acres su i t ab le  f o r  
thinning in the  Midsouth. This expansion wi l l take  
place during a period of ant ic ipated  economic 
uncertainty. This could signal  a s h i f t  in ernphasis 
onto a c t i v i t i e s  tha t  are  economically e f f i c i e n t ,  
which could have a serious impact on t h e  potential  
production of many acres needing t o  be thinned 
during the  decade. Finally,  I ' d  l i k e  t o  comment on 
our current ,  midcycle update of Louisiana Forest 
Resources. We have obtained high a l t i t u d e  
photographs of the  pine regions of Louisiana and 
a r e  currently in the  process of constructing an 
ae r i a l  photo key t o  the  condition of recently 
planted f o r e s t  industry lands O n  t he  ground 
exaini nat ion of chosen s i t e s  has been completed. 
We expect t o  have preliminary r e s u l t s  indicating 
t h e  condition and extent of young Louisiana 
p lanta t ions  early in 1981. 

L ITEKATURE CI TED 

Bertelson, D. F., 1978 Southern Pulpwood 
Production, 1978. USDA For. Serv. Resource 
Bull. SO-74, 21 pp. 

Feduccia, D. P . ,  T. R. Dell, W. F. Mann, T. E. 
Campbell and B. H. Polmer. 19 . Yields of 
Unthinned 1 oblol ly pine plantations on cutover 
s i t e s  in the  West Gulf region. USDA For. Serv. 
Res. Pap. SO-148, 88 pp. 

1977. Forest S t a t i s t i c s  of the  U. S., 1977. USDA 
For. Serv. 133 pp. 



FIGURE 11. D I S T R I B U T I O I 4  BY S I T E  CLQSS 
Plultationm in  Htsrlroipp& 

FIGURE 12. Midsouth Pulp Production 1951-1977 



Table 1.--Average stocking and volume per acre and acreages 
Mississippi ,Unit 2. (Primarily Loblol ly)  

Stand age : Trees 5.0 in. dbh and larger : Total Area 'f 

: Basal Area : net volume : standard : thousand 

: ( s q . f t . )  : ( c u . f t . )  : co rds  : acres 

5 30 665 8.9 98 
thinned to 60 f t . 2  

15 68 685 9.1 242 yield = 1 cord 

Mi xed 1/ 

Forest survey estimate of total  plantation acres in an' age class. 

2 Too few plots to  make any estimate. 

Table 2.--Average stocking and volume per acre and acreages 
Mississippi Unit 3. (Primarily Loblol ly)  

Stand age : Trees 5.0 in. dbh and larger : Total Area 

: Basal Area : net volume : standard : thousand 

: ( s q . f t . )  : ( c u . f t . )  : co rds  : acres 

5 11 100 1.3 179 
thinned to 60 f t . 2  

15 78 1060 14.2 46 yield = 3.2 cords 

M i  xed 60 1112 14.8 17 



Table 3.--Average stocking and volme per acre and acreages 
Mississippi Unit 4. (Primarily slash) 

................................................................................. 
Stand age : Trees 5.0 in. dbh and larger : Total Area 

: Basal Area : net volume : standard : thousand 

: (sq, f t . )  : (cu. f t . )  : cords : acres 

------------------------*-----------------------------------*---------*--------- 

5 9 60 .8 31 7 
less than 60 f t . 2  

15 55 615 8.2 238 no yield 

2 5 80 1065 14.2 68 

35 45 1425 25.0 11 :/ 

Mi xed 26 265 3.5 23 :/ 

9 Very rough estimates. 

Table 4.-- Average stocking and volume per acre and acreages State 
totals  for  Mississippi (includes unit 1 & 5) 

Stand age : Trees 5.0 in. dbh and larger : Total Area 

: Basal area : net volume : standard : thousand 

: (sq.  f t . )  : (cu. f t . )  : cords : acres 

5 13 1 70 2.2 622 
thinned to  60 ft.2 

15 66 7 30 9 , 7  547 yield = 0.8 cord 

35 68 1300 17.3 126 

Mi xed 50 670 8.9 52 



1 / SYCAMORE PLmTATIOE GROWTH: 10-YEAR RESULTS OF SPACING TRIALS- 

2 / Bryce E .  Schlaegel- 

Abstract . - -Resul ts  of a  10-year spac ing  t r i a l  f o r  syca- 
mores on a  good s i t e  i n  t h e  M i s s i s s i p p i  D e l t a  a r e  p resen ted .  
T o t a l  cubic-foot  p roduc t ion  i s  c o r r e l a t e d  t o  i n i t i a l  number 
of s tems,  w i t h  t h e  5x10- and 10x10-foot spac ing  having twice 
t h e  volume and weight  of t h e  widest  spacing of 20x20 f e e t ,  
P r o j e c t e d  ages of peak MA1 f o r  t h e  5x10-, 10x10-, 10x20-, 
and 20x20-foot spac ings  a r e  12 ,  1 8 ,  22, and 30 y e a r s ,  respec-  
t i v e l y .  The 10x10 spacing appears  t o  g ive  t h e  most o p t i o n s  
f o r  p roduc t ion  of e i t h e r  pulpwood o r  sawlogs. 

The American sycamore (P la tanus  o c e i d e n t a Z i s  
L . )  grows r e l a t i v e l y  f a s t  throughout  i ts  l i f e .  
Sycamore appears  most f r e q u e n t l y  and a t t a i n s  i t s  
l a r g e s t  s i z e  on a l l u v i a l  s o i l s .  Only cottonwood 
(Po;"/illus d e l t o i d e s  B a r t r .  e x  Marsh.) ,  and i n  some 
cases ,  b l a c k  willow ( S a l i x  n i g r a  Marsh.) grow 
f a s t e r  t h e r e  (Merz 1958).  Because of i t s  r a p i d  
growth and r e l a t i v e  freedom from s e r i o u s  i n s e c t  
and d i s e a s e  p e s t s ,  sycamore is widely p l a n t e d  
throughout t h e  South. But b e f o r e  e s t a b l i s h i n g  a  
f o r e s t  p l a n t a t i o n ,  an  i n i t i a l  spac ing  must be 
determined. 

Ear ly  sycamore growth is inf luenced  by 
i n i t i a l  s e e d l i n g  d e n s i t y .  Belanger  and Pepper 
(1978) show t h a t  t o t a l  h e i g h t  is  decreased  by 
s tock ing  t h a t  is e i t h e r  extremely h igh  o r  low. 
Tota l  h e i g h t  was g r e a t e s t  a t  i n t e r m e d i a t e  s tock-  
ing l e v e l s  of 1 ,000 t o  5,000 t r e e s  p e r  h e c t a r e  
(400 t o  2,000 t r e e s  per  a c r e ) .  Moderate compe- 
t i o n  among t r e e s  was necessary  t o  o b t a i n  maximum 
height  growth. 

Close i n i t i a l  spac ing  o f f e r s  h igh  y i e l d s  i n  
e a r l y  y e a r s .  Stem y i e l d s  of 4-year-old s e e d l i n g s  
ranged from 14.5 oven-dry t o n s  p e r  a c r e  a t  a  1x4- 
foot  spac ing  t o  5.9 t o n s  a t  a  4x6 spac ing  
(Saucier e t  a l .  1972). 

I/ Paper p resen ted  a t  Southern S i l v i -  - 
c u l t u r a l  'esearch Conference, A t l a n t a ,  Georgia ,  
N ~ ~ e ~ n b e r  6 - 7 ,  1980. 

2 j  X e n s u r a t i o n i s t ,  Southern Hardwoods Labo- - 
ratcry, which is maintained a t  ~ t o n e v i l l e ,  
M i s s i s s i p p i ,  by t h e  Southern F o r e s t  Experiment 
S ta t  i c n ,  Fores t  service--USDA, i n  coopera t ion  
with the  X i s s i s s i p p i  A g r i c u l t u r a l  and F o r e s t r y  
Experiment S t a t i o n  and t h e  Southern ~ a r d w o o d  
Forest  Research Group. 

Wide spac ing  d i s t r i b u t e s  growth on fewer 
stems. The r e s u l t  is l a r g e r  t r e e s ,  b u t  t h e  age 
of maximum mean annual  increment is increased .  
At 11 p e a r s  of age ,  mean annual  increment was 
s t i l l  i n c r e a s i n g  f o r  Georgia Piedmont sycamore 
p lan ted  a t  an  8x8-foot spac ing  (Belanger and 
Sauc ie r  1975). 

This  paper p r e s e n t s  10-year r e s u l t s  of a  
sycamore spac ing  t r i a l  wi th  spac ings  of 5x10, 
10x10, 10x20, and 20x20 f e e t .  The spac ings  a r e  
compared f o r  s u r v i v a l ,  wood d e n s i t y ,  and p r e s e n t  
h e i g h t ,  b a s a l  a r e a ,  volume, and weight .  The age  
a t  which s t a n d  cubic-foot  mean annual  increment 
(MAI) peaks is p r o j e c t e d  f o r  each spacing.  

METHODS 

I n s t a l l a t i o n  and Measurement 

The s tudy  a r e a  is l o c a t e d  i n  t h e  M i s s i s s i p p i  
River b a t t u r e  a t  Huntington Poin t  n e a r  G r e e n v i l l e ,  
Miss. The s o i l  i s  Commerce s i l t  loam, a  good 
sycamore s i t e  averaging 108 f e e t  i n  s i t e  index 
f o r  n a t u r a l  sycamore s t a n d s .  

A randomized complete b lock  des ign  of f o u r  
blocks and f o u r  spac ings  was p lan ted  i n  t h e  
s p r i n g  of 1970 wi th  I f 0  s e e d l i n g s .  The spac ings  
and r e s p e c t i v e  numbers of t r e e s  p e r  a c r e  were 
5x10 f e e t  (871) ,  10x10 (436) ,  10x20 (218) ,  and 
20x20 (109). Competition from herbaceous and 
woody v e g e t a t i o n  was reduced by mechanical d i sk-  
ing  s e v e r a l  t imes a year  f o r  t h e  f i r s t  2 y e a r s ,  

Each of t h e  16 p l o t s  c o n s i s t s  of a  13x13- 
row sample p l o t ,  t h e  i n t e r i o r  7x7-measurement 
rows and 3 b u f f e r  rows. Annual dbh measures a r e  
taken on 49 measurement t r e e s ;  t o t a l  h e i g h t s  a r e  
measured on t h e  c e n t e r  two rows, o r  about  15 
t r e e s .  



Deriving Volume and Cdeighr Equations 

Volme and weight equations e x i s t  f o r  
plantation-grown sycamore i n  t h e  Georgia Pledmunt 
(Belanger 1973). However, these  equations were 
developed from t r e e s  of a s i n g l e  8x8-foot spacing 
using f o m  f a c t o r  equations.  Using Belanger's 
equations i n  t h i s  spacing s tudy t o  ca l cu l a t e  t r e e  
v o l m e s  and weights overes t imates  t r e e  volumes i n  
t h e  widely-spaced p l o t s  and underestinrates t r e e  
volumes i n  t he  narrowly-spaced p l o t s .  The ne t  
r e s u l t  is t o  mask the  d i f f e r ences  i n  t r e e  form 
t h a t  e x i s t  between spacings,  To overcome t h i s  
problem, s epa ra t e  volume and weight equations were 
developed f o r  each spacing. 

During t h e  summer of 1979, f i v e  t r e e s  per  
p l o t  were randomly se l ec t ed  and f e l l e d  from the  
middle border row of each p l o t ,  f o r  a t o t a l  of 20 
sample t r e e s  per spacing. Stump he igh t s  were 
about 0.2 f e e t ,  Sample d i sks  were removed from 
the  base of t he  stem and a t  i n t e r v a l s  of H/20, 
each d i s k  coming from t h e  same r e l a t i v e  pos i t ion  
on t h e  s t e m ;  an a d d i t i o n a l  d i s k  was removed a t  
dbh. 

A stem ana lys i s  was done on each d i sk  by 
measuring annual r i n g s  on the  average d i s k  radius .  
Bark th ickness  on the  average radius  was measured 
t o  t h e  nea re s t  0.04 inch. Tree volume f o r  each 
annual shea th  was ca l cu l a t ed  by summing b o l t  
volumes ca l cu l a t ed  by Newton's formula (Husch e t  
a l ,  1972). 

Outside bark r a d i i  f o r  p r i o r  years  were 
est imated by regress ing  current  r ad ius  outs ide  
bark (ROB) s epa ra t e ly  f o r  each spacing a s  a 
l i n e a r  funct ion  of r ad ius  i n s ide  bark (RIB) so  
t h a t  ROB = a + b (RIB), A random saaple  of t h r ee  
d i sks  from each t r e e  were used t o  represent  a l l  
ages and s i z e s  of d i sks ,  The fol lowing tabula t ion  
g ives  es t imates  of 2 and 2 f o r  t he  preceding model 
f o r  p red i c t i ng  ou t s ide  bark radius  i n  inches f r m  
a known i n s i d e  bark radius :  

b R~ Spacing a Y e x  

5x10 0,027 1,018 0.99966 0.012 
10x10 0.026 1.021 0,99973 0.001 
10x20 0.032 1.021 0.99937 0.001 
20x20 0.026 1.030 0.99964 0.001 

Af ter  t h e  stem ana lys i s ,  t he  odd-numbered 
d i sks  were analyzed f o r  moisture content  and 
s p e c i f i c  gravi ty .  A l l  odd-numbered d i sks  f o r  each 
t r e e  were consolidated i n t o  a s i n g l e  sample f o r  
t h a t  t r e e .  A l l  bark was removed, t he  d i sks  were 
c o l l e c t i v e l y  weighed green, volumes obtained by 
water i m e r s i o n ,  and then ovendried i n  a forced 
fan oven a t  10S°C f o r  48 hours, Moisture content 
and s p e c i f i c  g rav i ty  were obtained f o r  each t r ee .  
Since no way was ava i l ab l e  f o r  es t imat ing  spec i f i c  

gravfry f o r  indiv idual  ages,  t he  a s s m p t i o n  was 
made t h a t  t r e e  wood dens i ty  of each spacing has 
r emined  constant  over time and est imated stem 
dry weight a t  t he  i t h  age (DMi) a s  t he  product of 
i ts  volume from the  stem ana lys i s  (V ) times its 
present  average s p e c i f i c  g rav i ty  ( S G ~  times 62.43 ; 

Volumes and weights obtained froln stem anal-  
y s i s  were t r ea t ed  a s  independent observations and 
f i t  by nonlinear l e a s t  squares techniques t o  t h e  
model 

where 

Di = t h e  dbh of t he  i t h  t r e e .  

Hi = t o t a l  t r e e  he ight  of t h e  i t h  
t r ee .  

Wi = stem cubic-foot volume o r  dry 
weight i n  pounds of t he  i t h  t r e e .  

The parameter es t imates  and accuracy s t a t i s t i c s  
f o r  model 1 a r e  presented i n  t a b l e  1. A l l  d a t a  
f i t  t he  model with a f i t  index of a t  l e a s t  0.975. 

Deriving the  Height Equations 

The volume equations r equ i r e  both diameter 
and t o t a l  he ight  measures. However, only dbh was 
measured on a l l  t r e e s  each year.  Therefore, t o t a l  
he ight  was est imated f o r  each t r e e  i n  order t o  
ca l cu l a t e  t r e e  volume and weight. 

P l o t t i n g  t o t a l  t r e e  he ight  over dbh f o r  each 
spacing f o r  a l l  ages indica ted  t h a t  i n i t i a l  spac- 
ing  g r e a t l y  inf luences  average t o t a l  t r e e  he igh t .  
Low d e n s i t i e s  had s i g n i f i c a n t l y  l e s s  he ight  growth 
f o r  t he  f i r s t  5 years.  This agrees  with t h e  
r e s u l t s  of Belanger and Pepper (1978). Therefore,  
a s epa ra t e  height  predic t ion  model was f i t  f o r  
each spacing a s  a function of t r e e  dbh and age: 

Hi = b + b Xi + b xi2 
0 1 2 

(2) 

where 

Xi = A.Ln(D.); t he  n a t u r a l  logarithm 
o$ thexdbh of t he  i t h  t r e e  times 
i ts  age 

'i 
= t o t a l  he ight  i n  f e e t ,  and 

the  bi a r e  c o e f f i c i e n t s  est imated from the  da t a  
( t a b l e  2 ) .  



1 / Table 1.--Parameter estimates and accuracy statistis7 for estimating sycamore 
bole wood volume and weight- 

Fit Standard 
Coefficient 

b b 
31 error of 

Spacing n index- 
4 / of variation- 

1 2 estimate - 
Feet  Feet Percent 

Cubic-foot volume 

5x10 198 0.00219 1.82368 1.10810 0.979 0.17 12.0 

10x10 195 0.00270 1.88955 1.02193 0.993 0.15 6.9 

10x20 189 0.00210 1.88815 1.08123 0.990 0.20 8.2 

Dry weight - pounds 

5x10 198 0.05842 1.97868 1.04351 0.975 4.98 13.2 

10x10 195 0.06783 1.87341 1.04794 0.991 4.53 7.7 

10x20 189 0.05508 1.94481 1.06576 0.986 6.82 10.1 

20x20 195 0.08832 1.87976 0.96516 0.979 13.07 13.3 

L/ = b Dbl Hb2 
0 

Volumes and weights of trees from a 0.2 foot stump to the tree tip. 

2' Fit index = 1 - [z(Y-~)~/z(Y-Y)~]. 

Coefficient of variation = 100 (standard error of estimately) . 



Table 2.--Coefficients through age 10 f o r  estimating sycamore t o t a l  t r e e  height  
( f e e t )  f o r  a given spacin&/ 

Coeff ic ient  Standard 
R2 e r r o r  of Coeff ic ient  

Spacing b b b 
1 3 es t imate  

of var ia t ion?/  

Feet Feet Percent 

1' H = b + b [ A L ~ ( D ) ]  + b2 [ A L ~ ( D ) ] ~ ;  A = t r e e  age, D = dbh. 
0 1 

2' Coeff ic ient  of va r i a t i on  = 100 (standard e r r o r  of estimate/?). 

RESULTS 

After  10 years  t h e  5x10-foot spacing averages 
77% su rv iva l  while t h e  o ther  t h r ee  spacings 
average 93% ( t a b l e  3). This high mor t a l i t y  i n  
t he  narrow spacing is due t o  competition, s ince  
a t  t h e  end of two growing seasons no d i f ferences  
i n  su rv iva l  ex i s t ed  due t o  spacing,  Average 
s tand he ight  of a l l  t r e e s  is  about 5 f e e t  lower 
f o r  t h e  5x10 spacing,  a r e v e r s a l  from age 5 when 
t h e  two narrow spacings averaged 4 f e e t  t a l l e r  
than t h e  two widest spacings,  

Average dbh is r e l a t e d  d i r e c t l y  t o  spacing; 
t r e e  dbh increases  wi th  an increase  i n  spacing. 

To ta l  b a s a l  a r ea s  per ac re  range from 49 sq.  
f t ,  f o r  t he  20x20-foot spacing t o  84 sq ,  f t .  f o r  
t he  5x10-foot spacing. S imi lar ly ,  bole  wood 
volumes range from 1,057 t o  2,011 cu. f t .  per ac re  
and bole  dry weights range from 29,660 t o  53,509 
pounds per acre .  The 10x10 spacing has the same 
volume a s  t he  5x10 and a h igher  dry weight per  
ac re  due t o  higher wood s p e c i f i c  gravi ty ,  The 
20x20 spacing has only about one-half t he  volume 
a s  t h e  5x10, But 94% of t h e  volume is  on t r e e s  
8 inches dbh and l a r g e r ,  whi le  t he  two narrow 
spacings average 2% and 15% on l a rge  diameter 
t r e e s  ( t a b l e  4). 

Spec i f i c  g rav i ty  is  d i r e c t l y  corre la ted  with 
growth r a t e ,  with t h e  faster-growing t r e e s  
exh ib i t i ng  the  h ighes t  s p e c i f i c  g rav i ty  a t  0.452 
while s p e c i f i c  g rav i ty  f o r  t he  slower-growing 
t r e e s  averages 0.422. These f i gu re s  a r e  

considerably lower than e i t h e r  t he  0.54 (Panshin 
e t  a l .  1964) o r  0,49 (U.S. Forest  Products 
Laboratory 1974), which have been l i s t e d  f o r  t h e  
spec ies .  But s i m i l a r  r e s u l t s  due t o  spacing were 
noted by Saucier  e t  a l ,  (1972). 

Although mean annual increment (HAL) has not  
y e t  peaked f o r  any of t he  spacings i n  t h i s  s tudy 
( f i g ,  I ) ,  i t  can s t i l l  be determined f o r  each of 
t he  spacings by sepa ra t e ly  considering t h e  c o w  
ponents of s tand  volume. 

Volume (V) of an even-aged stand can be 
determined i f  t h r ee  f a c t o r s  a r e  known: 1 - its 
basa l  a r ea  (B), 2 - i ts  average t o t a l  he ight  ( H ) ,  
and 3 - t he  average form f a c t o r  (F).  Thus, 

V = FBH (3) 

and cubic-foot volume mean annual increment i s  

MA1 = (FB) H/A, (5) 

where A i s  the  stand age i n  years  and V,  F ,  B ,  
and H a r e  previously defined.  

Equations were derived f o r  each spacing t o  
es t imate  B, F,  and K I A ,  Subs t i t u t i ng  these  i n t o  
(5) and so lv ing  f o r  each year show t h a t  MI w i l l  
peak f o r  t he  5x10, 10x10, 10x20, and 20x20-foot 
spacing a t  ages 12, 18,  22, and 30, r e spec t ive ly ,  



Table 3.--Average 10-year results for a sycamre spacing trial 

Spacing 
Item 5x10 10x10 10x20 20x20 

Survival - p e r c e n t  7 7 90 9 6 94 

Dbh - inches 4.8 6.1 7.4 9.4 

Total height - predicted f e e t  50 55 5 4 5 5 

Basal area per acre - sq. ft. 84 80 61 4 9 

Bole wood volume per acre - cu. f t .  2,011 2,003 1,435 1,057 

Bole dry weight per acre - pounds 53,509 54,256 39,739 29,660 

Wood specific gravity 0.422 0.429 0.439 0.452 

Bole form factor 0.478 0.454 0.435 0.391 

Table 4.--Distribution by dbh class of bole wood cubic-foot volume of a 
10-year-old sycamore spacing trial 

Dbh Spacing 
class 5x10 10x10 10x20 20x20 

Volume - cubic feet 
1 1 

2 8 

3 101 17 1 

4 525 70 10 1 

5 690 278 58 3 

6 470 690 153 2 6 

7 175 647 343 38 

Total 2011 

2 3" dbh 2 
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Figure 1.--Cubic-foot volume mean annual increment f o r  a 
sycamore spacing t r i a l .  

wi th  peak MAI's of 204, 219, 167, and 144 cu. f t .  
per  a c r e  per  year. 

DISCUSSION 

Resul t s  a f t e r  10 years  show t h a t  t r e e  s i z e  
and s tand volume and weight a r e  d i r e c t l y  a f f ec t ed  
by i n i t i a l  spacing. The c l o s e r  spacings r e s u l t  
i n  r e l a t i v e l y  higher s tand  volume a t  age 10  than 
wide spacings,  but  average t r e e  s i z e  is smaller .  
The 20x20 spacing has only ha l f  t he  volume of t he  
c lo se  spacings, but  i t  is placed on small  sawlog- 
s ized  t r ee s .  

I n i t i a l  spacing w i l l  depend upon the  product 
objec t ives .  I f  f i b e r  is t h e  s o l e  objec t ive ,  then 

a c lo se  i n i t i a l  spacing wi th  a complete c l e a r c u t  
and replant ing  when MA1 peaks should be t he  
management s t r a t egy .  

A wide i n i t i a l  spacing w i l l  produce small 
sawlogs by age 10. However, t h e  s i t e  is under- 
u t i l i z e d  u n t i l  t h e  crowns c lose .  And sawlog 
q u a l i t y  is low due t o  l ack  of n a t u r a l  pruning 
u n t i l  a f t e r  crawn c losure .  

The most favorable spacing i n  t h i s  s tudy 
appears t o  be t he  10x10. It has volume o r  weight 
equal  t o  o r  b e t t e r  than t h e  5x10 with h a l f  t h e  
i n i t i a l  dens i ty .  It can be c l ea rcu t  f o r  f i b e r  a t  
age 18  when MA1 peaks. O r  i t  can be row-thinned 
a f t e r  n a t u r a l  pruning t o  t h e  height  of  one saw- 
log,  a t  about age 9 o r  10. This would g ive  an  



e a r l y  5ravestmant r e t u r n  and l e a v e  c l e a n - b l e d  
t r e e s  f o r  f u t u r e  sawlog product ion.  
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TAPER FUEJCTIONS FOR UETTHIWED LONGLEAF PINE P 
ON C U ~ V E R  WST GULF SITE&/ 

V. C. Baldwin, Jr. and B. H. ~ o l m r 2 1  

Abstract.--Longleaf p ine  stem t ape r  was modeled using 
unthinned p l an t a t i on  da t a  from 10 Texas and Louisiana s tands .  
Sample t r e e s  were 10 t o  44 years  o ld  with dbh from 1 t o  21 
inches.  Inside- and outside-bark t ape r  funct ions  a r e  
presented and discussed.  

INTRODUCTION 

Standing t r e e  v o l m e  es t imat ion  by appropri- 
a t e  i n t e g r a t i o n  of  a t ape r  curve i s  one of  t he  
most accu ra t e  and f l e x i b l e  techniques ava i l ab l e .  
Taper func t ions  a l s o  f a c i l i t a t e  es t imat ion  of o the r  
parameters such a s  stem su r f ace  area .  The method 
is p a r t i c u l a r l y  valuable when mult iproduct  y i e ld s  
a r e  des i red .  

Taper funct ions  f o r  l o b l o l l y  and s l a s h  p ine  
a r e  used i n  some of t h e  most r ecen t  y i e l d  predic- 
t i o n  systems (Bennett e t  a l .  1978;  ell e t -  a l .  
1979: Feduccia e t  a l .  1979) and a number of taper  -- 
models f o r  t he se  spec ies  have been published (e . g. , 
Liu and Ke i s t e r  1978; Max and Burkhart 1976; 
Matney and Sul l ivan  1980). To da t e ,  however, a 
t a p e r  model f o r  planted longleaf  p ine  has  no t  
been published although one has  been f i t t e d  f o r  
n a t u r a l  longleaf  stems and pub l i ca t ion  is pend- 
ing.?/ As  p a r t  of a s tudy t o  develop green- and 
dry-weight equations f o r  unthinned longleaf  p ine  
p l an t a t i ons ,  inside- and outside-bark t ape r  
funct ions  were f i t t e d  and a r e  described i n  t h i s  
paper. The models were developed by Bennett et 
a l .  (1978) and l a t e r  appl ied  by Dell (1979) and - 
D e l l  e t  al .  (1979). Equation development and 
r a t i o n a l e  f o r  the  models a r e  covered i n  those 
pub l i ca t ions ,  

longleaf  p ine  p l an t a t i ons  loca ted  on cutover s 
i n  c e n t r a l  Louisiana and e a s t  Texas. P l a n t a t i  
ages ranged from 10 t o  44 yea r s  and s i t e  index 
(base age 25) ranged front 41 t o  76. 

Trees were s e l ec t ed  t o  represent  a wide dbh 
range i n  t h ree  varying he ight  c l a s se s  per  diamete 
c l a s s  and th ree  crown r a t i o  c l a s s e s  per  he igh t  
c l a s s .  Crown r a t i o  ( i n  percent )  is defined a s  10  
( length  of f u l l  l i v e  c r awn) / ( to t a l  he ight  of  t h e  
t r e e ) .  Dfs t r ibut ion  of t he  sample t r e e s  by dbh, 
crown r a t i o ,  he ight  and age is presented i n  t a b l e  
1. Sample t r e e s  were f r e e  from forking,  excess ive  
sweep, and any e f f e c t s  of  d i s ease  o r  mechanical 
damage which would tend t o  make them a typ ica l .  
Measurements were taken during the  summer of  1979. 

Tota l  he ight ,  dbh, and height  t o  the  base  of  
t h e  l i v e  crown were measured f o r  each t r e e  be fo re  
f e l l i n g .  Af ter  f e l l i n g  a l l  measurements were 
repeated f o r  v e r i f i c a t i o n *  Following removal of  
a l l  branches from the  bole ,  diameter inside- and 
outside-bark and he ight  above groundline were 
measured a t  dbh and a t  each l- inch t ape r  s t e p  from 
the  stump t o  t he  t i p .  For both inside- and 
outside-bark measurements, t he  average of  two 
c a l i p e r  readings t o  t h e  nea re s t  0.1 inch  were 
recorded a t  each measurement poin t .  

TIiE MODELS 
DATA 

Sample t r e e s  came from long term growth and 
y i e l d  s tudy p l o t s  e s t ab l i shed  i n  10  unthinned 

11 Paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, At lanta ,  Georgia, November 
6-7, 1980. 

21  Baldwin is Research Mensurat ionist  a t  
~ i n e v z l e ,  LA. Polmer is  S t a t i s t i c i a n  a t  New 
Orleans, LA f o r  the Southern Fores t  Experiment 
S t a t i on ,  USDA Forest  Service. 

31 R. M. Far rar ,  personal  communication, - 
1980. 

Since the  bas i c  model assumptions, de r iva t ions  
and app l i ca t ions  a r e  given i n  d e t a i l  i n  Bennett 
e t  a l .  (1978) and Dell  e t  a l .  (1979), only t h e  -- 
models used and the  information needed f o r  appl ica-  
t i o n  with planted longleaf  p ine  a r e  presented.  

Define: 

h = height  above ground ( f e e t ) ,  

h, = average stump height  ( f e e t ) ,  

D = diameter ou t s ide  bark a t  b r eas t  he igh t ,  
( inches) ,  

H = t o t a l  t r e e  he ight  ( f e e t ) ,  



CR(i) = the  i t h  crown r a t i o  c l a s s  where 
11, Inside-bark taper  model, 

i = 1 when, CR < 36 percent ,  

i - Z w h e n ,  3 6 p e r c e n t ~ G R 5 5 0  
percent  , 

i = 3 when, CR > 50 percent ,  

dib(h) = a genera l  expression f o r  t he  predic ted  
diameter  i n s ide  bark ( inches)  a s  a 
funct ion  of height  (h) above the  ground, 

dob(h) = a s  immediately above f o r  diameter outs ide  
bark  ( inches) .  

D i f f e r en t  expressions f o r  dib (h) o r  d (h) 
a r e  used f o r  h 2 4.5 f e e t  and h 2 4.5 feet0kut  t he  
taper  models a r e  constrained so  the  two segments 
come together  a t  b r e a s t  height .  

The models are:  

I. Outside-bark t ape r  model, 

\i @40b (H-h) (h-4.5) (2~-h-4 - 5)  / H ~ ,  

4.5 2 h 5 H ( l b )  

These ins ide-  and outside-bark models were 
f i t t e d  t o  our d a t a  us ing  l e a s t  squares es t imat ion  
procedures. Separate sets of c o e f f i c i e n t s  were 
independently est imated f o r  each of t he  t h r e e  
broad crown r a t i o  c l a s se s  defined.  The model 
c o e f f i c i e n t s  and associa ted  f i t  s t a t i s t i c s  a r e  
presented i n  t a b l e  2, 

Taper funct ions  a r e  commonly used t o  ob ta in  
stem volume of s tanding  t r ee s .  Cubic-foot volume 
ins ide-  o r  outside-bark f o r  a stem sec t ion  between 
he ights  hl and hu (hl < hU) is  est imated by 
revolving the  appropr ia te  taper  curve, d(  ) ( h )  
between h l  and h f o r  a given CR(i) around t h e  
h-axis. The matKematica1 expression f o r  t he  volume 
of t h i s  s o l i d  of revolu t ion  is 

hU 
vo l (  ) = 1 a [ d (  )(h)12/4(144) dh. 

The s p e c i f i c  ins ide-  and outside-bark volume 
p red ic t i ng  equations r e s u l t i n g  from evalua t ion  of  
t he  above i n t e g r a l  a r e  lengthy and the re fo re  a r e  
not  presented here.  The predic t ion  equations a r e  
given i n  Bennett e t  a l .  (1978) and u t i l i z a t i o n  of  
t h e i r  equations with our c o e f f i c i e n t s  is s t r a i g h t -  
forward. Also, the  USLYCOWG computer program 
(Dell  e t  a l .  1979; Feduccia e t  a l .  1979) conta ins  
t he  complete volume p red ic t i ng  system i n  subrou- 
t i n e s  which only need s l i g h t  a l t e r a t i o n  and inpu t /  of our coe f f i c i en t s  f o r  use with longleaf  pine.- 

Y ~ h e  USLYCOWG FORTRAN computer program is 
ava i l ab l e  from the  Southern Forest 'Experiment 
S t a t i on ,  S t a t i s t i c a l  Methods f o r  Research and 
Applicat ion,  T-10210, 701 Loyola Avenue, New 
Orleans, LA 70113. 



DISCUSSION AWD CONCLUSIONS 

Data were not  ava i l ab l e  f o r  d i r e c t  va l ida t ion  
of  ou r  models. However, a  number of  i n t e r n a l  and 
e x t e r n a l  checks were made. 

A l l  t he  taper  equations were evaluated by 
a r i z i n g  t rends  i n  devia t ions  between predic ted  

and observed values f o r  t he  observat ions  upon which 
they were based, and graphs were developed t o  
ensure t h a t  p r ed i c t i ons  were reasonable. No 
unusual o r  misleading p red ic t i ons  were discovered. 
The s t a t i s t i c s  given i n  t a b l e  2 do r e f l e c t  t he  
gene ra l ly  good f i t  obtained i n  t he  modeling procegs. 

A number of taper-graph s e t s ,  s i m i l a r  t o  
those  i n  f i gu re  1, were produced f o r  d i f f e r e n t  
he ight ,  d i m e t e r  and crown r a t i o  combinations so  
we could v i s u a l i z e  mudel performance over a range 
of  condi t ions ,  The graphs c l e a r l y  i l l u s t r a t e ,  f o r  
example, t he  th icker  bark and g r e a t e r  taper  i n  t he  
high, a s  compared t o  t he  low, crown r a t i o  t r ee s .  

The volume equations derived from our taper  
models were a l s o  used t o  generate t o t a l  and 
merchantable cubic-foot volumes, wi th in  each crown 
r a t i o  c l a s s ,  f o r  a  number of t o t a l  he ight  and dbh 
combinations ( t ab l e  3 ) .  These volumes were com- 
pared wi th  volumes predic ted  i n  the same manner by 
o the r  longleaf  p ine  volume equations.  Models used 
were (1)  Schmitt and Bower (19 ), (2) U. S. Forest  $7 Service  (1929) and (3) Farrar.- 

The Schmitt and Bower equations were the  only 
p l a n t a t i o n  pine volume p red ic to r s  ava i l ab l e ,  bu t  
they were developed t o  es t imate  small  t r e e  ( <  8 
inches  dbh in s ide  bark) cubic-foot volumes i n  
young p l an t a t i ons .  The FS publ ica t ion  o f f e r s  
volumes i n  t abu la r  form only f o r  f u l l y  stocked 
n a t u r a l  s t ands  of  longleaf  p ine  throughout t he  
South. Fa r r a r ' s  da t a  came from n a t u r a l l y  estab- 
l i s h e d  thinned and unthinned s tands  i n  t he  e a s t  
Gulf Region. Comparisons were made sub jec t  t o  
da t a  r e s t r i c t i o n s  imposed both  by our  equations 
and the  o t h e r  equations.  This requirement was 
relaxed somewhat f o r  t he  Schmitt and Bower com- 
par i sons  because of t he  d i f ferences  i n  t r e e  he igh t s  
between t h e  two da t a  s e t s .  Table 3 gives t he  dbh- 
he ight  combinations used f o r  these  comparisons. 
The volumes predicted from the  o the r  equations 
were considered t o  be those "observed" i n  the 
s t a t i s  t i c s  we generated. 

For each s i t u a t i o n  considered, t he  co r r e l a t i on  
of "observed" and predic ted  t o t a l  inside-bark 
volumes was computed. Also computed was the mean 
percent  devia t ion ,  which is the  average of  t h e  100 
(predicted-"obsemed") /"observedw values.  In  each 
case t he  co r r e l a t i on  coe f f i c i en t  was pos i t i ve  and 
a t  l e a s t  r = .99. These s t a t i s t i c s  of fered  
assurances t h a t  t h e  equations were a t  f e a s t  pre- 
d i c t i n g  i n  a general  manner l i k e  unto t he  o the r s .  

? / ~ a r r a r ,  B. M. Cubic-foot volume, sur face  
a r ea ,  and merchantable he ight  funct ions  f o r  long- 
l e a f  pine t r e e s .  Hanuscript i n  prepara t ion .  

most i n t e r e s t i n g  po in t s  and confirmed some expect  
r e s u l t s  : 

1 Schmitt and Bower 4-46 2.26 
2 US Forest  Service -0.78 -1.41 
3 Fa r r a r  -0.94 -1.65 

Overa l l ,  these  s t a t i s t i c s  i n d i c a t e  t he  mode 
p red ic t i ons  were b io log ica l ly  a s  we l l  a s  mathema 
c a l l y  meaningful. For example, t he  no t i ceab ly  I 
mean percent  dev ia t i ons  i n  t he  high crown r a t i o  
i n  each case  r e f l e c t  t he  magnitude of t o t a l  v o l  
overpredic t ion  f o r  t he se  t r e e s .  This r e s u l t  m i  
expected when any volume equations a r e  used whi 
not  account f o r  t r e e  taper  d i f f e r ences .  The r e s  
confirm t h a t  i n  most cases a higher crown' r a t i o  
longleaf  p ine  t r e e s  implies comparatively lower t 
stem volumes. The h igher  crown r a t i o  gene ra l ly  
r e s u l t s  from a more open stand s t r u c t u r e  dur ing  t 
development and thus  more t ape r  i n  t he  upper stems 
of t h e  t r e e s .  

Also, t he  l a s t  s i x  s l i g h t l y  negat ive  mean 
devia t ions  suggest  our model may underpredic t  v 
i f  used I n  n a t u r a l  longleaf  pine s tands .  This 
ing ,  although not  conclusive, is reasonable a s s  
t o t a l  t r e e  volumes i n  longleaf  pine p l a n t a t i o n s  
be l e s s ,  on average, than volumes of  n a t u r a l  l on  
t r e e s  of t h e  same dbh and he ight  because of  t h e  
g rea t e r  upper s t e m  taper  expected i n  p l a n t a t i o n  tr  
which a r e  grown under r e l a t i v e l y  low dens i ty ,  regu 
l y  spaced condit ions.  

There a r e  exceptions,  of course. D e l l  (1979) 
pointed out  t h a t  f o r  c e r t a i n  s i t u a t i o n s  volumes a r e  
g r e a t e r  with h igher  crown r a t i o s  i n  t he  low- t o  m i  
por t ions  of p l a n t a t i o n  l o b l o l l y  and s l a sh ,  and 
n a t u r a l  longleaf  p ine  stems. I n  our  d a t a  t h i s  
phenomenon was a l s o  evident  i n  t r e e s  less than  8 
inches dbh i n  t he  stem por t ion  from about 5 t o  1 8  
f e e t  above groundline. 

A comparison wi th  t he  Schmitt and Bower (1970) 
young p l an t a t i on  equation (model 1 )  a l s o  i n d i c a t e  
t he  importance of  considering age, i n i t i a l  p l an t ing  
spacing and present  s tand  s t r u c t u r e  before  s e l e c t i n g  
a p a r t i c u l a r  volume equation.  Our funct ions  over- 
predic ted  volumes us ing  the  CR(1) and CR(2) models, 
but  not iceably  underpredicted with t he  CR(3) model. 
The t r e e s  used t o  bu i ld  Model 1 had a wide i n i t i a l  
spacing (10' x 10 ' )  and most were expected t o  have 
crown r a t i o s  exceeding 50 percent .  However, t h e  
CR(3) model apparent ly  d id  a poor job of  p r e d i c t i n g  
t h e  volumes of those t r e e s  r e l a t i v e  t o ,  say,  t h e  
CR(2) model. Although the  crown r a t i o  d i s t r i b u t i o n  
of t he  Model 1 p lan ta t i on  t r e e s  i s n ' t  known, i t  is 
known t h a t  they were younger and s h o r t e r ,  on average,  
than those used ' in our model (age 7 yea r s  and he ight  
range of 5-33 f e e t ) .  This compares wi th  a mean age of 
26 years,  and he ight  range of 12-70 f e e t ,  r e spec t ive ly  



t r e e s  i n  t he  dbh range indica ted  i n  t ab l e  3 .  
ve r ,  most of our low dbh sample t r e e s  were 

der,  suppressed o r  in termedia te  t r e e s  and not  
ca t ive  of the  t y p i c a l  t r e e s  found i n  young, 
ro-ly growing p l an t a t i ons .  Also, t he  s i z e  

sarnple i n  these  s m l l e r  diameter c l a s se s  
y one-fourth tbe  s i z e  of t h e i r s .  And 
s always the  problem of g r e a t e r  es t imate  
l i t y  when using p red ic to r s  t h a t  a r e  c lose  
endpoints  of t he  model's database. Hence, i n  
of t he  advantages of our taper  models, the  

t and Bower (1970) equation is a b e t t e r  
model t o  use i n  young, widely spaced long- 

p ine  p l an t a t i ons .  

When us ing  these  taper  models f o r  any des i red  
p l i c a t i o n ,  t h e  crown r a t i o  c l a s se s  a r e  broad 
ugh so  s tanding  t r e e s  can e a s i l y  be assigned a 

r a t i o  c l a s s  v i s u a l l y ,  i f  he ight  t o  the  base  
e l i v e  crown was not  measured, and t h e  appro- 

t e  equat ion  u t i l i z e d .  Proper crown r a t i o  c l a s s  
ments can a l s o  be made f a i r l y  accura te ly  
on p l an t a t i on  age and dens i ty .  Lacking any 

t h i s  information,  the model f o r  t h e  middle 
wn r a t i o  c l a s s  should be used. 
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e t reee  by diameter, l i v e  crown r a t i o ,  height and age, and 
ge of taper curve appl icat ion ( ins ide  heavy l i n e s )  

D . B . H . :  Age : Total Height : Number : Distriburion by height c l a s a * : ~ i s  t r i b u t  ion by crown r a t i o  c 
c l a s s  :Eaean:Range : Mean:Range : of t r e e s  : Shorr : Medim : Tal l  : CB < 36 : 36 5 CRz 50 : CB 

Totals 33 10-44 62 12-90 113 2 2 41 5 0 2 2 46 45 

*short, medium and large  t r e e  height c lasses  increase r e l a t i v e  t o  increases i n  diameter. 
~ C R  = Live crown r a t i o  i n  percent. 



Table 2.--Equation c o e f f i c i t n t s  and s c a t i s t i c s  a£ fit for t he  t ape r  models 

f R *  .: 36 - 3 CR .- 50 - - CR 2 5% 
Coe f f i c i en t  : Estimate R2- SEE;' : Estimate I?2 SZE : Estimate ~2 SEE 

' C R  = l ive crown r a t i o  i n  percent  

2'- = c o e f f i c i e n t  of  de te rmina t ion  
* <-n ,ycC - s t anda rd  e r r o r  of t h e  e s t ima t e  



Table 3.--Diameter a t  b r e a s t  he ight - to ta l  he ight  conibinations used i n  t ape r  funct ion  
versus  a l t e r n a t i v e  funct ions  volume p red ic t i on  cowar isons"  

Diameter : Tota l  he ight  ( f e e t )  
( i n . )  : 10 : 15 : 20 : 25 : 30 : 40 : 50 : 60 : 70 : 8 0 :  9 

2 .  S S S 

3 s S S 

4 S S S,F,U F,U F,U 

5 S s 

*s, F o r  U i nd i ca t e s  t h a t  a  Schmitt and Bower (1970). Far rar ,  o r  USDA Forest  Service (1929) equation,  
respect ive ly ,  predic ted  t o t a l  volume, f o r  t h e  given he igh t -d i awte r  combination, waa compared wi th  a 
t ape r  equation volume predic ted  f o r  the  same height  and diameter. 
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21  Donald E. Beck- 

Abstract,--Stem analysis of a l l  trees on sample plots 
was used t o  evaluate a diameter-1-t cut made 27 years ear- 
l i e r .  Host of the present stand developed from the 71 sap- 
l ings and poles per acre w i t h  26 square fee t  of basal area 
that  remained af te r  harvest, These trees ranged f r m  35 t o  
137 years old and were in suppressed and intermediate crown 
positions prior t o  release, Growth response was surprisingly 
good , 

'Ti33 S ~ U A ~ I o ~  Table 1 .--W&r of trees per acre, by diamter class 

Numerous broad-scale studies of silvicul- 
tura l  systems and harvest cutting methods were 
instal led on experimental forests  25 or more 
years ago, Hany such areas are intact  and can 
furnish much information on long-term stand 
development. In one case on Bent Creek Ekperi- 
mental Forest near Asheville, North Carolina, 
records showed that  a 6-5-acre stand had been cut 
t o  a diameter l i m i t  27 years previously i n  1952- 
53. Cruise records by 2-inch diameter class for  
trees 5 inches and larger show that before the 
cut the stand contained 119 trees with 81 square 
fee t  of basal area and 7,834 board fee t  of saw- 
tlniber per acre (tables 1 and 2). By basal area, 
the stand was 49 percent oak (Quercus spp. ), 34 
percent yellas-poplar (~iriode-uli i fe ra  ) , 
9 percent red maple (Acer rub-), a+t 
miscellaneous s o e c i e s - x d  is situated on 
the lmr one-Gird of an east-facing slope. Si te  
qual i ty is excellent with s i t e  index for  yellow- 
poplar of 100 fee t  or more a t  50 years, 

geeitis  Mswater c l ~ s e  Total 
6 8 10 12 14 16 18 20 . 22+  

Yellow- g,"fy 13.5 8.5 5.7 7.2 5.7 2.8 .6 .3 &.8 
8.6 8.7 6.6 t.0 6.8 J.I+ 1.8 1.4 3:: ~5.5 

R e d  maple 6.9 5.L 1.5 1.1 .8 .6 .3 .1 -- 
Locust -- 1.2 .8 .5 1 .I .I -- .I -- 16.7 

3.8 

Yellow- 
poplar 11.4 7.1 6.6 1.2 -- -- -, -- -- 

(jak 
26.3 

8.3 7.0 4.9 3.5 1.4 -- - . I  -- 
Redmaple 5.8 3.5 .9 .5 .1 -- -- -- -- 25.2 

iocuat 
10.6 -- 1.2 .8 .5 -- -- -- -- -- 2.5 

I /  Based on lW-percent cruise by 2-Fnch d i w t a r  clssses,  i .e . ,  6Fnch class 
inc ldes  trees 5 to 6.9 inches, eto.  

2/ Prd-tely white ark w i t h  em* blrrck and northern red. 
l/ keludee hickory, suaetbirch, eourwd, ami 0 t h ~ ~ ~ .  

1/ Paper presented a t  Southern Silvicultural Table 2.--s~& conditions, per acm 

~eseaFch Conference, Atlanta, Georgia, November 
6-7, 1980- Stand 80. trees of Basal area 

2/ Silvieulturist,  USDA Forest Service, 
Volums 

---ft2-*, - --firs-- 
~outh%ast ern Forest merkment Station, Asheville, - 

Original stard 1952 119 81 
I4 ,C. k s i d r r a l  eta& 195b 71 26 

7,834 

Stand after 27 years 
288 

1979 7 he 110 
&owth/acre/year 

8,@3 
3.1 29 7 



Har~~es t i ng  d e s  cal led fo r  removal cf a l l  
yellow-poplar over 10 iriches in diameter  a t  
breast height (d.b.h, ) and other species over 12 
inches. The harvest cil'c removed 51 Lress ~ i t i z  

7,546 board feet per acre. I n  1 95> she resrbdzal 
stand had 71 Crees per aere--mostly less than 1 2  
inches d.k.h. ( table  1 ) .  Basal are& ix-~eraged 26 
square f e e t  per acre and orJy 288 bcard fee t  of 
sawtixber volume remained. Of the residual ,stem 
over 6 inches d.b.h., 37 percent were p l lm-  
poplar, 36 percent oaks, 15 percent rexi maple, and 
the remaining 12 percent were miscellaneous spe- 
c ies  such a s  hickory (Carya spp. ), dogwood ( ~ b r n u s  
f lor ida j , s o m o d  (-m arborem), e tc ,  

A 100-percent cruise of the stand i n  1$79-- 
27 years a f t e r  the d i a~e t e r - l im i t  cut--showed a 
stand with 148 t rees  per acre wiLo 110 square 
f e e t  of basal area and 8,023 board f ee t  of saw- 
tinker ( tables  1 and 2). Of those t rees  large 
enough t o  grade, 24 percent were grade 1, 39 per- 
cent grade 2, 32 percent grade 3, and only 5 
percent cu l l .  Since the diafieter-limit cut, the 
stand had grown a t  the r a t e  of 3.1 square fee t  of 
basal area and 297 board f ee t  per acre per year-- 
a very respectable showing! The stand gave a l l  
amearances of a vigorous, even-aged stand of 
xixed species composition. 

%em Analysis 

After fe l l ing,  each t r e e  on the 115-acre 
pPct  ws sectioned a t  breast  height and inte~a13-s 
up the bole t o  the t i p .  Length of in te rva l  above 
breast height was 4 f ee t  t o  the 16-foot level,  and 
8 fee t  thereaf ter ,  Ring counts and height above- 
grolmd were recorded f o r  each section point,  A 
disk rmoved a t  breast height was taken t o  the 
lab for  ring counts and measurement under magnifi- 
cation. Growth measwements were made on sFx r a d i i  
t o  account fo r  eccentr ic i t ies  i n  growth. 

m o w t i o n  generated fo r  each t r e e  from the 
stem anzlysis consisted of s ta tus  at, time of 
di-eter-limit cut  i n  terns of: age, d.b.h., 
t o t a l  height, height growth fo r  the 5 years before 
and a f t e r  release, diameter growth fo r  the 5 years 
before and a f t e r  release, height and diameter 
growth for  the 27 years a f t e r  release. 

DISCUSSION 

The four p lo t s  were similar i n  species com- 
position, size,  and age distribution. Therefore, 
p lo t  data were combined fo r  analysis and discus- 
sion, 

Age Structure 
TIiE PROBLEM 

From the available records of the i n i t i a l  
stand, cut t ing records, and residual stand i n  
1954, we c o d d  only speculate about the origin of 
the hi&-quality sawtimber t rees  tha t  were pre- 
sent i n  1979. Did they come from the t rees  6 t o  
1 2 inches d .b .he tha t  were l e f t ?  Mere t rees  i n  
tha t  category intermediate and suppressed t rees  
as would seem t o  be the case? Or were they 
jrounger, vigorous, developing t rees  tha t  existed 
i n  openings? Or was the present stand derived 
from t rees  regenerating a f t e r  the diameter-limit 
cz t  i n  1952? Could we predict similar response 
for  other stands cut  in a similar manner? 

In order t o  answer these qaeslions, stem 
a n a l p i s  was used t o  reconstruct the age and s ize  
dis t r ibut ion of the current stand a t  the time of 
the diaxeter-limit cut  and t o  determine reeponse 
to the cut.  

Plot Estfiblishmnt 

Fo-XP 1 /r-acre c i rcular  plo5s were established 
in a s t r a t i f  Led randan; manner t o  account fo r  ap- 
parent s i t e  variation as ir,dicat& by topographic 
Pcsi t icn and land surface configuration. X"inin 
each plot ,  a U  t rees  i n  the main canopy were ta l -  
l i ed  k y  species, d.b.h., t o t a l  height, and t ree  
grade. Each t ree  location was mapped by dislance 
frcm pio-c center and azimuth. A l l  understory t rees  
Over d.5 f e e t  t a l l  were t a l i i ed  by species and dia- 
mel-er . 

Age ( tab le  3 )  fo r  the dominant stand 
( dombant, c odominant, and intermediate crown 
classes)  i n  1979 ranged from 26 t o  164 years. 
However, the ages were not randomly dis t r ibuted 
over tha t  range, but f e u  in some rather  obvious 
groupings. Of 81 t rees ,  24 (30 percent) were l e s s  
than 27 years old and originated zm a r e su l t  of 
the 1952 timber harvest. Yellow-poplar dominated 
t h i s  category. These t rees  were almost cer ta inly 
of stump-sprout origin as  a t tes ted t o  by height 
growth pattern, evidence of stumps, and other 
studies i n  the area ( ~ e c k  1977). 

Table 3.--Age e t ~ l c t u r e  of doirdnant stand, 7979 

Yel low- Red 
Age ?lass poplar Locust mapie ilak H~ckory All 

< 27 2 1 3 -- -- -- id  
31 - '&c -- 
4: - 53 -- 
51 - cia -- 
01 - 7G 1; 5 3 5 
7: - 80 9 '4 2 7 l o  
e3 - 9s 5 i -- 12 1. 

91 - 1X 1 L 

131 - i10 i 1 : 
111 - "2'3 1 4 721 - l;i 1 
1 J i  - 1hO -- 
* u l  - ?53 1 1 
',Sl - I& i 5 

161 - i 7 G  i 1 

Tcta; US 3 :S 3 E E l  

I /  N d e r  of Crees s. intemedlate, coaonimnt a m  dmw.ant crown 
c;azs~s on fcs -  i/5-acre p i c t s .  



A second grcqing of b3 t rees (53 percent) 
consisted p r h a r u y  of yellow-pcrplar and red 
maple 150 t o  90 p a r s  old, Tkte origin of these 
t rees can be associazed with a period aromd 
1 900 &en the Land ms acquired kg %he Yanderbiit 
EsMte, f a m h g  ceased, and fire protectiox be- 
w* 

g 1 h t rees (1 7 percent ) included 
oak and hickory and o r i g h a t d  over a 90-year 

around 1 81 0 when the land was 
f i r s t  se t t led  a d  cleared for  agricdture.  
Ristorical records fo r  the Bent Creek Experfmen- 
t a l  Forest suggest the land was subjec 
grasing, bwning, and periodic high gr 
Woughout that  period (EJesbit t I 9b1) . 

Size Structme 

Height and d i e t e r  of the dominant stand 
i n  1979 and as i t  existed i n  1952 a t  the time of 
release i s  s m a r i z e d  by species i n  table 4, 
Despite the rather wide range i n  ages of the 
different species, the height of t rees i n  1979 
i n  the dominant stand was similar, with species 
averages ranging from 85 t o  92 feet ,  In terms 
of diamter ,  the oaks had a sizable advantage 
over a l l  species a c e p  t yellow-poplar s t m s  
already i n  place i n  1952. A few of the yellow- 
poplar that originated as stump sprouts in 1952 
developed into codomant crown positions, But 
fo r  the most part,  these younger t rees were 
somewfiat smaller than trees beghning as resid- 
uals, and they occupied an intermediate crown 
class  position. 

1979 i YSi 

Spec lea 
D.h.h, D.b.n. 

%an Ra;?de paen Rwae 
- - r t -  .. - - -rchez - - --f"c.-  - - m h e s  - - 

Cnk 92 83-lC2 16.7 73.5-22.2 66 u8-85 9.3 4.u-12.3 
hicner;r 57 74-'13 11.0 7.Q-l9.k 15 37-911 6.2 4 . 2 - l i . 5  
iied -pis 35 66-I~J 1 5 . ~  7.0-2.0 117 23-05 5.u 1.7-13.1 
Yel-aw-poplar 
ReszduaLs 1-5 74-722 15.9 7.5-i2.u 53 36-42 b.5 2.2-t1.j 
New 8.2 W- 90 9.k 5.8-15.1 -- -- -- -- 
A l l  92 6 - 1 2 2  12.9 5.8-22.C -- -- -- -- 

Ihe average size of oak trees i n  1952 was 
larger than that  of other species. Over 80 
percent of the oaks were larger than 7 inches 
d.b,h, and over 50 fee t  t a l l  when released, 
Most would appear to have occupied intemediate 
crown classes before release. Hickory had a wide 
range of sizes but were mostly l e s s  than 5 inches 
deboh, and less  than 50 fee t  t a l l ,  Red maple 
and yellow-poplar showd the widest range i n  size 
of responding trees. But they too were concen- 
trated in the smaller size classes. Som %rees 
that  were 11 to 12 inches d.b.h, and over 80 fee t  
t a l l  probably were strong i n t e m d i a t e s  or 
possibly codomItnants before the diaaneter-linit 
cut, Others that  were 2 t o  3 inches d.b,h, and 
l e s s  than 25 fee t  t a l l  a t  30 t o  40 years of age 
could o n l y  hbve been severely suppressed trees. 
I f  g r m  -mestricted, yellow-popfar of the 
same age CO-ad easi ly obtain a height of 80 to 

$0 fee t  and 13 t o  If;  inches d,b,h. Red maple 
would be only s l i gh t ly  smaller. Over 40 percent 
of the mspoding yellow-poplar were less  than 5 
inches d,b.h. and 5x1 fee t  t a l l  w2th a range i n  ag 
Prom 35 t o  50 years, A good share of the respond 
ing yellow-poplar and red maple were probably 
sqpressed trees, 

GroW-th Response 

In order t o  examine growth respome, I eom- 
pared height and diametes growth for  the 5-year 
periods before and a f t e r  release (tables f and 6), 
The drlmeter growth i s  for  wood only and does not 
hClud8 bark , 

Table 5.--Five-year diameter grm before and after diamater-lunrt cut 

Before cut M t ~ r  cut Percent 
Speclee M e a n  Mange Hear. Range 3.rierease 

- - - - - - - - i n c h e s - - - - - - - -  - 
Oak $2 .18- .99 1.56 .86-2.45 2M 
Hzckory -29 3 3 -  .65 -95 2 228 
Red maple .& .l3-?.22 1.53 .j4-2.&7 248 
Yellow-goolar .57 .2&-1.51 1 . 8  .28-3.00 223 

Table 6.--Pi%-year height growth before ard af te r  diameter-limit cut 

Before cut After cut 
Species Mean Range Mean Range Increase 

- - - - - - - - feet - - - - - - - - 
(3ak 3.0 2 - 4  3.2 2 - 5  
Hickory 2.4 1 - 4  7 

11.0 2 - 6 
Red maple 3.3 I - 8 

67 
6.7 2 - 1 9  

YeLLow-poplar 3-3 I - 7 6.3 2 - 19 
1 03 
91 

Rate of diameter growth pr ior  t o  release was 
d r e m e l y  slow for  a l l  species, reaffinning the 
poor e w e t i l i v e  position of the trees. Hickory, 
the slowest grower, averaged nearly 35 rings per 
inch. Yellow-poplar, the fas tes t  , averaged nearly 
7 8 rings per inch prior  to release. 

Diameter growth response was immediate and 
dramatic for  a l l  species, rangjng from a 200- 
percent increase fo r  the oaks t o  a 248-percent 
increase for  red maple. After release, diameter 
growth rates  ranged from 0.95 inches in 5 years 
for hickory to  1.84 inches fo r  yellow-poplar. 
These rates  are cmparable t o  those for  good-vigor 
trees of similar species and size. 

Height growth response i n  the f i r s t  5 years 
a f te r  release was not a s  great as diameter response 
and was more variable among species. The oaks 
increased i n  height only slightly. The small 
response is not s q r i s h g  because the t rees had 
already obtained a considerable par t  of the height 
potential for  the s i t e  a t  time of release, Red 
maple and yellow-poplar nearly doubled the i r  ra tes  
of height growth on the average. Many of the 
shorter trees (20- t o  30-foot class)  of these 
species grew three to  four times faster  a f t e r  
release. 



The t o t a l  amount of height grcwt'n IE the 
27 years since release varied fror! an average of 
24 f e e t  f o r  the oaks t c  jS fee: fcr  yellcw-po~l-r 
( a e  7 Yel low-pplar  psecen'e : ~lr:i~:-Lariy 
interest ing csse .  ?"ne ~ ~ K O I X T  of gr3iiI;c T ~ S  

irirersel3- proportional t o  %fie zelgh",;;t ",~e ci 
release ( f ig .  1 ), The ra3e oS helg:-Lrj g r r - ~ f i  
afzer release was clcse ;o that eqez%ed CE frees 
of a s k i l a r  ceight bu; much yow-ger age and 
.~il?lch have always been i n  don;inant or corio~tnan? 
position ( ~ e c k  1962). Age of t ree ,  Fer se, nad 
l i t t i e  e f fec t  xke r s t e  of growth. 2'ig;xre 2 
shows represectative height grcTnrth pasterm for  
som indi~ridual t rees  tha t  were a )  suppressed 
residuals a t  time cf d i a~e t e r - l im i t  cut, and b )  
s t ~ ~ n p  spro-~ ts  originating st time of the cut. 
3ote the s imilar i ty  of growtll patterns between 
residuals a f t e r  release and s tmp  sprouts. 

o HEIGHT GROWTHc81.87-0.692 HEIGHT 

I i l l  I I I 1 i 
3 IC  20 30 4C 5 0  60 70 80 90 100 

INITIAL T 0 T A i  HEIGHT j f t )  

FL,;7;re I .--Height gromh of yellow-poplar i n  
relati.cn to  i n i t i a l  height. 

Figure 2. --Height growth of selected yellow poplar 
(a )  residuals, (b) stump sprouts, 

A diameter-limit cut which removed yellow- 
poplar t rees  over 10 inches d.b.h. and other 
species larger than 12  inches resul ted i n  a mixed 
stand of good qual i ty  and high vigor 27 years 
l a t e r .  Through complete stem analysis of a l l  
t rees  on four 1/S-acre plots,  I was able t o  recon- 
s t ruc t  the s ta tus  of surviving t rees  a t  the time 
of the harvest cut.  

A portion of the 1979 stand ('0 percent) was 
made up of yellow-poplar tha t  originated as  stuxp 
sprouts a f t e r  the diameter-limit cut. Some of 
these t rees  attained codominant crown status ,  but 
most were i n  an intermediate position. The re- 
mainder of the stand (70 percent) resulted from 
trees  present a t  time of the cut. Trees from wide 
ranges of age, d.b.h., and height responded t o  
release. The oaks and hickory t ha t  responded 
averaged nearly 80 years of age; some were over 
150 years old. Yellow-poplar and red maple were 
mostly 50 t o  60 years old a t  time of release. 
Response occurred i n  t rees  from l e s s  than 2 to  
greater than 12 inches and from 16 to  92 f e e t  i n  
height. 

B few of the larger  poles tha t  responded may 
have been codominant crown classes before release. 
However, size, age, and ra tes  of growtkh suggest 
that  most trees were suppressed and intermediate 
crown classes. Regardless of age and size,  
response t o  release was for  a l l  species 
in%-olved. Growth ra tes  a f t e r  release were cam- 
parable t o  what might be expected of t rees  of 
equal s ize  but of much younger ages. The qua l i ty  
of sawtimber trees i s  good. Rapid height growth 
o f  responding t rees  and new st-mp sprouts appar- 
en t ly  f omed a closed stand quickly, promoted 
nabural pruning, and prevented development of wclf 
trees. 



The resul t s  of t h i s  study para l le l  the find- 
ings of Smith and Lamon (1977) for  a similar 
diameter-limit cut i n  West Virginia. In  their  
stu* a stand dombated by oak species was cut 
t o  a 9-inch dimeter .  The r e s idua  sLand of 
110 trees per acre i n  the 5- to  9-inch diameter 
classes developed into a well-stocked stand with 
7,&5 board f ee t  of sawtinibar per acre in 25; 
years. They speculated that  most of the saw- 
timber developed from the pole-size material 
l e f t  a f t e r  the logging. It should be noted that  
i n  both cases a good number of poles of desirable 
species were present i n  the residual stand. &so 
both s i t e s  were of good quality for  t ree  growth. 

We should not assume that  a l l  upland hard- 
wood stands w i l l  respond as  favorably a s  th is  
one. Nor should we recommend diameter-limit 
cuts as  a standard operating procedure. In fact ,  
there are undoubtedly instances where repeated 
diameter-limit harvests have caused deterioration 
of both quali ty and quantity of growth. However, 
the response here suggests that it m y  not always 
be necessary. t o  follow current r e c m n d a t i o n s  
to  cut or k i l l  a l l  residual stems over 1 or 2 
inches d.b.h. during clearcut harvesting. There 
may be other situations where saplings and poles 
capable of response are present i n  sufficient 
numbers a f t e r  commercial harvests t o  provide 
acceptable growth and quality. We need further 
i a o m a t i o n  on different s i t e s  with varied 
stocking conditions and species combinations t o  
define those conditions and t o  establish 
guidelines. 
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LOBLOLLY PIME--THE COOPERATIVE RESEARCH 

I/ P R W M  AT VIRGINLA TECH- 

Ralph L. h t e i s  

21 Harold E. Burkhart- 

Abstract.--The Loblolly Pine  Growth and Yield Research 
Cooperative was i n i t i a t e d  a t  Virg in ia  Tech i n  1979 t o  
develop the  methodology necessary t o  accura te ly  p red i c t  
growth and y i e ld  i n  i n t ens ive ly  managed l o b l o l l y  pine plan- 
t a t i o n s .  This paper summarizes research  completed s ince  
incept ion  of t he  Cooperative and r e p o r t s  progress  on 
cu r r en t  s t u d i e s  and proposed f u t u r e  research.  

INTRODUCTION 

The l a s t  s eve ra l  years  have witnessed 
notable  advances i n  growth and y i e ld  p red i c t i on  
methodology. Many of these  new techniques have 
been succes s fu l ly  applied t o  f o r e s t  s tands  i n  
t he  Southeast. However, adequate p red i c t i ons  
f o r  t he  wide range of management and u t i l i z a t i o n  
opt ions  t h a t  managers now wish t o  evalua te  a r e  
not ava i l ab l e .  Management opt ions  such a s  
thinning,  s i t e  prepara t ion ,  f e r t i l i z a t i o n  and 
the p l an t ing  of gene t i ca l ly  super ior  s tock  re- 
qu i r e  accu ra t e  growth and y i e l d  response da t a  
f o r  evaluation.  I n  addi t ion ,  changing u t i l i z a -  
t i on  s tandards  have magnified t h e  need f o r  added 
f l e x i b i l i t y  i n  growth and y i e l d  modeling. 
F lexib le  p red i c t i on  techniques adaptable t o  a 
va r i e ty  of product mixes a r e  e s s e n t i a l .  

I n  l i g h t  of t h e  urgency f o r  more r e l i a b l e  
predic t ion  techniques and t h e  scope of t h e  task ,  
the Loblolly Pine Growth and Yield Research 
Cooperative was i n i t i a t e d  a t  Virg in ia  Tech i n  
1979. The Cooperative i s  cu r r en t ly  comprised 

I f  Paper presented a t  Southern S i lv i cu l -  
t u r a l -~esea rch  Conf erence,  At lanta ,  Georgia, 
November 6-7, 1980. 

2 1  The authors  a r e  r e spec t ive ly  Research 
~ s s o & t e  and Professor of Fores t ry ,  Department 
of Forestry,  Virg in ia  Polytechnic I n s t i t u t e  
and S t a t e  Universi ty,  Blacksburg, VA, 24061. 

of t e n  pr  a t e  i n d u s t r i a l  f i rms  and t h r e e  publ ic  
agencies. li/ 

Funds supplied by t h e  coopera tors  support  
one f u l l  time research  a s s o c i a t e  and seve ra l  
graduate research  a s s i s t a n t s .  I n  add i t i on  t o  
f i n a n c i a l  support ,  cooperators con t r ibu t e  d a t a  
f o r  growth and y i e l d  modeling and v a l i d a t i o n  and 
a s s i s t  i n  de f in ing  pe r t i nen t  research  emphases. 

Dealing s t r i c t l y  with l o b l o l l y  p ine ,  t h e  
Cooperative's ob j ec t ives  a r e  two-fold: 

1, The major long-term goal  involves  de- 
veloping t h e  methodology necessary t o  accu ra t e ly  
a s se s s  growth and y i e ld  i n  i n t ens ive ly  managed 
l o b l o l l y  p ine  p l an t a t i ons ,  This n e c e s s i t a t e s  a 
continuum of d a t a  co l l ec t ion ,  a n a l y s i s  and i n t e r -  
p r e t a t i on .  As research  r evea l s  knowledge gaps, 
add i t i ona l  s t u d i e s  can be designed wi th  approp- 
r i a t e  da t a  c o l l e c t i o n  e f f o r t s .  

2. The in t e r im  short-term goa l s  c o n s i s t  of 
u t i l i z i n g  a v a i l a b l e  da t a  t o  supply coopera tors  
with s u i t a b l e  so lu t ions  u n t i l  long-term objec- 
t i v e s  can be achieved. This o f t e n  inc ludes  
searching var ious  sources,  both wi th in  and with- 
out  t he  Cooperative, f o r  p e r t i n e n t  da t a .  

31 I n d u s t r i a l  members a r e  Bowater Incorpor- 
a t ed  ,-Champion In terna  t i o w l ,  Chesapeake Corpora- 
t b n  of Virg in ia ,  Continental  Fores t  Indus t r i e s ,  
Crown Zellerbach,  Federal  Paper Board Company, 
In t e rna t iona l  Paper Company, Po t l a t ch  Corporat ion,  
Westvaco Corporation and Weyerhaeuser Company. 
Public agencies inc lude  t h e  U.S. Fores t  Serv ice  
and the  North Carolina and Vi rg in i a  Divis ions  of 
of Forestry.  



The purpose of t h i s  paper is t o  su 
recent  research  completed s i n c e  incept ion  of t h e  
Cooperative and r epo r t  progress  on current  
s t u d i e s  and proposed f u t u r e  research ,  

PREDICTING CONTENTS OF INDIVIDUPJ, TREES 

Over t he  l a s t  s eve ra l  yea r s ,  var ious  models 
have been developed f o r  p red i c t i ng  merchantable 
volume of i nd iv idua l  t r e e s .  The models f a l l  i n t o  
one of two ca tegor ies :  t ape r  equat ions ,  which 
when in t eg ra t ed  between l i m i t s  of he ight  and 
diameter  w i l l  y i e l d  volume of any p a r t i c u l a r  
po r t i on  of t h e  bole ,  and volume r a t i o  models 
which p red ic t  some merchantable volume a s  a r a t i o  
of t o t a l  volume. 

Under t h e  Cooperative, development and t e s t -  
ing  of t he se  types of models a r e  continuing. 
Cao e t  a l .  (1980) examined s e v e r a l  d i f f e r e n t  
t ape r  equations and volume r a t i o  equations. Each 
model was evaluated i n  t e r n s  of cubic foo t  volume 
and diameter  p red i c t i on  and each was ranked 
according t o  t h e  fol lowing t h r e e  c r i t e r i a :  

1. Bias - t h e  mean of t he  d i f f e r ences  
- between t h e  a c t u a l  and predic ted  values.  

2 ,  Mean abso lu t e  d i f f e r e n c e s  - t h e  mean of 
t h e  abso lu t e  d i f ferences .  

3. Standard devia t ion  of t h e  d i f ferences .  

Their  r e s u l t s  show t h a t  t h e  choice of an appropri- 
a t e  model depends on t h e  objec t ive .  For describ- 
ing  t r e e  taper ,  a segmented polynomial (Max and 
Burkhart 1976) was deemed bes t .  For p red i c t i ng  
merchantable volume t o  a spec i f i ed  top diameter 
o r  he igh t ,  t he  nonl inear  volume r a t i o  models 
(Burkhart 1477 and Cao eta. 19802 were judged 
super ior .  A model which does we l l  a t  p r ed i c t i ng  
both diameters and volumes is  a new t ape r  
equation of t he  form: 

where 

d= diameter a t  height  h 
HI t o t a l  t r e e  he ight  
z= a - h )  / H 
V= t o t a l  t r e e  volume 
K== 0.005454 i f  d is  i n  inches and V i n  

cubic f e e t  
al,a2 = j o i n  po in t s  

Ii= 1 i f  Z 2 ai; i=1,2,  

The prec is ion  with which tree t ape r  can be  
predic ted  based only on dbh and t o t a l  he ight  is ,  
however, l imi ted  due t o  o the r  inf luencing  f ac to r s .  
Cul tura l  p r ac t i ce s  such a s  th inning  and pruning 
a f f e c t  t r e e  taper  with thinning genera l ly  tending 
t o  i nc rease  taper  and pruning f o s t e r i n g  more 

c y l i n d r i c a l  stems (Larson 1963, Kozlowski 1971). 
These p r a c t i c e s  d i r e c t l y  a f f e c t  crown s i ze .  As 
r e s u l t ,  t h e  Cooperative r ecen t ly  supported work 
which examined relationships between crown r a t i o  
and t r e e  taper.k/  

This research  e f f o r t  was a two-pronged 
s tudy,  f i r s t  examining the  p o s s i b i l i t y  of includ- 
i n g  crown r a t i o  t o  improve the  p rec i s ion  of 
diameter  p red i c t i on  from t ape r  equations and 
secondly, s tudying t h e  e f f e c t  of d i f f e r e n t  s i l v i -  
c u l t u r a l  t rea tments  on bole  form. Data f o r  t he  
f i r s t  s tudy came from unthinned o ld- f ie ld  l o b l o l  
p ine  p l an t a t i ons  i n  North Carolina,  Virg in ia ,  
Maryland and Delaware, Data used i n  t h e  analys  
of t reatment on bo le  form came from the  North 
Louisiana H i l l  Farm Experiment S t a t i o n  i n  Homer, 
Louisiana. These d a t a  c o n s i s t  of p l o t s  t r e a t e d  
wi th  th inning ,  pruning, th inning  and pruning, and 
cont ro l .  

Conclusions r e s u l t i n g  from t h i s  study were: 

1. Crown r a t i o  is  r e l a t e d  t o  t r e e  t ape r ,  
but ,  f o r  many p r a c t i c a l  s i t u a t i o n s ,  t h e  r e l a t i on -  
s h i p  is  not  s t rbng enough t o  warrant  t h e  e x t r a  
e f f o r t  and expense requi red  t o  inc lude  i t  a s  an  
independent v a r i a b l e  i n  a t ape r  equation. 

2. I n  unt rea ted  s t ands ,  s tand v a r i a b l e s  
such a s  age, s i t e  index and number of t r e e s  per  
a c r e  hava r e l a t i v e l y  l i t t l e  impact on t r e e  taper .  
Therefore,  equations using dbh and t o t a l  he ight  
a s  independent v a r i a b l e s  a r e  s u f f i c i e n t  t o  p r e d i c t  
t r e e  t ape r  over a wide range of s tand charac ter -  
i s t i c s .  

3.  When measured seve ra l  years  a f t e r  
t rea tment ,  l i t t l e  d i f f e r ence  i n  bo le  form between 
thinned,  pruned, o r  thinned and pruned l o b l o l l y  
p ine  was found. Using sepa ra t e  t ape r  equat ions  
f o r  t r e e s  subjected t o  t hese  t rea tments  does not  
appear t o  be j u s t i f i a b l e  under many p r a c t i c a l  
circumstances. 

POLmORPHIC SITE INDEX CURVES 

Devan (19 7 9) derived base-age i n v a r i a n t  
polymorphic s i t e  index curves f o r  planted and 
n a t u r a l  s tands  of l o b l o l l y  pine.+/ The o b j e c t i v e  
of t h e  study was t o  develop an improved s i t e  
index model f o r  l o b l o l l y  pine. The new model was 
then compared t o  o the r  e x i s t i n g  models f o r  accur- 
acy, p rec i s ion  and l o g i c a l  c h a r a c t e r i s t i c s .  

4 1  Burton, Sa l ly  S. 1980. The i n f luence  
of c r o G  r a t i o  on t ape r  p red i c t i ons  of l o b l o l l y  
p ine  (Pinus taeda  L.). Unpublished Masters Thesis ,  
Va. Polytech. I n s t .  & S t a t e  Univ., Blacksburg, VA. 

51 Devan, James S. 1979. Base-age invar-  
i a n t  poiporphic s i t e  index curves f o r  l o b l o l l y  
pine. Unpublished Masters Thesis, Va. Polytech.  
I n s t .  & S t a t e  Univ., Blacksburg, VA. 



Data f o r  t h e  study were obtained from 356 
p l o t s  of n a t u r a l  and planted s t ands  of l o b l o l l y  
p ine  i n  Virg in ia ,  North Carolina,  &ryland and 
Delaware. S t a t i s t i c a l  tests showed sepa ra t e  
equations were needed f o r  t h e  fol lowing groups: 

1. n a t u r a l  s tands  

2. p l an t a t i ons  on cutover sites 

3. p l a n t a t i o n s  on o ld- f ie ld  piedmont s i t e s  

4. p l a n t a t i o n s  on o ld- f ie ld  c o a s t a l  p l a i n  
s i t e s .  

I n  a r d e r  t o  f i t  t h e  da t a ,  a s emen ted  model 
was developed which j o i n s  two sepa ra t e  models - 
one f o r  younger ages and one f o r  o l d e r  ages. The 
fol lowing model, modified from Lenhart (1968@! was 
appl ied  : 

where 

L = l l j o i n  poin t  age 

2 - ins tantaneous  r a t e  of he ight  growth 

y = l n  (he ight )  

Independent d a t a  were a v a i l a b l e  f o r  evaluat-  
i ng  t h e  curves f o r  o ld- f ie ld  p l an t a t i ons .  These 
independent d a t a  cons is ted  of 27 t r e e s  from per- 
manent p l o t s  on o ld- f ie ld  piedmont sites i n  
Virginia.  Measu raen t s  were recorded t h r e e  t i m e s  
usual ly  a t  five-year i n t e r v a l s  beginning a t  age 
12,  13  o r  14. Using these  da t a ,  t h e  j o i n  poin t  
model was compared t o  anamorphic curves i n  
Burkhart 5 &. 1972) and p o l p o r p h i c  curves i n  
Burkhart ( 1 9 7 3 ) d  Resul t s  showed t h e  new j o i n  
pa in t  model underestimated the  site index by an 
average of l e s s  than  two f e e t  over roughly a ten- 
year span. The anamorphic curves (Burkhart e t  a l .  
1972) were next  b e s t  and u n d e r e s t i m t e d  t h e  site 
index by an  average of 8.8 f e e t .  The polymorphic 
curves of Burkhart (1973) u n d e r e s t i m t e d  s i t e  
index by an  average of 4.7 f e e t .  

6f Lenhart, J. D. 1958, Yield of  o ld- f ie ld  
l o b l z l l y  p ine  p l an t a t i ons  i n  t h e  Georgia piedmont. 
Ph.D. Disse r t a t i on ,  Universi ty of Georgia, 

, W. E, 1973. S i t e  index curves 
tm a n a l y s i s  da t a ,  Supplement t o  VPI- 
try coopera t ive  Yield Study Rept. t 6 ,  un- 

No independent da t a  were a v a i l a b l e  f o r  eval- 
ua t ing  the  n a t u r a l  s tand o r  cutover s i t e  planta-  
t i o n  curves. However, t he  na tu ra l  s tand curves 
d id  appear t o  e x h i b i t  l o g i c a l  t rends  but t h e  cut-  
over s i t e  p l an t a t i on  curves,  which were based on 
an extremely small  sample s i z e  from young plan- 
t a t i o n s ,  appeared t o  " f l a t t en"  a t  too e a r l y  an 
age, I n  general, t h e  polymorphic curves f o r  old- 
f i e l d  p l an t a t i ons  and na tu ra l  s tands  a r e  somewhat 
"eteeper" than m e t  published s i t e  index, curves 
f o r  comparable condit ions.  

STANf) GROW AMl YIELD 

Assembly of Exis t ing  Data 

The Loblolly Ptne  Growth and Yield Research 
Cooperative memberships' landholdings s t r e t c h  
ac ros s  t he  n a t u r a l  range of l o b l o l l y  pine.  The 
d i v e r s i t y  of s i t e s  and c l ima t i c  condi t ions  i s  
enormous, making t h e  t a s k  of developing r e l evan t  
growth and y i e l d  p red i c t i ons  complex. I n  order  
t o  meet t h e  immediate needs of cooperators f o r  
growth and y i e l d  p red i c t i on  models f o r  s tand 
c h a r a c t e r i s t i c s  t h a t  a r e  appl icable  ac ros s  a wide 
v a r i e t y  of s i t e s ,  d a t a  r ep re sen ta t i ve  of t he se  
s i t e s  were assembled from var ious  l oca t ions  i n  
t h e  Southeast. Table 1 summarizes t hese  data.  

Table 1. Data s e t s  cu r r en t ly  being analyzed by 
t h e  Loblolly Pine Growth and Yield 
Research Cooperative. 

Geographic 
Cu l tu ra l  Irhysiographic Location 
Treatment Type Region by S t a t e  

Unthinned o ld- f ie ld  coas t a l  plain-  VA, MI), DE, 
piedmont NC 

Unthinned o ld- f ie ld  coas t a l  p l a i n  MS, AL 

Unthinned o ld- f ie ld  c o a s t a l  p l a i n  TX, AR, LA 

Unthinned o ld- f ie ld  piedmont GA 

Thinned o ld- f ie ld  coas t a l  plain-  VA 
piedmont 

Thinned o ld- f ie ld  c o a s t a l  plain-  NC, SC, GA, 
piedrnont VA, PID 

The unthinned o ld- f ie ld  da t a  a r e  represen- 
t a t i v e  of much of t h e  n a t u r a l  range of l o b l o l l y  
pine.  These d a t a ,  which a r e  pr imar i ly  from 
seve ra l  e a r l i e r  s t u d i e s  on y i e ld  i n  unthinned old- 
f i e l d  p l an t a t i ons ,  have been generously supplied 



by t h e  o r i g i n a t o r s  of t h e  studies.8' They should 
provide i n s i g h t  i n t o  t he  regional  v a r i a b i l i t y  of 
t h e  spec i e s  and a i d  i n  t he  design of f u t u r e  da t a  
c o l l e c t i o n  e f f o r t s .  

A l a r g e  da t a  s e t  from thinned,  o ld- f ie ld  
p l an t a t i ons  has  been supplied t o  t h e  Cooperative 
by t h e  V i rg in i a  Division of Fores t ry  f o r  ana lys i s  
and research  purposes. These d a t a  erne from over 
100 remeasurement p l o t s  on p r i v a t e  landholdings 
i n  piedmont and c o a s t a l  p l a i n  Virg in ia .  Many of 
t he se  p l o t s  a r e  now approaching 50 yea r s  of age. 
A l l  have been thinned a t  l e a s t  once and seve ra l  
have been subjec ted  t o  mu l t i p l e  thinnings.  
Var iables  recorded inc lude  dbh by one-inch 
c l a s s e s ,  t o t a l  he ight  and mortality by causa l  
agent .  These d a t a  have not  been analyzed 
previous ly  and hopeful ly  w i l l  add i n s i g h t  i n t o  
t h e  e f f e c t s  of th inning  on o ld- f ie ld  p l an t a t i on  
growth and development. 

a d d i t i o n a l  d a t a  from thinned o ld- f ie ld  s tands  
i n  Hkryland, Virg in ia ,  North Carolina,  South 
Carolina and Georgia have been obtained through a 
coopera t ive  agreement wi th  t h e  North Carolina 
S t a t e  Fores t  F e r t i l i z a t i o n  Cooperative. These 
p l o t s  were i n i t i a l l y  thinned and then indiv idual  
t r e e s  were measured and tagged. Subsequent re- 
measurements occurred a f t e r  two and a f t e r  four  
years.  

Pas t  s t u d i e s  on growth and y i e l d  of unthinned, 
o ld - f i e ld  l o b l o l l y  p ine  p l an t a t i ons  have l a rge ly  
covered t h e  n a t u r a l  range of t h e  spec ies  ( f o r  
example, Burkhart 5 g . 1 9 7 2 ,  Goebel and Warner 
1969, Lenhart 1972, Lenhart and C l u t t e r  1971, and 
Smalley and Bailey 1974), but  t h e r e  i s  r e l a t i v e l y  
l i t t l e  d a t a  on thinned s t ands  o r  s tands  planted 
on non-old-field sites. The Loblolly Pine Growth 
and Yield Coop is  c u r r e n t l y  analyzing those p l o t  
d a t a  t h a t  a r e  a v a i l a b l e  from thinned s tands  on 
o ld - f i e ld  s i t e s  and making p l ans  t o  c o l l e c t  new 
d a t a  i n  cutover,si te-prepared p lanta t ions .  

Proposed New Data Col lec t ion  

Our surveys of e x i s t i n g  d a t a  from l o b l o l l y  
pine p l an t a t i ons  have revealed adequate sources 
f o r  o ld - f i e ld  s i t e s  bu t  t h e r e  is  a paucity of 
d a t a  from cutover,  s i t e  prepared lands.  For over 
a decade a l a r g e  po r t i on  of t he  p lant ings  have 
been on cutover r a t h e r  than o ld- f ie ld  lands.  
Many of t he se  p l an t a t i ons  on cutover sites a r e  
now of s u f f i c i e n t  s i z e  t o  consider th inning ,  but 
adequate growth and y i e l d  models f o r  eva lua t ing  
the  complex b io log ica l  and economic t r adeo f f s  
involved i n  dec i s ions  about th inning  a r e  not  
ava i l ab l e .  

81 The cooperat ion of D r s .  Russe l l  Ballard,  
~o r th -ca ro l ina  S t a t e  Universi ty;  Jerome L. C lu t t e r ,  
Universi ty of Georgia; J. David Lenhart, Stephen 
F, Austin S t a t e  Universi ty;  and Alfred D. Su l l i -  
van, M s s i s s i p p i  S t a t e  Univers i ty ,  i n  supplying 
da t a  f o r  use  in r eg iona l  ana lyses  i s  g r a t e f u l l y  
acknowledged. 

Because of t h e  importance of growth and 
t i o n  f o r  both thinned and unthirrn 

p l an t a t i ons  on cutover lands ,  t h e  Cooperative 
developed plans fo r  a regionwide set of 
p lo t s .  These p l o t s  w i l l  be  e s t ab l i shed  
thinned s tands  and then th inning  t r e a  
be imposed. I n i t i a l  measurements and 
ments of t h e  con t ro l  p l o t s  w i l l .  provi  
t he  development of growth and y i e l d  e 
unthinned condi t ions ,  The p l o t s  t h a t  
thinned w i l l  have i n i t i a l  condi t ions  
those of t h e  con t ro l  p l o t s ,  Thus, d i r e c t  compar 
sons of thinned vs  unthinned s tand development 
should be poss ib le .  

As a f u t u r e  d a t a  c o l l e c t i o n  goal ,  we hope 
t o  supplement t he  da t a  gathered i n  e x i s t i n g  p l a  
t a t i o n s  wi th  a s e t  of spacing experiments. 
Designed spacing experiments a r e  needed t o  he lp  
def ine  juveni le  growth and mor t a l i t y ,  optimal 
dens i ty  f o r  given product ob j ec t ives ,  and dens 
e f f e c t s  on diameter and he ight  growth. Inform 
t i o n  on dens i ty  e f f e c t s  on he ight  growth can b 
invaluable  f o r  assess ing  t h e  adequacy of our 
cur rent  s i t e  index methods which assume dens i ty  
independence. 

Few spacing experiments have been i n i t i a t e d  
and monitored over long per iods  of time because 
of t he  l a rge  land a r e a  and quan t i t y  of work re- 
quired.  The broad resources of land and personnel  
t h a t  a r e  ava i l ab l e  t o  t h e  Cooperative through its 
members provide a unique opportunity t o  i n i t i a t e  
and continue such a study. 

Predic t ion  Methodology 

Although a considerable amount of f o r e s t  
y i e ld  research  has been conducted, t he re  i s  s t i l l  
a need f o r  b e t t e r  y i e l d  es t imates .  P ro j ec t ion  
systems t h a t  a r e  f l e x i b l e  f o r  a wide range of 
management a l t e r n a t i v e s  and u t i l i z a t i o n  opt ions ,  
and t h a t  provide cons i s t en t  and l o g i c a l  e s t ima te s  
of y i e l d  f o r  varying amounts of s tand  d e t a i l ,  a r e  
needed. Daniels g. (1979) compared t h r e e  
models f o r  l o b l o l l y  p ine  -- a whole s tand  model, 
a diameter d i s t r i b u t i o n  model, and an  ind iv idua l  
t r e e  model -- and noted t h a t  a l l  performed s i m i l -  
a r l y  f o r  simple y i e l d  es t imates .  The more de- 
t a i l e d  indiv idual  t r e e  model, while providing 
g rea t e r  d e t a i l  and f l e x i b i l i t y ,  was much more 
expensive t o  execute than  t h e  diameter d i s t r i b u -  
t i o n  o r  whole stand models. Although guide l ines  
a r e  given f o r  t he  e f f i c i e n t  use  of t he se  models, 
t he re  is no o v e r a l l  unifying s t r u c t u r e  and incom- 
p a t i b l e  growth and y i e ld  es t imates  may r e s u l t  when 
the  models a r e  interchanged. 

The Loblolly Pine Growth and Yield Coop a t  
Virg in ia  Tech i s  s t r i v i n g  t o  develop a f o r e s t  
growth and y i e ld  p ro j ec t ion  system t h a t  is  suf-  
f i c i e n t l y  f l e x i b l e  t o  account f o r  t h e  e f f e c t s  of 
i n t ens ive  c u l t u r a l  p r ac t i ce s ,  wi th  output  suf -  
f i c i e n t l y  de t a i l ed  (complete diameter and he ight  
d i s t r i b u t i o n s )  t o  al low f o r  ana lyses  of a f u l l  
range of u t i l i z a t i o n  options.  This system should 



be capable of providing logical and consistent 
estimates of growth and yield for varying degrees 
of stand detail (whole stand values, estimates 
by diazaerer class, ar individual tree figures), 
thus allowing users to efficiently ccmpute esti- 
mates with stand detail appropriate to the use 
of the inforsation. 

The highest order model (i.e, greatest 
amount of detail or resolution) will have a 
structure similar to that of the loblolly pine 
plantation simulator published by Daniels and 
Burkhart (1975). In such a model, the diameter 
growth, height growth, and survival probability 
of individual trees are simulated as a function 
of an initial growth potential and an index of 
competition from neighbors. The competition in- 
dex, based on a function of the size of and dis- 
tance to surrounding trees, is a measure of the 
degree to which growth resources may be limited 
by the number and proximity of neighbors. 

When progressing from a distance-dependent 
individual tree model to one that does not re- 
quire information on intertree distances, some 
stand-level generalization of the individual tree 
competition index is needed. One index that has 
a readily interpretable stand-level generaliza- 
tion is the area potentially available (APA) 
(Brown 1965, Moore et a. 1973). To compute APA, 
polygons are constructed around each tree by the 
intersection of lines which divide the distances 
between neighbors. Mean MA, or average area per 
tree, is estimated by the inverse of the number 
of trees per unit area. The use of M A  as an 
individual tree competition model and trees per 
acre as the stand-level ge ralization is cur- 87 rently being investigated- 

Bailey (in press)g/has recently show that, 
by considering transformations of variables which 
preserve an assumed probability density functional 
form for describing diameter distributions, tree 
diameter growth models can be derived. These 
results provide a link between tree-level growth 
models and stand level diameter distribution 
models. In 1975 Strub and Burkhart (1975) de- 
rived a class-interval-free method for obtaining 
expected yields from diameter distributions, thus 
providing a mathematical link between diameter 
aistribution and whole stand modeling approaches. 
These results, along with those from current 

9/ Daniels, R. F. An integrated system of 
stand-nodels for loblolly pine. Ph.D. Disser- 
tation (in preparation), VPI G SU. 

10; Bailey, R. L. Individual tree growth 
dericd from diameter distribution models. 
Farest Sci. (in press). 

research, will be applied when completing the 
integrated spectrum from an individual tree model 
with intertree distances specified, to an indivi- 
d ~ a l  tree mcdel without intertree distances re- 
quired, to a diameter class model, to a whole 
stand model. 

We are also conducting research on deriving 
diameter distributions (which can be approxi- 
mated with a probability density function) from 
stand average parameters. This will allow approx- 
imation of a diameter distribution when only 
overall stand values such as tot cubic volume 

la'/ and total basal area are k n o w n .  Flexible 
methods for describing diameter distributions are 
also being investigated, Although probability 
density functions provide good approximations 
of diameter distributions in unthinned stands, 
they are not, in general, sufficiently flexible 
to account for all of the distributional shapes 
that can be created through thinning.&?/ 

The Loblolly Pine Growth and Yield Research 
Cooperative at Virginia Tech consists of 10 
industrial forestry firms and three public agen- 
cies. The objective of the Coop is to develop 
growth and yield methodology and estimates for 
intensively-cultured loblolly pine stands. 

Existing data sources appear to be adequate 
to develop yield predictions for unthinned and 
thinned plantations on old-field sites. However, 
new data collection efforts are deemed essential 
to develop adequate predictions for thinned and 
unthinned plantations on cutover site-prepared 
lands. In addition to data collection in exist- 
ing plantations on cutover sites, plans are 
being developed for a set of designed spacing 
experiments. 

New methodology being developed in the 
Growth and Yield Coop centers around an inte- 
grated system of stand models that will allow 
consistent and logical estimates of yield for 
varying amounts of stand detail. A system 
capable of providing consistent estimates of 
growth and yield for varying degrees of stand 
detail (whole stand values, estimates by 
diameter class, or individual tree figures) 
would allow users to efficiently compute 
estimates with stand detail appropriate to the 
use of the information. 

111 Research being conducted by James R. 
~ r a z i e c  Graduate Research Assistant, VPI & SU. 

121 Research being conducted by Quang V. 
Cao, ~Eduate Research Assistant, V P I  & SU. 



Report 22 -- Series 3, 12 pp. 

Brown, 6. S. 
1965. Point density in stem per acre. 
Forest Research Institute, N. Z. Forest 
Service, Forest Research Notes No. 38, 
11 FtP* 

Burkhart, H. E. 
1977. Cubic-foot volume of loblolly pine to 
any merchantable top limit. Southern J. 
Appl. For. 1:7-9, 

Burkhart, N. E. , R. C. Parker, PI. R. Strub and 
R. G. Oderwald. 
1972. Yields of old-field loblolly pine 
plantations. Division of Forestry and 
Wildlife Resources, Virginia Polytechnic 
Institute and State University, FWS-3-72, 
51 PP- 

Cao, Q. V., N. E. Burkhart and T. A. Max. 
1980. Evaluation of two methods for cubic- 
volume predictions of loblolly pine to any 
merchantable limit. Forest Sci. 26:71-80. 

Daniels, R. F. and H. E. Burkhart. 
1975. Simulation of individual tree growth 
and stand development in managed loblolly 
pine plantations. Division of Forestry 
and Wildlife Resources, Virginia Poly- 
technic Institute and State University, 
FWS-5-75, 69 pp. 

Daniels, R, F., H. E. Burkhart and M. R, Strub. 
1979. Yield estimates for loblolly pine 
plantations. J. Forestry 77:581-583, 586. 

Goebel, N. B. and W. R. Warner. 
1969. Volume yields of loblolly pine plan- 
tations for a variety of sites in the 
South Carolina Piedmont. Clemson Univ., 
Forest Research Series No. 13, 15 pp. 

Kozlowski, T. T. 
1971. Growth and development of forest 
trees. Vol. 11. Academic Press, New York, 
NY, 514 pp. 

Larson, P. R. 
1963. Stem form development of forest trees. 
Forest Sci. Monograph 5, 42 pp. 

Lenhart, J, D. 
1972. Cubic volume yields for unthinned 
old-field loblolly pine plantations in the 
Interior West Gulf Coastal Plain. Stephen 
F. Austin Univ. , Texas Forestry Paper 14, 
46 PP* 

W ,  T. A. and H, E. Burkhart, 
1976. Sepented polpomial regression applied 
to taper equations. Forest Sci. 22:283-289, 

&ore, J. A,, C. A. Budelsky and R. C. Schlesin- 
ger . 
1973. A new index representing individual tree 
competitive status. Can. J. For. Res. 3: 
495-500. 

Smalley, G. W. and R. L. Bailey. 
1974. Yield tables and stand structure for 
loblolly pine plantations in Tennessee, 
Alabama, and Georgia Highlands. U. S. 
Forest Service, Research Paper SO-96, 
81 PP* 

Strub, M. R, and H. E. Burkhart. 
1975. A class-interval-free method for 
obtaining expected yields from diameter 
distributions. Forest Sci. 21:67-69. 

Lenhart, J. D. and J. L. Clutter, 
1971. Cubic-foot yield tables for old-field 
loblolly pine plantations in the Georgia 
Piedmont. Ga. Forest Res. Council, 



1vltftT MUSCKE OF SThW DENSITY IS  BEST FOR GROWTH 

2 1 H.  Lee Allen and Howard W .  Duzan, Jr.- 

Abstract , - -Stand d e n s i t y  measures p rev ious ly  used f o r  
l o b l o l l y  p i n e  s t a n d s  a r e  reviewed and t h e i r  a b i l i t y  t o  pre- 
d i c t  growth is  compared. Because of i t s  p r a c t i c a l  and theo- 
r e t i c a l  advantages b a s a l  a r e a  is recommended a s  t h e  measure 
of d e n s i t y  f o r  use i n  growth and response models. A s tock ing  
guide based on maximum n e t  volume growth and b a s a l  a r e a  is  
presen ted .  

INTRODUCTION 

As t h e  demand f o r  wood produc ts  grows and t h e  
land base  on which t o  produce t h e  wood resource  
con t inues  t o  d imin ish ,  management i n t e n s i t y  is of 
n e c e s s i t y  i n c r e a s 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  
such a s  f e r t i l i z a t i o n  and th inn ing  a r e  becoming 
more p r e v a l e n t  i n  p i n e  p l a n t a t i o n s  throughout  t h e  
South. An important  a s p e c t  of i n t e n s i v e  manage- 
ment is t h e  development o f  models t h a t  p r e d i c t  
the  e f f e c t  of v a r i o u s  s i l v i c u l t u r a l  t rea tments  on 
growth and subsequent  y i e l d .  The knowledge gained 
from t h e s e  models w i l l  a l low f o r e s t  managers t o  
apply t h e  a p p r o p r i a t e  t rea tment  t o  s t a n d s  s o  t h a t  
t h e  maximum r e t u r n s  a r e  r e a l i z e d .  

The two most important  f a c t o r s  in f luenc ing  
growth and response p o t e n t i a l  i n  e s t a b l i s h e d  s t a n d s  
a r e  s t a n d  d e n s i t y  and s i t e  q u a l i t y .  I t  is essen- 
t i a l  t h a t  t h e  measures used t o  q u a n t i f y  t h e s e  
f a c t o r s  a r e  a c c u r a t e  and meaningful.  This  paper  
w i l l  c o n s i d e r  t h e  problems a s s o c i a t e d  wi th  measures 
of s t a n d  d e n s i t y .  

When cons ider ing  s t a n d  d e n s i t y  o r  s t o c k i n g  
(a  r e l a t i v e  measure of a  "proper" s t a n d  d e n s i t y ) ,  
two q u e s t i o n s  a r i s e .  F i r s t ,  which s t a n d  d e n s i t y  
measures w i l l  adequa te ly  d e l i n e a t e  s t a n d s  having 
the  sane  compet i t ive  s t a t u s  over  a range of s i z e s  
and number of s tems? Second, how does growth 

I/ P a p e r  p resen ted  a t  Southern S i l v i c u l t u r a l  - 
Research Conference, A t l a n t a ,  Georgia ,  November 
6-7,  1980. Paper N o .  6679 of t h e  J o u r n a l  s e r i e s  
of t h e  North Caro l ina  A g r i c u l t u r a l  Research Ser- 
vice, Raleigh.  

2 /  Graduate A s s i s t a n t  and Data Analys t ,  North 
~ a r o 1 i r . a  S t a t e  F o r e s t  F e r t i l i z a t i o n  Cooperat ive,  
School of F o r e s t  Resources,  N.C.  S t a t e  C n i v e r s i t y ,  
Raleigh, :;, C '  

response vary  a c r o s s  s tock ing  l e v e l s  and what is  
t h e  optimum d e n s i t y  f o r  a  given s i l v i c u l t u r a l  
t rea tment  ? 

CURRENT MEASURES OF STAND DENSITY 

Over t h e  y e a r s  many measures of s t a n d  d e n s i t y  
and s tock ing  have been developed f o r  use  i n  lob- 
l o l l y  p i n e  (Pinus taeda  L.)  s t a n d s .  Some of t h e  
more common ones a a a t e d  wi th  t r e e  d iameter  o r  
number of stems i n c l u d e  b a s a l  a r e a ,  number of 
s tems,  and s t a n d  d e n s i t y  indexes developed by 
MacKinney and Chaiken (1935), S t a h e l i n  (1949), and 
~ e s t v a c o ? / .  The development of most measures of 
s t a n d  d e n s i t y  a r e  based on t h e  premise t h a t  a  
r e l a t i o n s h i p  e x i s t s  between crown d iameter  o r  a r e a  
and competi t ion.  Various techniques  a r e  then used 
t o  t ransform t h i s  r e l a t i o n s h i p  i n t o  a  number of 
stems-diameter express ion .  

Reineke (1933) was one of t h e  f i r s t  i n v e s t i -  
g a t o r s  t o  approach t h e  problems of a c c u r a t e l y  
d e f i n i n g  s t o c k i n g  of even-aged s t a n d s .  The s t a n d  
d e n s i t y  index developed by MacKinney and Chaiken 
(1935) was an  adap t ion  of h i s  i d e a s  s p e c i f i c a l l y  
t o  l o b l o l l y  pine.  I n  1940, Chisman and Schumacher 
(1940) proposed a  t ree -a rea  r a t i o  a s  a  measure of 
d e n s i t y .  S t a h e l i n  (1949) used t h i s  r a t i o  t o  deve- 
l o p  his3$tand d e n s i t y  index. More r e c e n t l y ,  
Westvaeo- has  developed a  s tock ing  c h a r t  based on 
a  crown diameter-dbh r e l a t i o n s h i p  f o r  t r e e s  i n  
fu l ly -s tocked  s t a n d s .  

Although t h e  f o m s  of t h e  s t a n d  d e n s i t y  indexes 
vary ,  they can be e a s i l y  compared by p r e s e n t i n g  
them a s  number of stems-diameter r e l a t i o n s h i p s  

3f Owens, E.G. 1970. Loblo l ly  F ine  Stocking 
~ e s t v a c o  Research Report 47.  Summerville Research 
Center ,  Summerville, SC (unpublished) .  



( f i g .  I ) .  For comparison purposes t h e  s t a n d  d e n s i t y  
curves  are represen ted  by what t h e i r  r e s p e c t i v e  
a u t h o r s  deemed a s  f u l l y  o r  100% stocked.  The 
shape of t h e  curves  ( f i g .  1) r e f l e c t  t h e  n u d e r  of 
stems-diameter cvndi r ions  which r e p r e s e n t  equa l  
compet i t ive  s t a t u s  ( q u e s t i o n  1 ) .  These equi- 
compet i t ion  curves  r e p r e s e n t  v a r i o u s  l e v e l s  of 
s t o c k i n g  and a r e  used t o  d e s c r i b e  an  op t imal  l e v e l  
f o r  v a r i o u s  s i l v i c u l t u r a l  p r a c t i c e s  (ques t ion  2 ) .  

The shape of t h e  equi-competi t ion curves o r  
s t o c k i n g  l i n e s  is very important  s i n c e  t h i s  shape 
d e t e r n i n e s  how s t a n d s  i n  d i f f e r e n t  s t a g e s  of devel- 
opaent  a r e  c l a s s e d  a s  be ing  of t h e  same compet i t ive  
s t a t u s .  The d e r i v a t i o n  of t h i s  shape f o r  a l l  t h e  
p r e s e n t  s t a n d  d e n s i t y  indexes is based on empiri- 
c a l l y  d e r i v e d  r e l a t i o n s h i p s  using d a t a  c o l l e c t e d  
i n  s u b j e c t i v e l y  chosen f  ul ly-s tocked s t a n d s  . 
Obviously any b i a s  i n  s e l e c t i n g  fu l ly -s tocked  
s t a n d s  over  t h e  range  of s i z e s  and number of stems 
would i n f l u e n c e  t h e  shape of t h e  curves.  It seems 
p l a u s i b l e  t h a t  some under ly ing  b i o l o g i c a l  r e l a t i o n -  
s h i p  would d e f i n e  t h e  shape of t h e s e  curves and 
would remove t h e  n e c e s s i t y  of f i t t i n g  them wi th  
d a t a  from a s u b j e c t i v e l y  determined s t o c k i n g  l e v e l .  

Grotlnd a r e a  (GA) f o r  an i n d i v i d u a l  t r e e  is 
p r o p o r t i o n a l  t o  t h e  i n v e r s e  s f  t h e  number of t r e e  
p e r  acre (N) and a l s o  p r o p o r t i o n a l  t o  a  l e n g t h  ( 
squared ,  

Tree diameter  (D) is p r o p o r t i o n a l  t o  a  l eng th .  

I t  then  fo l lows  t h a t :  

S u b s t i t u t i n g  1 / N  f o r  GA (equa t ion  I), e q u a t i o n  4 
may be r e w r i t t e n  a s :  

S t a t i s t i c a l l y  t h i s  may be expressed a s :  

N K ( D ) - ~  f e r r o r  (6) 

where K i s  a p r o p o r t i o n a l i t y  c o n s t a n t .  Transfonne 
equa t ion  6 becomes: 

LogN = K '  - 2LogD (7) 

This  is  recognizab le  a s  t h e  same form of MacKinney 
and Chaiken 's  (1935) s t a n d  d e n s i t y  index  excep t  
t h a t  t h e  s l o p e  is  a t h e o r e t i c a l l y  def ined  -2 
i n s t e a d  of MacKinney and Chaiken 's  (1935) empir i-  
c a l l y  der ived  s l o p e  of -1.707. The K '  component 
determines t h e  l e v e l  of t h e  curve and s e t s  t h e  
s t a n d a r d  r e f e r e n c e  f o r  de te rmin ing  t h e  number of 
s tems at  a  g iven  s t o c k i n g  l e v e l  f o r  a  p a r t i c u l a r  
average t r e e  s i z e .  

S ince  b a s a l  a r e a  CBA i s  p r o p o r t i o n a l  t o  
averape diameter ,  e q u a t i o n  7 can  be  expressed 
as: 

LogN = K" - LogBA (8) 

Figure  1,--Comparison of s t a n d  d e n s i t y  indexes a t  
f u l l y  s tocked  condi t ions :  --- HacKinney and Chaiken (1935) , -- S t a h e l i n  (1949) , 
.. -...~. ..... ..- Westvaco (Owens, Unpublished), 

Basa l  a r e a  of 150 f t z f a c r e .  

EQUI-COMPETITION CURVE S W E  DERIVATION 

The concept of t h e  -3f2 power law o r  dimen- 
sicnal a n a l y s i s  r e c e n t l y  in t roduced  i n t o  t h e  
k ~ e r i c a n  f o r e s t r y  l i t e r a t u r e  (Drew and F lewel l ing ,  
1977)  provzdes a t h e o r e t i c a l  framework f o r  d e f i n i n g  
t h e  shape of rhese  c u w e s .  The approach used i n  
t h i s  p a p e r  fol lows t h a t  of Drew and F lewel l ing  
( I S 7 7 j .  

On a t h e o r e t i c a l  b a s i s  equa t ions  7 and 8 d e f i n e  t h e  
shape of t h e  number of stems-diameter r e l a t i o n s h i p  
a s  t h e  square  of diameter  o r  more s p e c i f i c a l l y  
curves of equi-competi t ion have t h e  same b a s a l  a r e a .  

T h e o r e t i c a l l y  from dimensional  a n a l y s i s ,  i t  
appears  t h a t  b a s a l  a r e a  is a s u i t a b l e  method of  
d e l i n e a t i n g  s t a n d s  wi th  equi-competi t ion o r  o f  t h e  
same s t o c k i n g  l e v e l .  T r a d i t i o n a l  c r i t i c i s m s  of  
b a s a l  a r e a  a s  a measure of s t o c k i n g  a r e :  1. b a s a l  
a r e a  is one dimensional  and does n o t  adequa te ly  
d e s c r i b e  t h e  r e l a t i o n s h i p  between number of s tems 
and diameter ,  and 2 .  b a s a l  a r e a  should i n c r e a s e  
a s  t r e e  s i z e  i n c r e a s e s  a t  a  g iven  s t o c k i n g  l e v e l ,  
R e f e r r i n g  t o  f i g u r e  1 i t  is  apparen t  t h a t  b a s a l  
a r e a  is two dimensional  and expresses  a  dimensional  
r e l a t i o n s h i p  between number and s i z e  o f  s tems.  I n  
f a c t ,  two of t h e  e m p i r i c a l  measures c l o s e l y  f o l l o w  
t h e  b a s a l  a r e a  t r e n d  ( f i g .  1 ) .  For some s p e c i e s  
b a s a l  a r e a  may b e  expected t o  i n c r e a s e  a s  t r e e  s i z e  



increases  f o r  a given stocking l e v e l  a s  some of a 
t r e e ' s  ba sa l  a rea  becomes nonfunctional .  This is  
borne out  i n  s tud i e s  t h a t  have shown t h a t  sapwood 
area  may be a b e t t e r  es t imator  of f o l i a g e  biomass 
(growth p o t e n t i a l )  than simply d i aae t e r  o r  basa l  
a rea  (Grier  and Raring, 1974; Sne l l  and Brown, 
1978). For l ob lo l ly  p ine  of t he  s i z e  and age range 
found i n  managed p l an t a t i ons ,  t o t a l  ba sa l  a r ea  is 
genera l ly  equivalent  t o  sapwood area.  

UTILITY I N  GROWTH PREDICTIONS 

Put t ing  t h e o r e t i c a l  cons idera t ions  a s ide ,  
which of t he  s tand  dens i ty  measures w i l l  b e s t  pre- 
d i c t  growth response? 

Three growth models were used t o  compare t he  
u t i l i t y  of each s tand dens i ty  measure f o r  predic t -  
ing  gross  growth of unt rea ted  stands.  

(A) Gross Growth = a f b (SD) 

(B) Gross Growth = a f SD 
b f c(SD) 

(C) Gross Growth = a f SD 
b f c(SD) + d(S1) f e(SD * SI) 

where SD = s tand dens i ty  measure, SI  = s i t e  index 
(25 yea r s ) ,  and a ,  b, c ,  d, e a r e  c o e f f i c i e n t s  
est imated from the  data.  

The models were f i t  using 5-year growth da ta  
from 247 con t ro l  p l o t s  s e l ec t ed  from the  North 
Carolina S t a t e  Forest  F e r t i l i z a t i o n  Cooperat ive 's  
f i r s t  and second regional  t r i a l  s e r i e s .  This da ta  
s e t  covers the  range of ages, d e n s i t i e s ,  and s i t e  
c l a s se s  commonly found i n  managed l o b l o l l y  pine 
p l an t a t i ons ,  The da t a  s e t  and models B and C a r e  
described i n  g rea t e r  d e t a i l  i n  another paper pre- 
sented a t  t he  symposium (Duzan and Allen 1980). 
The c o e f f i c i e n t s  of determinations f o r  these  t h ree  
models using the  various s tand  dens i ty  measures 
a r e  a s  follows : 

Basal  Area 44.6 47.5 65.7 

MacKinney and 45.0 48.1 67.0 
Chaiken (19 35) 

S t ahe l in  (1949) 45.0 48.3 67.7 

3 / Wes tvaco-- 42.9 46.9 70.0 

Number of Stems 16.8 8 .1  34.1 

A l l  s tand  dens i ty  measures, except number of 
stems performed equal ly  i n  predic t ing  5-year gross 
growth of untreated s tands .  Nelson and Brender 
(1963) reported s i m i l i a r  r e s u l t s  i n  t h e i r  compari- 
son of s tand  dens i ty  measures. From a p r a c t i c a l  

a spec t ,  ba sa l  a r ea  is super ior  s ince  i t  is  e a s i l y  
understood, e a s i l y  measured, and normally a v a i l a b l e  
f o r  most managed p l an t a t i ons .  Because of i ts  
t h e o r e t i c a l  and p r a c t i c a l  advantages, b a s a l  a r e a  
is recommended as the standard f a r  q m n t i f y i n g  
s tand dens i ty  i n  l o b l o l l y  p ine  p l an t a t i ons ,  

OPTIW STOCKING LEVELS 

Answering the  second quest ion of what s tocking  
l e v e l  is optimum f o r  a given s i l v i c u l t u r a l  t reatment 
is more complex. The optimum s tocking  can be ex- 
pected t o  vary depending on the  treatment,  s i t e  
q u a l i t y ,  response period,  and management ob jec t ives .  
A s  a f i r s t  approximation, a s tocking  guide based 
on maximum 5-year n e t  volume growth and i n i t i a l  
ba sa l  a r ea  is presented i n  t a b l e  1. A model e s t i -  
mating the  r a t i o  of 5-year mor t a l i t y  volume t o  5- 
year gross  volume growth a s  a funct ion  of b a s a l  
a r ea  was used i n  conjunction with the  g ros s  growth- 
basa l  a r ea - s i t e  index model t o  p red i c t  5-year n e t  
volume growth. 

This stocking guide de l inea t e s  t he  b a s a l  a r e a  
a t  which maximum n e t  growth is r ea l i zed  i n  unt rea ted  
p l an t a t i ons .  Depending on the  s i l v i c u l t u r a l  t r e a t -  
ment imposed, basa l  a r ea  a s  a measure of  s t and  
dens i ty  may o r  may no t  r e f l e c t  t he  p o t e n t i a l  f o r  
growth response i n  t r e a t e d  s tands .  For those  
treatments which do not  s u b s t a n t i a l l y  a l t e r  a 
s tand ' s  n a t u r a l  competi t ive s t r u c t u r e ,  such a s  
ni trogen f e r t i l i z a t i o n ,  t he  s tocking  guide should 
be appl icable  f o r  determining those s tand condi t ions  
where maximum n e t  volume growth occurs.  However, 
i f  a s t and ' s  n a t u r a l  competi t ive s t r u c t u r e  was 
a l t e r e d ,  a s  wi th  thinning,  basa l  a r ea  may n o t  ade- 
quately express a s t and ' s  competi t ive condi t ion  
a f t e r  t reatment.  The devia t ion  i n  volume growth of 
a thinned s tand from t h a t  of an unt rea ted  s t and  of 
t he  same basa l  a r e a  w i l l  be a funct ion  of t h e  type 
of thinning,  thinning i n t e n s i t y ,  r e s idua l  spac ing ,  
and the amount of damage t o  t he  s i t e  and r e s i d u a l  
t r e e s  during the  thinning operat ion.  Adjustment 
f ac to r s  t o  compensate f o r  these  e f f e c t s  a r e  d is -  
cussed i n  more d e t a i l  i n  another paper presented 
a t  t h i s  symposium (Ballard e t  a l ,  1980). Af t e r  
thinning,  a s tand  w i l l  r ead jus t  t o  a more n a t u r a l  
competitive s t a t u s  over time. Consequently, t h e  
devia t ion  i n  growth of a thinned s tand from t h a t  
expected f o r  an unt rea ted  s tand w i l l  decrease  over 
time and an adjustment f a c t o r  may not  be necessary 
f o r  s tands  thinned seve ra l  years  previously.  

I f  t he  stocking guide ( t a b l e  1 )  was presented  
i n  the  t r a d i t i o n a l  number of stems-diameter format,  
i t  would be i m e d i a t e l y  apparent  t h a t  t he  s tocking  
l e v e l s  a r e  not  propor t ional  a s  t y p i c a l l y  por t rayed 
i n  stocking cha r t s .  I n  f a c t ,  basing s tocking  on 
percentage of maximum n e t  growth a t t a i n a b l e ,  a 
l a rge  range of basa l  a r e a  provides t he  necessary 
resource t o  maintain s tocking  a t  90 percent .  

The basa l  a r ea  associa ted  with maxim- n e t  
growth decreases a s  s i t e  index increases .  A t  f i r s t  
glance,  t h i s  would appear t o  be cont rary  t o  what 



is  n o m a l l y  expected. I t  is  important t o  d i s t i n -  
guish  between the  concepts of what basa l  a r ea  a 
given s i t e  can support  and what basa l  a rea  provides 
f o r  m a x i m  n e t  growth. I n  t he  case of managed 
l o b l o l l y  pine p l an t a t i ons ,  t h e  b a s a l  a r ea s  asso- 
c i a t e d  w i t h  each concept probably d i f f e r ;  i n  f a c t ,  
s t ands  on h igher  s i t e s  would normally support  
g r e a t e r  basa l  a r ea s ,  

CONCLUSIONS 

Basal  a r e a  is recornended a s  t he  measure f o r  
quant i fy ing  s tand dens i ty  i n  t he  development of 
growth p red ic t i on  models f o r  unt rea ted  l o b l o l l y  
pine p l an t a t i ons .  Basal a r e a  has p r a c t i c a l  and 
t h e o r e t i c a l  advantages a s  a measure of s tand  
dens i ty  which a r e  unequaled by any o the r  cu r r en t ly  
used index. The use of b a s a l  a r e a  w i l l  provide an 
easy means of developing s tocking  guides based on 
d i f f e r e n t  growth o r  response c r i t e r i a  using models 
cu r r en t ly  ava i l ab l e  i n  t he  l i t e r a t u r e .  A stock- 
ing  guide developed using the  percentage of maximum 
5-year n e t  volume growth a t t a i n e d  a s  a stocking 
c r i t e r i a  i l l u s t r a t e s  t h a t  90 percent  s tocking  is  
a s soc i a t ed  with a wide range of basa l  a reas .  The 
basa l  a r e a  of a  100 percent  s tocked s tand a l s o  
decreases a s  s i t e  index increases .  The s tocking  
guide presented has been developed f o r  growth pre- 
d i c t i o n  i n  unt rea ted  s tands .  The guide should 
s t i l l  be  v a l i d  f o r  stands rece iv ing  treatments which 
do not  s u b s t a n t i a l l y  a l t e r  t h e  n a t u r a l  competi t ive 
s t r u c t u r e  of a  s tand  such a s  N, f e r t i l i z a t i o n .  
However, t he  use of t he  s tocking  guide f o r  s tands  
rece iv ing  treatments which do s u b s t a n t i a l l y  a l t e r  
t h e i r  s t r u c t u r e ,  such a s  thinning,  may no t  be 
va l id .  

Table 1.--Basal a r ea  s tocking  guides based on 
maximum five-year n e t  volume growth f o r  lob- 
Lolly pine by s i t e  index c l a s s  (25 year ) .  

Percent  of S i t e  Index Class ( f r )  
Maximm Net 

Growth 5 0 60 70 80 
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I/ A COMPETITIGW PBCTION FOR TFEE B i D  STMD GRGhTK HODEL+ 

Abstract.--A two term function i s  described t h a t  i s  s ig-  
n i f i c a n t l y  co r r e l a t ed  with annual diameter growth of individ-  
ua.1 l o b l o l l y  pine (Pinus tae& L.) t r ee s .  One term expresses 
competition i n  t he  whole stand;  t he  o t h e r  i s  a measure of  t h e  
competi t ive advantage of indiv idual  t r e e s .  The funct ion  o p  
e r a t e s  by reducing the  e f f e c t i v e  growing space of a t r e e ,  
defined a s  t he  space ava i l ab l e  p e r  t r e e  i n  s tands  t h a t  a r e  
a c t i v e l y  se l f - th inning .  

Computer s imulat ion i s  a r e l a t i v e l y  new 
technique f o r  s tudying t r e e  growth and s tand 
development. Mathematical models a r e  t h e  h e a r t  
of  s imula t ion ,  and, of  t h e  types t h a t  have been 
proposed, t he  more i n t e r e s t i n g  and use fu l  p ro j ec t  
growth of  i nd iv idua l  t r e e s  r a t h e r  than the  e n t i r e  
stand. There a r e  two types  of these  s ing l e - t r ee  
models: one requi res  i n f o m a t i o n  about t he  phys- 
i c a l  l o c a t i o n  of each stem i n  t he  p l o t  o r  s tand 
and i s  c a l l e d  a distance-dependent model; t he  
o ther  requi res  only a l i s t  o f  t r e e  diameters and 
i s  c a l l e d  a distance-independent model ( ~ x n r o  
1974). 

Both s ingle- t ree  models p ro j ec t  growth of  
indiv idual  t r e e s  according t o  some funct ion  of  
t h e i r  s i z e  and competitive s t a t u s  i n  t h e  stand. 
One approach i s  t o  a d j u s t  an a s smed  o r  est imated 
p o t e n t i a l  growth r a t e  f o r  a t r e e  o f  given age o r  
s i z e  by a component t h a t  gauges t he  i n t e n s i t y  o f  
competition. Another approach i s  t o  p red i c t  
a c t u a l  growth with a regress ion  equation t h a t  
contains a competition component. 

In t h e  distance- dependent model t h i s  conpon- 
nent may be a competition icdex t h a t  r e l a t e s  d.b. h. 
o r  c r o w  s i z e  t o  d is tance  between the  subjec t  
t r e e  and i t s  conpeti tors .  The competitors a r e  
chosen by a ru l e  based on s i z e  and d is tance  f ron  
the  sub jec t  t r e e .  In the  distance-independent 
m d e l  the  cornpet it ion coqonen t  usual ly  expresses 
t he  r e l a t i v e  pos i t i on  of a t r e e  i n  t he  s tand  
based on i t s  d.b. h. i n  r e l a t i o n  t o  some reference 

l/ Paper presented a t  t h e  Southern Si lv ieul -  
t izral-~esearch Conference, At lanta ,  Georgia, 
Movrjmber 6-7, 1980. 

2 1 ~ e s e a r c h  Fores ter ,  USDA Fores t  Service,  
o ~ t h F a s t e r n  Forest  Experiment S t a t i on ,  Fores t ry  
ciences Laboratory, Charleston,  South Carolina. 

The component t h a t  es t imates  competition i s  
an e s s e n t i a l  p a r t  of  s ingle- t ree  models. It 
con t ro l s  diameter and he ight  growth and he lps  
determine mor ta l i ty .  Various fonns have been 
proposed, but  none have y e t  proved t o  be e n t i r e l y  
s a t i s f a c t o r y  (Alder 1979, Alemdag 1978, and Daniels 
1976). Al l  have f a i l e d  t o  p red i c t  diameter  growth 
with t he  des i r ed  p rec i s ion  and accuracy. 

In t h i s  paper,  I describe a new measure of  
competition. It i s  a mathematical funct ion  f o r  
t he  d i  stance-independent model, but i% a l s o  can 
be adapted t o  distance-dependent models. Devel- 
opment o f  t h i s  funct ion  i s  i n  a prel iminary s t age  
b u t ,  a s  t h e  c o r r e l a t i o n  da t a  given below shou, it 
has promise of  becoming a usefu l  add i t i on  t o  
growth modeling. 

Underlying assumptions f o r  t he  m c t i o n  a r e :  
( 1 )  r a t e  of  growth clepends on growing space,  Sip 
and ( 2 )  competition Prom i t s  neighbors reduces 
t he  e f f e c t i v e  growing space of  a t r e e  t o  a f rac-  
t i o n  of t he  spcce ava i l ab l e  t o  it. The funct ion ,  
f(~i), es t imates  t h i s  f r ac t ion ;  f o r  t he  i t h  t r e e ,  
diameter growth, DG, can be es t imated  by a regres-  
s ion  equation o f  t he  form: 

where S i  i s  growing space a r ea  of  a t r e e  defined 
a s  a function of  6.b.h. The r a t i o n a l e  and de r i -  
va t ion  of  S; and ~(53;) a r e  a s  follows. 

Figure 1 shows t y p i c a l  development of  pure,  
even-aged s tands  o f  l o b l o l l y  pine. These d a t a  
a r e  from a study o f  t he  e f f e c t s  of extreme den- 
s i t y  on s tand growth (Hams and Langdon 1976 ). 
The f igu re  shows quadra t ic  mean s tand diameters 
f o r  ages 6 through 20 years  p l o t t e d  over surv iv ing  
numbers of t r e e s  i n  s tands  having i n i t i a l  d e n s i t i e s  



RELATIVE WHOLE STAND COMPETITION 
Figure 2.--Mean annual s tand  diameter growth o f  

l o b l o l l y  pine a t  age 14 i n  r e l a t i o n  t o  s tand  
l e v e l  competition expressed i n  t e r n s  of t he  
c r i t i c a l  growing space,  ZS;/A. 

The re  l a t i onsh ip  of  indinLdua1 t r e e  growth 
r a t e  t o  t h e  second component, S/S;, i s  shown i n  
f i g u r e  3 f o r  da t a  from the  16,000-tree p l o t s  a t  
age 18. A regress ion  of t he  form 

- 
LoglODGi - bo + bllog10 ( s / s ~ )  (5 ) 

where the  va r i ab l e s  a r e  a s  defined above, was f i t  
t o  t he  data. The regress ion  was a l s o  s i g n i f i c a n t  
a t  t he  1% l e v e l  and had an ? value of  0.57. The 
curve wi th  i t s  equation is  shown i n  f i gu re  3. 
m e r e  i s  a rapLd decrease i n  diameter growth r a t e  
as t h e  r a t i o ,  s / S ~ ,  increases  t o  I, which i d e n t i -  
f i e s  t he  average c r i t i c a l  growing space of  t h e  
stand.  A t  values g r e a t e r  than 1 growth becomes 
neg l ig ib l e  a s  growing space decreases. 

The form of t he  competition function is 

This p a r t i c u l a r  form was s~lgges ted  by Aikman and 
Matkinson (1980 1 arid corresponds t o  t he  threshold  
response curves described by morn ley  (1976 1. 
These a r e  sigmoidal curves which describe p l a n t  
grobsth responses t o  a c r i t i c a l  growth f ac to r .  In 
t he  c o q e t i t i o n  Pmction,  t h i s  growth f a c t o r  i s  
growing space,  and t h e  c r i t i c a l  l e v e l  i s  assumed 
t o  be the apparent c r i t i c a l  growing space,  Si, 
per  t r e e  as  defined by t h e  se l f - th inning  l i n e ,  

Tne function approaches l a s  e i t h e r  of  t he  
competition terms approaches zero,  i nd i ca t ing  

RELATIVE WITHIN STAND COMPETITION 
Figure 3.--Annual t r e e  diameter growth of lob- 

l o l l y  pine a t  age 18- i n  r e l a t i o n  t o  within 
s t and  competi t ion,  S/Si. 

t h a t  t h e r e  is l i t t l e  competition. It appraoches 
zero when CSi/A becomes 1 and S/S; becomes l a r g e ,  
i nd i ca t ing  maximum competition f o r  a t r e e  i n  t he  
lowest diameter c lass .  The exponents 41 and 
4 2  govern the  s e v e r i t y  of  t he  e f f e c t s  of  t he  two 
components on growth r a t e .  

TEST RESULTS 

The competition function was t e s t e d  by f i t -  
t i n g  equation ( 1 )  t o  annual growth da ta  taken 
from the  s tands  i n  f igure  1. The product of t h e  
apparent  c r i t i c a l  growing space,  S i ,  and the  com- 
p e t i t i o n  funct ion ,  f (s;), i s  t h e  independent 
va r i ab l e  and def ines  t h e  e f f e c t i v e  o r  useable 
growing space of  t he  i nd iv idua l  t r e e .  Separate 
regress ions  were f i t  t o  da ta  from s e t s  of p l o t s  
having i n i t i a l  d e n s i t i e s  of  1000 and 16,000 t r e e s  
p e r  acre  f o r  s tand  ages 10,  12,  1 4 ,  16, and 18 
years.  The exponents of  f f s i )  were given the  
a r b i t r a r y  values of  2 f o r  $1 and 4 f o r  $2 .  A l l  
regress ions  were s t a t i s t i c a l l y  s i g n i f i c a n t  a t  
t he  1% leve l .  Table 1 presents  values of t he  
regress ion  and co r r e l a t i on  coe f f i c i en t s .  

Host of  t h e  i n t e r c e p t s  had values near  zero, 
and over h a l f  t he  s lopes  had values between 0.006 
and 0.007. Differences among regress ions ,  how- 
ever ,  were s i g n i f i c a n t .  The co r r e l a t i on  coef- 
f i c i e n t s  increased  with age f o r  both d e n s i t i e s  
because the  l a r g e  v a r i a t i o n  i n  growth of young 
s tands  tended t o  decrease a s  t h e  s tands  got o l d e r  



o f  1000, 2000, 4000, 8000, and 16,000 t r e e s  p e r  
acre.  The r e s u l t i n g  curves show t h a t  a s  m a n  
s tand a m e t e r  increases  wf th  age,  mor t a l i t y  in-  
duced ~y t h e  i n t ens i fy ing  competition for gro-Ang 
s l a e e  gradual ly  reduces t he  nurnbers of stems. 
At some p o i n t ,  depending on i n i t i a l  dens i ty ,  t he  
r e l a t i onsh ip  between mean d. b. h. and number of 
sterns becoaes l i n e a r  on a log-log sca le .  The 
l i n e a r  po r t i on  corresponds t o  t he  -3/2 power law 
proposed by Yoda and o thers  (3-963) t o  descr ibe  
se l f - th inning  populat ions o f  p l an t s .  The l i? le  
i s  a l s o  equiva lent  t o  t he  s tand  dens i ty  index 
r e l a t i o n s h i p  published by Reineke i n  18 33. 

MUIIll8ER OF SURVIVING TREES PER ACRE X 1000 

Figure 1. --Stand densi ty-s ize  r e l a t i onsh ips  of  
se l f - th inning  l o b l o l l y  pine s tands  of  i n i t i a l  
d e n s i t i e s  of 1000, 2000, 4000, 8000, and 16,000 
t r e e s  p e r  acre  f o r  ages 6 through 2 1  years.  

The se l f - th inning  law implies t h a t  a  p l a n t  
of given weight o r  s i z e  requi res  a c e r t a i n  mini- 
mum g r o d n g  space f o r  i t s  continued su rv iva l  and 
dewlopnzent. A s  g r o d n g  space f a l l s  below the  
minimm requi red ,  growth f a l l s  o f f  and death 
eventua l ly  follows f o r  some t r ee s .  The s e l f -  
th inning  l i n e  def ines  t he  apparent c r i t i c a l  
growling space Si. The competition funct ion  i s  
based on ce r t a in  r e l a t i onsh ips  t h a t  can be deduced 
from the  se l f - th inning  law. 

For the  lobf o l i y  pine da ta  i n  f i gu re  1, t he  s e l f -  
th inning  l i n e  can be described by t h e  regress ion  
equation: 

where 6 = quadra t i c  mean d.b,h. and P = number o f  
surv iv ing  t r e e s  pe r  acre ,  The regress ion  was 
f i t t e d  t o  da t a  from p l o t s  having an i n i t i a l  dens i ty  
3f 16,000 trees per acre and ages 10 t h r u  20 years ,  
The mean. apparent  c r i t i c a l  groMng space,  S, i s  
t he  r ec ip roca l  of t h e  n m b e r  of  t r e e s  p e r  u n i t  
a r ea ,  p, and can be obtained by rear ranging  ( 2 )  
so  that, 

where ?? i s  i n  u n i t s  of square f ee t .  The apparent  
c r i t i c a l  growing space,  S i ,  of  any t r ~ e ,  i, can 
be ca lcula ted  by s u b s t i t u t i n g  D; f o r  D i n  ( 3 ) .  

S d n g  t h e  es t imated  S i  over a l l  t h e  t r e e s  
i n  a s tand  of a r ea ,  A,  y i e l d s  t h e  minimum grow- 
ing  space needed by t h e  s tand ,  IS:. Dividing 
CS; by s tand a r e a  g ives  a measure of  occupancy 
( r e l a t i v e  s tand  d e n s i t y ) ,  CS;/A. This r a t i o  
i s  one component of  t he  competition funct ion  and 
expresses competi t ive s t a t u s  o r  s t r e s s  f o r  t he  
stand. The r a t i o  w i l l  t ake  values from near  
zero a t  low s i t e  occupancy t o  1 o r  s l i g h t l y  above 
a t  f u l l  occupancy. As t h e  r a t i o  approaches 1, 
competition becomes inc reas ing ly  severe u n t i l  a t  
a  value of 1 the  s t and  reaches t he  se l f - th inning  
condit ion of  a  f u l l y  occupied s i t e  a s  represented 
by t h e  se l f - th inning  l i n e .  

Even under condit ions of maximum competi t ion,  
not  a l l  t r e e s  i n  an even-aged s t and  a r e  competing 
equally.  Larger t r e e s  a r e  known t o  have a com- 
p e t i t i v e  advantage over t h e i r  smal ler  neighbors,  
e spec i a l l y  those  i n  t he  lower crown c lasses .  
Consequently, a  second component i s  necessary t o  
account f o r  d i f f e r ences  i n  competitive advantage 
f o r  i nd iv idua l  t r ee s .  A simple way t o  express 
t he  p o s i t i o n  of a  t r e e  i n  t he  s tand  i s  a s  a r a t f o ,  - 
S/S;, of  t he  average c r i t i c a l  growing space of  
t he  s t and  t o  t h e  c r i t i c a l  growing space o f  an 
ind iv idua l  t r ee .  The value of  t he  r a t i o  increases  
from l e s s  than 1 f o r  l a r g e r  than average growing 
space t o  g r e a t e r  than  1 a s  growing space f a l l s  
below average. 

The two r a t i o s  CSi/A and S /S~  comprise t h e  
competition function.  Their  r e l a t i onsh ip  t o  
diameter growth is  shown i n  f i gu re s  2 and 3. Tn 
f i gu re  2 ,  mean s tand d i m e t e r  growth a t  14 yea r s  
taken from the  da t a  i n  f i gu re  1, i s  p l o t t e d  over  
t he  corresponding value o f  C S ~ / A .  A regress ion  
of  t he  form 

where I)G and CSi/k a r e  defined a s  above, was f i t  
t o  t he  data. The regress ion  was s i g n i f i c a n t  a t  
t h e  15 l e v e l  and had an I? value o f  0.60. Fig- 
ure 2 shows t h e  curve and i t s  equation i n  expo- 
n e n t i a l  form. It i s  apparent  t h a t  CSi/A is  
associa ted  with a curvif i n e a r  decrease i n  mean 
s tand diameter growth r a t e  a s  t h e  r a t i o  increases  
t o  I, t h e  condit ion of  maxim= competition. 



Table 1.--Regression c o e f f i c i e n t s  f a r  t he  conrpeti+,ion function as  f i t t e d  t o  s e l ec t ed  diameter growth data. 

no.  l a c re  - - - - - - - - - - - - - - - - y e a r s - - - - - - - - - - - - - - -  

arid within-stand competition became more uniform. 
An example of t he  r e l a t i onsh ip  i s  shown i n  f igure  
4 f o r  age 18 and an i n i t i a l  dens i ty  of  16,000 
t r e e s  p e r  acre.  

EFFECTIVE GROWING SPACE (SQ. F t  1 

Figure 4.--Annual t r e e  d i ane t e r  growth of  l o b l o l l y  
prne a t  age 18 i n  r e l a t i o n  t o  e f f e c t i ~  growing 
space as  es t imated  by t h e  competition f k i c t i o n ,  
f(S;). 

DISCUSSION 

Only a few values f o r  $1 and $2 have so f a r  
been t e s t ed .  For $1, i n  add i t i on  t o  2,  4 was 
used and the  value f o r  t he  exponent f o r  t he  var i -  
ab l e ,  CSi/A,  i n  t he  regress ion  shown i n  f i gu re  2 
was t r i e d .  For $ 2 ,  t he  values 4 and 8 were used. 
The value f o r  t he  exponent f o r  t he  va r i ab l e  S/S;, 
i n  t he  regress ion  i n  f i gu re  3 was a l s o  t r i e d .  The 
r e s u l t i n g  regress ions  d i f f e r e d  bu t  l i t t l e  from 
those given i n  t a b l e  1. 

In genera l ,  i nc reas ing  the  value of  4 1  w i l l  
increase  t he  s e v e r i t y  of  t he  r e s t r i c t i o n  on growth 
caused by s tand competition a s  CS; approaches t h e  
a r e a  of  t he  stand. Increas ing  t h e  value of  $2, 
on t h e  o the r  hand, increases  t h e  s e v e r i t y  of  
competition from neighboring t r e e s .  As $2 becomes 
l a r g e ,  t h e  competitive advantage of  l a r g e  t r e e s  
over smal ler  ones increases  rap1 dly. This f ea tu re  
of t he  function may perrnit adjustment o r  tuning  
of a growth model when i t s  performance i s  being 
evaluated. 

In i t s  present  form, t h e  funct ion  operates 
a t  t h e  s tand  l e v e l ;  it does not  account f o r  l o c a l  
competition experienced by a p a r t i  cullar t r e e .  
Figqures 3 and 4 show t h a t  t he re  was considerable 
v a r i a t i o n  i n  t he  growth da t a  used i n  t he  analys is .  
Trees o f  widely d i f f e r i n g  diameters of ten  had t h e  
same growth r a t e .  It is  l i k e l y  t h a t  l o c a l  compe- 
t i t i o n  was responsible f o r  some of t h i s  va r i a t i on .  
Possibly,  some form of competition index can be 
incorporated i n t o  t he  function,  o r  perhaps t h e  two 
t e r m  can be modified t o  r e f l e c t  more c lo se ly  t h e  
growing space r e l a t i onsh ips  of  a subjec t  t r e e  and 
i t s  cornpetitors. 



In  conclusion,  t h e  pre l iminary  t e s t s  of t h e  
function a r e  encouraging. The two t e r n s  with 
t h e i r  pa rane t e r s  may o f f e r  considerable f l ex i -  
b i l i t y  in fitting it t o  d i f f e r e n t  s t ages  o f  
s tand  growth and development. Fur ther  work i s  
i n  progress.  
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Abstract.--Some f a c t o r s  r e l a t e d  t o  t h e  form of height-  
over-age curves  i n  longleaf  p i n e  p l a n t a t i o n s  were i d e n t i f i e d  
from a n a l y s e s  of 660 p e r i o d i c a l l y  remeasured p l o t s .  Seventy 
p e r c e n t  of t h e  v a r i a t i o n  among 32 p l a n t a t i o n s  i n  form t h e  
growth curve  was accounted f o r  by s t r a t i f y i n g  p l a n t i n g  s i t e s  
i n t o  o l d  f i e l d s ,  mechanical ly prepared and unprepared cut-  
over  s i t e s .  Curve form was a f f e c t e d  by s i t e  q u a l i t y  on pre- 
pared and unprepared s i t e s ,  and by s t a n d  d e n s i t y  on a l l  s i t e s .  

INTRODUCTION 

A major i n d i c a t o r  of t h e  p r o d u c t i v i t y  of 
s o u t h e r n  p i n e  p l a n t a t i o n s  is s i t e  index  a t  age  25 
(SIZ5) ,  u s u a l l y  t h e  mean h e i g h t  of dominant- 
codominant t r e e s .  Unfor tuna te ly ,  t h e  e a r l y  
growth of s o u t h e r n  p i n e  p l a n t a t i o n s ,  i n c l u d i n g  
longleaf  p i n e  (P inus  p a l u s t r i s  M i l l . ) ,  i s  o f t e n  
s o  v a r i a b l e  t h a t  u s e  of a  s i n g l e  set of s i te  index 
curves  has  l i m i t e d  v a l u e  a t  b e s t  and can be  
s e r i o u s l y  misleading.  

Of ten  t h e  p r e d i c t e d  s i t e  index  f o r  a 
p l a n t a t i o n  changes over  t h e  y e a r s ,  whatever 
c u r v e s  a r e  used. E r r o r s  m u l t i p l y  a s  t h e  t i m e  
from index age  i n c r e a s e s  (McGee and C l u t t e r  1967). 
Even s m a l l  e r r o r s  i n  s i t e - i n d e x  e s t i m a t e s  can 
cause  l a r g e  m i s c a l c u l a t ~ o n s  of expected volume 
growth. For example, a  change from 60 t o  55 f t  
i n  S I  reduces t h e  p r o j e c t e d  cu- f t  volume y i e l d  
of a  ;?ash p i n e  p l a n t a t i o n  a t  age  20 by 25 per- 
c e n t  (Bennet t  e t  a l ,  1959). 

P a s t  s t u d i e s  sugges t  t h a t  height-over-age 
curves  f o r  sou thern  p i n e s  e s t a b l i s h e d  on o l d  f i e l d s  
may d i f f e r  n o t  on ly  between p l a n t a t i o n  and n a t u r a l  
s t a n d  b u t  a l s o  from s i m i l a r  s t a n d s  e s t a b l i s h e d  on 
cu tover  f o r e s t  s i t e s  (Chapman 1938, A l l e n  1955, 
B a i l e y  e t  a l .  1973). Form of height-over-age 
curves  may a l s o  b e  a f f e c t e d  by o t h e r  s t a n d  and 
s i t e  v a r i a b l e s ,  p a r t i c u l a r l y  s t a n d  d e n s i t y  
(Bennet t  1975, HcClurkin 1976) and s i t e  q u a l i t y  
{Beck and T r o u s d e l l  1973, Graney and Burkhart  1973). 

l / P a p e r  p resen ted  a t  Southern S i l v i c u l t u r a l  
~ e s e a y c h  Conference, A t l a n t a ,  Georgia ,  
November 6-7, 1980, 

2/The au thor  is P r i n c i p a l  S i l v i c u l t u r i s t  a t  
t h e  ~ g o r ~ e  W. Andrews F o r e s t r y  Sc iences  Laboratory,  
Auburn, AIL, maintained by t h e  Southern F o r e s t  
Experiment S t a t i o n ,  F o r e s t  Service--USDA, i n  
coopera t ion  wi th  Auburn Univers i ty .  

For t h i s  s tudy ,  height-over-age d a t a  from 660 
remeasured p l o t s ,  p r i m a r i l y  t h e  longleaf  p i n e  phase 
of t h e  Southwide P i n e  Seed Source Study (SPSSS), 
were used t o  i n v e s t i g a t e  how s i t e  and s t a n d  condi- 
t i o n s  a f f e c t  e a r l y  h e i g h t  growth of longleaf  p i n e  
p l a n t a t i o n s ,  

The SPSSS provided d a t a  from 637 of 660 
remeasured p l o t s  i n  t h i s  s tudy.  The o t h e r  23 
p l o t s  were from two s e p a r a t e  s t u d i e s  i n  west  
F l o r i d a .  Trees  on a l l  p l o t s  were scheduled f o r  
measurement a t  age  3 and 5, and a t  5-year i n t e r v a l s  
t h e r e a f t e r  a l though  t h e  remeasurement schedule  was 
n o t  always s t r i c t l y  met. Some p l o t s  (136) were 
l a s t  measured a t  age 20, 21, o r  22. The r e s t  were 
l a s t  measured a t  age  1 5  except  f o r  67 p l o t s  l a s t  
measured a t  age  16  o r  17. I n  a l l ,  t h e r e  were 
2737 height-over-age observa t ions .  

SPSSS s e r i e s  1 and 2 ( p l a n t e d  dur ing  w i n t e r  
1952-53) and s e r i e s  4 ,  5, and 6 (p lan ted  durLng 
w i n t e r  1956-57) were represen ted  i n  t h i s  s t u d y ,  
wi th  34 p l a n t i n g s  i n  c o a s t a l  s t a t e s  from Texas t o  
North Caro l ina .  P l a n t i n g s  were r e p l i c a t e d  a t  two 
l o c a t i o n s .  Also, r e p l i c a t e s  were combined, making 
a  t o t a l  of 32 recognized p l a n t i n g  l o c a t i o n s .  The 
p a r e n t  s t u d y  is descr ibed  by Wells and Wakeley 
(1970). 

At each examination, number of s u r v i v i n g  t r e e s  
and h e i g h t  of each s u r v i v o r  were recorded f o r  i n d i -  
v i d u a l  p l o t s .  The mean h e i g h t  of t h e  t a l l e s t  h a l f  
o f  s u r v i v i n g  t r e e s  on each p l o t  was determined and 
r e p r e s e n t e d  t h e  dominant-codominant f r a c t i o n  of 
t h e  s t a n d .  



A l l  p l an t a t i ons  were c l a s s i f i e d  i n t o  t h ree  
groups according t o  p l an t ing - s i t e  condit ion:  Old 
f i e l d s  (283 p l o t s  and 1172 observat ions) ,  mechani- 
c a l l y  prepared cutover f o r e s t  s i t e s  (116 p l o t s  and 
448 observations)  and unprepared cutover f o r e s t  
s i t e s  (261 p l o t s  and 1077 observat ions) .  A l l  
observations combined were given a stepwise 
regress ion  ana lys i s  of t he  £om:  

-112 
Log Height = bo + bl (Age) + b2 ( ~ ~ e ) - '  + b3 

The a n a l y s i s  determined which of t he  included 
independent va r i ab l e s  would g ive  t h e  bes t  s ingle-  
va r i ab l e  regress ion .  

The s i n g l e  va r i ab l e  regress ion  model considered 
the  bes t  was f i t t e d  t o  t he  height-over-age observa- 
t i ons  f o r  each indiv idual  p l o t ,  r e s u l t i n g  i n  660 
equat ions ,  Fur ther  analyses explored the  r e l a t i on -  
sh ip  of s lope  c o e f f i c i e n t s  f o r  i nd iv idua l  p l o t s ,  a s  
a  dependent va r i ab l e ,  t o  recorded s i t e  and s tand 
va r i ab l e s ,  These were pr imar i ly  s tand  dens i ty  
( surv iv ing  t r e e s  per ac re  a t  age l o ) ,  s i t e  q u a l i t y  
(he ight  of t a l l e s t  ha l f  of t r e e s  per  p l o t  a t  age 
15) ,  and t h e  t h ree  p l an t ing - s i t e  condi t ions .  

Coe f f i c i en t s  f o r  a l l  136 p l o t s  through age 
20-22 were compared with c o e f f i c i e n t s  derived from 
the'same p l o t s  through age 15 only. Values of 
s lope  c o e f f i c i e n t s  from p l o t s  through age 20-22 
d i f f e r e d  from age-15 values by an average of only 
0.7 percent .  P l an t a t i on  height-growth pa t t e rns  i n  
t h i s  s tudy appeared t o  be we l l  e s t ab l i shed  by age 
15, so  a l l  s l ope  coe f f i c i en t s  were pooled f o r  
analyses without  regard t o  p l an t a t i on  age a t  l a s t  
measurement . 

RESULTS 

The b e s t  s i n g l e  va r i ab l e  regress ion  f o r  a l l  
2737 height-over-age ohservations was: Log HT = 
1.8844 - 6.1764 ( ~ ~ e ) - l .  The c o e f f i c i e n t  o i  
determination ( r2)  was 0.8484. The only o the r  
v a r i a b l e  con t r ibu t ing  s i g n i f i  c an t ly  (. 05 l e v e l )  t o  
the  r eg re s s ion  was which when included 
i n  t he  equation,  r e su l t ed  i n  an R~ of 0.8497. 

The model ~ o g l o  HT = b + b l  ( ~ ~ e 1 - l  was f i t t e d  
t o  each ind iv idua l  p lo t :  580 (79 percent)  of t he  
r e s u l t i n g  equations had r2  va lues  of 0.99 o r  b e t t e r .  
Slope c o e f f i c i e n t s  ( b l ) ,  with negat ive  s ign  
omitted, became the  dependent v a r i a b l e  i n  analyses 
of t he  r e l a t i o n s h i p  of p lant ing-s i te  condit ion,  
s tand  dens i ty ,  and s i t e  qua l i t y  t o  t he  form of 
ea r ly  p l a n t a t i o n  he ight  growth. 

Planting-to-planting and plot- to-plot  va r i a t i on  
i n  s lope  c o e f f i c i e n t s  was high. C l a s s i f i c a t i o n  of 
t he  32 SPSSS p l an t a t i on  loca t ions  i n t o  t he  t h r e e  
p l an t ing - s i t e  condit ions accounted f o r  70 percent  
of t he  v a r i a t i o n  among p lant ings  i n  average s lope  
c o e f f i c i e n t ,  The mean, s tandard devia t ion ,  and 
range of c o e f f i c i e n t  values f o r  t h e  32 p l an t a t i on  

loca t ions  a r e  i l l u s t r a t e d  i n  f i g u r e  1 f o r  each 
p l an t ing - s i t e  condi t ion ,  Much of t he  remaining 
v a r i a t i o n  can probably be a t t r i b u t e d  t o  f a c t o r s  
such a s  two d i f f e r e n t  years of p l an t a t i on  es tabl i sh-  
ment, varying sets of seed sources,  and geographic 
l oca t ion  with i t s  associa ted  c l ima t i c  and s o i l - s i t e  
condit ions.  

I - l ALL PLANTINGS 

UNPREPARED 
FOREST SlTES ( - ' 

PREPARED FOREST SITES 

( - 1 OLD FIELDS 

Figure I,--*"Iaaa,standard devia t ion ,  and range of 
growth curve c o e f f i c i e n t s  f o r  p lant ings  on o ld  
f i e l d s ,  prepared and unprepared f o r e s t  s i t e s ,  
and a l l  p lant ings  combined. 

Both s tand dens i ty  and s i t e  q u a l i t y  had a 
small  bu t  highly s i g n i f i c a n t  e f f e c t  on growth curve 
coe f f i c i en t s .  C l a s s i f i c a t i o n  i n t o  t he  t h r e e  plant-  
i ng - s i t e  condi t ions  a lone  accounted f o r  43 percent  
of plot- to-plot  va r i a t i on .  Addition of s tand  
dens i ty  r a i s ed  t h i s  va lue  t o  47 percent  and s i t e  
qua l i t y  t o  48 percent .  Stand dens i ty  a f f ec t ed  
growth curve form i n  each of t he  t h ree  p l an t ing  
s i t e  condit ions.  S i t e  qua l i t y  a f f ec t ed  curve form 
only on prepared and unprepared s i t e s ,  i nd i ca t ing  
t h a t  s i t e  index curves f o r  t he se  condit ions w i l l  
be polymorphic, 

P l an t ing - s i t e  condi t ion  had the  g r e a t e s t  
impact on curve form, wi th  t h e  l a r g e s t  con t r a s t  
being between o ld  f i e l d s  and unprepared f o r e s t  
s i t e s .  The d i f f e r ence ,  f o r  p lant ings  with a s t and  
dens i ty  of 700 t r e e s  per ac re ,  is i l l u s t r a t e d  i n  
f i g u r e  2 f o r  four  s i t e  index (S125) c l a s se s .  For 
SI25 of 60 f t ,  10-year-old p l an t a t i ons  on o l d  
f i e l d s  a r e  about 5 f t  t a l l e r  than s i m i l a r  p l an t ings  
on unprepared f o r e s t  s i t e s .  The comparatively 
rapid  e a r l y  growth on o ld  f i e l d s  can be a t t r i b u t e d  
t o  l e s s  low competi t ion than on unprepared cutover 
s i t e s .  Competition was pr imar i ly  from shrubs and 
herbaceous vegeta t ion  because r e s idua l  t r e e s  had 
been removed o r  k i l l e d  i n  a l l  p lanta t ions .  The 
extreme of growth curve d i f ferences  among indi -  
v idual  p l o t s  is shown i n  f i g u r e  3, With a connnon 
SI25 of 50 f t ,  t h e  d i f f e r ence  i n  t r e e  he ight  a t  
age 10 is 20 f t .  The upper curve is an o ld  f i e l d  
p l o t ,  t he  lower curve an unprepared f o r e s t  p l o t .  
The regress ion  r2 values f o r  each of these  two 
p l o t s  were 0.999 and 0.994, respect ive ly .  
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Figure  2.--Comparison of growth curves  on unpre- F igure  3.--Comparison of growth curves on two p l o t s  
pared f o r e s t  sites w i t h  t h o s e  on o l d  f i e l d s  f o r  w i t h  g r e a t e s t  observed d i f f e r e n c e .  Upper curve- 
s e l e c t e d  age  25 s i t e  index va lues .  o l d  f i e l d ;  lower curve-unprepared f o r e s t  s i te.  

Differences i n  growth curves  between prepared i d e n t i c a l  u n t i l  canopies  c l o s e .  Afterwards h e i g h t  
and unprepared f o r e s t  s i t e s  a r e  n o t  a s  g r e a t  a s  growth f o r  t h e  h igh  d e n s i t y  s t a n d  can be expected 
t h o s e  between o l d  f i e l d s  and unprepared sites t o  f a l l  below t h a t  of t h e  low d e n s i t y  s tand .  
( f i g .  4 ) .  For S I 2 5  of 60, 10-year-old t r e e s  on 
prepared s i t e s  have about  a  3 f t  h e i g h t  advantage 
over  s i m i l a r  p l a n t i n g s  on unprepared s i t e s .  CONCLUSIONS 

Growth curves  f o r  prepared f o r e s t  sites were 
c l o s e  t o  those  of o l d  f i e l d s  on good sites, b u t  
d i f f e r e n c e s  i n c r e a s e  a s  s i t e  q u a l i t y  d e c l i n e s  
( f i g .  5 ) .  For SI25 of 80, t h e r e  was no apparen t  
d i f f e r e n c e  i n  t h e  curves ,  b u t  f o r  SI25 of 40, o l d  
f i e l d  p l a n t i n g s  a t  age  1 0  had about  a  2 f t  
advantage over  prepared s i t e  p l a n t i n g s .  As noted 
e a r l i e r ,  s i t e  q u a l i t y  a f f e c t e d  curve  form on 
prepared  s i t e s ,  b u t  n o t  o l d  f i e l d s ,  hence t h e  
o p p o r t u n i t y  t o  converge. On good sites, i n t e n s i v e  
mechanical  s i t e  p r e p a r a t i o n  r e s u l t e d  i n  growth 
e q u i v a l e n t  t o  t h a t  expected on o l d  f i e l d s ,  Even 
on poor s i t e s ,  d i f f e r e n c e s  were r e l a t i v e l y  smal l .  

The observed e f f e c t  of s t a n d  d e n s i t y  on curve  
form is i l l u s t r a t e d  i n  f i g u r e  6 f o r  an  o l d - f i e l d  
s i t e ,  one w i t h  250 and t h e  o t h e r  w i t h  1200 t r e e s  
p e r  a c r e ,  Given t h e  same SI25,  t h e  curve  f o r  t h e  
high d e n s i t y  s t a n d  is h i g h e r  than  t h a t  f o r  t h e  low 
d e n s i t y  s t a n d .  The d i f f e r e n c e  is n o t  g r e a t ,  
amounting t o  s l i g h t l y  over  2 f t  a t  age  10 f o r  SI25 
of 60 f t .  In  t h i s  i l l u s t r a t i o n ,  was s e t  a t  an  
equa l  v a l u e  f o r  comparison of growth curves  f o r  each 
of t h e  two s t a n d  d e n s i t i e s .  Ear ly  p l a n t a t i o n  growth 
f o r b o t h d e n s i t i e s  on an e q u i v a l e n t  s i t e  should be 

R e s u l t s  of t h i s  s tudy  i n d i c a t e  t h a t  form of 
height-over-age curves a r e  in f luenced  by p lan t ing-  
s i t e  v a r i a b l e s  and s t a n d  d e n s i t y .  The degree  of 
i n t e n s i t y  of p r e p l a n t i n g  s i t e  p r e p a r a t i o n  appar- 
e n t l y  h a s  t h e  g r e a t e s t  impact on form of t h e  
height-over-age curves.  It must be  considered when 
a t tempt ing  t o  e s t i m a t e  s i t e  q u a l i t y  from e a r l y  
p l a n t a t i o n  h e i g h t  growth. S i t e  q u a l i t y  p e r  s e  
a f f e c t e d  curve form on both prepared and unprepared 
f o r e s t  s i t e s ,  sugges t ing  t h a t  s i t e  index curves  
developed f o r  t h e s e  twa c o n d i t i o n s  w i l l  be  poly- 
morphic. The s t a n d  d e n s i t y  e f f e c t  was h i g h l y  
s i g n i f i c a n t  b u t  small .  So w i t h i n  t h e  range of 
d e n s i t i e s  expected i n  most p l a n t a t i o n s ,  i t  w i l l  have 
a  n e g l i g i b l e  e f f e c t  and can be reasonably ignored.  
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SEEDLING STfRVIVAL ESTIMTES USING 35W B M L  PHOTOGWMI: 

1 / A NEW APPROACE 

Craig B. Canrpbell 
and 

2 /  Roy A. Head- 

Abstract.-- Seedling su rv iva l  inventor ies  f o r  l o b l o l l y  
p ine  (Pinus taeda L.)  p l an t a t i ons  i n  ea s t e rn  Virg in ia  were 
performed by us ing  m a l l  format, 35m,  color  i n f r a r ed  a e r i a l  
photography. The t e s t  s i t e s  s e l ec t ed  were ( I )  chopped and 
burned o r  (2) K-G bladed, windrowed, and bedded. One year 
o ld  p l an t a t i ons  r ep re sen ta t i ve  of both s i t e  prepara t ion  
methods were t e s t ed .  The photography was obtained during 
t h e  winter  of 1980 a t  s eve ra l  s ca l e s .  Survival  counts were 
made from the  photos and compared wi th  t h e  counts made on 
t h e  ground. Economic and accuracy comparisions were made 
between the  photo and cu r r en t  i ndus t ry  f i e l d  methods. 

INTRODUCTION 

The c o s t s  of regenera t ing  the  southern p ines  
a r e  i nc reas ing  rapid ly .  As n a t u r a l  s tands  a r e  
harvested,  they a r e  being replaced by p ine  plant-  
a t i ons .  The l i ve l ihood  of t h e  f o r e s t  indus t ry  i n  
t h e  Southeast  depends on t h e  successfu l  regenera- 
t i o n  of t he se  p l an t a t i ons .  To ensure t h e i r  suc- 
cess ,  w e  p ro t ec t  t h i s  c a p i t a l  investment wi th  in- 
t ens ive  s i te  prepara t ion  i n  a n  e f f o r t  t o  con t ro l  
competing vegeta t ion .  Due t o  t he  s i z e  of t h i s  in- 
vestment, most companies r e q u i r e  t h a t  seedl ing  
s u r v i v a l  es t imates  be made a t  t h e  end of t h e  f i r s t  
growing season. The purpose of t h i s  paper is t o  
o u t l i n e  a proposed photogrammetric method f o r  e s t -  
imating seedl ing  su rv iva l  and compare i t  wi th  t h e  
cu r r en t  methods used by t h e  f o r e s t  indus t ry .  

PHOTOG TRIG PllETHOD 

There a r e  s eve ra l  r ecen t  papers on photo- 
g r m e t r i c  procedures t o  e s t ima te  seedl ing  survi-  
v a l  (Nelson, 1977a and Schaefer ,  1978). However, 

I /  Paper presented a t  t h e  Southern S i lv i -  
cu l tu<l  Research Con£ erence,  At lanta ,  Georgia, 
November 6-7, 1980. 

21 The au tho r s  a r e  Graduate Research A s s i s t -  
a n t  G d  Ass i s t an t  Professor ,  respect ive ly ,  i n  t he  
School of Fores t ry  and Wi ld l i f e  Resources, V i r -  
g i n i a  Polytechnic I n s t i t u t e  and S t a t e  Universi ty,  
Blacksburg, Virg in ia  24061. 

none of these  incorpora te  t h e  use  of 35mm a e r i a l  
photography, nor do they present  an ope ra t iona l  
system t o  use wi th  a pho tog rame t r i c  procedure. 
One o r  more of t h e  following po in t s  were found t o  
be d e f i c i e n t  i n  t h e  papers reviewed: (1)  t h e  c o s t s  
f o r  t he  ground surveys, (2)  t h e  sampling i n t e n s i t y  
of t h e  ground survey, (3)  t h e  c o s t s  f o r  t he  photo- 
grammetric survey, and (4) t h e  amount of photo 
coverage obtained by t h e  photogrammetric survey 
(Crumstrup and Meyer, 1977; Nelson, 1977a; and 
Schaefer, 1978). This s ec t ion  p re sen t s  a pro- 
posed opera t ional  photogrammetric method and t h e  
experimental procedure which supports  it. 

Procedure 

The exper inenta l  procedure f o r  a e r i a l  photo 
acqu i s i t i on  involves t he  use of Kodak 35151 color  
i n f r a r ed  (CIR) ektachrome i n  conjunction with a 
35mm SLR camera with a 205m te lephoto  lens .  The 
color  s h i f t i n g  p rope r t i e s  of t h e  C I R  f i l m  a l low 
f o r  b e t t e r  spec ies  d iscr iminat ion  and ease  of in-  
t e r p r e t a t i o n  over standard panchromatic and c o l o r  
f i lms  (Howland, 1980). A 2051nm te lephoto  l e n s  
was chosen t o  minimize displacement while allow- 
ing f o r  s a f e  f l y i n g  he ights  a t  t h e  s c a l e s  of in- 
t e r e s t .  This procedure was used i n  an at tempt t o  
image 1-0 l o b l o l l y  p ine  (Pinus taeda L.) seedl ings  
a f t e r  one growing season on in t ens ive ly  prepared 
s i t e s .  The a e r i a l  photography was taken during 
Ffarch of 1980 because t h e  maximum con t r a s t  be- 
tween t h e  annual and deciduous vegeta t ion  and t h e  
evergreen vegeta t ion  e x i s t s  during t h e  winter  
months. The photography was obtained using t h e  
above system and a he l i cop te r  p l a t f o r m . /  The 



s c a l e s  of photography were 1:300, 1:500, 1 :740 ,  
1 nd 1:1040. On t h e  p l an t a t i ons  i nves t i -  
gated,- a t  a s c a l e  of f:300, 93 t o  100 percent  of 
a l l  seedl ings  were imaged on t h e  film. On t he  
same sites, a t  a s c a l e  of 1:89Q, 84 t o  90 percent  
of a l l  seedl ings  were imaged on the  f i lm. h e  t o  
t h e  a b i l i t y  t o  image one year o ld  f o b l o l l y  p ine  
seedl ings  w i th  t h i s  procedure, an  opera t ional  

e t r i c  method using t h e  procedure was 
designed. 

Proposed Method 

The proposed opera t ional  method depends on 
the  i n t eg ra t ed  use  of a 35 m a e r i a l  photo 
system, I n i t i a l  small s c a l e  v e r t i c a l  photography 
would be flown and t h e  photo d e t a i l  t r ans fe r r ed  
t o  a base nmp (e,g. U.S.G.S. quadrangles) t o  
determine t h e  number of hec t a r e s  f o r  p l an t ing  
o r  s i t e  prepara t ion  payments. Standard t r ansec t  
l i n e s  and p l o t s  a r e  then loca ted  f o r  a given 
sampling i n t e n s i t y  and t h e i r  coordina te  pos i t i ons  
a r e  r e c o r d e d . 3  The t r a n s e c t s  a r e  then flown 
with l a r g e  s c a l e ,  v e r t i c a l ,  a e r i a l  photography 
( i . e .  t he  photography described) and t h e  seedl ing  
counts a r e  made d i r e c t l y  from t h e  s l i d e  pro jec t -  
ions.  The counts can be correc ted  t o  per  hec t a r e  
f i g u r e s  of seedl ing  su rv iva l  based on t h e  a p r i o r i  
knowledge of t h e  sample poin t  coordina tes ,  t h e  
f l y i n g  he ight  of t h e  a i r c r a f t ,  t h e  camera system, 
and the  i n i t i a l  number of trees planted per 
hec tare .  Using t h i s  information,  t he  required 
ca l cu l a t i ons  and a c t u a l  mapping of s eed l ing  
surv iva l  f o r  each p l an t a t i on  can be done by 
simple computer packages. The end product is 
a contour map of su rv iva l  percentages o r  numbers 
of t r e e s  per  hec t a r e  f o r  every p l an t a t i on  inven- 
t o r i ed  and a permanent f i lm  record of t h a t  
inventory.  

INDUSTRY MEmUDS 

The cu r r en t  methods f o r  es t imat ing  seedl ing  
su rv iva l  involve the  use of f i xed  a r ea  p l o t s  
t h a t  range i n  s i z e  from 4.05 t o  40.5 square 

3 IEa r l i e r  f l i g h t s  proved the  fixed-wing 
p l anes  t o  be unsa t i s f ac to ry  f o r  covering the  
e s t ab l i shed  research  p l o t s  due t o  inadequate 
f l i g h t  l i n e  con t ro l  and t i p .  Due t o  t h e  l ack  of 
a he l i cop te r  mount these  photos a r e  low oblique 
exposures. 

4 / ~ w o  s i t e  prepara t ions  were inves t iga ted:  
(a) A-dm-chopped and burned p l an t a t i on  owned 
by the  Chesapeake Corporation and (b) a windrowed 
and bedded p l an t a t i on  owned by t h e  Union Camp 
Corp. (Franklin,  Va.). 

51 The x and y coordina tes  a r e  needed t o  
locat; the  sample poin t  wi th in  t he  p l an t a t i on  
and the  z coordina te  o r  e l eva t ion  of t he  point  
is  needed t o  c a l c u l a t e  t he  sample s i z e .  

~ ~ e t e s s .  Depending on the  area, t he  su rv iva l  
p l o t s  a r e  a l l oca t ed  on a two t o  f i v e  p l o t  per  
hec t a r e  bas i s  with predetemined t r ansec t s .  How- 
ever,  indus t ry  c r u i s e s  range f r m  0.05 t o  2.0 
percent and y i e ld  su rv iva l  da t a  which is re fe r -  
enced f o r  each p l an t a t i on  i n  a coordina te  o r  g r i d  
system, From the  f i e l d  da ta ,  t h e  surv iv ing  
nulllber of t r e e s  per  hec t a r e  a r e  ca l cu l a t ed  and 
compared with t he  number of t r e e s  planted per  
hec tare .  The r e s u l t i n g  su rv iva l  percentages a r e  
t r ans fe r r ed  t o  a base nrap and a r e a s  of unaccept- 
a b l e  regenerat ion a r e  =nually loca ted .  %e 
disadvantage of t he se  methods is t h a t  they r equ i r e  
a r e l a t i v e l y  l a r g e  number of man-hours (Melson, 
1977b). 

RESaTS AND DISCUSSIUX 

A s  previously s t a t e d ,  t h e  ob jec t ive  of t h i s  
paper is t o  compare and con t r a s t  t h e  proposed 
photogrammetric survey with t he  current  surveys 
used by t h e  f o r e s t  indus t ry  i n  t h e  Southeast. It 
is  proposed t h a t  t he  pho tog rame t r i c  survey would 
take  l e s s  time t o  complete than the  same survey 
would on t h e  ground. From information provided 
by indus t ry  cooperatorsfil, i n i t i a l  comparisons 
between the  two methods a r e  poss ib le .  A 
summary of t h e i r  respect ive  advantages and d is -  
advantages follows. 

The ground survey is the  primary method used 
by the  f o r e s t  indus t ry  t o  evalua te  seedl ing  
surv iva l .  The inventory methodology is  simple, 
requi r ing  only t he  enumeration of seedl ings  with- 
i n  a p l o t  boundary. The indus t ry  survey a l s o  
provides an opportunity f o r  an on-si te  inspect ion  
of t he  qua l i t y  of t h e  p lant ing  and t h e  genera l  
condit ion of t he  p lanta t ion .  A major concern i s  
the  qua l i t y  of t h i s  survey wi th  respect  t o  t he  
investment i t  represents .  Generally, t h e  sampling 
i n t e n s i t y  is  very small and t h e  p l o t  l oca t ions  
a r e  subjec t  t o  b i a s  o r  e r ro r .  

The pho tog rame t r i c  survey is a l s o  subjec t  
t o  s eve ra l  problems. The use of CIR f i lm  l i m i t s  
t he  time of day during which the  photos can be 
taken because shadows (e.g, from low sun angles)  
on CIR f i lm  a r e  completely black,  Due t o  t he  
oblique na ture  of t h e  photography, competing 
vegeta t ion  (e ,g . ,  stump sprouts ,  sedges, and 
o ther  annuals) caused problems by cas t i ng  shadows 
on seedl ings  and by reducing the  l i g h t  r e f l ec t ed  
by t h e  seedlings.  The r e l a t i v e  s i z e  o r  he ight  
of indiv idual  seedl ings  and/or t h e i r  v igor  ( i . e .  
amount and color  of fo l i age )  were o the r  problems 
wi th  i n t e rp re t ing  the  imagery. The smaller  or  

6/The Chesapeake Corp., West Poin t ,  Va. and 
the  ~ G i o n  Camp Corp., Franklin,  Va. were w i l l i n g  
and he lpfu l  cooperators and we extend them our 
g ra t i t ude .  



l e s s  vigorous seedl ings  were o f t e n  not  i n t e r -  
pre ted .  These problems accounted f o r  a l l  
s eed l ings  t h a t  were no t  imaged. It was found 
t h a t  t h e  photo i n t e r p r e t a t i o n  improved s i g n i f i -  
c an t ly  (Bishop e t  a l . ,  1 9 7 5 ) a  as the angie 
from t h e  v e r t i c a l  was reduced. I n  o t h e r  words, 
t h e  c l o s e r  t he  seedl ings  were t o  t h e  nad i r  t he  
b e t t e r  t h e  i n t e r p r e t a t i o n .  The r 
blem is one of m i s c l a s s i f i c a t i o n  of vegetat ion.  
Due t o  t h e  design of t h e  sample, no previous 
imagery of  s i m i l a r  s i t e s  was a v a i l a b l e  f o r  
t r a i n i n g  the  photo i n t e r p r e t e r .  This o f t e n  
l e d  t o  t h e  c l a s s i f i c a t i o n  of American Holly 
( I l e x  opaca Ait . )  a s  seedl ings .  In f a c t ,  they 
have q u i t e  d i f f e r e n t  s p e c t r a l  s i gna tu re s .  There- 
f o r e  an  experienced photo i n t e r p r e t e r  could 
d i f f e r e n t i a t e  between the  h o l l y  and t h e  seedlings.  
Host of t h e  problems a s soc i a t ed  wi th  t h i s  method 
dea l  e i t h e r  with t he  non-vert ical  na tu re  of t h e  
photography o r  t h e  l ack  of t r a i n i n g  sets f o r  t he  
i n t e r p r e t e r .  

There a r e  s eve ra l  advantages i n  us ing  the  
photogrammetric method. Stand a r e a s  can be 
checked without  ground surveys. The p l an t a t i ons  
need only  be v i s i t e d  i f  t h e  success 'of t h e  planta- 
t i o n  is  i n  quest ion.  The a e r i a l  survey a l s o  

71 S t a t i s t i c a l l y  t e s t e d  by using d i s c r e t e  
mul t iGar ia te  a n a l y s i s  a t  t h e  95X confidence l e v e l ,  

al lows f o r  inspect ion  of t h e  q u a l i t y  of the 
p l an t ing  and t h e  genera l  condi t ion  of the  planta-  
t i o n ,  The a e r i a l  survey al lows f o r  increased 
s a p l i n g  i n t e n s i t y  over t h e  ground surveys. This 
can range frm two t o  f o r t y  t i m e s  t h e  i n t e n s i t y  
of cu r r en t  indus t ry  surveys,  A l l  manual work 
required t o  m n i p u l a t e  t h e  c r u i s e  da t a  can be 
done by cmpu te r  and i n  l e s s  time. The f i n a l  
products  not  only t e l l  which p l an t a t i ons  have 
su rv iva l  problems but  where those problems a r e  
loca ted  wi th in  the  p l an t a t i on .  The l a s t  advant- 
age of t h e  photogrannnetric method is t h a t  i t  
r equ i r e s  l e s s  time t o  complete than a comparable 
ground method. 

The time and cos t  comparison of these  methods 
is b e s t  t l l u s t r a t e d  by example ( f i g .  1 ) .  In  work- 
i ng  with t he  i n i t i a l  da ta ,  t h e  a e r i a l  survey can 
be completed i n  one-third t h e  time i t  takes  two 
men t o  complete t h e  same ground survey. However, 
t he  photo method c o s t s  more than t h e  ground 
method ( f i g ,  1 ) , g /  The dec is ion  t o  use t he  photo 
method should be made by considering t h e i r  r e l a -  
t i v e  sample i n t e n s i t i e s .  If t he  photo sample 
i n t e n s i t y  is twice t h a t  of t h e  ground sample 

8/The a e r i a l  survey inc ludes  f i l m  cos t s  and 
develTping, one man on f u l l  time (8 hrs/day) , and 
the  r e n t a l  of a  he l i cop te r  and p i l o t  a t  $150/hr. 
f o r  4 hrs . /day.  The ground survey inc ludes  t r a v e l  
c o s t s  and two men on fu l l - t ime (8 hrs/day).  

PHOTO 
=SYSTEM 
rnGROUND 

SYSTEM 
1 

01 ;O q 6  20 25 3a 35 40 4s v i m I I * w 
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Figure 1.--Time and cos t s  required t o  complete both t he  
pho tog rame t r i c  and ground surveys given t h e  t o t a l  
number of a c r e s  inventoried.  



i n t ens i ty ,  the cos t  per un i t  of sample in tens i ty  
(percent sample) f o r  the photo method is  approx- 
imately 54 percent of tha t  f o r  t h e  ground 
metbod, Helicopter r en ta l  is the  l a r g e s t  
f ac to r  a f f e c t i n g  the  absolute cost  of the  photo 
method. However, the  use of leas ing plans o r  
company omersh ip  could e a s i l y  reduce t h e  
absolute cos t  of the  suntey t o  l e s s  than tha t  
of the  ground methods. 

CONCLUSIONS 

While there  e x i s t  several  problem with the  
t r i c  method proposed i n  t h i s  paper, 

mst of them can be solved with t r u e  v e r t i c a l  
photography and a trained photo in te rp re te r .  
The photo system is  fu r the r  j u s t i f i e d  by 
add i t iona l  uses such a s  area  determinations 
and o the r  inventories.  Also the  photo method 
requires  l e s s  time t o  complete t h e  same inven- 
tory.  The sampling in tens i ty  of the  photo 
method may be two t o  f o r t y  times t h a t  of the  
current  industry methods which i n  turn  reduces 
the  cos t  per un i t  of sample in tens i ty .  The 
end products f o r  the  photo inventory a r e  more 
e a s i l y  produced than by conventional surveys 
and the  photos a r e  a permanent record f o r  each 
planta t ion.  I n  this study, the  absolute costs  
f o r  the  photo method a r e  greater  due t o  the  cost  
of hel icopter  r en ta l ,  However, reduction of t h i s  
cos t  would reduce the  absolute cost  of the  photo 
method so  a s  to make i t  f inanc ia l ly  competitive 
with the  ground method. 
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COLOR mIAL PHOTOG AS A GllIDE TO 
FOLIAR NUTRIENT L E V ~ S  AND SITE I ~ ~ E X  IN LOBLOLLY PINE PLANTATION&/ 

2 / A 1  Lyons and Edward Buckner- 

Abst rac t ,  -- Color a e r i a l  photographs were obtained 
during the  winter  of 1979-80 of extensive a r eas  of  l o b l o l l y  
pine p l an t a t i ons  i n  Franklin County, Alabama, and Wayne 
County, Tennessee. Photo i n t e r p r e t e r s  i d e n t i f i e d  3 Munsell 
co lor  c l a s se s  t h a t  would accomodate t he  range of  co lo r s  
de tec ted  i n  l o b l o l l y  pine p l an t a t i ons  on these  photographs. 
Each of these  colors  r e f l ec t ed  a s p e c i f i c  f o l i a r  n i t rogen and 
s i t e  index range. 

This technique permitted evalua t ion  of product iv i ty  ( s i t e  
index) and f o l i a r  n u t r i e n t  s t a t u s  from color  a e r i a l  photographs, 
enabling more e f f i c i e n t  land c l a s s i f i c a t i o n  and poss ib ly  more 
e f f i c i e n t  use of f e r t i l i z e r s  f o r  increas ing  product iv i ty .  

INTRODUCTION 

The rapid  expansion t h a t  has charac ter ized  
the  f o r e s t  products indus t ry  i n  t he  South over t he  
l a s t  decade has g r e a t l y  increased the  demand f o r  
roundwood, e spec i a l l y  pine.  To s a t i s f y  t h i s  
demand, f o r e s t  product i ndus t r i e s  a r e  i n t ens i fy ing  
e f f o r t s  t o  increase  f o r e s t  product iv i ty  on present  
ownerships r a t h e r  than incur  t h e  high acqu i s i t i on  
and m 3 n t e m n c e  c o s t s  of expanding t h e i r  f o r e s t  
landownership. F e r t i l i z a t i o n  provides one means 
of accomplishing t h i s  goal  where s u i t a b l e  s i t e s  
can be i d e n t i f i e d .  Wide v a r i a t i o n s  i n  response 
have demonstrated t h a t  ca re  must be exercised i n  
s e l e c t i n g  p l an t a t i ons  t h a t  w i l l  respond t o  
increased  n u t r i e n t  l e v e l s .  

Adequate f o l i a r  n u t r i e n t  l e v e l s ,  e spec i a l l y  
N, usual ly  r e s u l t  i n  dark-green fo l i age ,  t he  
r e s u l t  of high chlorophyl concentrat ions.  Chlorosis  
(yellowing) is commonly r e l a t ed  t o  low f o l i a r  
n i t rogen  l e v e l s  ( P r i t c h e t t ,  1979). 

y p a p e r  presented a t  Southern S i l v i c u l t u r a l  
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The Universi ty of Tennessee, Knoxville, TN 37901, 

Winter yellowing of l o b l o l l y  pine (Pinus 
taeda L.) f o l i age ,  a common phenomenon throughout 
much of t he  South, has been r e l a t e d  t o  f o l i a r  
n u t r i e n t  l e v e l s ,  e syec i a l l y  N and P. Blinn (1978) 
color  coded l o b l o l l y  pine f o l i a g e  t o  one of s i x  
d i s c r e t e  Munsell co lo r  s igna tu re s .  As t o l i a g e  
co lo r  changed from yellow t o  dark-green there  
was a stepwise i nc rease  (highly s i g n i f i c a t  
increase)  i n  both M and P, While p o s i t i v e  
co r r e l a t i ons  were found wi th  both elements, t he  
n i t rogen r e l a t i onsh ip  appeared most d i s c r e t e .  
These high c o r r e l a t i o n s  between fo l i age  co lo r  and 
n u t r i e n t  concent ra t ions  suggest  t h a t  co lo r  a e r i a l  
photographs might be u se fu l  f o r  determining f o l i a r  
n u t r i e n t  l e v e l s  wi th in  and among l o b l o l l y  pine 
p lanta t ions .  

During the  winter  of 1979-80 co lo r  a e r i a l  
photographs (0.4 urn - 0.7 um) were obtained of 
l o b l o l l y  pine p l an t a t i ons  i n  Frankl in  County, 
Alabama, and Wayne County, Tennessee. Photographs 
were taken a t  5,000, 10,000, and 15,000 f e e t  us ing  
a Mild RC-10 camera mounted i n  a Cessna 411 A i r -  
c r a f t .  Kodak Aerocolor Negative f i lm 2445 ( e s t e r  
base)  was used. 

Rigid cont ro l  over processing assured uniform 
color  rendi t ions  on the  var ious  photographs, 
Three separa te  i n t e r p r e t e r s  using a c e t a t e  over lays  
drew boundaries between co lo r  c l a s s e s  t h a t  could 
be de tec ted  wi th in  l o b l o l l y  pine p l an t a t i ons  a s  
seen on t h e  color  a e r i a l  photographs. These c o l o r  
u n i t s  were then coded t o  a s p e c i f i c  Flunsell 
co lor  chip. 



Ground t r u t h  was e s t ab l i shed  by tak ing  3  
p l o t s  i n  each co lo r  u n i t  i d e n t i f i e d  i n  a  planta- 
t ion .  A t  each sample p l o t ,  f o l i a g e  was col lec ted  
from 4 t r e e s  and composited t o  make one sample. 
S o i l  samples were co l l ec t ed  near  each sample t r e e  
and composited t o  make one s o i l  sample. Additional 
da t a  co l l ec t ed  from each p lo t  included ( s i t e  index, 
basa l  a r e a ,  average diameter growth over l a s t  5  
years ,  aspec t ,  and percent of s lope ) ,  

Fol iage  samples were oven-dried a t  70 degrees 
C and ground i n  a  Wiley m i l l  t o  pass a  20-mesh 
screen.  Nitrogen was determined by the  Kjeldahl 
Hethod using a  Tector d i s t i l l i n g  u n i t  and t i t r a t o r .  
P  was determined colormetr ica l ly ,  while K, Ca, 
and Mg were determined by atomic absorption 
spectrometry,  S o i l  P and K and s o i l  Ph were 
determined a t  t h e  Tennessee Agr icul tura l  Extension 
Service  S o i l  Test ing Laboratory. 

RESULTS 

Photo i n t e r p r e t e r s  were ab l e  t o  i d e n t i f y  3  
d i s t i n c t  co lo r  u n i t s  i n  l o b l o l l y  pine p lanta t ions :  
green (2.5 G 314) , yellow-green (2.5 GY 51 4 ) ,  and 
yellow (2.5 GY 6/6).  Although co lo r  s h i f t s  could 
be  de tec ted  i n  p l an t a t i ons  a t  a l l  3  a l t i t u d e s ,  
the  5,000-f oot  photographs provided t h e  bes t  
r e so lu t ion .  

F o l i a r  ana lys i s  revealed a  s i g n i f i c a n t  
r e l a t i o n s h i p  (.05 l e v e l )  between f o l i a r  n i t rogen 
l e v e l s  and a e r i a l  photo co lo r  u n i t s  (Figure 1 )  i n  
which f o l i a r  n i t rogen  i n  green a r eas  averaged 
1.58 percent ,  yellow-green a reas  averaged 1.33 
percent  and yellow a reas  averaged 1.20 percent .  
F o l i a r  P i n  green a r eas  was s i g n i f i c a n t l y  higher 
(.05 l e v e l )  than i n  t he  yellow-green and yellow 
a reas ;  however, t he re  was no s i g n i f i c a n t  d i f ference  
on the  yellow s i d e  of t he  co lo r  range (Figure 2) .  
No s i g n i f i c a n t  co r r e l a t i ons  were found between 
f o l i a r  K ,  Ca, and Mg and co lo r  u n i t s  i n  l ob lo l ly  
pine p l an t a t i ons  on these  a e r i a l  photographs. 

MJNSELL COLOR 

Figure 2.--The r e l a t i onsh ip  between f o l i a r  P and 
crown color  determined from co lo r  a e r i a l  photo- 
graphs. 

S o i l  ana lys i s  revealed a  drop i n  P (Figure 3) 
and K (Figure 4) from green t o  yellow; however, 
only the  decrease i n  s o i l  P  from yellow-green t o  
yellow was s t a t i s t i c a l l y  s i g n i f i c a n t  ( - 0 5  l e v e l ) .  

MUNSELL COLOR 

Figure 3.--The r e l a t i onsh ip  between s o i l  P and 
crown color  determined from color  a e r i a l  photo- 
graphs. 

HUNSELL COLOR 

Figure 1.--The r e l a t i onsh ip  between f o l i a r  N and 
crown color  determined from color  a e r i a l  photo- 
graphs. 

MUNSELL COLOR 

Figure 4.--The relat4onshi.p between s o i l  K and 
crown color determined from color  a e r i a l  photo- 
graphs. 



S i t e  index f o r  l o b l o l l y  pine ranged from a 
high of  100 (base 50) i n  t he  green a reas  t o  a low 
of 40 i n  t he  yellow a reas .  Average s i te  indices  
f o r  t he  3 color  u n i t s  a r e :  90 f o r  t he  green 
areas, 81 f o r  the  yellow-green a reas ,  and 68 f o r  
t he  yellow areas  (Figure 5 ) .  Stand basa l  a r ea s  
decreased from 137 square f e e t  per a c r e  i n  
green a r eas  t o  67 square f e e t  per  acre  i n  yellow 
a reas  (Figure 6 ) .  

MUUSELL COLOR 

Figure 5.--The r e l a t i onsh ip  between s i t e  index and 
crown color  determined from co lo r  a e r i a l  photo- 
graphs. 

HUNSELL COLOR 

Figure 6.--The r e l a t i onsh ip  between basa l  a r ea  and 
crown co lo r  determined from co lo r  a e r i a l  photo- 
graphs. 

DISCUSSION 

Resource managers genera l ly  f e e l  t h a t  research 
is needed t o  develop low cos t  app l i ca t ions  of a e r i a l  
photography t o  reduce expensive f i e l d  measurements 
(Mead, 1980). The procedure described permitted 
the  e f f e c t i v e  subdivision of l o b l o l l y  pine planta- 
t i o n s  i n t o  ca tegor ies  based on: (1) n u t r i e n t  l e v e l s ,  
(2) s i t e  index, and (3) basa l  a r ea ,  

r e s u l t s  and photographs can be taken wi th  
v i s i b i l i t y  a s  low as 10 miles. Winter yellowing 
i n  l o b l o l l y  pine genera l ly  occurs between 
December 1 and March 1; aerial photography f a r  
d e t e m i n i n g  n u t r i e n t  s t a t u s  should be r e s t r i c t e d  
t o  t h i s  period.  Photographs should be taken 
between 10:00 A.M. and 2:00 P.M. t o  minimize 
shadow e f f e c t s ,  a s e r ious  problem i n  h i l l y  
t e r r a i n .  
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Detection of f o l i a r  co lor  u n i t s  i s  poss ib le  
from 10,000 f e e t  ( r a t i o  1:20,000) and 15,090 
(1:30,000) provided v i s i b i l i t y  is approximately 
40 miles.  The use of 5,000-foot photography ( r a t i o  
1:10,000) reported here provided the  most d e f i n i t i v e  



FERTILIZER RESPONSE ANI> BIOMS TI ON 
OF A 5-YEAR-OLD SWEETGW P - I 

Timothy T. Ku, John K. Francis ,  and Charles R. ~ l i n & /  

Abstract.--A sweetgum p lan t a t i on  was es tabl i shed  i n  1975 
t o  evalua te  t h e  e f f e c t s  of N, P f e r t i l i z e r s  on growth and bio- 
mass accumulation. Pos i t i ve  response t o  t h e  N and, t o  a l e s s e r  
degree, t he  N + P treatment were noted t h e  f i r s t  year a f t e r  
f e r t i l i z a t i o n .  A t  age 5, t o t a l  biomass averaged 2.5  h ha: 25% 
leaves ,  25% branches and 49% stems. Biomass accumulation was 
50% g rea t e r  on N t r ea t ed  p l o t s  than cont ro l .  

INTRODUCTION 

E a r l i e r  t rends  and p ro j ec t ions  from wood 
using i n d u s t r i e s  indica ted  an increas ing  demand 
f o r  hardwoods i n  t h e  South. Hardwood p l an t a t i ons  
have been e s t ab l i shed  i n  recent  years  t o  meet such 
demand by Corporations mainly i n  t he  f e r t i l e  al luv- 
i a l  va l l ey  of t h e  Miss iss ippi  River. Since land 
c l ea r ing  f o r  farming has been proceeding s t ead i ly ,  
t he  bes t  s i t e s  a v a i l a b l e  f o r  hardwood timber pro- 
duction has diminished i n  the  area.  It is neces- 
sary ,  t he re fo re ,  t o  turn  t o  o the r  s i t e s  f o r  pos- 
s i b l e  hardwood production. 

I n  1974, a cooperat ive study between the  
Department of Fores t ry ,  Universi ty of Arkansas 
a t  Monticello and USDA-Forest Service was i n i t i a t e d  
t o  eva lua t e  t h e  p o t e n t i a l  production of hardwoods 
on a moderately poor s i l t y  upland s i t e ,  a p a r t  
of t h e  Universi ty Experiment Forest .  Sweetgum 

coupled wi th  t h e  low f e r t i l i t y  of t h e  s o i l ,  t h e  
ob jec t ive  of t he  study was t o  evalua te  t h e  e f f e c t s  
of f e r t i l i z e r s  on growth, n u t r i e n t  accumulation 
and biomass production of planted sweetgum on a 
marginal hardwood s i t e .  This paper w i l l  no t  r e p o r t  
t he  n u t r i e n t  s t a t u s  s i n c e  chemical ana lyses  a r e  
incomplete. 

An o ld  f i e l d  of poorly-drained Henry si l t  
loam, a coarse-s i l ty ,  mixed, thermic, Typic F rag i  
aqualf was c leared  of heavy brush and disked t h r e e  
times i n  l a t e  1974. One-year-old sweetgumseedlings 
from an Arkansas source were hand-planted i n  
February 1975, a t  2.75 M x 2.75 M spacing. F i f t y  
seedl ings  i n  10 rows of 5 t r e e s  each were p lanted  
i n  each p lo t .  The i n t e r i o r  24 t r e e s  were used a s  
measurement t r e e s  t o  evalua te  growth and s tand de- 

(Liquidambar s t y r a c i f l u a  L.) was se lec ted  s ince  velopment. 
i t  is  one of t h e  endemic hardwoods and a des i r ab l e  
spec ies  f o r  both pulping and s o l i d  wood uses. The s t a t i s t i c a l  design was 6 randomized blocks 
Because of t he  inherent  slow growth of thesweetgum of 4 f e r t i l i z e r  t reatments:  N,  P, N + P andcon t ro l .  
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F e r t i l i z e r s  were applied by a t r a c t o r  drawn 4-foot- 
wide spreader i n  March, 1979 ( a t  p l an t a t i on  age 4) 
a t  t h e  r a t e s  of 280 Kg N ,  168 Kg P, 280 KgNf168Kg 
P per ha.  N o  f e r t i l i z e r  was added on c o n t r o l p l o t s .  

Machine c u l t i v a t i o n  was maintained during t h e  
f i r s t  two growing seasons t o  con t ro l  competing veg- 
e t a t i on .  Survival  of t he  planted seedl ings  was 81% 
a t  t h e  end of t he  f i r s t  growing season and they 
averaged 42 cm i n  t o t a l  height .  

Since 1977, t he  fol lowing measurements were 
taken: t o t a l  he ight ,  diameter a t  30 cm above 
ground, crown length and crown width. Beginning 
with t he  1979 measurement, add i t i ona l  diameter a t  
b r eas t  height  measurement was taken when t r e e s  
averaged more than 3 meters i n  height  



In  October 1977, one sample t r e e  from each 
p l o t  us ing  t h e  mean t r e e  technique,2/  (a  t o t a l  of 
24 t r e e s )  was harvested by shear ing  a t  t h e  ground 
l e v e l  f o r  biomass and n u t r i e n t  ana lys i s .  Each 
t r e e  was separated i n t o  t h e  fol lowing components: 
leaves,  cur rent  branches, o ld  branchwood, o ld  
branchbark, s temood,  and sternbark. Components 
were weighed f r e sh  and again a f t e r  ovm-drying a t  
70°C. 

In  October 1979, one growing season a f t e r  
f e r t i l i z e r  t reatment,  6 t r e e s  from each treatment 
(one t r e e  from each p l o t )  covering e n t i r e  ranges 
of he ight  and diameter (dbh) were harvested.  The 
change of populat ion sampling technique was nec- 

d a t e  a g r e a t e r  range of t r e e  
s i z e s  r e s u l t i n g  from advanced stand development 
and crown d i f f e r e n t i a t i o n .  

RESULTS AND DISCUSSION 

F e r t i l i z e r  Response 

Average values i n  he ight ,  diameter a t  30 cm 
above ground, crown length  and crown width f o r  
two years  p r i o r  t o  f e r t i l i z a t i o n  (1977, 1978) 
and one year a f t e r  f e r t i l i z a t i o n  (1979) a r e  pre- 
sented  i n  Table 1. The sweetgum grew slowly a t  
f i r s t .  For t he  l a s t  year before  f e r t i l i z e r  t r e a t -  

ment (1978), t h e  annual increments were: 92 cm 
i n  he igh t ,  1.1 cm i n  diameter a t  30 cm above 
ground, 96 cm i n  crown length  and 27 cm i n  crown 
width. It appeared t h a t  none of t h e  average va lues  
of t h e  fntended treatment plots vere sigraifkcantly 
d i f f e r e n t  p r i o r  t o  f e r t i l i z e r  t reatment.  

Measurements i n  1979, one g r m i n g  s e a s o n a f t e r  
f e r t i l i z e r  t reatment,  showed t h a t  Ea and ;?a + P 
p l o t s  made s i g n i f i c a n t l y  more growth than Control  
o r  P only p lo t s .  On t h e  average, t reatments con- 
t a in ing  N increased he ight  growth by near ly  30X, 
diameter growth by 25W, crown l eng th  by 20X and 
crown width by 61% (Table 2) .  

Biomass Accumulation 

From t h e  1979 ha rves t ,  l i n e a r  regress ion  
equations were derived from dry weights of f e l l e d  
t r e e s  i n  each treatment t o  es t imate  biomass accu- 
mulation f o r  t h a t  t reatment.  The regress ion  equa- 
t i o n s  followed t h e  general  form: 

where W is the  predic ted  biomass dry weight 
of i nd iv idua l  t r e e ,  grams. 

D is t h e  dbh of t h e  t r e e ,  nnn. 
H is t h e  t o t a l  he ight  of t h e  t r e e ,  cm. 
A and B a r e  t h e  i n t e r cep t  and s lope  of 

t he  regress ion  l i n e ,  

Table 1.--A comparison of average he ight ,  diameter, crown length  and crown width between f e r t i l i z e r  
t reatments.  

Height Diameter a t  30 cm Crown length  Crown width 

Treatment ...................................... cm ---------------------------------------- 

21 Crow, T. R. 1971. Estimation of biomass i n  an even-aged stand--regression and "mean t r ee"  
techniques. Forest  Biomass Studies,  XVth IUFRO Congress, Universi ty of Maine. pp 35-48. 



Table 2.--First Year Growth Response to Fertilizer Treatments. 

Height Diameter at 30 em Crown length Crown width 
Treatment 

em - % - em - X - cm - z - cm - % - 

Table 3.--Parameters of Biomass Prediction Equation by Fertilizer 
Treatments-1979 Harvest. 

Treatments Intercept (A) Slope (B) r2 - 
N 505.3266 ,5629 .90 

N-I-P 121,1416 .6913 .99 

Table 4.--First Year Response of Biomass Accumulation by Fertilizer Treatments. 

Biomass 
Periodic 

Treatment 1977 19 79 Increment 

Periodic 
Annual 

Increment 

Mean 0.432 2.546 2.114 1.057 

*p < 0.05 



From t h e  regression equation constants pre- 
sented i n  Table 3, biomass of each t r e e  was calcu- 

r i zed  i n  Table 4. 

Results f r m  biomass sampling of 24 t r ees  
harvested i n  19 77 indicated these 3-year-old sweet- 
gums have accumulated 0.432 ~ f h a  of b io  
4) with the  following d i s t r i b u t i o n  of t r e e  com- 
ponents: leaves 35I, branches 23% and s t e m  42% 
(Table 5). 

O n  the biomass d i s t r ibu t ion  of t r e e  components 
a s  trees develop and age, there  is apparently a 
s h i f t  toward g rea te r  a c c m d a t i o n  i n  s t a s  (Table 
5). Foliage d h i n i s h e d  from 35% of the  t o t a l  

biomass at  age 3 t o  only 25W a t  age 5, an indicat ion 
of increased photosynthetic ef f ic iency with a 
g rea te r  accmulat ion of usable biomass i n  woody 
s t e m .  

A t  age 5, biomass accumlat ion was 3  h ha i n  
N p lo t s ,  SOX greater  than the  2  h ha accumlated 
in control  p lots .  The per iodic  increment between 
age 3 and 5 was 1.26 ~ f h a f y r  f o r  the  N p lo t s  and 
0.83 ~ / h a / y r  f o r  the  control .  Total  biomass aver- 
aged 2.5 ~ f h a  f o r  a11 plots .  Additional analys is  
w i l l  be made t o  r e l a t e  nu t r i en t  content and b i o m s s  
t o  f e r t i l i z e r  treatments when nu t r i en t  data become 
avai lable  . 

Table 5.--Change of Biomass Accumulation (%) 
by Tree Components With Time. 

Tree Components 1977 - 1979 - 
Leaves 35 25 
N e w  branches 11 4 
0 l d  branches 12 22 

S temwood 
Stembark 

- - - -  -- 

Stems 42 49 

Total 



FXRTILIZATION OF JWENILE LOBLOLtY PIBE P 
1 / 

WACTS 3N FUSIFORM RUST INCIDENCE- 

21 Michael B, Kane- 

Abstract,--Five-year results on the effect of 
fertilization of juvenile loblolly pine plantations on the 
subsequent incidence of fusiform rust (Cronartium fusifome) 
are presented. Age at time of treatment, growth response 
to fertilization, and amounts of rust infection on non- 
treated plots during the period monitored varied sub- 
stantially among the 41 stands evaluated. Fertilization 
had little pronounced effect on subsequent fusiform rust 
infection although some significant fertilizer-rust re- 
lationships were observed: P fertilization increased 
branch galls in stands responding strongly to P; fertili- 
zation with most elements, but in particular K, reduced 
the rate of rust infection in stands experiencing high 
levels of increased infection; and N fertilization reduced 
rust related mortality in stands responding strongly to N. 
However the magnitude of all these effects was small. 
Fertilizers can generally be applied to Juvenile loblolly 
pine stands without penalty of substantial increases in 
fusif orm rust. 

INTRODUCTION 

Fertilization of forest land in the Southeast 
has received considerable attention in recent years. 
A comprehensive survey conducted in 1979 listed 
approximately 450 studies examining fertilization 
of slash pine (Pinus elliottii var elliottii Engelm.) 
or loblolly pine (Pinus taeda L.) (NCSFFC 1980). 
Associated with this substantial research effort 
has been the increasing use of fertilizers in forest 
management. Bengtson (1979) reported that approx- 
imately 900,000 acres had been fertilized in the 
Southeast through mid-1978. 

While most forest fertilization research has 
focused upon tree growth response, secondary effects 
of fertilizer applications have also been examined. 
The influence of nutrient additons on the incidence 

I/ Paper presented at Southern Silvicultural 
~esearch Conference , Atlanta, Georgia, November 
6-7, 1980. Paper No. 6680 of the Journal 
series of the North Carolina Agriculture Research 

of fusiform rust (Cronartium fusiforme Hedge. & 
Hunt ex Cum.) is of particular importance. 
Fusiform rust is the most serious disease problem 
affecting management of slash and loblolly pine 
in much of the Southeast, 

Fertilization has been implicated with 
increased fusiform rust infection of slash and 
loblolly pine. Hollis et ale (1975) reported 
significant increases in rust on 11 of 25 slash 
pine plantations in the Lower Coastal Plain region 
with additions of nitrogen (N) and/or phosphorus (P) 
near the time of establishment. Increases in rust 
incidence generally occurred when fertilization 
alleviated a deficiency and resulted in substantial 
growth improvements. Matziris and Zobel (1976) 
found increased rust severity on 8-year-old lob- 
lolly pine following repeated fertilization with P, 
potassium (K), and lime on three of four sites in 
the Lower Coastal Plain. Loblolly and slash pine 
seedlings growing under controlled greenhouse 
conditions have exhibited both greater rust incidence 
and accelerated growth with improved soil fertility 
(Rowan 1977, Rowan and Steinbeck 1977). 

Service, Raleigh. 
2/ Liaison Forest Soils Specialist, Morth While both loblolly pine and slash pine have 

~arolTna State Forest Fertilization Cooperative, shown increased rust incidence following fertiliza- 

School of Forest Resources, N.C. State University, tion, this association has been less evident with 

Raleigh, N.C. 27650. loblolly pine. Dinus and Schrnidtling (1971) found 
that fertilization increased fusifom rust incidence 
on slash pine while rust frequency on loblolly pine 



growing on the same site was little affected by 
treatment: both species showed a growth response 
to fertilizatioa, Site preparation intensity 
also has a mare prw~unced effect in increasing 
rust imidence on slash pine than loblolly pine 
(Malac and Brightwell 1973). 

The research findings cited above show that, 
to some degree, fertilization of loblolly pine can 
result in greater rust incihnce. These findings, 
however, are pr-rily re~tricted to fertilization 
at or near the time of planting. What is the hpact 
of fertilizing juvenile loblolly pine stands on 
subsequent rust incidence? Answering this question 
was one objective of a regional series of studies 
established by the North Carolina State Forest 
Fertilization Cooperative (NCSFFC). Five-year 
results from this series are the subject of this 
paper. 

Forty-one tests were established in 2-9-year- 
old loblolly pine plantations growing on site pre- 
pared land. Study locations ranged from Delaware 
to Mississippi, Each trial had a randomized complete- 
block design consisting of a control and four fertil- 
izer treatments replicated four times. The fertili- 
zer treatments tested were selected from eleven 
different nutrient mixes and varied from study to 
study. Nitrogen was the principal nutrient 
examined and was applied at 50 (50M), 100 (100N), 
and 200 (200N) lbslacre aa 
Phosphorus was applied at the rate of 50 (50P) 
lbs/acre in combination with N. Potassium was 
applied at 50 (5OK) lbs/wre in combination with 
N-P. A mixture of trace elements (TE) was applied 
in combination with H-P or N-P-R additions. Applica- 
tion rates of TE were as follows: boron-2.4 1bs/ 
acre; cooper-2.4 lbslacre; iron-14.4 Ibslacre; 
manganese 6.0 lbs/acre; molybdenum-0.1 Ibs/acre, 

Height and DBH were determined on all planted 
loblolly pine trees prior to fertilization and 5 
years following fertilizer application. At these 
same times each tree was catergorized as to the 
presence to fusiform rust galls according to the 
following coding scheme: 

Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Tree Characteristic 

no gall 
one branch gall 
two branch galls 
more than two branch galls 
one stem gall 
two stem galls 
one stem gall & one or more branch gall(s) 
two stem galls & one or more branchgall(s) 
lethal stem gall. 

Mortality and probable cause of death were noted 
5 years following fertilization, 

The occurrence of stem galls, ne;io branch 
galls, and fusifom rust caused mortality during 
the 5-year period following study initiation was 

detemined for each tree by comparing the pre- 
treatment fusifom rust code with the fusifom 
rust code and mortality info tion taken 5 years 
after fertilization. Percent of trees with new 
stem galls (ST=), percent of trees with new brawek 
galls ( B W C W )  and percent of trees dying from 
fusifom rust (MORTALITY) were then detemined 
for each plot. Tbese measures of infection during 
the 5-year period following treatment should be 
sensitive to any fertilization induced changes in 
susceptibility of loblolly pine to rust. Statisti- 
cal anal ses of rust data were performed followingthe 7- mcsgne v x transfornration. An analysis of variance 
for each of the above fusiform rust variables was 
performed for each fertilizer trial. 

Mean 5-year volurne/~, basal area/A, diameter, 
and height growth were determined for each treat- 
ment in each stand, 

Rust and growth data from each study were 
reviewed to isolate responses to specific fertilizer 
elements tested. These responses were calculated 
as the difference in 5-year rust infection and 
tree growth between two treatments differing only 
in the fertilizer element of interest. For example, 
if in a particular stand STEM was 15% on the lOON 
treatment and 12% on control plots then STEM 
response to N would be 3%. Similarly, if in the 
same stand STEM was 19% on the 100M-50P treatment 
then STEM response to P would be 4%. 

Data combined from different stands were 
analyzed to evaluate relationships between rust 
variables, fertilizer element, growth response, and 
stand age at time of treatment. These relationships 
were evaluated for two data sets; one containing 
all stands and a second containing 12 "high" rust 
stands. High rust stands are defined here as those 
stands where the increase in fusiform rust galls 
on nonfertilized trees during the 5-year assessment 
period exceeded 15% for STEM and 10% for B W W -  
These stands were located on areas of South Carolina, 
Georgia, and Alabama where fusiform rust incidence 
is commonly high (Squillace 1976). Most of these 
stands were located on well drained sites in the 
Piedmont and Gulf Coastal Plain. 

STAND CHARACTERISTICS 

Characteristics of the plantations examined 
are presented in table 1. The majority of the 
stands had a low percentage of trees developing 
new rust galls or dying from rust during the 5 
years following study establishment, Mean STEM on 
control plots averaged 11.4% overall and 28.82 in 
high rust stands. Mean B W W  was similar to 
mean STEM. MORTBLITY on control plots averaged 
2.5% overall and 5.7% in high rust stands. Both 
the overall and high rust data sets contain a sub- 
stantial range of ages, mean heights, amounts of 
rust at the time of fertilization, and 5-year volume 
responses to N and P fertilization, V o l m  responses 
to K were also highly variable while growth improve- 
ments were generally not noted with TE additions. 
Both K and TE were infrequently tested in high rust 
stands . 



ry of pretreatment stand character- 
istics, 5-year rust infection without fertiliza- 
tion, and 5-year volume response on all stands 
(n - 39) and high rust stands (n = 12). 

-----a1 stands---- - High litlat Stands---- 

VarirbIa kf+=m Std-Dev. Range ?lean S t d . k v .  bnga 

prttrwtmaknc Stand 
c=hrrcreris t ics  

A@ iyrs)  5 . 0  1 . 9  2.9 4.4 1.8  2 ,9  

warn height  ( f t i  15.8 4 . 7  3,70 13.6 3.2 9 , 2 0  

Trees 
infected I%) 1G.i, 16.1  0,63 2 3 . 1  17.8 2 .57  

5-pear Infectfan an 
Cmtretls P l o t 8  

S r W  (I) l 1 . i  13.0 0,51 28.6 10.1 1 7 , f l  

B W C B  f%)  L2.4 13.8 0 , 6 1  28.8 14.9 10,61 

L*IOBTALITII ( I f  2.5 3 . 4  0.12 5 . 7  3 . 4  2.12 

I/ N effect determined in 39 stands; 11 high 
rust stands. 

2/ P effect determined in 30 stands; 8 high rust 
stands. 

31 K effect determined in 16 stands; 2 high rust 
staGds. 

4 /  TE effect determined in 11 stands; 2 high 
rust stands . 

RESULTS 

Individual Stand Results 

Results from analysis of variance of STEM, 
BRANCH, and MORTALITY for each of the 41 stands 
are summarized in table 2. Few significant 
differences among fertilizer treatments were 
observed in the percent of trees either with new 
rust galls or dying from rust, even at low levels 
of probability. Fertilizer treatments were not 
associated with significant differences (5% level) 
in STEM in any of the plantations. 

Table 2.--Summary of statistical significance of 
treatment difference in 5-year fusiform rust 
infection in 41 stands. 

------ Significance ~evel~l------- 
Rust Variable ~ 5 %  <lo% ~ 2 5 %  >25% 

[no.of stands with fertil. effect] 

STEM 0 0 6 3 5 
B W C H  2 3 9 3 2 
MORTALITY 1 4 5 3 6 
- 

I f  Probability that treatment differences were 
a ran&m occurrence rather than a true fertilizer 
effect. 

Significant (52) differences in BRANCH between 
fertilizer treatments were observed in only two 
stands, both of which had low amounts of rust 
infection during the 5-year period monitored. The 
nature of the apparent rust response in these two 
stands differed: B W Y a  was increased by M 
fertilization in one stand but decreased by it in 
the other. Significant differences in MORTALITY 
between fertilizer treatments were observed at 
only one location; MORTALITY was lower in two 
fertilizer treatments than in the control (3.3%, 
0.7% vs 9.5%). No significant treatment differences 
in STEH or BRANCH were observed in high rust stands. 

Combined Stand Results 

Effect of Specific Nutrient Elements 

Mean responses in 5-year rust infection and 
ranges of response associated with specific elements 
are presented in table 3. Mean responses were 
very small and analysis by paired t tests showed no 
significant effect. However, there was a consider- 
able range in STEM, BRANCH, and MORTALITY responses 
associated with the specific elements indicating 
possible site and stand effects on fusiform response 
to fertilization. 

Table 3. Mean respons&/ and range in response in 
5-year rust infection associated with N, P, K, and 
TE additions. 

No. of  
- - - - - - - - - - - R u t  Variable------------- 

Nutrient S tanda STEM BRANCB MORTALITP 
--(Change i n  percent i n f e c t i o n  w i t h  nutrient)-- 

A l l  Stands 

ffigh Rust Stands 

N 11 -3.0 
i-ii. 8,+7.51 

P 8 1 . 6  
i-7.5,+16.81 

K 2 -8.6 
1-12.4,-4.71 

TE 2 6.9 
(2.8,+11.2! 

If Mean responses were not significant at the 
5% leFel. 

21 Negative values indicate reduced amounts of 
rust with nutrient application while positive values 
indicate increased amounts of rust with nutrient 
applications. 

31 Range of rust responses. - 



Relationships Between Stand Factors and Rust 
R ~ S D O ~ S ~  to S~ecific Elements. 

Stand age at the time of treatment, the amount 
of rust infection occurring without the application 
of a specific nutrient, and the degree of growth 
response to fertilization were hypothesized to be 
the variables most likely to influence the nature 
and nragnitude of any fertilizer induced change in 
the frequency of subsequent rust infections and 
mortality. Correlation coefficients (r) between 
STIX, B W a ,  and 1YIORTfiITY response to N, P, K, 
and TE fertilization and the above variables are 
given in table 4. Correlation coefficients could 
not be determined for relationships with rust 
response to K or TE in high rust stands because of 
the lack of sufficient observations. 

Stand age at the time of fertilization had 
little apparent influence on the effect of fertil- 
ization on subsequent rust infections. 

Table 4. Correlation coefficients (r) between rust 
response to specific nutrients and stand age at 
fertilizatipp, 5-year rust infection on base 
treatments,- and 5-year volume response. 

A l l  Stands High R u t  S t d s  
----.------Nutrienttt-------- 

Variables correlated R P K TE X P 

-------- r 

k e  vs .  

STW h a p  -.f5 - .28  -.03 .36 
B W H  ICat~p 

- .09  - . l o  
.14 . 2 1  - . I 8  - .46  

EOItTALI'lT b s p  
.07 .62 

-.09 - . I8  .10 -.09 - .05  ,30 

Brse TRT Level v s .  

STEM Resp -.36* - .22 -,55* - .25  .15 - . l o  
- .09  -.45* -.35 . 0 1  - .11  -.41 

rnTALI ' lT  Reap -.44* -.12 - .33  -.15 -30 -.56 

Volwm ~ S R  v s .  

S T M  R e ~ p  -.13 - 1 8  -.45 -.64* - . IS  .26 
BBANCH h a p  .24 .46* - .a4  - .20  .58 .29 
EIORT2LITP Resp -.19 -.25 . 1 1  - .39  - .28  .34 

* Significant at 5% level. 
1/ Base treatments are control for response 

N, N ;lone response to P, N-P for response to I(: 
and N-P-K for response to TE, 

There was generally a negative relationship 
between rust response to fertilization and the 
5-year infection level on the base treatment 
(control for response, to N, N alone for response 
to P, H-P for response to K, N-P-K for response to 
TE). This relationship was significant for STEM 
and MORTALITY response to M, BRAMCN response to P, 
and STEM response to K. These significant relation- 
ships were observed only for the data set containing 
all stands. The relationship between STEM response 
to Rand STEM on the base treatment (no K) is 
illustrated in figure 1. Greatest reductions in 
the amount of trees with new stem galls during the 
5 years following K applications occurred in stands 
experiencing heavier infections during this period. 

Volume responses to N and P tended to have a 
different relationship with B W C H  response than 

\ %no response 

Figure 1.--Relationship between STEM response to 
K (Y) and STEM on the base treatment (X) . 

with STEM and MORTALITY response. BRANCH response 
to fertilizer elements was positively correlated 
with growth gains from the same fertilizer elements 
while the reverse associateion was generally appar- 
ent for STEM and MORTALITY response. The positive 
correlation between BRANCH response and volume 
response to P was significant for the overall data 
set. This relationship is presenced in figure 2. 
BRANCH, relative to that on the base treatment, 
tended to increase with increasing volume response 
to P. Segregati n of studies b S 3 magnitude of yolume 
response (<75 ft /A, 75-150 ft /A, & > 150 ft /A) 
also indicated this relationship between growth 
response and the amount of rust; the percentage of 
trees with new branch gall was significantly re- 
duced with P additions on low responsive sites while 
a significant increase in this measure of infection 
was noted in stands responding strongly to P fertil- 
ization. However, the mean increase in the amount 
of trees with new branch galls on strongly respond- 
ing sites was relatively small, averaging only 3%. 

VOLUME RESPONSE(cu.ft/A) 

Figure 2.--Relationship between BRANCH response to 
P(Y) and volume response to P (X). 



In contrast to BRANCH response, STEM and 
MORTALITY response to N and P fertilization was 
lower on sites showing a greater volume response to 
these elements, but these relationships were not 
significant. However, MORTALITl response to N was 
significantly correlated with basal area response 
(r = - . 3 2 ) ,  height response (r = - . 3 4 ) ,  and diameter 
response (r = - .37) to N. The relationship between 
response to N in DBH growth and YORTALITI is 
presented in figure 3. Nitrogen fertilization can 
either increase or decrease the amount of trees 
dying primarily from rust. The amount of mortality 
attributed to rust tended to increase in stands 
where N fertilization resulted in growth reductions. 
Conversely, rust mortality tended to be reduced when 
N fertilization improved the rate of growth.. 

Relatively strong negative correlations were 
observed between volume response and STEM response 
to K and TE. The significant relationship between 
response to TE in volume and STEM is illustrated 
in figure 4. Increases in the percent of trees 
developing new stem galls generally occurred when 
TE additions suppressed pine growth, 

Five-Year Rust Infection in Stands Strongly 
Responding to N and P. 

Stands most likely to be fertilized are those 
expected to show the greatest gains in growth. 
STEM, BRANCH, and MORTA3ITY in stands responding 
strongly to N (> 150 ft /A) are depicted in figure 
5. Differences in STEM and BRANCH associated with 
N fertilization were not significant and relatively 
small, even for stands with large increases in rust. 
The largest difference between treatments was 
associated with reduced MORTALITY with N in high 
rust stands. 

Five-year rust infection on plots receiving 
control, N, and N-P treatments in stands sho ing Y - a substantial volume response to P (> 150 ft /A) 
is illustrated in figure 6. The previously 
discussed significant increase in BRANCH with 
additions to these stands is evident. Differences 
in STEM and MORTALITY on the N and N-P treatments 
were not significant. Differences in STEM reflect 
unusual disease levels with N alone on the two high 
rust stands examined. Both of these stands 
exhibited moderate growth improvements with N alone. 

- I Cno rust response 
to N \ 

Figure 4.--Relationship between STEM response to 
TE (Y) and volume response to TE (x). 
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RUST VARIABLE AND POPULATION 
Figure 5.--Mean rust infection and mortality during 
the 5 years following fertilization in all stands 
responding strongly to N (n = 11) and in strongly 
responding high rust (H.R.) stands (n = 3). 

H.R. 
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ALL H.R 
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RUST VARIABLE AND POWLATI0 N 

2 DBH RESFYlNSE(i n.) 
Figure 3.--Relationship between MORTALITY response Figure 6.--Mean rust infection and mortality during 
to N ( Y )  and response in diameter growth to N ( Y ) .  the 5 years following fertilization in all stands 

responding strongly to P (n = 10) and in strongly 

- 203 - responding high rust (H.R.) stands (n - 2 ) .  



DISCUSSION 

The results of this study show that fertili- 
zation of 2-9-year-old loblolly pine stands general- 
ly had little hpact on subsequent fusiform rust 
incidence. The amount of new galls and mortality 
caused by rust during the 5-year period following 
fertilization was generally about the same on 
fertilized and nonfertilized control plots. The 
specific nutrients evaluated were not associated 
with consistent or substantial changes in the 
percent of trees with new galls or the percent of 
trees dying from rust over all sites. 

There were notable trends within the narrow 
ranges observed in rust response. Where fertiliza- 
tion with P increased the rate of tree growth 
it also tended to induce an increase in the percent 
of trees with new branch galls. However the 
increase in the amount of rust was inconsequential. 
The second relationship of note was that between 
tree response to N and the amount of rust related 
mortality. The apparent reduced mortality on 
sites responding strongly to N suggests that 
improved tree vigor has enhanced the ability of 
trees to survive potentially lethal stem infections. 
This aspect of the fertilizer-rust relationship 
requires further study. Finally, there was a gen- 
eral tendency for fertilization, particularly with 
K, to reduce the amount of subsequent rust infection 
in stands experiencing relatively high rates of 
infection. 

The 41 stands examined represent a substantial 
range in stand age at time of fertilization, rust 
infection during the period monitored, and growth 
response to fertilization. Many of the stands had 
low rust infection levels during the 5 years after 
study initiation. These stands were either 1) 
located in areas of low rust hazard or 2) located 
in areas of high rust hazard in stands where the 
major infection period had preceded fertilization. 
The results described above support the contention 
that similar stands can be fertilized without fear 
of increased rust incidence. More importantly, 
these results show that fertilization generally did 
not increase susceptibility to fusiform rust of 
juvenile loblolly pine stands which experience sub- 
stantial subsequent infection. The stands with high 
rates of infection during the 5 year period 
evaluated were principally on better drained sites 
in the Piedmont and Gulf Coastal Plain, Growth 
responses were common in these stands but severe 
deficiencies were not encountered. It is not known 
if fertilization of established plantations on 
severely deficient sites in areas of high rust hazard 
will result in increases in rust incidence as well 
as substantial growth gains. 

CONCLUSIONS 

Fertilization of juvenile loblolly pine stands 
growing on most sites in the Southeast will not 
significantly alter the subsequent incidence of 
fusiform rust. This lack of substantive effect has 
been demonstrated for a variety of combinations 

of stand age at treatment, infection level on 
nonfertilized plots during the period evaluated, 
and the magnitude of growth response to fertiliza- 
tion. While large consistent changes in fusiform 
rust incidence following fertilization were not 
observed, results have shown that fertilization 
can increase or decrease subsequent rust severity. 
The proportion of trees developing new branch galls 
was increased when P resulted in strong growth 
responses. On the other hand, fertilization 
generally tended to reduce the amunt of subsequent 
infection and mortality in stands with relatively 
high rates of infection and mortality during the 
period evaluated. Rust related mortality also 
tended to be reduced when N fertilization stimulated 
growth. These findings apply to m n y  stands in the 
Southeast but do not directly apply to fertilization 
of stands on severely nutrient deficient sites in 
high rust areas; such stands were not evaluated in 
this study. 
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USE OF LEGUMES IN SOUTHEASTERN FORESTRY RESEARCKI-I 
2 / Jacques R. Jorgensen- 

Abstract.--Legumes have been es tab l i shed on a  wide range 
o f  s i t e s  i n  t he  Southeast t o  determine t h e i r  adap tab i l i t y ,  
f e r t i l i t y  requirements, and in f luence on the  s i t e  and on the  
growth o f  r ecen t l y  p lanted trees. The m a j o r i t y  o f  legumes 
are  no t  s u i t a b l e  f o r  f o res t  p lan t ing .  The w in te r  annual 
subterranean c lovers  and the  summer annual and perennia l  
lespedezas are  the  legumes best  adapted t o  t he  competi t i o n ,  
low degree o f  s i t e  preparat ion,  and adverse s o i l  cond i t ions  
o f  the  t y p i c a l  f o r e s t  p l an t i ng ,  Legumes have responded t o  
P f e r t i l i z a t i o n ,  w i t h  source of P  important  on some s i t e s .  
Legumes increased s i t e  N and increased the  N content  of 
l o b l o l l y  p ine  f o l i age .  

INTRODUCTION 

Ni t rogen (N) i s  essen t i a l  f o r  a1 1  l i v i n g  
organjsms. Forest t r ees  respond t o  t h i s  element 
more f r equen t l y  than t o  any o ther  f e r t i l i z e r  
n u t r i e n t .  However, response t o  N o r  t o  any e le -  
ment i s  l i m i t e d  by de f i c i enc ies  o f  o ther  n u t r i e n t s  
and o the r  f ac to rs  such as moisture and sun l igh t .  
There i s  a  trenct-an economic necessity-toward 
supplemental f o r e s t  f e r t i l i z a t i o n  f o r  s i t e s  where 
growth p o t e n t i a l  i s  l i m i t e d  by those fac to rs  t h a t  
can be economical ly manipulated. The economic 
bene f i t s  o f  f o r e s t  f e r t i l i z a t i o n  were r e a l i z e d  i n  
the  1960's and e a r l y  1970's when chemical f e r t i -  
1 i z e r s  were inexpensive r e l a t i v e  t o  t h e i r  bene- 
f i t s .  I n  the  mid-19701s, however, the  g l u t  o f  
low-pr iced N f e r t i l i z e r  came t o  an end f o r  a  
number o f  reasons, p r i m a r i l y  because o f  the  d i r e c t  
r e l a t i o n s h i p  between chemical ly  t ransforming a t -  
mospheric N i n t o  a  form usable by p lan t s  and the  
cost  o f  energy. 

no t  understood s ince the  development of p l a n t  
c u l t i v a t i o n  i n  ancient  c i v i l i z a t i o n s .  The i n i t i a l  
attempts t o  i n t e g r a t e  the use of legumes i n t o  
f o res t r y  began i n  cen t ra l  Europe i n  t he  f i r s t  h a l f  
of the  twen t i e th  century where 1  upines were used 
exper imental ly  t o  a i d  i n  the  re juvena t i on  o f  
degraded f o r e s t  s o i l s .  More recen t l y ,  i n t e r e s t  i n  
b i o l o g i c a l  N f i x a t i o n  has spread t o  A u s t r a l i a  and 
New Zealand where i t  has been used t o  a i d  s o i l  
s t a b i l i z a t i o n  and t o  improve s o i l  f e r t i l i t y  i n  
general . Unt i  1  recent  years, i n  t he  Un i ted  States,  
b i o l o g i c a l  N f i x a t i o n  i n  f o r e s t r y  has u s u a l l y  been 
prac t iced  through the  use o f  nurse crops such as 
b lack  l ocus t  o r  var ious a lders  t h a t  would l a t e r  be 
removed when the  more des i rab le  species were 
es tab l  ished. The major i  t y  o f  t he  e a r l y  p l an t i ngs  
w i t h  these species were n o t  markedly successfu l  
due t o  poor s i t e  cond i t ions  and improper s e l e c t i o n  
o f  the  nurse crops which o f t e n  outgrew the  species 
des i red  f o r  t he  f i n a l  stand. 

The increas ing  cos t  and p o t e n t i a l  r e s t r i c t i o n  WORK AT THE SOUTHEASTERN FOREST EXPERIMENT STATION 
on the  use o f  energy f o r  t he  product ion o f  f e r t i -  
l i z e r  has renewed i n t e r e s t  i n  another N source, I n  1973, 1  im i  t ed  work was begun t o  determine 
b i o l o g i c a l l y  f i x e d  N, one t h a t  has been known but  i f  N- f i x i ng  p lan t s  could con t r i bu te  t o  t he  N 

economy o f  a  s i t e  and eventua l ly  t o  t h e  growth of 
~ l a n t e d  ~ i n e s  and hardwoods. Both e x o t i c  and 

1'paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, A t lan ta ,  Georgia, 
November 6-7, 1980. Work supported by the U.S. 
Department o f  Energy Ass is tan t  Secretary fo r  the  
Environment, O f f i c e  o f  Heal th and Environmental 
Research, under Interagency Agreement No. DE-AI109- 
80SR10702. 

na t i ve  6 f i x i n g  p lan t s  were used i n  a  se r i es  of 
f i e l d  t es t s  i n  which most o f  t he  candidate p l a n t s  
f a i l e d  t o  become establ ished.  I n  1975, a  
screening program was int roduced t o  s e l e c t  species 
t h a t  could adapt t o  t he  severe cond i t i ons  o f t e n  
found i n  the  f o r e s t  s i t u a t i o n .  I n i t i a l l y ,  we 
es tab l i shed f o u r  pr imary c r i t e r i a  and several  
secondary c r i t e r i a  f o r  use i n  t he  s e l e c t i o n  of 

</Research So i l  Sc ien t i s t ,  USDA Forest  N - f i x i ng  p lan ts .  The primary c r i t e r i a  were: 

Service, Southeastern Forest  Experiment Stat ion,  
Research Tr iang le  Park, N. G. 



F ix  nitrogen--Candidate plants should be able 
t o  f i x  s ign i f i can t  quan t i t i es  of nitrogen, w i t h  50 
t o  100 kg of N/ha taken as the minimum-at,ntal 
rate.  This r a t e  uf f i x a t i o n  should be m i n t s i n e d  
f o r  3 t o  5 years l o  provide an economic return.  

Tolerate i n f e r t i l e ,  ac id  soi ls--Plants should 
be able t o  qrow i n  s o i l s  f e r t i l i z e d  pr i rnar i lv  t o  
b e n e f i t  t r e e  growth. I n  most instances, thi; 
would exclude l ime and potassium addi t ions t o  the 
so i  1  where pines are t o  be grown, 

Be easy t o  establ  ish--Seed should germinate 
qu ick l y  and seed1 inss be su f f i c ien t l y  viqorous t o  
es tab l j sh  themselve; i n  s p i t e  o f  poor s o i l  condi- 
t i o n s  and weed competition. 

Be self-maintaining--Plants need t o  be 
perennials o r  reseeding annuals capable o f  estab- 
l i s h i n g  dense vigorous stands. However, a  
balance must be establ  ished between the v igor  o f  
the N- f ix ing p lan t  and the f i n a l  crop tree. No 
more kudzus! 

Secondary c r i t e r i a  included: 

Shade tolerance--The greater the shade 
tolerance, the longer the per iod o f  N f i xa t i on ,  

Growth t h a t  occurs p r i m a r i l y  i n  the f a l l ,  
winter, and e a r l y  spring--Growth dur ing the cool 
season reduces the c o m ~ e t i  t i o n  between the trees 
and N- f ix ing crop f o r  ho is tu re  and nut r ients .  
This i s  espec ia l ly  important i n  hardwood planta- 
t ions.  

Weed control--When cover crops are used i n  
hardwood plantat ions,  weed cont ro l  i s  an especial- 
l y  useful .  feature. A dense stand of p lants '  o r  
p l a n t  residues i n  l a t e  spr ing o r  ea r l y  summer 
i n h i b i t s  weed growth, which reduces competit ion 
and the need f o r  cu l t i va t i on .  A cover o f  p lants 
on the s o i l  surface throughout the year w i l l  a lso 
reduce erosion. 

Benef i t  ( o r  unhamful  ) t o  w i  1  d l  i fe--Some N- 
f i x i n g  p lants  are o f  no d i r e c t  bene f i t  t o  w i l d l i f e  
and may even be poisonous. However, many species 
have both the a b i l i t y  t o  f i x  N and produce valuable 
seed and forage f o r  w i ld1 i f e .  

Lack o f  interference w i t h  fo res t  management-- 
T r a i l i n g  c l imbing vines, flammable waxy leaves, 
spinney leaves and branches, and shrubs t h a t  form 
impenetrable th ickets  are a1 1  character is t ics  un- 
favorable t o  f o r e s t  management. Wax myrt le,  
kudzu, some lespedezas, and European gorse each 
have some o f  these undesirable features. 

The ideal  p lan t  f o r  fo res t  s i t e s  would be a  
herbaceous, fast-growing winter perennial w i th  a  
low p r o f i l e  t h a t  i s  es the t i ca l l y  a t t rac t i ve .  It 
should be able t o  grow and compete w i t h  weeds 
w i t h  l i t t l e  s i t e  preparation o r  f e r t i l i z e r ,  f i x  
copious amounts of N, and provide seed, forage, 
and cover f o r  wi ld1 i f e  over a  per iod of several 
years. We attempted t o  i d e n t i f y  t h i s  ideal  p lan t  

through screening, f i r s t  by reviewing the l i t e r a -  
tu re  and then by using the more promising candi- 
dates i n  f i e l d  t r i a l s .  I n  the f i e l d  t r i a l s ,  we 
tes ted three factors: 1 )  the p lan t  i t s e l f ,  2) the 
re la t i onsh ip  of p lan t  growth t o  s o i l  f e r t i l i t y ,  
and 3) the re la t i onsh ip  between the legume and 
t ree  growth and the fac tors  t h a t  inf luence t h i s  
growth. 

Plant Select ion 

Although there are about 18,000 species o f  
legumes, of which about 200 are found i n  the 
Southeast, we have confined our work t o  those 
which are agronomically important. The reasons 
include both knowledge of the p l a n t  and seed 
a v a i l a b i l i t y .  Much i s  knownabout themanagement 
o f  agronomic legumes for  maximum growth and about 
t h e i r  N- f ix ing capab i l i t i es .  Except i n  a  very 
general way, r e l a t i v e l y  1  i t t l e  i s  known of the 
growth requirements o r  the N- f i x ing  capabil i t i e s  
o f  the w i l d  legumes, but they do o f f e r  a  f e r t i l e  
f i e l d  f o r  invest igat ion.  Seed a v a i l a b i l i t y  a lso 
plays an important pa r t  i n  N- f ix ing p l a n t  selec- 
t i on .  Comerc ia l l y  produced seed ava i lab le  a t  
low pr ices el iminates one step t h a t  would be 
necessary if a w i l d  legume had been selected. 
There are instances where plants have desirable 
characterist ics-dwarf lespedezas and desmdiums 
are examples-but seed production i s  so l i m i t e d  
tha t  they are essen t ia l l y  e l iminated from large-  
scale p lant ing t r i a l s .  

Over 70 species and va r ie t i es  o f  N-f ix ing 
p lants  have been f i e l d  tested t o  determine t h e i r  
s u i t a b i l i t y  f o r  use i n  forest ry  ( tab le  1) .  The 
ma jo r i t y  of these p lants  have been agronomically 
important legumes and, as expected, most of these 
p lants  are not  adapted t o  fo res t  condi t ions.  O f  
the p lants  examined, only about a  dozen are s t i  11 
a c t i v e l y  under consideration, a1 though add i t iona l  
species and va r ie t i es  are tested annual l y  . 

Table 1.--Results of species and varietal t r i a l s  1976-79 

____----_-__---I------~-~---_____- _--_ 
Results 

No. of species and - Testing ---- Test i nf-- 
Plant group va r l e t~es  exarnlned d~scant~nued cont~nued 

Lupine 
Clover 
Vetck 
Lespedera 
Other 

I /  Testing of sekeral species cont~nues but is often i ~ v ~ t e d  by 
a v a ~ l a b ~ l l t y  of seed. 

Testing consists of growing the p lants  under 
one o r  more s o i l  and f e r t i l i z e r  regimes. The 
number of t r i a l s ,  which t o t a l  over 200, range 
from over 20 devoted t o  ' M t .  Barker' subterranean 
clover t o  one t r i a l  w i t h  mung beans. The number 



of t r i a l s  are directly related to the potential 
of the plant. The primary reasons for  failures 
are: 1 )  the plants are not adapted to harsh s i t e  
conditions, 2 )  disease, and 3)  failure of annuals 
to regenerate. 

One of the most c o m n  problems in establ ish- 
mnt i s  with small seed which produce tiny plants 
that are insufficiently vigorous to adapt them- 
sel ves t o  adverse conditions. In some instances , 
as with lupines, the testing s i t e  was unsuitable 
and poor growth, accompanied by root rots and leaf 
diseases, eliminated most of the plants before 
mtu r i  ty. Vetch stands were usually not dense 
enough t o  compete with weeds and, within a few 
years, the legume was eliminated. Browsing causes 
severe problems in the establishment and growth 
of many species. 

Two groups of plants-clovers and lespedezas- 
have produced the majority of potential ly useful 
plants. Within these two groups, the fol lowing 
species o r  varieties are promising: 

Subterranean Clover-'Mt. Barker' and 'Tall arook' 
Varieties 

' M t  . Barker' and 'Tal larook' subterranean 
clovers are midseason and la ter  winter annuals in 
which most growth i s  completed by la te  May. Good 
stands of these plants will contain over 200 kg 
of N/ha, the majority of which will have been 
fixed biologically. Subterranean clovers are 
tolerant of acid, low-fertility soi ls  in which 
most other clovers f a i l  to grow. They are 
bothered by few diseases and insect pests. The 
crop has a spreading, low profile that i s  some- 
what resistant  to browsing. A low, dense mat of 
plant remains persists through much of the summer 
and can exert a high degree of weed control, 
These varieties are pro1 i f  ic  seeders. The 
majority of seeds are produced in burrs which bury 
themselves in the soi l .  Seed are desirable food 
for birds and other wildl ife. 

Arrowleaf Clover-'Yuchii' and 'Meechee' Varieties 

These are t a l l ,  winter annuals in which 
growth may continue through June. Dense stands 
of these plants can be obtained from in i t ia l  
seedings. In many instances, successful volunteer 
stands have failed due to poor seed se t ,  d is t r i -  
buti on, or other factors. Arrow1 eaf clovers 
appear more sensitive to s i t e  conditions, and 
more subject to disease than the subclovers. 

Rose Clover 

A low-profile, upright clover that has per- 
sisted and formed dense stands in one study. The 
plant appears tolerant of acid, low-fertil i ty 
so i l ,  and needs to be further tested. 

Seri cea Lespedeza 

This herbaceous sumer-growi ng perennial i s 
easy to es tab1 i sh, tolerant of adverse soi 1 condi - 
tions, and not affected by disease and insects. 
I t  has been used agricuf tural ly for soi 1 improve- 
ment and can f ix  considerable quantities of N. 
Sericea i s  somewhat shade tolerant and produces 
hard seed which persist for many years in the 
forest floor. The forage and seed of c o m n  
sericea are of 1 imited value to wildl i f e  because 
of their  high tannin content, although variet ies  
have been developed which are lower in tannin. 
If not properly managed, sericea can compete 
vigorously with planted trees. 

Vi rgata Lespedeza-' Ambro ' Variety 

Thi s 1 ow-growi ng , perennial 1 espedeza , 
recently re1 eased by the Soi 1 Conservation 
Service, i s  less aggressive than sericea. Stand 
establishment may be limited by slow-growing 
seed1 ings during the f i r s t  year. 

Thunbergi i Lespedeza-'VA-70' Variety 

A tall-growing wood shrub that i s  easy to 
establish and i s  tolerant of adverse soil condi- 
tions. Seed Ire valuable for wildlife, but 
forage i s  not extensively browsed. N-fi xing 
capacity i s  about equal to that of sericea. 

Ferti 1 ization 

There are three factors to be considered 
when legumes and other N-fixing plants are f e r t i -  
lized: 1 )  legume growth desired, 2 )  nutrient 
recycling, and 3)  the nutrient needs of the trees. 

Small quantities of fer t i l izer  applied to  
forest-grown 1 egumes may be sufficient for 
sustained crops, whereas the same quantity of 
fer t i l izer  on the agronomic crop may result in 
stand failure. In agronomy, forage i s  removed by 
grazing or by hay production. This forage con- 
tains a portion of the f e r t i l i ze r  applied to the 
s i t e  to increase production. In forestry, except 
through wi 1 dl i fe  consumption and 1 osses through 
leaching, f e r t i l i ze r  elements taken u p  by the 
legumes remain on the s i t e  and, provided that 
they are in an available form, can be reused 
without limit. This i s  the same nutrient cycling 
principle that enables continued harvest and 
growth of forest stands so long as the harvest 
does not exceed normal nutrient inputs to the 
s i t e .  

Since trees are the primary crop and legumes 
the secondary, the major f e r t i  1 izer appl ication 
to the legume should a1 so benefit the trees. 
Pines have l i t t l e  or no positive response to lime 
or to potassium (K), so only under special c i r -  
cumstances, where other than simple N accretion 
i s  desired, would large applications of these 



elements be j u s t i f i e d .  Fortunately, t rees o f ten  
respond t o  phosphorus (P), and we have found t h a t  
the app l i ca t i on  o f  t h i s  element i s  essent ia l  f o r  
the growth and d e v e l o ~ n t  o f  most legume stands, 
I n  greenhouse t r i a l s ,  three v a r i e t i e s  o f  c lover,  
h a i r y  vetch, and Austr ian w in te r  pea were grown 
on Coxv i l l e  sandy c l a y  foam, a clayey, poor ly  
drained, h igh organic matter s o i l ,  and also on 
Appl i n g  loamy sand (Jorgensen 1978) .3/ On these 
so i ls ,  legmes f a i  l ed  t o  grow when no f e r t i l  i zer 
was appl ied bu t  grew equal ly wel l  w i t h  ground 
rock phosphate (GRP) alone o r  w i t h  P + K + l ime 
appl icat ions.  Plants grown on Wickham loamy sand, 
a s o i l  r e l a t i v e l y  high i n  ava i l ab le  P and w i t h  a 
pH o f  5.5, produced a crop without the add i t i on  
o f  f e r t i l i z e r  bu t  the add i t i on  o f  P alone o r  
P + K + 1 ime s i g n i f i c a n t l y  increased y i e l d .  Two 
nonagronmic legumes, fa l se  a n i l  indigo and par- 
t r i d g e  pea, grown on the same three so i  1 s showed 
much less  response t o  the f e r t i l i z e r s  than d i d  the 
agronomic legumes. Nei ther species responded t o  
f e r t i l i z e r s  on the Wickham s o i l .  Partr idge pea 
responded t o  f e r t i l i z e r  on the Coxv i l le  and 
Appl i n g  so i l s ,  but  a l so  produced acceptable y i e l d s  
wi thout the f e r t i l i z e r  addi t ions.  

F i e l d  i n s t a l l a t i o n s  o f  legumes have produced 
r e s u l t s  s i m i l a r  t o  those obtained i n  greenhouse 
t r i a l  s. The essent ia l  f e r t i l  i z e r  ingred ient  has 
been P. Stands o f  annual legumes have usua l ly  
f a i l e d  the f i r s t  year wi thout a P appl icat ion.  
When perennial p lants are grown without a P 
app l ica t ion,  the i n i t i a l  stand i s  gradual ly e l  i- 
minated by the more compet i t ive weeds. 

The r a t e  o f  P app l ica t ion i n  most studies 
has been about 112 kgfha. This amount i s  usua l ly  
s u f f i c i e n t  f o r  the study per iod which las ted 4 
years i n  one instance. I n  o ther  studies where P 
was the var iable,  there was no d i f fe rence i n  
legume growth on we1 1 -drained s o i l s  when from 56 
t o  280 kg/ha o f  P were appl ied. 

Phosphorus appl i e d  as GRP has general l y  
e l i c i t e d  a be t te r  legume response than i t  has as 
t r i p l e  superphosphate (TSP), espec ia l ly  where 
some drainage problems ex is t .  The b e t t e r  response 
w i th  GRP may be the resul  t o f  i t s  greater calcium 
content o r  due t o  the a v a i l a b i l i t y  o f  the P over a 
long per iod o f  time. I n  a recent study i n  the 
South Carol ina Coastal Plain, growth o f  subterra- 
nean c love r  was be t te r  w i th  GRP than w i t h  TSP but  
the add i t i on  o f  4,480 kg o f  limefha w i t h  the TSP 
was b e t t e r  than the GRP alone.?! Growth o f  the 
subterranean clover w i t h  GRP alone would have 
been sa t i s fac to ry  i n  a pine p lan ta t i on  where weed 
cont ro l  was not  absolutely necessary and 1 iming 
would no t  have benef i ted the trees. I n  t h i s  

Zf~orgensen, J. R. 1978. Growth o f  legumes 
on fo res t  s o i l s  f e r t i l i z e d  a t  low rates.  USDA 
For. Serv., Res, Note SE-251, 7 p. Southeast. 
For. Exp. Stn., Ashevil le, M.C. 

' ~ e r s o n a l  comunication, D. Gerwig, 
Wes tvaco, Sumervi  1 1 e, S. C. 

p a r t i c u l  a r  instance, the experimental treatment 
was adjusted t o  t h a t  o f  a hardwood p lanta t ion i n  
which the l ime app l i ca t i on  was des i rab le  and weed 
cont ro l  was necessary. 

k a s u r m n t s  t o  determine the influence of P 
on legurn biomass production and N f i x a t i o n  are 
being ca r r i ed  out  i n  a l o b l o l l y  pine p lanta t ion 
planted w i t h  sericea lespedeza ( tab les  2, 3). 
The add i t i on  of P without l egum had no appreciable 
inf luence on e i t h e r  the amunt  o f  nonwody biomass 
(weeds) produced o r  the M it contained. Annual 
biomass production on cont ro l  and P on ly  p lo ts  
over a 3-year per iod averaged 5.2 t o f  weeds/ha 
which contained 40 kg of N/ha. Sericea sown 
without P produced 1 i t t l e  biomass, and production 
near ly  ceased by the fou r th  year. 

Table 2.--influence of f e r t ~ l ~ z a t i o n  and i e g m e s  on nonwody biomass production 

-- .  . - . - - -  - _ . - - -  - - - - -  _ _ _ _ _  
B i m a s s  

Years since - - - - - - - - - - -- - - - - . - . . - - . - - - - - - . - 
Treatment establ ishment Surface litter Weed Lequme Total 

- -  . - - .------- .  _._ 
---------------tiha-------------- 

L- 

Control 2 0 3 .8  O 3 .8  
4 0 5.6 0 5.6 

~hosphorus" 2 0 4 .1  0 4 . 1  
4 0 7. i 0 7.1 

Sericea 2 0 2.3 . 3  2 . 6  
0 4 . 5  . l  4 . 5  

~ericea + pi' 0 .B 6.6 7.4 
15.6 7 9.0 25.3 

. . . - -  . __._ _--_ I---I_. - - - - - -  - - - -  . - -  
li 89 kgiha of P applied as qround rock phosphate. 

Table 3.--Influence of fertilization and legumes on nitrogen 
in soil and i n  nonwody biomass 

Soi 1 Biomass 
Treat- Years since ------- 

Surface 
ment establ ~shment 

Total Soil & 
20 litter Weed Letluae b i w s s  biomass 

Control 2 

Phosphorurl/ 
4 

Ser~cea 2 

Serlcea + 
4 

- -  --- _ 
If 89 kgiha of P applied as ground rock phosphate. 

The add i t ion o f  P t o  sericea p l o t s  resu l ted  
i n  an increase o f  over 400 kg o f  N/ha i n  the 
system by the fou r th  year, compared t o  p l o t s  
wi thout t h i s  combination. Most o f  the N increase 
was re la ted  t o  the l i v i n g  legume biomass and 
l i t t e r .  Total biomass on the sericea + P p l o t s  
amounted t o  25 t/ha, near ly  f i v e  times t h a t  of 
cont ro l  p lo ts .  The amount o f  N i n  biomass was 
about the same the t h i r d  and fou r th  years, bu t  
the d i s t r i b u t i o n  changed. The la rges t  po r t i on  
was i n  the l i v i n g  biomass dur ing the t h i r d  year 
but  i n  1 i t t e r  by the end o f  the fou r th  year. 



Sampling v a r i a b i l i t y  made i t  d i f f i c u l t  t o  
determine if there  had been any increase i n  s o i l  
N. The t o p  20 cm o f  s o i l  from p l o t s  w i t h  ser icea 
+ P contained 98 kg more of N than d i d  the  con t ro l  
p l o t ,  b u t  t h i s  was n o t  s i g n i f i c a n t  a t  the  5 
percent  l e v e l .  Nei ther  were there  s i g n i f i c a n t  
d i f fe rences  between the  two treatments f o r  s o i l  
l aye rs  o f  0 t o  10 and 10 t o  20 cm. 

N i t r ogen  f i x a t i o n  on p l o t s  w i t h  ser icea + P 
occurred; however, t he  amount o f  f i x a t i o n  cannot 
be accu ra te l y  determined due t o  l a r g e  sampl ing. 
v a r i a t i o n  f o r  bo th  nonwoody biomass and s o i l  
and a l so  because o f  t he  unknown q u a n t i t y  o f  N 
taken up by the  woody biomass-pr imar i ly  l o b l o l l y  
pine-on t h e  s i t e .  I t  appears, though, t h a t  
through t h e  four th  year a we1 1 -establ  i shed ser icea 
stand can add about 100 kg of N/ha/year t o  a 
s i t e .  But  there are  s t i l l  questions about t he  
u t i l i z a t i o n  of t h i s  N. 

E f f e c t  o f  Legumes on Tree Growth and N u t r i e n t  
Uptake 

Trees i n i t i a l l y  respond t o  N f i x e d  by legumes 
by increas ing  f o l i a r  N. Fol iage o f  sweetgum seed- 
1 i n g ~  on w i n t e r  annual legume p l o t s  had greater  N 
content  when sampled a few months a f t e r  the  death 
o f  t he  legumes than d i d  f o l  iage o f  con t ro l  seed- 
l i n g s  ( t a b l e  4) .  Sweetgum grown w i t h  no N f e r t i -  
1 i z e r s  , 1 egumes, o r  c u l  t i v a t i o n  had N concentra- 
t i o n s  o f  1.53 percent i n  green leaves and 0.92 
percent  i n  red  leaves. However, when subterra-  
nean and ar rowleaf  c lovers  were grown w i t h  the 
u n c u l t i v a t e d  sweetgum, the  N content  o f  t h e i r  
green leaves averaged 2.12 percent  and red  leaves 
averaged 1 .64 percent. Operational f e r t i  1 i za t i on  , 
i n  which 50.4 kgfha o f  P and 44.7 kg/ha o f  N as 
diammonium phosphate was placed i n  t he  p l a n t i n g  
s l  i t  and the  t rees  c u l  t i va ted ,  produced green 
leaves w i t h  N concentrat ions o f  2.3 percent  and 
no red  leaves. This suggests t h a t  even though 
legumes c o n t r i b u t e  t o  t he  N economy, t he  supply 
generated du r i ng  one growing i s  i n s u f f i c i e n t  f o r  
optimum growth and the  e l i m i n a t i o n  o f  r ed  leaves. 
Low K content  o f  t he  red  1 eaves was r e l a t e d  t o  
t h e i r  low N content .  Phosphorus, calcium, and 

T a b l e  4 . - -hu t r ;e r t  ccncertrat-oil r; t;reer and red sideetaup leaves 6%:-vear-o?d 
c :a i? :s  tr;lcwinq one rotat-on o f  winter a ~ f l u a i  ciuver 

S b b i q o i e r  + D 
+ + 2.C8 ; ' 3 2  .?; i 5  . 25  .23  .5i t.C .4? .e7 

s r ra r ' ea f  clover i p +  K , l , p  y Z 2 . ' 7  : 9 6  . 2 3  .I6 .64 36 .4& .43 . d l  .4? 

' ?  ; - Greer 'eaves, R = Rec : ~ a r c s .  
2 /  56 k _ l r a  p ds  $vr.p;e s,per~pccpbate - S F  r g / ~ ~ a f  * a s  ;ntass'3C 

cr:cr-de + 2,?4C i 2 , n a  3C i i w ,  no c u ; t : l d t ~ ~ n .  
;/ 53 kii of p:ha and 44.7 ri; s f  $ / h a  A C  t "*a*n~r -o i -~  ohcc3bate  :P : 'ant-or! 

imgnesium contents o f  leaves were unre la ted  t o  
l ea f  co lo r  o r  N concentrat ion.  

Over a 4-year period, perennia l  lespedezas 
have had a p o s i t i v e  inf luence on the  n u t r i e n t  
content  of l o b l o l l y  p ine  f o l i age  ( t a b l e  51,  These 
t rees,  p lan ted  on a s i t e  90 s o i l ,  responded t o  a 
sericea-P f e r t i l  i z a t i o n  combination by increas ing  
f o l  i a r  N about 10 percent over t h a t  found i n  
con t ro l s  ( 7  - 5 2  vs. 1.37) a t  the  end of t he  f i f t h  
year. The N concentrat ion o f  c o n t r o l s  was h ighe r  
than 1.2-percent value taken as t he  1 i m i  t above 
which a l a r g e  response t o  N f e r t i l i z a t i o n  i s  n o t  
expected. This upper l i m i t  was exceeded each year  
measurements were made, regard1 ess o f  treatment, 
Phosphorus d i d  no t  behave l i k e  N; i n  con t ro l  p l o t s  
i t  gradua l ly  decreased from 0.71 percent  i n  t he  
f o l i a g e  o f  3-year-old t rees  t o  0.07 percent  2 
years l a t e r .  The l a t t e r  concent ra t ion  i s  below the  
0.09 percent  de f i c i ency  l e v e l  a t  which t r ees  would 
be expected t o  respond t o  P app l ica t ions ,  a l l  
o ther  elements being s u f f i c i e n t .  Calcium and K 
1 eve1 s i n  needles were no t  in f luenced by 1 egume 
treatment. 

5 - -Nut r ien t  concent ra t ion  in  l o b l o l l y  pine needles ,  by t r e e  
age!/ a ~ d  c u l t u r a l  treatment 

Trea tnen t ~ l q e  : N. -^"- . . . . &I!!- 3- - - - -. "ie 5 
P Ca 4 P K Ca ,;. . p.. - -  --K. ---  ca 

:o t r o i  1.30 0.11 0.52 0.16 1.43 0.10 0.55 0.22 1.39 0.07 0.46 0.20 
Pa 1.38 .13 .51 .17 1.47 . 1 2  .52 .22 1.34 . i l  .48 .22 
Sericea 1.36 . i i  .54 . 17  1.46 .10 .53 .20 1.39 .07 '48 . I 8  
Sericea + F i l  1 .JO . 1 4  .56 .19 1.52 .12 .55 .23 1.57 . l l  . 5 3  .19 

- - - - - - - - - - . - - - - - - - - --- - -- -- ---- -- 
, /  Growrng seasons s i n c e  p l a n t a t ~ o n  e s t a b l l s P n e n t .  
21 89 kgl t -a  o f  F as ~ r n u n d  rock phosphate. 

Unfortunately,  t he  s i t e  chosen t o  study t h2  
growth response of l o b l o l l y  p i ne  t o  lespedeza and 
P was no t  s u f f i c i e n t l y  d e f i c i e n t  t o  produce an 
immediate t reatment e f f e c t  ( t a b l e  6 ) .  For the  
f i r s t  3 years, t he  app l i ca t i on  o f  P o r  growing 
ser icea had no i n f l uence  on the  diameter o r  he igh t  
of t rees .  During the  f i f t h  year, t rees  which had 
a P a p p l i c a t i o n  w i t h  ser icea grew s i g n i f i c a n t l y  
more than the  t rees  on the  con t ro l  p l o t s  and p l o t s  
w i t h  ser icea on ly .  Where o n l y  P was appl ied,  
diameter and he igh t  growth were intermediate-ot  
being s i g n i f i c a n t l y  d i f f e r e n t  from e i t h e r  the 
s l  ower growing con t ro l  s and ser icea on l y  t reatments 
o r  the  f a s t e r  growing t rees  i n  ser icea + P p l o t s .  
A t  no t ime d i d  the  dense stands o f  ser icea have a 
negat ive i n f l  uence on t r e e  growth. 

Since the t r e e ' s  growth response t o  f e r t i l i z e r  
i s  r e l a t e d  t o  the n u t r i e n t  content  o f  i t s  needles, 
no P response i s  expected when the  P content  of 
the  needles exceeds 0.09 percent. This concentra- 
t i o n  occurred through age 4 i n  l o b l o l l y  p ine .  I n  
the f i f t h  year, when P content  o f  the  needles 
dropped t o  0.07 percent  on u n f e r t i l i z e d  p lo t s ,  P 
became a g row th - l im i t i ng  element and a d d i t i o n a l  
growth could be expected. The a d d i t i o n a l  growth 
was obtained from on l y  one treatment-that i n  which 



Table 6.--He?ght and diareter  c f  iob?oi7v o-ne 5 y  t ree,  
age' and cil turai treatpert 

Treatment he-39 r; t- _n_t a3e 3e' i j?_8yle~zl_ a t  ags 
9"- 3 4 331 5 4 

- - 
----------m----------- 

- - 
- - - - - - - - - C I - - - - - - - - - - -  

Control i . C i  1.95 2.813 3.94a 3 8 5.5 5 ;a 
Pliospborusai i .C6 2.00 2.84 4 1 7 8 0  3 5 5.6 7 ' a t  
berlcea ,523 1.91 2 8 2  3.98a 3.8  5 2  6 Ba 
Serycea + p4f i .OD 1.95 2 90 4,26b 3 9  5.4 7 2b 

- - - - - - - - -- - - - -. - - - -- - - - - - - - - - - - - - - - - + - - - - - - - . - - < - - 
I /  Grown9 seasons 5 - r ce  p ? a n t a t ~ o n  establ-shwnt. z/ :f?aarrter masured 15 cv abovegro~nd at ages 3 ard 4; d-awter  

at areast  neight at age 5. 
31 '*ans foilowed by the s a w  l e t t e r s  do not d'ffer s-qrrcicart'j 

at the 5 percent level .  
41 8'3 4gjha  cf P as grr,und rack phosphate. 

P f e r t i l  i z e r  maintained f o l i a r  P above the de- 
f i c  iency 1 eve1 and f o l  i a r  N was elevated by the 
dense stand o f  sericea, It i s  hoped t h a t  the 
response o f  l o b l o l l y  pine t o  the sericea-P combi- 
nat ion w i l l  continue through the e a r l y  years o f  
stand closure and a p o s i t i v e  economic bene f i t  w i l l  
be derived. 

OTHER AREAS OF INVESTIGATION 

Most forage plant ings w i l l  be made on s o i l s  
t h a t  are r e l a t i v e l y  inhosp i tab le  t o  legumes. I n  
agronomic plantings, fac tors  such as low pH, low 
f e r t i l i t y ,  and low s o i l  moisture can be con t ro l l ed  
t o  some extent  t o  produce an environment favorable 
not  on ly  t o  the legume, bu t  a lso t o  the rh i zob ia l  
symbiont. I n  f o r e s t  p lant ings,  these fac tors  are 
1 arge ly  uncontrol led, negat ively in f luenc ing the 
rh i zob ia l  symbiont, and r e s u l t i n g  i n  poor nodula- 
t i o n  and legume stand f a i l u r e  f o r  the lack  o f  N 
f i x a t i o n .  Since i t  i s  impract ical  t o  cont ro l  the 
s o i l  environment, an a l t e r n a t i v e  i s  t o  se lec t  
rh izob ia  t h a t  can survive adverse s o i l  condit ions, 
i n f e c t  the emerging legume p lant ,  and e f f i c i e n t l y  
f i x  l a rge  amounts o f  N. The se lec t ion o f  micro- 
organism s t r a i n  w i th  these capaci t ies has on ly  
recen t l y  begun i n  forest-or iented research . /  
Progress has been m d e  and w i l l  continue as 1 ong 
as there i s  an i n t e r e s t  i n  the use o f  legumes t o  
supplement o r  supplant N f e r t i l i z e r s  i n  the 
forest .  

Recent agronomic invest igat ions have reported 
improved legume growth and N f i x a t i o n  when p lants  
were inoculated w i t h  c e r t a i n  s t ra ins  o f  mycor- 
rh izae i n  add i t ion t o  the rh i zob ia l  symbiont. So 
f a r  as i s  known, no invest igat ions invo lv ing  
mycorrhi zae and forest-or iented legume plant ings 
are being ca r r i ed  out. This i s  a desirable f i e l d  
f o r  invest igat ion since the mycorrhizae can a i d  
the higher p lan t  i n  n u t r i e n t  gathering, an im- 
por tant  consideration on i n f e r t i l e  fo res t  s o i l s .  

2'~ersonal c o m n i c a t i o n ,  C. 8. Davey, 
School o f  Forestry, N.C. State Universi ty,  
Raleigh, N.C. 

A t  the present time, legumes are being estab- 
l i shed exper iwn ta l  l y  on we1 1 -prepared disked 
seedbeds. Disking serves three purposes : 1 ) 
cont ro ls  competition, 2) mixes f e r t i l  i z e r  w i t h  the 
soil  , and 3)  prepares a seedbed. Seedbed prepara- 
t i o n  i s  espec ia l ly  important f o r  prov id ing good 
contact between the seed and the mineral s o i l ,  
which improves moisture uptake and, o f  equal 
importance, protects the rhizobium inocul urn tha t  
has been appl ied t o  the leg= seed. I n  most 
instances few rh izob ia  would survive i f  seed were 
sowed on unprepared s o i l  surfaces and exposed t o  
the elements. To avoid expensive s i t e  prepara- 
t i o n  y e t  r e t a i n  high populations o f  rh izob ia  sur- 
rounding the seed, the seed could be coated w i th  
a mater ia l  t ha t  would pro tec t  the rhizobium u n t i l  
condi t ions are  favorabl e f o r  seed gerrni na t ion.  
Coatings have a lso been reported t o  increase seed 
geminat ion and improve surv iva l  and ea r l y  growth 
of seedlings. Studies on the use o f  coated seed 
and minimum s i t e  preparat ion w i l l  be undertaken 
i n  the near fu ture .  

A number o f  other top ics  need invest igat ion 
t o  improve the r e l i a b i l i t y  o f  b io log ic  N f i x a t i o n  
and i t s  economic at t ract iveness. These i n c l  ude 
the invest igat ion o f  n u t r i t i o n a l  fac tors  (minor 
elements), browsing and other use o f  p lants by 
animals, u t i l i z a t i o n  o f  legumes f o r  weed cont ro l  
i n  hardwood plantat ions,  the e f fec ts  o f  disease 
and pa ras i t i c  p lants on N- f ix ing plants, es thet ics  
of p lanta t ion establ ishment, n u t r i t i o n  conservation 
and cyc l i ng  ef f ic iency (espec ia l ly  on sandy s i tes) ,  
erosion control ,  e f fec t  of and cont ro l  of competi- 
t i o n  promoted by N f i xa t i on ,  and the inf luence of 
p lant ing date on legume establishment and y i e l d .  
The l i s t  of topics can continue ad in f i n i t um.  

CONCLUSIONS 

A small beginning has been made tha t  shows 
I egumes can be establ ished w i  thout excessive 
preparation o f  fo res t  s i t es .  Legumes on f o r e s t  
s i t e s  can f i x  considerable quant i t ies  of N, some 
of which i s  read i l y  taken up by the trees and 
re f lec ted i n  the N content o f  t h e i r  leaves. I n  
one instance, N f i x a t i o n  has been associated w i t h  
increased height and diameter of lob101 l y  pine. 
However, much more work needs t o  be done before 
N-f ix ing plants can be recornended as an a1 terna- 
t i v e  to  N f e r t i l i z a t i o n  as a rou t ine  management 
pract ice.  

Conversion fac tors  : metr ic t o  Engl i s h  

Mu1 t i p l y  & To obtain 

kg 2 20 Pounds 
ha 2.47 Acres 
cm 0.394 Inches 
m 3.28 Feet 
t ( m e t r i c t o n )  1.102 Pounds 



Scientific Names of Plants Used in Text 

klaer Ainus spp. 
&an, "ung Vlkna eadrata (i : Uilczek var rad'ata 
clever i r ' f j j i m - - s ~ p  
t iaver ,  armwieaf : r ~ f o i o e  ver*c~;orum Savr 
t iover ,  rose ~ r l f o l r w  hlitiefi R I I  
t b ~ e r ,  subterranean i------ 

i rlfp!:i,i" subl+'jraneum i. 
~ e s ~ i c d  1 urn L \ e s d l ?  sop 
k r s e ,  European Ulgx e _ ~ ~ w p e u 5  L . 
rd*gc, fa lse  anit !nd?gof_~r_a p>eu_dot~nctor!_a Yatsun. 

Kcldrd P.iecrra IpPata ?&V-EiJ ~ h n t  
iespedeza iespedeza spp 
Lespedezar s e r ;  ce6 i>-~pqde>a cunea?? (Durn j G Don 
~ei i ;edeza ,  tbunberqlt ie_spedeza thunbergi? {DC ) "aka1 
.espdeza ,  v r  rga t a  i e r p d e z a  v~rlgpat! DC 
i a c u s t ,  black Rpbinla pp_eudqqcac~a L .  
~ u p r n e  L y p ~ 2 g  SOU. 
Ylrt l e ,  ,*ax lryrlca c e r ~ f e r a  1. 
Pea, Pur t r i sn  wlnter Ptsur s a f i i w - v a r ,  arvense (i ) P s ~ r .  
Pea, partridge Cars9a fagc-iula_ta 6 c h x  
P r n e ,  lob?oily P ~ n u s  taeda 1 
Sweetgw Ljgu~damkar styracl_flpa L .  
vetch Vvcta spp 
~ e t r k ,  hairy Vici_a v i l i p s s  Roth 

. - 



CAR FmTILIZATLOM OF LCBtGLLY PI= 8 H  YET SITES REI3UCE THE FOR DRAIEACE - I/ 

2 1 0 .  Gordon Langdon and William M. McKee, Jr. - 

Abstract.--Available evidence suggests a working hypoth- 
e s i s  t h a t  f e r t i l i z a t i o n  of c e r t a i n  wet s i t e s  de f i c i en t  i n  
phosphorus, calcium, nitrogen, and/or other nutr ients  can 
reduce t h e  need f o r  drainage t o  iaprove t h e  growth of lob- 
l o l l y  and s l a sh  pines. The evidence i s  strong enough fo r  
landowners t o  p i lo t - t e s t  t h e  concept a t  a r e l a t i v e l y  low 
cost  on wet s i t e s  which appear t o  have nutr ient  def ic iencies .  

Additional Keywords: Slash pine,  bedding, s o i l - s i t e ,  l imi t ing  
fac to r s ,  s i t e  productivity,  nu t r i en t s ,  s o i l s  moisture, s o i l  
chemistry, waterlogging, Pinus taeda,  P. e l l i o t t i i .  

Loblolly pine (Pfms $a@& L.) t h r ives  on 
many very wet s i t e s  but does poorly on others of 
similar wetness such a s  wet f l a t s  o r  savannahs. 
What makes one s i t e  excellent f o r  growth and t h e  
other  very poor? Why do drainage and bedding 
dramatically increase grow-bh on ce r t a in  wet 
s i t e s  and not on others?  These questions i l l u s -  
t r a t e  t h e  dilemma t h a t  m n y  fo res te r s  face a s  
they put t h e  r e s u l t s  of research on drainage, 
bedding, and s o i l - s i t  e c l a s s i f i c a t i o n  i n t o  
pract ice .  

A common a s s u p t i o n  has been t h a t  excess 
moisture is  t h e  factor  most l imi t ing  t o  growth 
on very wet s i t e s ,  but recent work ( ~ a l s t o n  1965, 
Terry and Hughes 1975, McKee 1977, and Langdon 
and Hatchell 1977) shows t h a t ,  a t  l e a s t  i n  some 
instances,  nu t r i en t s  o r  o ther  f ac to r s  may be more 
l imi t ing  than excess moisture. These findings 
prompted t h e  very p rac t i ca l  question posed by our 
t i t l e :  "Can f e r t i l i z a t i o n  of l o b l o l l y  pine on wet 
s i t e s  reduce t h e  need f o r  drainage?" I f  f e r t i l i -  
za t ion could be subst i tu ted f o r  drainage on iden- 
t i f i a b l e  s i t e s ,  it would be a very a t t r a c t i v e  
a l t e rna t ive  because drainage cos t s  a r e  apt t o  be 
3 o r  4 times f e r t i l i z a t i o n  cos t s .  

I/ This paper is  based on t a l k s  given i n  
~ a l e i g f i ,  HC, November 8 ,  1977, a t  t h e  S i t e  P r e p -  
r a t ion  Workshop ( ~ a s t  f sponsored by t h e  USDA For. 
Serv. , Southeast. Area S ta te  and Pr ivate  Forestry,  
and t h e  North Carolina Forest Service, a t  the  
Edisto Chapter Meeting, Soc. of h e r .  For. , 
Feb. 9 ,  1978, i n  Charleston, SC, and a t  t h e  For. 
Tree Nutri t ion Workshop, May- 2, 1979, Bainbridge, 
Ga . 

2/ Authors a r e  pr incipal  s i l v i c u l t u r i s t  and 
p i n c T P d  s o i l  s c i e n t i s t ,  respectively,  USDA, For. 
Serv., Southeast. For. Expt. Stn. ,  Forestry 
Sciences Laboratory, Charleston, SC , 23407. 

Our paper presents affirmative evidence 
from t h e  l i t e r a t u r e  on t h e  question of substi-  
t u t i n g  f e r t i l i z a t i o n  fo r  drainage. It a l so  pro- 
poses a working hypothesis on t h e  re la t ionships  
of s i t e  productivity t o  moisture and nu t r i en t s .  
Our evidence is  derived from s i l v i c u l t u r a l  stud- 
i e s  t h a t  show e f f e c t s  of drainage, bedding, and 
f e r t i l i z a t i o n  on t r e e  growth; from s o i l - s i t e  work 
t h a t  shows t h e  re la t ionships  of s o i l  proper t ies  
t o  t r e e  growth; and from basic s tudies  of s o i l  
chemistry and t r e e  n u t r i t i o n  t h a t  reveal some of 
t h e  in te rac t ing  e f f e c t s  of s o i l  waterlogging and 
t r e e  physiology on t r e e  growth. Both p r a c t i c a l  
and theore t i ca l  implications of t h e  hypothesis 
a re  examined. Our review which follows i s  
intended t o  give t h e  reader t h e  background and 
bas is  f o r  our conclusions. 

DRAINAGE WROVES G R O W  

Draining very wet s i t e s  such a s  bays and 
pocosins of t h e  Atlantic Coastal Plan has dramat- 
i c a l l y  increased growth of l o b l o l l y  pine. On t h e  
Hofmann Ekperimental Forest i n  eas tern  North Caro- 
l i n e  on a Portsmouth s o i l ,  P r u i t t  (1947), Mil ler  
and Maki (1957), and Maki (1955, 1968, 1971) 
showed t h a t  drainage g rea t ly  increased t h e  y i e l d  
of lob lo l ly  pine. Yields on drained p lo t s  (2600 
eu,  f t . / a c . )  a t  age 17 were 13  times g rea te r  than 
those on undrained p lo t s  f 199 cu . f t  . lac  . ) . In  a 
s imi lar  study i n  North Carolina, Terry and Hughes 
(1915) dmonstrated comparable responses on a 
Bayboro-Bladen s o i l  association: A t  age 13,  
y ie ld  of lob lo l ly  pine on drained areas  (800 cu. 
f t  . lac .  ) was 10.5 times greater  than on undrained 
areas  (76 cu. f t . l ac .1 .  

Such responses a r e  not l imi ted t o  l o b l o l l y  
pine. In a study i n  Georgia on a Bayboro-Bladen- 



Coxville s o i l  associa t ion,  Brightwell (1973) 
showed t h a t  drainage of '7-year-old s l a sh  ~ i n e  
(P, eZZiottii  Engelm. increased t h e  average 
t r e e  growth by 4.2 fo ld  a t  age 35. Thus, con- 
s iderable  evidence i s  a c c 1 ~ ~ u l s t i n g  t h a t  lcwering 
the  average water t a b l e  1 t o  1% f e e t  on extr=ely 
wet s i t e s  with poor natura l  drainage g rea t ly  
increases t h e  growth of both l o b l o l l y  and s l a sh  
pines. 

SOIT-SITE WORK 

In  marked contras t  t o  t h e  res7ults  of drain- 
age s tud ies ,  s o i l - s i t e  work by Coile (19521, 
Gaiser 1 1 9 5 0 ) ~  and Metz (1950) i n  the  At lant ic  
Coastal P la in  of Virginia and t h e  Carolinas 
showed t h a t  s i t e  qua l i ty  f o r  l o b l o l l y  pine was 
higher on poorly drained than on well-drained 
s o i l s .  A s  Wahlenberg (1960) has pointed ou t ,  
t h i s  t r end ,  although surpr is ing and seemingly 
paradoxical, was a l so  apparent i n  Louisiana 
(Grigsby 1952). 

How can we explain t h e  apparently contra- 
d ic tory  r e s u l t s  from t h e  drainage and s o i l - s i t e  
work? One possible explanation f o r  t h e  e f f e c t  of 
s o i l  drainage on productivity i s  t h a t  t h e  response 
i s  cu rv i l inea r  a s  one goes from well  t o  poorly 
drained s i t e s ,  t h a t  it peaks a t  some l e v e l  of 
natura l  drainage and then drops o f f  sharply,  t h a t  
Coile and h i s  colleagues were working a t  one end 
of t h e  curve, and t h a t  those involved i n  drainage 
were working a t  t h e  o ther .  This explanation i s  
probably accurate,  but how then do we explain 
productivity differences i n  t h e  same drainage 
c l a s s  o r  even i n  t h e  same s o i l  s e r i e s  (So i l  
Conservation Service 1975 ) ? 

In  th ree  flatwood s o i l  series--Craven, Wahee, 
and Meggett--we accounted f o r  between 60 and 74 
percent of  t h e  var ia t ion  i n  s i t e  index of lob- 
l o l l y  pine on t h e  bas i s  of s o i l  proper t ies  ( ~ c ~ e e  
1977). Current So i l  Conservation Service guide- 
l i n e s  p lace  these  th ree  s e r i e s  i n  drainage 
c lasses  ranging from moderately well  t o  poor on 
the  bas i s  of t h e  physical  and chemical proper t ies  
of t h e  s o i l .  Nitrogen, c l ay  content,  and s o i l  pH 
i n  t h e  Al horizon accounted f o r  60 percent of t h e  
va r i a t ion  i n  s i t e  index on moderately well  drained 
Craven s o i l ;  ni trogen,  calcium, and phosphorus i n  
t h e  B2 horizon accounted f o r  64 percent of t h e  
var ia t ion  on t h e  somewhat poorly drained Wahee 
s o i l s ;  and percentage of sand and avai lable  phos- 
phorus i n  t h e  Al horizon accounted f o r  74 percent 
of t h e  va r i a t ion  i n  s i t e  index on t h e  poorly 
drained Meggett s o i l .  Within a s e r i e s ,  these  
s o i l s  varied a s  much as 2 20 f e e t  i n  s i t e  index, 
indica t icg  t h a t  chemical proper t ies  and t ex tu re  
have a pronounced e f f e c t  on s i t e  productivity.  

BEDDING RESPONSES 

Cra-dh response of s l a sh  aiAd l o b l o l l y  pines 
t o  bedding, which provides micros i te  drainage, 
ranges f ron excel lent  t o  none. Bethune (19631, 
Langdon f 14 5 6 ,  1362 ) , Malac and Brightwell ( 1473 , 
Xann and Derr (1370), XcMinn (19691, McKee and 
f-- o!malders (19?0),  and P r i t c h e t t  and Smith (1974 ) 
have reported excellent  response of s l a s h  and lob- 
l o l l y  pines t o  bedding a t  young ages on wet s i t e s .  
However, Haines , e t  al . ( 1975 ) and Lennart z and 
Mcbfinn (197'3) have reported t h a t  bedding r e s p n s e s  
may decrease a s  a stand grows older .  And Derr and 
Mann (19701, ECLawitter (1970), Malac and Bright- 
well  (1973 ) , and Terry and Hughes (1915 ) have 
reported l i t t l e  o r  no response on spec i f i c  s i t e s .  

Explanations by t h e  authors f o r  these  varying 
responses of s l a sh  and l o b l o l l y  pines t o  bedding 
on wet s i t e s  have been l a rge ly  speculative.  When 
responses a r e  pos i t ive ,  t h e  reasons given include 
improved drainage,  b e t t e r  s o i l  ae ra t ion ,  b e t t e r  
weed con t ro l ,  concentration of t o p s o i l  i n  t h e  bed, 
and increased amount and a v a i l a b i l i t y  of nu t r i en t s .  
When responses a r e  negative, such reasons a s  t h e  
crea t ion of a drought s t r e s s  during summer months 
and poor bed construction a r e  proposed. 

The negative responses can be p a r t i a l l y  ex- 
plained by t h e  r e s u l t s  of Terry and Hughes ' (1975 ) 
f a c t o r i a l l y  designed study of bedding and phosphate 
f e r t i l i z a t i o n .  They found t h a t  bedding on a poorly 
drained Bladen s o i l  increased growth of l o b l o l l y  
pine only by 4 percent,  t h a t  phosphate f e r t i l i z a t i o n  
increased growth by 58 percent,  and t h a t  bedding 
combined with phosphate f e r t i l i z a t i o n  increased 
growth by 168 percent.  Their r e s u l t s  i l l u s t r a t e  
Liebeg1s law of  t h e  minimum a s  described by Kramer 
and Kozlowski (1960, p. 468) : 

"The p r inc ip le  of l imi t ing  f a c t o r s ,  a s  
proposed by Blackman, s t a t e s  t h a t  i f  a 
process is  af fec ted  by a number of sepa- 
r a t e  f ac to r s ,  i t s  r a t e  i s  l imi t ed  by t h a t  
f ac to r  which i s  present i n  l e a s t  amount 
r e l a t i v e  t o  i t s  minimum requirement ." 

Thus, i n  Terry and Hughes1 study, l a c k  of phos- 
phorus was so l imi t ing  t h a t  t h e  drainage provided 
by bedding did  not increase growth u n t i l  t h e  
nut r ient  deficiency was corrected.  

The in t e rac t ion  of drainage and n u t r i t i o n  
has been reported f o r  s o i l s  i n  t h e  At lant ic  and 
Gulf Coastal Fla in .  P r i t c h e t t  and Llewellyn 
(1966) observed t h a t  a surface appl ica t ion of 
phosphorus stimulated s lash  pine growth on 
imperfectly and poorly drained s o i l s  de f i c i en t  i n  
t h i s  element but had l e s s  e f f e c t  on phosphorus- 
def ic ient  s o i l s  t h a t  were b e t t e r  drained. Mann 
and McCilvray (1974 ) showed a s imi la r  response 
i n  northwest Flor ida  with direct-seeded s l a sh  
pine which a t  8 years had responded about equally 
i n  height growth t o  bedding and phosphorus f e r t i l -  
i za t ion  on poorly and very poorly drained Plumrner 



s o i l s .  An addi t ive  response was found when 
bedding and phosphorus were combined. On the  
b e t t e r  drained PI e r  s o i l s ,  t he  t r e e s  did not 
respond t o  phosphorus. 

Problems with n u t r i t i o n  on p o r l y  &rained 
s o i l s  a r e  not unique t o  fo res t ry .  Van" toudt 
and Hagan (1957) ind ica te  t h a t  most f i e l d  crops 
in jured by high water t a b l e s  have much higher 
nu t r i en t  demands when t h e  s o i l  is poorly aerated. 
Crops such a s  r i c e ,  which a r e  adapted t o  poor 
s o i l  aera t ion,  a r e  an exception. The reasons f o r  
increased nutr ient  requirement of t r e e s  and f i e l d  
crops subjected t o  waterlogging a r e  not completely 
understood, but t h e  higher nutr ient  requirement 
may r e s u l t  from r e s t r i c t e d  root systems. Kramer 
(1951a) found t h a t  flooding and poor aera t ion 
disrupted metabolism and reduced t r ansp i ra t ion  of 
herbaceous plants .  b r i o ,  e t  al. (1972) showed 
t h a t  l o b l o l l y  pines growing on f l a t s  had l e s s  
f ibrous  root systems than those growing on low 
mounds . 

Lack of aera t ion apparently a f f e c t s  t h e  
functioning of roots  of other t r e e  species i n  a 
s imi lar  manner. Shoulders (1976)~ working with 
s lash pine seedlings,  has demonstrated t h a t  
reducing t h e  oxygen l e v e l  from 90 t o  50 percent 
of equilibrium satura t ion with a i r  reduced t h e  
roo t  uptake of water , phosphorus, potassium, 
calcium, and magnesium but increased t h e  uptake 
of n i t r a t e s .  

Adaptation of lodgepole pines (P .  contorta 
Dougl. ) t o  poorly drained s i t e s  has been demon- 
s t r a t ed .  When subjected t o  waterlogging, roots  
of t h i s  species develop t h e  a b i l i t y  t o  t ranspor t  
oxygen from t h e  stem t o  root  t i s s u e s  (phil ipson 
and Coutts 1978). This mechanism may a l so  be 
present i n  l o b l o l l y  pine. Fie ld  observations 
(unpublished ) reveal t h a t  seedlings develop 
considerably more roots  i n  f e r t i l i z e d ,  waterlogged 
s o i l s ,  than i n  those waterlogged but not f e r t i l -  
ized. Poor root deve lopen t  may a l s o  be re l a t ed  
t o  calcium def ic iencies  and t h e  imbalance i n  Ca: 
Mg r a t i o s  ( ~ y l e  and Adaas 1971). 

SOIL CHrnISTRY 

Waterlogging and anaerobic environments of 
s o i l s  with prolonged high water t a b l e s  cause 
dramatic changes i n  the  proper t ies  of s o i l  nutr i -  
ents and t h e i r  a v a i l a b i l i t y  t o  p lants  (pa t r i ck  
1975 ) . Oxygen, supplied by t h e  s o i l  o r  through 
t h e  roo t ,  is required for  nomal  nu t r i en t  uptake. 
Other chemical processes, however, may contr ibute  
equally t o  low uptake i n  poorly aera ted s o i l .  

One of t h e  most s t r i k i n g  e f f e c t s  i s  on pW of 
acidic  s o i l s ,  After prolonged waterlogging t h e  
pH becomes nearly neutra l ;  it re turns  t o  i t s  acid 
s t a t e  a s  the  s o i l  d r i e s  ( ~ c ~ e e  1970). This e f fec t  

is  cycl ic  with t h e  r i s e  and f a l l  of the  water 
t ab le .  Thus, the  chemical compounds i n  water- 
logged mineral. s o i l s  a r e  reduced, and the  s o i l  
becomes snaerobic but not acid ( f i g .  2 . ) .  The 
degree cf reduction i n  t h e  s o i l  solution t h a t  
takes  place with waterlogging i s  expressed a s  t h e  
oxidation-reduction (redox) po ten t i a l ,  i n  which 
posi t ive  values represent an aerated s o i l  and 
negative values represent a waterlogged s o i l .  

CARBON DIOXIDE 
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Figure 1.--Changes i n  r e l a t i v e  concentrations of 
s o i l  nutr ients  with waterlogging. Negative 
redox po ten t i a l s  indicate  a high degree of 
waterlogging . 

When the  s o i l  pores a r e  saturated with water, 
o d y  gases dissolved i n  water a re  present.  Levels 
of oxygen a r e  rapidly  depleted by resp i r ing  
microorganisms and roots of higher p lants .  Defi- 
c i en t  aera t ion in jures  o r  k i l l s  t h e  roots  of many 
plants  ( Kramer 1951a ) . Simultaneously, l e v e l s  of 
carbon dioxide increase u n t i l  t h e  s o i l  solut ion 
i s  saturated with t h i s  gas ( ~ o n n m ~ e r  
This sa tura t ion is  accompanied by a high content 
of carbonic acid  and bicarbonates i n  t h e  s o i l  
solution.  A s  t h e  s o i l  becomes more anaerobic and 
reduced, the  metabolic a c t i v i t y  of organisms i s  
lowered and t h e  degree of carbon dioxide satura- 
t i o n  diminishes but remains a dominant influence 
on the  s o i l  solution.  A buildup of carbon dioxide 
can reduce water and mineral absorption (Kramer 
and Kozlowski 1960). 



Mitrates,  i f  present i n  t h e  s o i l ,  a r e  
reduced soon a f t e r  the  oxygen i s  depleted,  and 
the nitrogen i s  l o s t  from t h e  s o i l  a s  a gas 
(Pa t r i ck  19781. Thus, it is  not advisable t o  
SFPLY a,13~ton2&3 nbitra%e to poorly drair,ed s i tes- -  
the  nitrogen w i l l  be Lost rapidly  t o  t h e  atmos- 
pher e . 

Gne of the  most obvious e f f e c t s  of water- 
logging is  t h e  reduction of i ron and aanganese 
t o  the  ferrous and mnganous forms, which a re  
soluble (pa t r i ck  1978). Both elements i n  t h e i r  
reduced f o m s  a c t  a s  cations s imi lar  t o  calciuln 
and thereby help t o  increase s o i l  pH under water- 
logging. 

When i ron is solubi l ized i n  the  ferrous form, 
it tends t o  bring phosphorus i n t o  solution.  ??rus, 
prolonged o r  repeated flooding and solubi l iza t ion 
of phosphorus i n  fo res t  s o i l s  may remove t h e  
nutr ient  from affected s i t e s .  When s o i l s  a re  
reoxidized, the  phosphorus m y  be t i e d  up ehemi- 
c a l l y  i n  a l e s s  avai lable  form ( ~ c ~ e e  1970). 
kzrthermore, t r e e s  with waterlogged roo t s  may 
lack t h e  a b i l i t y  t o  use solubi l ized phosphorus 
e f f i c i e n t l y  ( ~ r a m e r  1951b). However, such e f f e c t s  
can be corrected by t h e  appl icat ion of phosphorus 
a s  a f e r t i l i z e r .  Why t h i s  i s  so i s  unknown; 
however, we speculate t h a t  the  e f f e c t s  a r e  possi- 
b ly  r e l a t ed  t o  ion antagonisms o r  ion pairing.  

The presence of l a rge  amounts of reduced 
manganese i n  waterlogged s o i l  poses a problem i n  
pine nu t r i t ion .  However, it is  uncertain whether 
manganese is  d i r e c t l y  toxic  t o  t r e e s  o r  whether 
the  ion upsets the  nu t r i en t  balance. The buildup 
of t h e  reduced metals could have e f f e c t s  on root  
systems similar t o  respira t ion inh ib i to r s  ( ~ r a m e r  
195lb ) . Bigher nutr ient  l e v e l s  may allow plants  
t o  develop a l t e rna te  metabolic pathways which 
bypass t h e  toxic  metals. In  e i the r  case,  t h i s  
condition can be corrected by the  appl icat ion of 
lime, which lowers the  conc ent r a t  ion of manganous 
ions i n  waterlogged s o i l .  

Calcium and m g n e s i m  leve l s  increase i n  
waterlogged s o i l  because of the  high concentration 
of carbon dioxide. The exact e f fec t  of these  
reactions on mineral nu t r i t ion  i s  i l l -def ined,  
but apparently leaching i s  increased, leading t o  
a l o s s  of exchangeable bases ( ~ c ~ e e  1980). These 
reactions may account f o r  t h e  growth response t o  
lime on poorly drained s o i l s  a s  reported by 
MacCarthy and Davey (1916) and Langdon and Watchell 
(1917 1. 

In  waterlogged s o i l s ,  t r a c e  elements such a s  
copper and zinc decrease i n  concentration as  they 
a re  precipi ta ted a s  insoluble hydroxides, primarily 
because of t h e  increase i n  pH. They a l s o  f o m  
insoluble sul f ides  i n  t h e  presence of hydrogen 
sul f ide .  This gas, which i s  evident i n  the  strong 
odor of s w a p  s o i l s ,  i s  formed by t h e  reduction of 
sa l f  a t  e during prolonged waterlogging ( ~onnmperama 
1912). Drainage of waterlogged s o i l s  containing 

high concentrations of hydrogen sul f ides  ( ca t  
c l ays )  r e s u l t s  i n  extremely low pW values ( ~ 2 )  
when %he su l f ides  reoxidize t o  su l fu r i c  ac id ,  
Prolonged waterlogging nay a l s o  reduce t h e  organic 
matter i n  s o i l  Lo tnethrzne (snmp gas) .  

REMTIONSHIP OF S Z m  PRCDUCTDIn TO SOIL 
M C I S m E  M a  WTRImTS: A mOTHESIS 

From t h e  work reviewed, we have developed a 
working h~rpothesis on t h e  re la t ionship  of s i t e  
productivity t o  s o i l  moisture and nutr ients .  
Figure 2 i l l u s t r a t e s  t h i s  hypothesis, Br ief ly ,  
s i t e  productivity i s  dependent on s o i l  moisture 
and nutr ient  a v a i l a b i l i t y  and t h e i r  in teract ions .  
On very dry s i t e s ,  nu t r i t ion  is  l e s s  c r i t i c a l  
than moisture because t h e  l a t t e r  i s  most l imi t ing  
t o  growth. A s  moisture becomes more p l e n t i f u l ,  
nu t r i t ion  plays a greater  r o l e  i n  determining 
productivity.  When a s i t e  becomes too wet, 
however, chemical react ions  and l ack  of oxygen 
change t h e  a v a i l a b i l i t y  of nutr ients ,  i n  some 
cases causing nu t r i en t  def ic iencies  of t o x i c i t i e s .  
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Figure 2.--Hypothesized re la t ionship  of s i t e  
productivity t o  s o i l  moisture and nutr ients  
ava i l ab i l i ty ,  t h e  need f o r  drainage and 
f e r t i l i z a t i o n ,  and conditions under which 
f e r t i l i z a t i o n  may reduce t h e  need f o r  drainage. 

Because of these  re la t ionships ,  we propose 
t h a t  f e r t i l i z i n g  may g rea t ly  increase productivity 
of s i t e s  which a re  low i n  nu t r i en t s ,  poorly drained, 
and seasonally waterlogged (see  shaded a r e  i n  
f igure  2 ) .  For example, we hypothesize t h a t  
draining a s i t e  with nutr ient  a v a i l a b i l i t y  and 
moisture conditions a s  a t  point A i n  f igure  2 
would r a i s e  productivity t o  point  B, but t h a t  
f e r t i l i z i n g  t h i s  same s i t e  t o  a medium o r  high 
nutr ient  l eve l  would r a i s e  productivity points 
t o  C o r  D without any drainage. Ve have demon- 
s t r a t ed  a s imi lar  response on a wet f l a t  o r  
savannah type (hngdon and Hatchell 1911). In a 
planting of several  pine species on t h i s  unfe r t i l -  
ized area ,  t h e  best  t r e e s  a t  age 11 were only 



1 2  f e e t  tall, indicat ing t h a t  the  s i t e  index 
WELB not more than 50 feet .  F e r t i l i z a t i o n  with 
phosphate and lime a t  age 11, and with nitrogen 
a t  age 14,  converted t h e  p l o t s  by age 17 t o  a 
s i t e  index of 85 f e e t ,  A d m i t t e d l y ,  t h i s  i s  orGy 
one example, and it c e r t a i n l y  does not indiczbte 
t h a t  our r e s u l t s  a r e  universal ly  rtpplicable. 
However, i n  discussing t h e  work of t h e  University 
of Flor ida 's  Forest  F e r t i l i z a t i o n  Cooperative, 
Bengtson (1971, p. 53) a l s o  observed t h a t  
"appropriate f e r t i l i z a t i o n  may i n  the  l e s s  
waterlogged s i tua t ions ,  obviate t h e  need fo r  
drainage by st imlatinpg ea r ly  rapid growth of 
t h e  pine stand." He pointed out t h a t  t ranspi-  
r a t i o n  from such a stand "improves l o c a l  drain- 
age with ever-increasing benef i t s  t o  root 
devellopent a.nd nu t r i en t  cycling. " 

Thus, our answer t o  t h e  question of whether 
f e r t i l i z a t i o n  of lob lo l ly  o r  s l a sh  pine can 
reduce t h e  need f o r  drainage i s  a qual i f ied  
"ye:", especia l ly  i f  s o i l  and f o l i a r  t e s t s  
ind lca te  def ic iencies  i n  phosphorus, calcium, 
nitrogen, o r  o ther  nutr ients .  We r e a l i z e  t h a t  
much more work is  needed t o  t e s t  t h i s  working 
h y p t h e s i s ;  however, t h e  evidence i s  strong 
enough f o r  landowners t o  p i lo t - t e s t  t h i s  concept 
on wet s i t e s  t h a t  a r e  apt  t o  show response. 
So i l s  associated with such s i t e s  frequently have 
a dark surface horizon, and a r e  classed a s  umbric 
aquul ts  o r  groundwater spodsols. Mottling 
approaches t h e  sop1 surface ,  and p r o f i l e  develop- 
ment i s  frequently weak and tongued, Water i s  
nornrally present a t  o r  near t h e  s o i l  surface f o r  
several  months each year.  Ericaceous vegetation 
is usual ly  more abundant here  than on adjacent 
s i t e s ,  and pines appear stunted and have shor t  
needles. Wet pine f l a t s  and savannahs a r e  names 
o f t en  given t o  such s i t e s .  

The po ten t i a l  benef i t s  t o  a landowner of 
f e r t i l i z i n g  t h e  s i t e s  i n  question would be t o  
change low o r  nonproductive s i t e s  t o  ones of 
higher productivity a t  a r e l a t i v e l y  low cost  
with only minor s o i l  disturbance and minima use 
of heavy equipment. 
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ESTIMTING FERTILIZER RESPONSE IN SITE-PREPmED PINE PMTATIONS 
1 / 

CSING BASAL AREA MD SITE ~ D E X -  
2 / 

Howard Gi. Duzan, Jr, and H. Lee Allen- 

Abstract.--Periodic growth models formulated for 
untreated and fertilized stands using basal area and site 
index as predictor variables represent a unique system for 
characterizing and quantifying response to nitrogen fertil- 
ization. Response was found to increase with increasing 
basal area and decrease with increasing site index. The 
equations produced provide a basis for selection of candi- 
date stands for fertilization while giving better estimates 
of response needed for economic evaluation. 

INTRODUCTION 

The use of nitrogen fertilizers to enhance 
growth in Southern loblolly pine (Pinus taeda L.) 
plantations has steadily increased during the last 
few years. Results from fertilizer trials covering 
a wide range of soils and stand conditions in the 
South have encouraged many forest managers to con- 
sider nitrogen fertilization as a viable silvicul- 
tural tool. Although many trials have demonstrated 
substantial volume gains, some installations have 
indicated little or no advantage from nitrogen 
fertilization and in some cases negative responses 
have been reported. A method of characterizing 
those sites which are more responsive to nitrogen 
based on soil or stand parameters would greatly 
improve the gains from an operational fertilization 
program while providing better estimates for eco- 
nomic evaluation of proposed projects. 

Efforts to diagnose sites which are responsive 
to nitrogen using soil or foliar variables alone 
have not produced acceptable results (Haines et al. 
1976). Much of the problem has been our inability 
to determine the nitrogen fraction, in either soil 
or foliage, that best reflects nitrogen availability 
to the tree. Another consideration is the influ- 
ence of stand characteristics on response, in 
particular, basal area per acre and site index at 
- 
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age 2 5 .  There are several reasons for looking at 
these two stand parameters. Basal area is a re- 
flection of the needle biomass which is available 
to respond to fertilizer. Site index is a compos- 
ite measure of the productivity of the stand, re- 
flecting both soil physical and chemical properties 
as well as climate. Site index can also be viewed 
as an indicator of the severity of growth limiting 
deficiencies. If nitrogen is the limiting factor, 
site index should be related to a stand's respon- 
siveness to nitrogen application. 

Studies involving nitrogen fertilization of 
Douglas-fir (Pseudotsuga menziesii Franco) in 
the Pacific Northwest have shown that response is 
related to the stocking level of the stand at time 
of fertilization (Shumway and Atkinson 1978). 
Additional work with Douglas-fir suggests that 
response may be correlated with growth on the un- 
treated stand (Anon. 1974). This point reempha- 
sizes the importance of basal area and site index 
since periodic growth on any stand depends to a 
large extent on the growing stock and productivity 
of the site. In similar attempts to model response 
to nitrogen by Swedish researchers (Rosvall 1979), 
important independent variables were found to be 
site index, current untreated growth, age, nitrogen 
rate, latitude, and altitude. 

A technique is described in this paper for 
predicting volume response to nitrogen fertilization 
in established loblolly pine plantations using basal 
area per acre and site index. The utility of any 
response model using these measures as independent 
variables is enhanced by the direct application 
of the model to existing inventory systems. Selec- 
tion of candidate sites and evaluation of gains from 
a fertilization program can be accomplished with 
little effort. More precise diagnostic techniques 



for soil and foliar nitrogen levels can be in- 
corporated into an existing basal area-site index 
model to more accurately estimate nitrogen needs 
for individual stands as they become available. 

PLOT DATA 

Data selected for fitting the proposed model 
represent a subset of fertilizer trials established 
in 1971-73 by Forest Industry members of the Worth 
Carolina State Forest Fertilization Cooperative. 
Control plots and plots fertilized with LOO pounds 
of elemental nitrogen (as m o n i m  nitrate) per 
acre were chosen from 37 trials. Installations 
were selected to cover a wide range of stand condi- 
tions on a variety of soil types across the South. 
Further constraints included selection of stands 
which had been site-prepared and which had foliar 
phosphorus levels of .1% or greater. The range of 
stand conditions for selected trials is swrized 
in table I. Neasurements were made initially and 
after five years. Per acre volumes were calculated 
using a total stem, outside-bark equation for 
individual trees (Smalley and Bower 1968). Gross 
volume growth estimates were calculated using all 
trees and do not include losses to mortality. 

Table 1.--Summary of stand conditions for trials 
included in the data set (37 trials with paired 
treatments, total observations = 74). 

Variable Mean Std.Dev. Range 

Age (yrs) 12 4 5-18 

Site index (25 yr,it) 63 10 45-90 

Stemslac. 754 163 397-1165 
3 BA/ac. ( f t ) 86 52 6-174 

Foliar N (X) 1.16 .13 .88-1.39 

Foliar P (X) .I4 '04 .lo-.20 

A MODELING APPORACH 

Modeling of fertilizer response can be 
accomplished through several avenues. The tradi- 
tional method is to calculate periodic volume 
response (fertilized minus control) for each trial 
and relate this measure to the initial stand param- 
eters using regression techniques. A problem 
arises in that fertilized and control plots may or 
may not be comparable due to differences in stand 
characteristics prior to treatment. Covariance 
analysis can be applied using this method to adjust 
for initial conditions prior to calculating response. 
Another approach to assessing response is to deter- 
mine the impact of nitrogen fertilization on the 
growth trends of fertilized stands. 

Five-year volume growth on the control plots 
was related to initial basal area and site index 
using a growth model which was developed from 
biological principles. Scatter diagrams of raw 

data were used to substantiate the growth model 
used. Fertilized plots were included in the model 

variables were used to statistically test 
for changes in the coefficients of the untreated 
model which resulted from inclusion of the fer- 
tilized plots. bff possible combinations of 
treatmnt influence on the =ode1 were examined. 
Coefficients for the basal area and basal area x 
site index terms in the denminator of the model 
were found to be significantly altered by appliea- 
tion of nitrogen fertilizer. Other coefficients 
in the model were not significantly altered. The 
equation produced using this technfque provides a 
method for detemining how nitrogen fertilizer 
changes the periodic growth pattern on treated 
stands. In addition, estimates of periodic voLurne 
growth for both treated and untreated stands of 
known basal area and site index can be calculated. 
The combined model for both untreated and ferti- 
lized stands is: 

Growth = (52.61087 + BA)/(0.124105 + 0.0003557*BA 
- 0.001027*SITE - O.O0000006*BA*SITE - 

Where: Growth = 5-year gross volume increment 
(cu. f tlacre) 

BA = initial basal area (sq. f tlacre) 
SITE = 25-year site index (ft) 
T1 = treatment effect, 

T1 = 0 for untreated 
T1 = 1 if fertilized with NlOO 

2 R for combined model = .73 
Standard Error of mean = 31 cu.ft/acre. 

Analysis of sequential sums of squares for the 
combined growth model revealed that basal area 
accounted for 56% of the total corrected variation, 
inclusion of site index accounted for an additional 
11%, and the treatment effect produced a further 
reduction of 6%. All included effects were 
statistically significant (a = .05). 

Growth curves developed from the above equation 
for untreated and fertilized stands at two site 
index levels are illustrated in figure 1, Note 
the basic shape of the periodic growth curves under 
untreated conditions and the changes which occur 
when nitrogen is applied. Estimates of response 
to nitrogen over control derived from the composite 
growth equation are presented in table 2 for a range 
of basal areas and two site indices. 

DISCUSSION AHD CONCLUSIONS 

The data, illustraced in figure 2 and pre- 
sented in table 2, demonstrate the relationships 
between response and stand parameters over the 
range normally found in managed plantations. The 
most obvious trends are decreasing response as site 
index increases and increasing response as basal 
area increases. In order to explain these results, 
we must consider first the attributes of the data 
set used to fit this model. Phosphorus-deficient 
sites and poorly-drained or excessively drained 
sites which are major factors contributing to poor 
site quality in much of the South were not included. 



Figure 1.--Five-year periodic growth predictions 
for untreated and fertilized stands (100 lbs 
M/ac) using basal area at two levels of site 
index. 

Table-2.--Fivemyear gross volume response (cu.ft/ 
acre) with application of 100 pounds of elemental 
nitrogen. 

-------- Site Index (ft)-------- 
Basal Area 5 0 6 0 70 8 0 

(sq. f tfacre) 

10 2 4 23 19 10 
30 83 76 6 2 3 1 
50 15 3 136 106 50 
7 0 229 199 14 9 6 8 
90 309 261 191 8 4 
110 390 32 3 2 30 9 8 
130 472 383 266 110 
150 554 440 299 121 
170 634 496 331 131 

With removal of these factors as primary influences 
on site productivity, the data suggest that the 
limiting factor may be nitrogen. The simple cor- 
relation between site index and foliar nitrogen 
percent (r = .48) was positive and statistically 
significant (a = .01). We speculate that high site 
indices are associated with areas having a favorable 
nitrogen status, thereby providing a reasonable 
explanation for lower responses to nitrogen on 
stands with higher site index. 

Poor response to nitrogen on stands of low basal 
area (10-30 sq.ft/acre) is to be expected. The lack 
of an adequate growth base to give quantitative 
expression to the response, coupled with uptake of 
nitrogen by competing vegetation, make fertilization 

Figure 2.--Relationship of basal area and site 
index to five-year volume increment over control 
for stands fertilized with nitrogen. (Based on 
fitted growth equations.) 

of very young stands inefficient. As stands become 
more developed and approach crown closure (50-90 
sq.ft. of basal area), a larger response to nitrogen 
can be anticipated. Response continues to increase 
according to this model, as basal areas approach 
150 square feet per acre. Biologically, we might 
expect that as stands become fully to overly-stocked, 
response to nitrogen, measured as gross volume 
growth per acre, would level off or possibly de- 
crease, since crown surface area would be at a 
maximum (Tamm 1979). This trend cannot be sub- 
stantiated using the fitted model since very few 
of the site-prepared stands were heavily enough 
stocked to determine if response in fact declines 
at higher basal areas. 

Extrapolation beyond the ranges of the original 
data set may produce erroneous estimates of response. 
This limitation applies not only to basal area and 
site index but other parameters as well. Population 
conditions which must be satisfied include stands 
which are: 

1) site-prepared loblolly pine plantations, 
2) not P-deficient or have had phosphorus 

applied prior to planting, 
3) naturally well drained or were artificially 

drained prior to planting, 
4) exclusive of excessively drained, sandy 

sites. 

The relationship between site index and re- 
sponse to fertilizer is particularly sensitive to 
the population of stands used to fit the model. In 
the case of this model, the data set used was quite 
restricted, being taken from stands on non P- 
deficient sites exhibiting a narrow range of 



drainage classes. The result was a negative 
relationship between site index and response 
probably reflecting a dominant influence of N 
status on site index for this population. A 
similar model, being published in the Southern 
Journal of Applied Forestry (Mzan et al. 1980), 
and fit using older, essentially old-field stands 
covering a wide range of soil P and drainage 
conditions, gave a positive relationship between 
site index and response. This probably reflects 
the restrictive effect of extreme drainage condi- 
tions and P-deficiency on N response in the low 
site index range. This apparent difference does 
not reduce the validity of either model, but 
rather emphasizes the importance of selection of 
the appropriate model for various stand conditions, 

Two further points in regard to the use of 
the presented growth model should be considered. 
First, incremental response from nitrogen ferti- 
lizer is estimated over a five-year growth period. 
Some additional gains may occur after five years, 
particularly in young, low basal area stands. 
Secondly, the recommended optimum application rate 
for nitrogen is 150 pounds per acre which it is 
estimated will increase response approximately 
15% over those estimates in table 2 (NCSFFC 1980). 

Although this data set is quite restricted, 
it does represent a large acreage of plantations 
in the South. As future regeneration efforts 
concentrate on cut-over sites and corrections for 
phosphorus deficiencies and poor drainage improve 
productivity on many areas, the utility of this 
model for characterizing stands responsive to 
nitrogen will increase. 
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NITROGEN FERTILIZATION OF ESTABLISHED LOBLOLLY PINE S T - M S :  

A FLEXIBLE SILVICULTURAL TECHNI~UE~/ 

2 1 R. Ballard- 

Abstract,--Results are presented which resolve many of 
the uncertainties regarding suitable nitrogen (N) fertilizer 
sources and effective rates and times of application for 
fertilizing loblolly pine plantations. Recent developments 
in fertilizer response prediction technology are covered. 
The potential for using N fertilization to manipulate fiber 
supply and size classes of timber is discussed. 

INTRODUCTION 

Nitrogen (N) fertilization of established 
stands is a well accepted silvicultural technique 
in the Pacific Northwest (PNW) but its acceptance 
in the South has been much slower. Currently 
about 300,000 acres are fertilized with N annually 
in the PNW while only ca 60,000 acres are fertil- 
ized annually in the South (Bengtson 1979) and 
most of this is on one ownership. This is not an 
indication that responses to N are greater or more 
frequent in Douglas-fir than in the Southern pine 
forests: evidence indicates that average responses 
over a range of sites in both regions are remark- 
ably similar (Miller & Fight 1979; Haines et a1 
1979). There appear to be two major factors 
retarding operational use of N fertilizers in 
established Southern pine plantations. These I 
will label as the P-resonse syndrome and the 
technology gap. 

ACCEPTANCE PROBLEM 

P-Response Syndrome 

The South is unfortunate in more ways than 
one in having some extremely P-deficient forest 

I/ Paper presented at Southern Silvicultural 
~esearch Conference, Atlanta, Georgia, November 
6-7, 1980. Paper No. 6676 of the Journal 
series of the North Carolina Agricultural Research 
Service, Raleigh. 

21 Associate Professor of Forestry and Direc- 
tor of the North Carolina State Forest Fertiliza- 
tion Cooperative, School of Forest Resources, N.C. 
State University, Raleigh, N.C. 27650 

soils in the Lower Coastal Plain region. Not 
only do resources have to be committed to amel- 
iorate the problem on these soils but the type 
of response achieved has unfortunately set stand- 
ards of acceptance among many forest managers for 
fertilizer response. Phosphorus deficiency is 
very much a problem of young developing plants 
and its correction invariably produces visually 
spectactular responses. We have all seen these 
responses in the field or in publications 
(Pritchett & Smith 1974) where P fertilization 
makes the difference between having or not having 
a plantation. 

Based on results from an extensive series of 
trials in loblolly pine plantations throughout 
the South, it is apparent that the productivity 
of most plantations are limited to some extent 
by N deficiencies (table 1). The responses 
obtained, which average about 2 cordslacre over a 
4 to 5 year period after fertilization, but range 
up to about 8 cords per acre, are commercially 
viable in many cases. However responses of 2 to 
5 cdslacre are difficult to "see" in plantations 
with 15 to 30 cdslacre of standing timber. These 
non-visual responses in apparently healthy plan- 
tations are difficult to sell to managers accus- 
tomed to thinking of fertilization as an all or 
nothing remedial measure. The challenge in the 
South today is to sell N fertilization as an 
investment opportunity, not as a remedial measure. 

Technology Gap 

Even where forest managers can be sold on 
the benefits and opportunities of N fertilization, 
they still need and demand certain information 
before going operational. Because most managers 
have only limited financial resources at their 



Table 1.--Average volume gains, by physiographic regions, for loblolly pine 
plantations fertilized with either 150 or LOO lbs N per acre 

Upper Lower All 
Treatment Piedmont Coastal Plain Coastal Plain Sites Range 

-------------------(4-yr cu,ft/acre gain)---------------------- 

I/ Any P deficiency corrected by fertilization. Plantations had an average 
age OF 12.3 yrs with a range from 2 to 21 years; initial basal area averaged 
88 sq, ftlacre with a range of O to 291 sq. ftlacre. 

21 Any P-deficiency not corrected. Plantations had an average age of 12 
yrs wxth a range from 2 to 35 years; initial basal area averaged 102 sq.ft/acre 
with a range of 0 to 223 sq.ft/acre. 

3/ Values in parenthesis indicate number of fertilizer trials. - 

disposal their first requirement is to be able to 
identify sites where the largest and most profit- 
able responses will be obtained from N fertiliza- 
tion. In addition he needs to know what source 
of fertilizer to apply, when to apply it and the 
most economical rate to apply. Lack of suitably 
accurate techniques for predicting quantitative 
responses to N fertilization and uncertainty over 
effective fertilizer sources, rates and times of 
application has undoubtedly contributed to the 
slow acceptance of operational N fertilization in 
the South. 

Recent information generated from the exten- 
sive number of N fertilizer trials installed by 
Forestry Industry members of the North Carolina 
State Forest Fertilization Cooperative (NCSFFC) 
goes a considerable way towards resolving many of 
the above uncertainties. 

STATE OF THE ART 

Prediction of Response 

Attempts to predict N fertilizer response in 
forest plantations have in the past centered 0.n 
measurements of N in the soil or plant tissues. 
These traditional methods have largely proved 
unsuccessful at predicting the quantitative 
response to N fertilization (Ballard 1980). 

As response information became available from 
NCSFFC N-fertilizer trials covering a wide range of 
both stand and soil conditions, it became apparent 
that the quantitative response was associated more 
with stage of stand development than soil vari- 
ables. This is perhaps not surprising in view of 
the ubiquitous nature of N deficiencies throughout 
the loblolly pine range and the obvious role the 

stage of stand development plays in setting growth 
limits. 

Models have been developed using basal area 
and site index, for predicting the magnitude of 
N fertilizer response in older, mainly old-field 
loblolly pine plantations (Duzan et a1 1981; fig. 1 
and for younger, site prepared plantations (Duzan 
and Allen 1980). These models are compatible 
with most inventory systems which enables site 
selection for N fertilization without additional 
field sampling and also provides the opportunity 
for evaluating various N fertilization strategies 
in relation to ownerships production and product 
goals. While these models are effective at pre- 
dicting the average response to be expected from 
N fertilization of various stand types, predictionc 
for specific sites are subject to quite a wide 
margin of error. Theoretically a better predictio~ 
of response magnitude should be possible from a 
model which identifies sites according to both 
their N status and stand variables that control 
the potential periodic increment of the stand over 
a 5 to 7 year period following fertilization. 
Enhanced growth rates in N-fertilized forest 
plantations typically persist for only 5 to 7 years 
(Ballard 1981a). Work is underway within NCSFFC 
to develop such a model. 

With the large value differentials between 
pulpwood and logs used for solid wood products, 
most loblolly pine stands harvested are now mer- 
chandized according to diameter classes. Conse- 
quently, most forest managers would like to know 
more than just the total volume response from 
fertilizing a stand. For the purpose of determin- 
ing profitability, they would also like to know 
the distribution of the volume response among 
diameter or merchantability classes, This type of 
information is obtainable using an individual tree 



Figure 1.--Influence of initial basal area and 
site index (25 yr) on 5-year gross volume 
response from fertilization of loblolly pine 
plantations with 100 lbs N + 50 lbs P/acre in 
the Lower Coastal Plain (A) and Piedmont (B) 
regions (Duzan et al. 1981). 

analysis approach: using regressions of volume 
growth on diameter class for both fertilized 
and unfertilized stands, the fertilizer response 
in either initial or final diameter classes can 
be determined (fig. 2). We have identified 
certain trends in response distribution patterns 
which appear to be related to the stage of stand 
development (Rogers 1978): in young, open grown 
stands response tends to occur equally among the 
diameter classes; in stands exhibiting some crown 
competition response tends to be greater in larger 
diameter classes; and in severely overstocked 
stands response in larger diameter classes tends 
to be off-set by suppression of growth in smaller 
diameter classes. Our objectives now are to define 
those stand and site conditions which show common 
trends and to mesh response distribution predictions 
with our gross volume prediction models. 

3 4 5 6 7 8 9  
Fl NAL DIAMETER CLASS (in) 

Figure 2.--Five-year volume growth per acre by 
final diameter class following fertilization of 
a 9-year-old loblolly pine plantation with 100 
lbs N + 50 lbs P per acre. 

Fertilizer Sources 

In forestry, the choice of a N fertilizer is 
essentially between ammonium nitrate (AN) and 
urea (U). Other N sources are available, but high 
costs per unit of N or low analysis values, which 
increase handling and application charges, tend 
to preclude their use for operational fertilization 
of forest stands (Bengtson 1976). 

A comparison of AN and U, applied at 150 lbs 
N/acre over a wide range of site and stand condi- 
tions throughout the South, revealed no significant 
differences in effectiveness of these two sources 
Ballard, 1981b): differences in response between 
the two sources were small in relation to the 
magnitude of the response to N (table 2). Either 
source is acceptable for fertilization of loblolly 
pine plantations and the choice should rest on 
such considerations as local availability, price, 
and cost of application. 

Timing of Application 

Seasonal--In the trial series comparing AN and 
U, these N-fertilizer sources were applied at 3 
times of the year. Results showed significant 
differences in response between application dates 
at 3 out of the 11 sites (table 2). The difference 
arall3 sites was associated with a significantly 
poorer response from the summer (June) application 
of both N sources (Ballard 1981b). Soil and stand 
conditions appear to be unrelated to the effective- 
ness of summer applications: it is suspected that 
the higher probability during summer of heavy rains, 



Table 2.--Main effects of nitrogen fertilizer sources and time of application 
on 4-year volume response in loblolly pine plantations. 

Trial no. 1 
Time of Application 3 

Feb . June Oct. 

Avg . 
I/ NCSFFC trial code. For details of individual trial site and stand 

condiFions see Ballard (1981b). 
2/ Ammonium nitrate (AN) and urea ( U ) ,  - 
31 Treatments within rows not followed by a common letter differ 

signi?icantly (P < 0.05). Treatment differences non significant in rows 
without letters. 

capable of leaching N from both sources, accounts 
for the apparent randomness of the sites showing 
an inferior response to summer applications. 

It is recommended that AN and U be applied 
in either spring or autumn. Our knowledge of N 
behavior in soils also leads us to recommend that 
even within these seasons, applications should be 
avoided when 1) the ground is water-logged, 
2) long, dry hot spells are forecast, and 3) 
torrential down-pours are likely within a few days 
of application. Although we have not tested 
winter applications, theoretical considerations 
suggest that N fertilizer effectiveness might 
be reduced by application during this season, 
particularly in cold areas subject to snow 
accumulations and on wet sites, due to high 
leaching and denitrification losses. 

Stage of Stand Development--Our fertilizer 
response prediction models indicate as in figure 
1 that periodic (5 years) response increment 
is related to basal area. The precise nature of 
the relationship is not clear in the middle range 

of basal areas but it is clear that much smaller 
quantitative responses are obtained if N fertil- 
izer is applied when the stand is either very 
understocked (< 20 sq.ft/acre basal area) or 
severely overstocked (> 160 sq.ft/acre basal 
area. ) 

Optimum Rates of Application 

Trials designed to determine optimum N rates 
for fertilizing loblolly pine plantations have 
shown optimum rates to be fairly independent of 
site and stand conditions (Ballard, 1981a). For 
11 out of 17 N-rate studies which showed a 
significant response to N fertilization, the 
average N rate which maximized volume response 
(biologic optimum) was 200 lba Mlacre (table 3). 
Based on assumed pulpwood and sawlog stumpages 
of $0.20 and $0.70 per cu.ft., respectively, 
average economic optimum N-rates for capture of 
the total response on either pulp or sawlogs were 
calculated to be 57 and 152 lbs Nlacre, respectively. 
The standard error for the average sawlog 
optimum was only 910 lbs N/acre. Because of the 



Table 3.--Estimated optimm N application rates and their associated volume 
responses for loblolly pine plantations. 

Optimum N application rate 
1 / Ecanomic Volume response Trial- 

No Pulpwood Sawlog Biologic Pulpwood Sawlog Biologic 

Avg . 5 7 152 200 171 309 328 

1/ NCSFFC trial code. For details of individual trial site and stand 
conditions see Ballard (1981a). 

2 1  Based on four-year response infomation. All other trials based on - 
five-year response information. 

relatively small variation about average optimum 
rates, the difficulty of uniformly applying 
fertilizer under operational conditions and the 
typically large within site variability of most 
forest management units, standarized application 
rates are recommended for specific silvicultural 
regimes. 

Fertilization has been incriminated in in- 
creasing the incidence of diseases such as 
fusiform rust and pitch canker and the degree of 
damage from snow and ice. We do have evidence 
(Kane 1980) that N fertilization of loblolly pine 
plantations greater than 2 years of age does not 
increase fusiform infection rates or associated 
damage. Effects on the incidence of other 
diseases and pests attacks are largely unknown. 

found that on the average thinned stands of lob- 
lolly pine respond somewhat more than unthinned 
stands (table 4), it is not a consistent trend. 
The nature of this interaction is examined in 
another paper*at this Symposium (Ballard, et al. 
1980). 

Table 4.--Average 4-year volume increment from 
thinning x N fertilizer st ies in twelve Y? loblolly pine plantations.- 

4-year volume growth 

Treatment Gross Net 

Unthinned 1478 1197 

Fert gain In very few cases do we have any evidence to 157 124 

support the contention that N fertilization _ - - _ - - - _ - - - - _ _ - - - - - - - - - -  
increases the degree of damage from ice and snow. 

Thinned 1156 1082 Out of the several hundred NCSFFC fertilizer trials 
throughout the South, we have only two trials in Thinned + N Fert 1353 1266 --------- ------ ----------- ------- -- ---- ------ 
which the degree of ice damage has been obviously 

Fer t gain related to N fertilization. 19 7 184 

I/ Plantation age averaged 15.6 years with a 
The interactions between N fertilization and rangeWfrom 11 to 20 years; basal area in the un- 

other silvicu1tural operations in loblolly pine thinned areas averaged 156 sq.ft/acre with a range 
plantations, particularly thinning and prescribed of 97 to 191 sq.ft/acre, while that in the thinned 
burning, are not well understood. While we have areas averaged 97 sq.ft/acre with a range of 80 to 

120 sq.ft/acre. Thinning was done selectively from 
below. Fertilizer applied at 150 lbs.   lac re. 



Nitrogen-fertilization technology has un- 
doubtedly now reached the point where operational 
N fertilization can realistically be included 
among silvicultural options available to forest 
managers. However, the technology is still in a 
very early development stage. Refinements in 
predictive techniques, methods and frequency of 
application and an improved understanding of 
interactions with other silvicultural operations 
and long-term residual effects could further en- 
hance its value as a silvicultural tool. 

Many of the major timber producing areas in 
the world, including the Southern United States, 
are facing a timber supply problem due to an 
imbalance in age and size classes (Zobel, 1980). 
The problem is associated with an abundance of 
young sub-merchantable plantations, a rapidly 
declining "old-growth" resource and an inadequate 
acreage of intermediate age (size) timber. The 
general responsiveness of loblolly pine planta- 
tions in the South to N fertilization offers a 
number of opportunities for reducing the impact 
of this imbalance on both fiber supply and 
material suitable for solid wood products. 

Fiber Supply 

Early utilization of young stands, usually 
by partial cutting (thinning), is a possible way 
of reducing the age-gap problem. However, as 
thinning usually reduces the amount of fiber 
produced per acre over normal loblolly pine 
rotation lengths (25-35 years), critics point out 
that thinning may serve only to delay the problem. 

Nitrogen fertilization provides two major 
opportunities for reducing the age-gap problem. 

1. Fertilization of young stands 5 to 7 years 
prior to thinning, when basal area is in the 
optimum range of response, would enable either 
earlier thinning or greater volume removal at a 
predetermined thinning age. 

2. Fertilization of thinned stands increases 
the rate of growth and acts to offset the impact 
of growing stock removal on fiber production, 
Our data (table 4 )  show that average 
net periodic volume growth in fertilized and 
thinned stands exceeded that in unthinned stands. 

Assuming no selection for responsiveness to 
N fertilization, the average response from N 
fertilization (150 Ibs ??/acre) of a young planta- 
tion with 60-80 sq.ft/acre of basal area would 
be approximately 3 cords per acre. We anticipate 
a response of similar magnitude would be obtained 
from refertilization following thinning. There is 
thus a potential, under such a silvicultural regime, 
for increasing the fiber supply from loblolly pine 
plantations by an average of 6 cords per acre over 
a rotation. 

Size Class Distribution 

Many of the options available for accentuat- 
ing growth on individual stems-use of genetically 
bproved stock, wLde spacing at planting, intensive 
site preparation-are long term in nature and thus 
of little use in resolving the immediate size-gap 
problem. Thinning is the technique most frequently 
used to provide relatively short-term exploitable 
gains in individual stea growth. Nitrogen fertil- 
ization can also be considered amng the options 
for providing relatively short-term hprovements in 
the supply of larger-sized timber, In this respect, 
fertilization can be exploited under a number of 
circumstances, 

1. Nitrogen fertilization in conjunction with 
thinning not only provides more volume gain than 
fertilization of unthinned stands (table 4) , but 
this volume gain goes onto fewer, larger stems. 
Many stands which are commercially thinnable by 
today's standards of minimum extraction volumes 
and average diameters are, due to close planting, 
overstocked. In such stands the response to thin- 
ning can be minimal due to either severe crown 
suppression or because the residual crop component 
has already established dominance. Our data 
(Ballard et al. 1980) would tend to indicate that 
fertilization of such stands after thinning will 
produce a response even though there is no response 
to thinning per se or to fertilization of the 
unthinned stand. 

2. Many intermediate and older age pine stands 
in the South are so grossly overstocked,that not 
only will there be little response to thinning but 
thinning places such stands in jeopardy from ice, 
snow, and wind damage. The development of these 
stands to timber of merchantable size is slow. Our 
experience from fertilizing such stands shows that 
fertilization can produce a quite pronounced shift 
in diameter class distribution. In a case study it 
was shown that an overstocked stand which showed no 
net gain in volume from fertilization increased 
significantly in value due to a stimulation in 
growth of larger trees at the expense of smaller 
trees (Rogers 1978). Nitrogen fertilization offers 
an opportunity to speed up the development of over- 
stocked stands into a merchantable condition. 

By way of conclusion it is emphasized that N 
fertilization of loblolly pine stands is not an 
obligatory management practice-in most cases stands 
will grow and remain healthy without it. However it 
does offer an investment opportunity to produce more 
fiber and to help resolve some supply problems. 

LITERATURE CITED 

Ballard, R. 1980. The means to excellence in 
tomorrow's plantations-through nutrient amend- 
ment. -& Forest Plantations: the shape of 
the future. First Weyerhaeuser Science 
Symposium, Tacoma, WA. 

Ballard, R., H.W. Duzan, Jr., and M.B. Kane. 1980. 
Thinning and fertilization of loblolly pine 
plantations. Paper presented at Southern 
Silvicultural Research Conference, Atlanta, 
November 6-7, 1980. 



~allard, R. 1981a. Optimum nitrogen rates for 
fertilization of loblolly pine plantations. 
South. J. Appl. For. 5: (in press). 

~allard, R. 198l.b. Comparison of urea and 
amonium nitrate as nitrogen fertilizer sources 
for southern pine plantations. South. J. 
hppl. For. 5: (in press). 

BengtsOR, G. W. 1976. Outlook for improved 
fertilizers and technology in silviculture. 
p. 88-98. 9 W. E. Balmer (ed.) Proc. Sixth 
Southern Forest Soils Workshop. USDA For. 
Serv. Southeast Area, State and Priv. For., 
Charleston, S.C. 

Bengtson, G. W. 1979. Forest fertilization in 
the United States: progress and outlook. J. 
For. 77: 222-229. 

Duzan, H. W., Jr. and H. L. Allen. 1980. 
Estimating fertilizer response in site- 
prepared loblolly pine plantations using 
basal area and site index. Paper presented 
at Southern Silvicultural Research Conference, 
Atlanta, November 6-7, 1980. 

Duzan, H. W. Jr., H. Lee Allen, and R. Ballard. 
1981. Predicting fertilizer response in 
established loblolly pine plantations with 
basal area and site index. South. J. Appl. 
For. 5: (in press). 

Haines, L. W., S. G. Haines, and V. H. Allen, Jr. 
1976. Fertilizing established loblolly pine 
stands. p. 57-77. 3 W. E. Balmer (ed.). 
Proc. Sixth Southern Forest Soils Workshop. 
USDA For. Serv. Southeastern Area, State 
and Priv. For. Charleston, S.C. 

Kane, M. B. 1980. Fertilization of juvenile 
loblolly pine plantations: impacts on fusiform 
rust incidence. Paper presented at Southern 
Silvicultural Research Conference, Atlanta, 
November 6-7, 1980. 

Miller, R. E. and R ,  D. Fight. 1979. Fertilizing 
Douglas-fir forest. USDA For. Serv. Gen. Tech. 
Rep. PNW-83, 29 p. 

Pritchett, W. L. and W. H. Smith. 1974. Manage- 
ment of wet savanna forest soils for pine 
production. Univ. FL Agric. Expt. Sta. Tech. 
Bull. 762. 22 p. 

Rogers, P. H. 1978. The impact of fertilization 
on the growth and development of loblolly pine 
plantations. M.S. thesis. N. C. State 
University. 

Zobel, B, J. 1980. Imbalance in the world's 
conifer timber supply. Tappi 63: 95-98. 



UNDERSTOW BIONASS FOR F;NERGY F U ~ '  

Timathy T. Ru, James B. Baker, Charles R. Blinn 
and Richard A. ~ i l l i a m s 2 1  

Abstract.--A cooperat ive study funded by the  Department 
of  Energy was i n i t i a t e d  i n  1979 t o  evalua te  t he  p o t e n t i a l  use  
of understory vegeta t ion  i n  uneven-aged southern p ine  f o r e s t s  
a s  an  energy source. Objectives a r e  t o  cha rac t e r i ze  under- 
s t o r y  vegeta t ion ,  determine its recovery r a t e  from harves t  and 
impact of ha rves t s  on s i t e .  Prel iminary r e s u l t s  i n d i c a t e  an 
average y i e l d  of 24.41  h ha. 

INTRODUCTION 

The world wide demand on energy resources has  
r e su l t ed  i n  acce l e ra t ed  research  a c t i v i t i e s  i n  re- 
newable energy technologies including bomass ener- 
gy sources. The v a s t  a r ea  of commercial timberlands 
i n  southern United S t a t e s  i n  conjunction with i t s  
favorable  environmental and socio-economical con- 
d i t i o n s  provide t h e  region wi th  a n  i d e a l  s e t t i n g  
f o r  i nves t iga t ing  renewable energy resources from 
f o r e s t  biomass. 

I n  order  t o  i nc rease  timber production, con- 
s i d e r a b l e  e f f o r t  has  been expended t o  reduce com- 
p e t i t i o n  from the  unmerchantable and oftenunwanted 
understory vegetat ion.  I n  view of t he  increas ing  
demand on energy, t h e  use of t h i s  renewable under- 
s t o r y  vegeta t ion  a s  a poss ib l e  source of f u e l  sud- 
denly becomes highly appealing,  and a cooperat ive 
study between the  Department of Fores t ry ,  Universi ty 
of Arkansas a t  Monticello, t h e  USDA-Forest Service 
and Georgia-Pacific Corporation was i n i t i a t e d  and 
funded by the  Department of Energy i n  1979, 

11 Paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, Atlanta,  Georgia, November 
6-7, 1980. 
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GOALS AND OBJECTIVES 

A systematic approach t o  t he  problem of us ing  
understary biomass a s  an energy source would in- 
clude: 

( I )  cha rac t e r i za t ion  and f e a s i b i l i t y  of  t h e  
resource,  

(2) harves t  and t r anspor t  of t h e  resource,  
(3) conversion and u t i l i z a t i o n  of t h e  re-  

source, 
(4) long term e f f e c t  of per iodic  ha rves t s  of  

t h e  resource  on s i t e  qua l i t y .  

Due t o  energy shor tages  wi th in  t h e  l a s t  sev- 
e r a l  years ,  many f o r e s t  i n d u s t r i e s  have r e so r t ed  
t o  s o l i d  f u e l  b a i l e r s  and genera t ing  systems i n  
t h e i r  phys ica l  p l a n t s ,  These p l a n t s  a r e  c u r r e n t l y  
re ly ing ,  a t  l e a s t  p a r t i a l l y ,  on logging and m i l l  
r es idues  and can be  e a s i l y  converted t o  u t i l i z e  
t he  understory biomass. Proto-type mobile har-  
vester-chippers have been under development dur ing  
the  pas t  decade t o  be  more e f f i c i e n t  i n  ha rves t ing  
and co l l ec t ing  t h e  small  t r e e s  and logging r e s idues  
f o r  f i b e r .  Such systems can e a s i l y  be adapted t o  
c o l l e c t  and t r anspor t  t h e  understory biomass t o  
concentrat ion loca t ions .  These developments w i l l  
eventua l ly  so lve  phases (2) and (3) of  t h e  problem. 

This study concent ra tes  pr imar i ly  on phase 
(1) and t o  a very l imi ted  ex t en t ,  ob t a in  b a s e l i n e  
information r e l a t i n g  t o  long term impact i n  phase 
(4) .  I f  understory vegeta t ion  is a f e a s i b l e  energy 
resource which can be harvested pe r iod ica l ly ,  then 
the  use  of t h i s  resource would not  only supplement 
theincrearingdemand on energy f u e l  bu t  would a l s o  
increase  t h e  growth of overs tory  crop t r e e s ,  l e s s -  
en t h e  need f o r  brush con t ro l ,  and reduce s i t e  
prepara t ion  and timber s tand  improvement cos t s .  



Table 1.--Understory Biomass  ha) by Site Classes 

GOOD SITE POOR SITE 

Pine Pine-Hardwood Pine Pine-Hardwood 

High Low High Low High LOW High Low 
Density Density Dens i ty  Density Density Density Density Density 

--------------------------------- WINTER HARVEST ---------.---.-----.----------------- 

-___-_---------------------------~--- AVERAGE -------------------------------------- 
27.62 19.55 11.05 27.93 49.61 17.13 15.31 41.20 
19.70 11.90 17.01 28.27 23.92 39.10 16.68 20.83 
25.02 18.16 25.47 23.02 31.59 29.41 21.27 24.77 
24.12 16.54 17.84 26.4 1 35.04 28.56 17.75 28.94 

20.33 22.13 31.81 23.36 
21.22* 27.60* 

24.41 



The short- term ob jec t ives  of t h i s  study is t o  
cha rac t e r i ze  and quant i fy  t h e  understory biomass 
i n  uneven-aged, n a t u r a l ,  southern p ine  s tands  i n  
south Arkansas and no r th  Louisiana.  Long t e r n  
ob jec t ives  a r e  t o  de t e rn ine  (1) t h e  recovery r a t e  
of t he  understory biomass a f t e r  harves t  and (2)  
t h e  e f f e c t s  of pe r iod ic  ha rves t s  of understory 
biomass on s i t e  qua l i t y .  

Forty 0.2 hec t a re  main p l o t s  from a f a c t o r i a l  
design wi th  3 r e p l i c a t i o n s  of  two f o r e s t  types-- 
p ine  and pine-hardwood, two s tand dens i ty  c l a s se s  
--high and low, and two s i t e  classes--good and 
poor was e s t ab l i shed  i n  a 14-county a r ea  i n  south 
Arkansas and no r th  Louisiana. During 1979-80, 
t h r e e  r e p l i c a t i o n s  of 24 p l o t s  were es tabl i shed;  
t h e  remaining 2 r e p l i c a t i o n s  of  16 p l o t s  were 
e s t ab l i shed  i n  1980-81. This paper w i l l  r epo r t  
t h e  prel iminary r e s u l t s  from t h e  24 p l o t s  estab- 
l i shed  i n  1979-80. Within each main p l o t ,  a l l  
woody vegeta t ion  l e s s  than 14 em dbh was inven- 
t o r i ed  from 18, 3.05M x 3.05M subplots .  Nine sub- 
p l o t s  were harvested and chipped i n  l a t e  summer 
during f u l l  f o l i a g e  and n ine  i n  winter .  

Fresh weight of t he  chipped ma te r i a l  from 
each subplo t  was obtained i n  t he  f i e l d .  Sub- 
samples were subsequently taken and dr ied  a t  70°c 
i n  a walk-in k i l n .  Af ter  drying,  weighing, and 
determining p l o t  dry weights,  t h e  subsamples were 
f u r t h e r  pulverized i n  a Wiley m i l l  and used f o r  
chemical ana lys i s  of  N,  P, K, Ca and Mg contents .  
These n u t r i e n t  da t a  a r e  used t o  quant i fy  n u t r i e n t  
removal from harves t .  

S o i l  samples were co l l ec t ed  immediately a f t e r  
each harves t  a t  7.5 and 15 cm depths from each 
subplot .  Nutr ien t  contents  (I?, P, K, Ca, Mg) w i l l  
be analyzed and used wi th  biomass n u t r i e n t  da t a  
t o  c o r r e l a t e  t he  impact of pe r iod ic  harvest  on 
n u t r i e n t  reserves .  

RESULTS AND DISCUSSION 

Preliminary r e s u l t s  derived from quan t i t a t i ve  
d a t a  obtained from 24 p l o t s  a t  t h e  end of t h e f i r s t  
year indica ted  the  following s i g n i f i c a n t  f indings :  

Understory Biomass Production 

The average understory biomass ac ros s  a11 8 
stand-and-site condi t ions  was 24.41 f 11.37 dry 
metr ic  tons per hec tare  @/ha) wi th  a range of 
10.13 t o  50.93  h ha (Table 1 ) .  A t  a  conservative 
guess of a  10-year harves t ing  cycle ,  t h i s  chip- 
pable understory biomass would amount t o  near ly  
2.5 T/ha/yr.,  which is above the  comerc i a l l yope r -  
ab l e  quan t i t y  f o r  some indus t r i e s  under present  
s tandards.  

Although the  average summer harves t  of 26-12 
 h ha was s l i g h t l y  higher than the  winter  average 
of 22.69  h ha a s  one would expect ,  a n a l y s i s  of 

var iance  indica ted  t h i s  d i f f e r ence  was not  s t a t i s -  
t i c a l l y  s i g n i f i c a n t .  This is probably due t o  t he  
high v a r i a b i l i t y  i n  composition, dens i ty  and s i t e  
condi t ions  among p l o t s ,  and t o  a l e s s e r  degree,  
t he  presence of con i f e r s  and broadleaf  evergreens. 

Poor s i t e s  produced more understory biomass 
127 - 6 0  T/ha) than good s i t e s  (21 -22  h ha) (P<0.10) 
f o r  t he  average of two harves t  (Table 1 ) .  Yields 
from t h e  Sumer  harves t  on poor s i t e s  was a l s o  
s i g n i f i c a n t l y  (P<O.lO) g rea t e r .  The higher under- 
s t o r y  biomass obtained from poor s i t e s  may poss ib ly  
b e  explained by t h e  f a c t  t h a t  more l a r g e  understory 
stems (5 t o  12.5 cm dbh) occupied poor s i t e s  than 
good s i t e s  (Table 2) .  This r e su l t ed  from e i t h e r  
pas t  management p r a c t i c e s  and/or l e s s  shading by 
overs tory  t r e e s .  There a r e  genera l ly  smal ler  num- 
be r s  of l a r g e  overs tory  t r e e s  on poor s i t e s ,pe rhaps  
r e f l e c t i n g  the  p r i n c i p l e  of s i t e  product iv i ty .  

Table 2.--Number of  Stems by Size  and S i t e  Classes  

DBH Good S i t e s  Poor S i t e s  

(cm) ------ Stemslha-------- 
Understory 

5.0 1863 2143 
12.5 

Subto ta l  

Overstory 20.0 116 165 
27.5 6 6 6 5 
35.0 3 9 36 
42.5 23 16 
50.0 12 5 
57.5 2 2 

Sub t o t a l  258 289 
To ta l  2325 2736 

Understory Biomass Composition 

A Dominance-Index was derived t o  rank t h e  
understory biomass components by using a model: 

where N is t h e  number of s t e m s  f o r  a  g ivenspec i e s ,  
~i is t h e  dbh of stem i f o r  a  given spec i e s ,  a l l  
on a per  u n i t  a r ea  bas i s .  The model was s l i g h t l y  
modified from Chisman and Schumacher (1940) .21 

Based on the  mean Dominance-Index, t h e  10 
most dominant understory woody spec i e s  i n  descend- 
ing  order  a r e :  red oaks, red maple, winged elm, 
dowood, sweetgum, p ines ,  whi te  oaks, French mul- 
ber ry ,  blackgum, and h ickor ies .  Hopefully, some 
form of a Dominance-Weight-Index may be developed 
s o  t h a t  t h e  index w i l l  c o r r e l a t e  wi th  unders tory  
biomass of a s tand .  

31  Chisman, H. H.,  and F. X. Schumacher. 1940. - 
On the  tree-area r a t i o  and c e r t a i n  of  i t s  appl i -  
ca t ions .  Jour ,  For. 38:311-317. 



Table 3.--Biomass and Nutrient  Contents i n  
Understory Vegetation (Kg/ha) by S i t e  
Classes-Summer Harvest. 

Item Good S i t e  Poor S i t e  Mean 

Nutrient Content i n  t h e  Understory Biomass 

The 216 biomass samples co l l ec t ed  from t h e  
summer harves t  (9 subplo ts  i n  each of 24 mainplo ts )  
were analyzed f o r  N, P, K, Ca and Mg contents .  
The mean n u t r i e n t  concent ra t ions  (%) of a l l  samples 

were: 3 ,  0.439; P, 0.059; K, 0.323; Ca, 0.688, 
and Mg; 0.081. Average n u t r i e n t  removal from a l l  
summer harvested p l o t s  i n  Kg/ha were: N, 100.2; 
P, 12.2; K, 71.5; Ca, 154.1 and Mg, 16.5. Analysis 
of var iance  indica ted  the  n u t r i e n t  removal was 
s i g n i f i c a n t l y  h igher  i n  n i t rogen (?<0.05) andphos- 
phorus (P<0.10) from poor s i t e s  than from g o o d s i t e s  
(Table 3 ) ,  pr imar i ly  a r e f l e c t i o n  of biomass d i f -  
f e r e n t i a l s .  Fur ther  ana lys i s  w i l l  be pursued when 
d a t a  from summer- and winter-harvest of a l l  p l o t s  
becomes ava i l ab l e .  

CONCLUSION 

Preliminary ana lys i s  of ava i l ab l e  da t a  indi -  
ca t e s  t h e r e  is a s u f f i c i e n t  amount of understory 
woody biomass i n  na tu ra l ,  southern p ine  f o r e s t s  
t h a t  can be poss ib ly  harvested f o r  energy o r  even 
f i b e r  use. However, t he  recovery time requi red  
between harves ts  must be determined t o  a s se s s  
biomass product iv i ty  ( ~ / h a / y r ) .  The n u t r i e n t  
concent ra t ions  of t he  understory biomass and t h e  
s o i l - a r e  a l s o  needed t o  quant i fy  n u t r i e n t  remov- 
a l  from harves t  and t o  es t imate  changes of n u t r i -  
en t  reserve  from repeated harves ts .  

I f  per iodic  harves ts  of understory biomass 
becomes a r e a l i t y ,  i n  addi t ion  t o  providing a re-  
newable energy resource t h e  ha rves t s  w i l l  a l s o  
provide an inexpensive s i l v i c u l t u r a l  t reatment 
f o r  con t ro l l i ng  competing hardwoods i n  p ine  s tands .  



INVENTORYING WINDROkED LOGC ING R E S I D C E ~ '  

2 1 M. Henry McPr"ab-- 

Abstract.--A s e t  of user-oriented equat ions  developed 
from da t a  co l l ec t ed  i n  the  Georgia Piedmont al lows estima- 
t i o n  of t he  volume and weight of windrowed logging res idues .  
Eas i ly  measured f ea tu re s  of t he  windrows required i n  t he  
p red i c t i on  equations are:  ( I )  he ight ,  (2) half-width, and 
(3) average diameter of p i eces  l a r g e r  than 3 inches.  

INTRODUCTION 

Logging residues--entire unmerchantable t r e e s  
a s  w e l l  a s  unu t i l i zed  po r t i ons  of harvested trees-- 
a r e  o f t e n  windrowed during s i t e  prepara t ion  f o r  
t r e e  p l an t ing  i n  t he  South. With p r i c e s  of a l l  
f u e l s  r i s i n g ,  organiza t ions  t h a t  can use wood chips 
f o r  f u e l  a r e  beginning t o  show i n t e r e s t  i n  logging 
res idues  ( P h i l l i p s  1979). The volumes of wood in- 
volved can be q u i t e  l a rge ,  p a r t i c u l a r l y  on pine- 
hardwood s i t e s ,  where many low-quality hardwoods 
a r e  usual ly  l e f t  when a p ine  s tand is harvested 
(Welch 1980). 

U t i l i z a t i o n  of  t h i s  ma te r i a l  f o r  f u e l  depends 
i n  p a r t  upon the  a b i l i t y  t o  es t imate  t he  amount and 
type of  ma te r i a l  present .  I have developed a tech- 
nique t h a t  may be s a t i s f a c t o r y  on windrowed s i t e s  
i n  t he  Piedmont. This paper has t h ree  purposes: 

(1) t o  review the  development of  t he  technique, 

(2) t o  present  a  method f o r  s t r a t i f i e d  sampling 
of t he  windrows on l a r g e  t r a c t s ,  and 

(3) t o  demonstrate t he  system. 

t e r r a i n  and predominantly sandy c lay  s o i l s ,  eroded 
from e a r l i e r  a g r i c u l t u r a l  cropping. The harvested 
timber s tand  had a t o t a l  ba sa l  a r ea  of  about 
85 f t 2 / a c  and cons is ted  pr imar i ly  of mature lob- 
l o l l y  and sho r t l ea f  p ine  sawtimber, with l e s s e r  
amounts of pine pulpwood. A s i g n i f i c a n t  por t ion  
of t he  pine s tands  cons is ted  of var ious  upland 
hardwood species  inc luding  southern red  oak, elm, 
sweetgum, and hickory. Even though many of these  
hardwoods were l a r g e r  than 8 inches d.b.h., they 
were of poor q u a l i t y  wi th  no r ead i ly  ava i l ab l e  
market. These s tanding  hardwoods had t o  be 
removed t o  regenera te  pine.  

The s i t e s  were prepared by a s i n g l e  l o c a l  
cont rac tor  during the  l a t e  f a l l  and e a r l y  winter  
of 1976-77. The r e s idua l  hardwoods were sheared 
near ground l e v e l  wi th  a sharp s e r r a t e d  blade 
mounted on the  f r o n t  of a  crawler t r a c t o r .  The 
blade was kept  high enough t o  avoid uprooting 
stumps and t o  reduce s o i l  disturbance.  Af ter  
shearing,  logging res idues  and sheared t r e e s  were 
pushed i n t o  long p i l e s ,  o r  windrows, which followed 
the  land contour. During the  spr ing  of 1977, these  
windrows were s tudied  t o  determine r e l a t i onsh ips  
t h a t  could be used t o  p red i c t  t he  volume and 
weight of woody mater ia l .  

DWELOPMENT OF INVENTORY MElXOD Each a rea  was sampled i n  a sys temat ic  manner. 
Two ca t ego r i e s  of da ta ,  descr ib ing  e i t h e r  t he  

F i e ld  Study S i t e s  phys ica l  appearance o r  t he  biomass contents  of t he  
windrow, were co l l ec t ed  a t  about 200-foot i n t e r v a l s  

F i e ld  da t a  were co l l ec t ed  from th ree  c l ea rcu t  along the  windrows. A t  each of t he  54 sample 
pine-hardwood t r a c t s  on the  Oconee National  Forest  poin ts ,  t he  fol lowing were recorded: 
i n  the  Lower Piedmont of Georgia; a l l  t h r ee  had 
been sheared and windrowed a f t e r  logging. The (1) Height of windrow t o  t he  predominantly 
t r a c t s  were on upland s i t e s  with gent ly  r o l l i n g  s o l i d  sur face  formed by 3-inch and l a r g e r  

res idues .  

I/ Paper presented a t  Southern S i lv i cu l -  
t u r a l -~esea rch  Conference, At lanta ,  Georgia, 
November 6-7, 1980. 

2 1  S i l v i c u l t u r i s t ,  Southeastern Fores t  Ex- 
perimgnt S ta t ion ,  USDA Forest  Service,  Fores t ry  
Sciences Laboratory, Carl ton S t r e e t ,  Athens, GA 
30602. 

(2) Half-width--distance from windrow edge t o  
windrow apex. 

(3 )  Mean diameter of  res idues  l a r g e r  than 3 
inches i n  diameter t h a t  were v i s i b l e  on 
the  windrow surface .  



t 4 )  P r c p o r t i o n s  cf t h e  r c s i d u e s  :'iirrt %eli. 
(a) ; ; ~ f t . v ; c ~ d s ,  i b )  s c f ~  h'irdvood. , 
(cj hard  ?~ardwoods. 

; LL:,,~I~:< ds& t i~c-~-~-zst:-A.?g r c ~ t  21-12? ~ r : c *  - 
d u r ~  "...:- r ecuLred  t o  6 e r ~ r e i : : t  th2 1 ~ ; ~ ; 1 3 3  - ,?tints, 

af t'le ~ - i n d r ? w  st each sarrpl t  *31;i, A t r ~ ; l c t l ~ ~ t  

+'prq.~rt.n L l i -  t h e  wir,drr,w . i~as  fcrxt.6 b:: reds, r d ~ i c h  were 
-i r r t d  t h r c u g h  t h e  r e s i d u e s  t o  rriz s o i l  s u r f a c e  

a: v n r l o u s  p o i n t s  where the windrow shape  changed, 
p- rods  subd iv ided  t h e   ind draw i n t c  ? number o f  
t r a - c l c i d a l  s e g x e n t s ,  ~ 5 t h  t h e  groundlp-.e ant t h e  
wi?drxd s u r f a c e  forming two n o n p a r a l l e l  endq.  The 
,.jrf,;cc p r o f i l e  of t h e  u n d i s t u r b e d  windrow was 
EarXcd on e a c h  cf the rods  and t h e  c r o s s - s e c t i o n a l  
a r c  ;i dc  t e rmined  by  a u m i n g  t h e  t r : lpezoids .  2, ? a t h  
a5,35t 3. f o o t  wide wzs t h e n  c u t  rhrough t h e  windrow 
3: ~ \ n n  t h e  t r a n s e c t .  

On b o t h  s i d e s  of t h i s  p a t h ,  each  ~ i e c e  o f  
e:qosed wood was counted and t a l l i e d  by d i a m e t e r  
c l a s s  i f  i t s  d i a m e t e r  w a s  l e s s  t h a n  3 i n c h e s ,  o r  
c r a s u r e d  i f  i t s  d i a m e t e r  was g r e a t e r  t h a n  3 i n c h e s .  
C t p t h  o f  d i s p l a c e d  s o i l  i n c l u d e d  i n  t h e  windrow 
v,is n e t e d .  Da ta  were  c o l l e c t c d  from a  t o t a l  of 
54 sctmple p o i n t s  and 33 d i f f e r e n t  windrows. Also,  
i-, ,,.,lar ; d a t a  were c o l l e c t e d  f rom LO o t h e r  sample 

pt ints f o r  t e s t i n g  t h e  p r e d i c t i o n  e q u a t i o n s  t h a t  
would be deve loped .  The f i e l d  d a t a  a r e  summarized 
i n  t< ;b le  I. 

7 ' a b l ~  1.--%pan p h y s i c a l  c h a r a c ' c e r i s t i c s  o f  ~ i n d r o w s  
on t h r e e  Oconee X a t i o n a l  F o r e s t  c l e a r c u t  t r a c t s  
used i n  development of biomass i n v e n t o r y  method 

Data A n a l y s i s  

----- _-__------ 
1 Windrow C r o s s - s e c t i o n a l  Wood 

The d a t a  were  a n a l y z e d  t o  de te rmine  i f  a  p re -  
, . 

a r ~ t i u n  e q u a t i o n  cou ld  b e  developed t o  e s t i m a t e  t h e  
y r  ~ c c r t i o r l  of  t h e  windrow c r c s s - s e c  t i o n a l  a r e a  occu- 
~ i i l  67 s o l i d  wood. T h i s  dependent  v a r i a b l e ,  r e -  
f i 5 r r t d  t o  as t h e  wood r a t i o ,  was c a l c u l a t e d  a s :  

Trac t  Weight 

Kcod r a t i o  = 3 r e a  o f  wood ( f t ' )  
a r e a  o f  windrow ( f t i  ) 

Width 1 a r e a  r a t i o  

T r l t  i r d e ~ c ~ n d c n t  u a r i a b i  c s i n c l u d e d  i n  t h e  a n a l y s i s  
r : 

- -- -- 'I 

1 lj Xcan xigdrow h e i g h t  ( f t e t )  
Mcnn siindrow wid th  ( f e e t )  

i 3) Vindrow c r o s s - s e c t i o n a l  a r e a  ( f e e t "  ) 
( 4 )  Xuinber of sml l  r e s i d u e  p i e c e s  

(1;4 t o  L i n c h  i n  d i a m e t e r )  
15) Kuxber of nediurn r e s i d u e  p i e c e s  

( I  r o  3 i n c h e s  i n  Z l r ~ e t ~ r )  
!t) \:tcker o f  l a r g e  r e s i d u e  p i e c e s  

( 3  i n c h e s  and l a r g e r  i n  diameter) 

;) ." -tardgt- S i a x e t c r  o i  l a rge  r e s i d u e  p i e c e s  
o v V e r  3 irc3--:s i n  d i a x e t e r  

19) T a t s 1  coun t  o f  a l l  i n t e r c e p t e d  r e s i d u e  
2-eces  (number) 

(-(,-L 4 ,- ,-& .itior: o f  ~ h e  v a r i a b l e s ,  i n c l l ~ d i r i g  v a r i c u s  
- ~ ? x ~ ~ : " T ; R ~ ~ J J s ,  - - >:ere used t c  f i t  a m u l t i v a r i a t e  

q-,rt1--7 t~ thaz f i e l d  8 a t a .  

where: Y = wood r a t i o  
wr 

b ,5 b  b  a r e  c o n s t a n t s  
1'  1' n  

x ,x ,x a r e  independen t  v a r i a b l e s  
1 2 1 1  

E = e x p e r i m e n t a l  e r r o r  

The i n i t i a l  a n a l y s i s  o f  t h e  d a t a  produced a 
complex 7 -va r i ab le  e q u a t i o n  t h a t  i n c l u d e d  s e v e r a l  
v a r i a b l e s  r e l a t e d  t o  s i z e  and number o f  l a r g e  
r e s i d u e s  measured i n  t h e  windrow's i n t e r i o r .  It 
was a p p a r e n t  t h a t  t h i s  e q u a t i o n  would n o t  b e  p rac -  
t i c a l  f o r  i n v e n t o r i e s .  A l so ,  I h y p o t h e s i z e d  t h a t  
a  measure o f  t h e  number o f  r e s i d u e  p i e c e s  would 
n o t  be r e q u i r e d  s i n c e  dimensions  o f  t h e  windrow 
cou ld  be i n t e r p r e t e d  as a f u n c t i o n  o f  r e s i d u e  
number and s i z e s .  

A second a n a l y s i s  was made based  o n l y  on t h o s e  
v a r i a b l e s  t h a t  cou ld  b e  e v a l u a t e d  e a s i l y  and q u i c k l y  
by i n s p e c t i o n  a t  t h e  windrow sample p o i n t .  These  
inc luded :  (1)  windrow h e i g h t  ( f e e t ) ,  ( 2 )  windrow 
wid th  ( f e e t ) ,  (3)  windrow c r o s s - s e c t i o n a l  a r e a  
( f e e t ) ,  and (4)  mean d i a m e t e r  of l a r g e  r e s i d u e s  
( i n c h e s ) ,  p l u s  v a r i o u s  combina t ions  and t r ans fo rma-  
t i o n s  o f  t h e s e  v a r i a b l e s .  

A n a l y s i s  o f  t h i s  d a t a  s e t  r e s u l t e d  i n  a  p re -  
d i c t i o n  e q u a t i o n  r e q u i r i n g  o n l y  two v a r i a b l e s ,  
w i t h  o n l y  a  s l i g h t l y  g r e a t e r  s t a n d a r d  e r r o r  t h a n  
t h e  i n i t i a l  7 - v a r i a b l e  e q u a t i o n .  T h i s  e q u a t i o n ,  
which h a s  a n  R" o f  0.88 is: 

Wood r a t i o  = (0.635+0.251/8-1.625ID) 
2 

( 3 )  

where: H = windrow h e i g h t  ( f e e t )  
D = mean d i a m e t e r  o f  v i s i b l e  r e s i d u e s  

l a r g e r  t h a n  3 i n c h e s  i n  d i a m e t e r  

In  a s e p a r a t e  a n a l y s i s ,  I de te rmined  t h a t  t h e  s i z e  
of  r e s i d u e s  v i s i b l e  on t h e  windrow s u r f a c e  i s  
c l o s e l y  r e l a t e d  t o  t h e  s i z e  o f  a l l  r e s i d u e s  i n  t h e  
windrow. T h e r e f o r e ,  D i s  e a s y  t o  de te rmine .  

The accuracy  of  Equa t ion  3 i n  p r e d i c t i n g  wood 
r a t i o  was conf i rmed u s i n g  d a t a  c o l l e c t e d  from t h e  
1 0  a d d i t i o n a l  sample p o i n t s  t h a t  were  n o t  i n c l u d e d  
i n  t h e  r e g r e s s i o n  a n a l y s i s .  The r e s u l t s  a r e  shown 
i n  f i g u r e  1, p l o t t e d  around t h e  l i n e  o f  p e r f e c t  
c o r r e l a t i o n .  S i n c e  t h i s  e q u a t i o n  e s t i m a t e s  o n l y  
t h e  p r o p o r t i o n  o f  wood  resent i n  t h e  windrow 
c r o s s  s e c t i o n  a t  t h e  sample p o i n t ,  a  means o f  
de te rmin ing  windrow a r e a  a t  t h e  sample p c i n t  was 
r e q u i r e d  b e f o r e  r e s i d u e  a r e a  c o u l d  be  c a l c u l a t e d .  
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Figure 1.--Relationship of predicted wood ratio to 
observed wood ratio using data collected from 10 
windrow sample points on the Oconee National 
Forest. 

Further analysis of the field data revealed 
that cross-sectional area of a windrow is fairly 
easy to estimate with reasonable precision. 
Acceptable estimates of windrow area were calcu- 
lated by multiplying height by half-width--the 
distance from the near edge of the windrow to its 
highest point (fig. 2). Half-width is easier to 
nteasure than full-width because one person can make 
the measurements without crossing the windrow, As 
shown in figure 3, estimated area for the 54 sample 
points was closely related to measured area: 

MA (ft2) = 3.39 + 1.19 (EA) (4) 

where: MA is measured windrow cross-sectional 
area and 

EA is the estimated area (ft2). 

Equation 4 shows that area was underestimated by 
about 19 percent, but the R~ of ' 9 6  indicates that 
the underestimates were fairly consistent. Residue 
weight per foot-length of windrow was determined 
using wood density and results from Equations 1 and 
3 in the following relationship: 

Residue wt (lb/ ft) = Windrow area (ft2) 
X Wood density (lb/ft 3 ,  X Wood ratio 
X 1 Foot (5) 

The result of this relationship is the estimated 
residue weight contained in 1 linear foot of win- 
drow, for an average sample point. Published 
values of wood density from the Wood Handbook 
(U.S. Forest Products Laboratory 1974) may be used, 
and are presented by species on a basis of 12 per- 
cent moisture content. For ease in collecting 
field data, species may be grouped in classes of 

Estimated 

Figure 2.--Windrow cross section showing height a 
half-width measurements used to calculate cross- 
sectional area as partial inputs for estimating 
biomass . 

Estimated cross-sectional area (ft2) 

Figure 3.--Relationship of measured windrow 
cross-sectional area to estimated windrow cross- 
sectional area determined from 54 sample points 
on the Oconee National Forest. 

softwoods and soft and hard hardwoods. For even 
more simplicity, an overall mean value of 35 lblft 
wood density may be assumed for windrowed residues 
on pine-hardwood sites in the Piedmont. 



Table 2 . - -Charac te r i s t i cs  cf f<indrovs awl Lc,:gin:; rt3Fidues un middle and upper s l o p e  
p o s i t i o n s  of an indus t r ia l ly - r tmrd  c l e a r c u t  t r a c t  i r ~  tbe  Lower Piedmont of Georgia 

8 ' 
Yesn  rcsLdue Rts idues  

- r ~ t ~ 1  d e e r  Kindrrred S c a t t e r e d  

T o t a l  biomass on the  t r a c t  i s  es t imated  by 
~ u l t i ~ l y i n g  the  res idue  weight per  l i n e a r  f c o t  by 
t o ~ s l  l e n g t h  of windrows. On small  t r a c t s ,  i t  i s  
perhaps e a s i e s t  t o  walk along and measure t h e  
L e ~ g t h  of  a l l  windrows, while  c o l l e c t i n g  t h e  neces- 
l;ar:r d a t a  from a t  l e a s t  30 sample p o i n t s .  However, 
t h i s  method is time consuming and may be i m p r a c t i c a l  
cn  Larger t r a c t s .  

I?Y,;i,XPLE OF APPLICATICR OF ISTg*EXTORY TECHKIQUE 

Logging r e s i d u e s  on a  c l e a r c u t  and windrowed 
industr ia l ly-okmed t r a c t  i n  t h e  Lower Piedmont o f  
Georgia were i n v e n t o r i e d  t o  e s t i m a t e  t h e  biomass 
remaining a f t e r  a  commercial h a r v e s t .  Character-  
i s t i c s  of the  t imber  s t a n d  before  h a r v e s t  a r e  
unknown, bu t  about  1 0  cords  o f  p ine  and 6 c o r d s  of 
hardwood p e r  a c r e  were harves ted .  

SUBSAMPLING WINDROWS ON LARGE TRACTS 
The t r a c t  was s i m i l a r  t o  t h e  Nat iona l  F o r e s t  

I n  sampling l a r g e  t r a c t s ,  i t  i s  o n l y  necessary  
t o  c o l l e c t  d a t a  from r e p r e s e n t a t i v e  segments of 
windrows, and t o  determine t h e  mean spac ing  between 
windrows. I n  the  Piedmont, windrow spac ing  may 
range frcm 150 t o  250 f e e t ,  depending on t e r r a i n  
and amount o f  res idues .  

Windrow spacing,  i n  some i n s t a n c e s ,  may n o t  
be uniform and i n d i v i d u a l  measurements o f  windrow 
spacing a r e  needed. A g r i c u l t u r a l  t e r r a c e s ,  g u l l i e s ,  
and wood r o a d s ,  f o r  example, i n f l u e n c e  spac ing .  
P a r t i c u l a r  a t t e n t i o n  t o  i n d i v i d u a l  measurement of 
res idue  accumulat ion a r e a  should be made when win- 
drows a p p e a r  l a r g e r  o r  s m a l l e r  than t h e  average 
s i z e  normally seen on t h e  t r a c t .  

Combining t h e  windrow spac ing  w i t h  t h e  leng th  
of windrow sampled prov ides  an e s t i m a t e  of t h e  a r e a  
sampled. The a r e a  sampled, combined wi th  t h e  t o t a l  
es t imated  r e s i d u e s  on t h a t  a r e a ,  a l lows  c a l c u l a t i o n  
of t h e  weight  per  u n i t  a r e a  of windrowed m a t e r i a l ,  
which  reduces  t o  t h e  r e l a t i o n s h i p :  

Windrow r e s i d u e  wt ( t o n s / a c )  = 

Residue wt ( l b l f t )  X 21.78 
Windrow spacing ( f  t )  (6) 

IE p r a c t i c e ,  a  convenient method of c o l l e c t i n g  
f i e l d  d a t a ,  us ing  t h i s  subsampling procedure,  in-  
7~ol7:es measuring segments of two a d j  acen t  windrows, 
IC n "C" p a t t e r n ,  which r e t u r n s  t h e  observer  t o  
t'2r s t a r t i n g  p o i n t .  The observer  walks a long  a  
windrow f o r  perhaps 1,000 f e e t ,  s topping  t o  c o l l e c t  
*c:~sie d a t a  a t  about 200-foot i n t e r v a l s .  H e  then 
p<*ccs  t o  the  a d j a c e n t  windrow, records  t h e  d i s t a n c e  
<inJ c o l l e c t s  windrow d a t a  i n  t h e  o p p o s i t e  d i r e c t i o n  
"r t5e same d i s t a n c e .  Windrow spacing is aga in  
determined a s  t h e  observer  r e t u r n s  t o  t h e  s t a r t i n g  
;- Lnt a t  the  f i r s t  windrow. Other  v a r i a t i o n s  of 
t k i s  b a s i c  s a a p l i n g  scheme a r e  obvious. 

S i m i l a r  windrow subsarnple d a t a  should  be col-  
l c c t e d  over t h e  e n t i r e  t r a c t .  Subsampling should 
h ccysternatic and s t r a t i f i e d  s o  t h a t  r i d g e t o p s  wi th  
iLfh t  r e s i d u e s  and lower s l o p e s  wi th  l a r g e r  amounts 
c f  hardwoods a r e  p r o p o r t i o n a l l y  represen ted .  

s i t e s  where t h e  biomass e s t i m a t i o n  technique  was 
developed. Here, however, s i t e  p r e p a r a t i o n  con- 
s i s t e d  of r o l l e r  chopping, followed by windrowing, 
i n s t e a d  of KG b lad ing  and windrowing. The windrows 
were s i m i l a r  i n  appearance t o  t h e  Nat iona l  F o r e s t  
s i t e ;  r e l a t i v e l y  low, narrow, and wi th  very  l i t t l e  
s o i l .  A smal l  amount of s c a t t e r e d  r e s i d u e s  remained 
between t h e  windrows and helped r e t a r d  wate r  move- 
ment and s o i l  e r o s i o n  on t h e  c l e a r e d  s i t e .  The 
l a r g e  s i z e  o f  t h e  t r a c t ,  165 a c r e s ,  precluded Sam- 
p l i n g  a l l  windrows; 5 subareas  were sampled i n s t e a d .  
R e s u l t s  of t h e  inventory  a r e  summarized i n  t a b l e  2 .  

About 23 t o n s  of biomass were h a r v e s t e d  from 
t h i s  t r a c t .  Even wi th  t h e  e x c e p t i o n a l l y  h i g h  degree  
of  hardwood u t i l i z a t i o n  p r a c t i c e d  by t h i s  i n d u s t r i a l  
owner, about 21  t o n s  of t h e  o r i g i n a l  biomass remain,  
of which 1 8  t o n s  a r e  i n  windrows. Thus, e f f i c i e n c y  
of t o t a l  biomass u t i l i z a t i o n  f o r  convent iona l  pulp-  
wood produc ts  was about 50 percen t .  I f  markets  had 
been a v a i l a b l e  a t  t h e  t i m e  of h a r v e s t ,  whole t r e e  
chipping of t h e  l a r g e r  r e s i d u a l  hardwoods f o r  f u e l -  
wood could have increased  u t i l i z a t i o n  perhaps by 
another  25 p e r c e n t .  I d e a l l y ,  e v a l u a t i o n  of  t h e  
p o t e n t i a l  fuelwood y i e l d  should be made dur ing  t h e  
p r e h a r v e s t  c r u i s e ,  us ing  a v a i l a b l e  p r e d i c t i o n  equa- 
t i o n s  ( P h i l l i p s  and S a u c i e r  1379).  
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Abstract .  - - I n  a 10-year-old lob101 l y  p l a n t a t i o n  i n  
Maryland, measurements were made t o  est imate above-ground 
biomass o f  t r ees  which had e a r l y  p ro tec t i on  from Nantucket 
p i ne  t i p  moth a t tack ,  and biomass equations were developed. 
A h igh  c o r r e l a t i o n  was found between volume and d r y  weight. 
The mean volume (ou ts ide  bark )  f o r  t r ea ted  t r ees  was e s t i -  
mated as 2.29 + 0.9 f t 3 l t r e e  and f o r  the  untreated t rees  as 
0.6 2 0.25 f t q t r e e ,  i n d i c a t i n g  t h a t  p r o t e c t i o n  resu l t ed  i n  
280% more volume. The average pred ic ted  d r y  weight o f  the  
pro tec ted  t r ees  was 96.81 l b s  wh i l e  the  average pred ic ted  
d r y  weight  o f  unprotected t r ees  was 33.35 1 bs, L.s., 185% 
more d r y  weight  i n  the  t r ees  pro tec ted  from the  t i p  moth. 
The t r ea ted  t r ees  had approximately 2X t he  amount o f  f o l i a g e  
(d ry  we igh t )  o f  t he  con t ro l  t rees .  The r e s u l t s  i n d i c a t e  t he  
use o f  biomass measurement techniques o f f e r  important  advan- 
tages over p rev ious l y  repor ted  methods and t h a t  t i p  moth 
1 osses may be 1 arger  then prev ious ly  recogni zed. 

INTRODUCTION 

The Nantucket p i ne  t i p  moth (Rhyacionia 
f r us t rana  Comstock) i s  a w e l l  known pes t  o f  lob-  
l o l l y  and o ther  species o f  p ine.  Numerous s tud ies  
have been conducted t o  es t imate  i t s  impact on 
young pines, b u t  t he  circumstances where c o n t r o l  
measures a re  warranted a r e  s t i l l  n o t  w e l l  defined. 
I n  v i r t u a l l y  a l l  cases, t he  s tud ies  showed reduced 
growth i n  younger t rees,  b u t  o f ten ,  work was n o t  
c a r r i e d  beyond about age 10. Measurements tended 
t o  show l ess  and l ess  d i f f e rences  w i t h  t ime. It 
i s  genera l l y  concluded t h a t  t he  advantages o f  t r e a t -  
ment f o r  p r o t e c t i o n  aga ins t  t i p  moth (NPTM) tend 
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t o  wash ou t  o r  become i n s i g n i f i c a n t  by age 18 o r  
20. For example, i n  a southwide t e s t ,  W i l l i s t o n  
and Barras (1977) showed losses a t  age 15 due t o  
NPTM which would exceed 300-500 cub ic  feet /A i f  
pro jec ted  over a 25-year r o t a t i o n .  They con- 
c l  uded , however, t h a t  t reatment was no t  economi - 
c a l l y  j u s t i f i a b l e  us ing  volume as a c r i t e r i o n .  

T ip  moth impact i s  r e f l e c t e d  i n  o ther  t r e e  
c h a r a c t e r i s t i c s  as w e l l  as he igh t  and diameter. 
Because t i p  moths destroy new green shoots, we 
wanted t o  i nves t i ga te  t he  e f f e c t  o f  t i p  moth 
damage on crown morphology and i nves t i ga te  the 
basic quest ion o f  des t ruc t i on  of photosynthet ic  
capac i ty  (Lashomb e t  a l .  1978) and i t s  outcome. 
I n  a d d i t i o n  t o  growth impact, t i p  moth a t t ack  
can cause reduct ions i n  wood and lumber q u a l i t y  
(Hedden and C l  ason 1980). 

The NPTM has two generations per year i n  the 
nor thern  pa r t s  o f  i t s  range and as many as s i x  i n  
the Coastal P l a i n  o f  t he  southern Uni ted States.  
The number o f  t i p  moth generations i n  a p a r t i c u l a r  
reg ion  roughly corresponds t o  the  number o f  growth 
cycles ( f lushes)  f o r  l o b l o l l y  and s h o r t l e a f  p ine  
i n  t h a t  region.  As the l a r vae  develop, they feed 
downward i n  t he  newly developing shoots, then i n t o  
the  o lde r  shoots f o m e d  i n  the  l a s t  growth cyc le  
of t he  t ree.  The r e s u l t  of t h i s  feeding behavior 
i s  a n e t  reduc t ion  i n  t he  p o t e n t i a l  photosynthet ic  
area o f  the  t r ee .  

Trees may be repeatedly at tacked u n t i l  they 
a re  10-15 f e e t  i n  he igh t .  A t  t h i s  height ,  l ob -  
l o l l y  p ine  growth phenology and shoot morphology 



change. The number of growth cycles declines to 
one or two per year, and the size of the buds and 
shoots significantly increase in size. Apparently 
the trees come under less attack partly because 
moth  emergence i s  out of phase with shoot growth, 
and when attack does occur, the trees are better 
able to tolerate the effects of attack. 

We postulated that complete tree above-ground 
(CTag) biomass measurements would give a more 
complete picture of t i p  moth  impact than conven- 
tional volume estimates and provide better in- 
formtion for  the land manager considering 
control options. The objective of the study 
therefore was to evaluate the impact of NPTM on 
loblolly pine in terms of CTag biomass in trees 
which had received t i p  moth control. 

PROCEDURES 

Study Site 

The trees were planted in an abandoned 
a1 fa1 fa-clover fie1 d a t  the USDA Agricul tural 
Research Center, Beltsville, MD. The f ield was 
divided into 36 plots 12 x 12 fee; spaced approxi- 
mately 10 feet  apart. Four species of pines-- 
loblolly pine (Pinus taeda L.), Scotch pine 
(P. sylvestris L , ) , r m n e  (P. resinosa Si t .  ), 
and eastern white pine (11. s t r o b u s m e r e  
planted randomly with respect to species on %foot 
centers within each plot. Each species was 
replicated four times in each plot (=  16 trees per 
plot).  The red, white, and Scotch pine were 4-5 
year-old nursery-grown seed1 i ngs from Pennsylvania 
and were planted with bare roots. The loblolly 
pines were 2-3 year-old pot-grown trees from 
Virginia and were planted with the rootball 
intact.  The trees were planted in April 1971 in 
l-foot diameter by l-foot deep holes. A soil 
mix consisting of 50% each of peat moss with 4 
ounces of 0smokoteR (18-6-12 NPK)/bushel and 
soil was packed around the roots. 

The plots were divided into two groups: (1 ) 
one group of 20 containing untreated trees, and 
(2)  16 containing trees treated to prevent t i p  
moth attack. During 1971-72 the treated trees 
were enclosed in 50-mesh Saran screen cages 
containing three different moth densities (12, 
24, 48 adults/cage) t o  investigate the effect of 
th is  variable. Less than 2% of the t ips were 
infested, however, and this  part of the experiment 
was discontinued in 1972. In 1973 the cages were 
removed before growth began and the trees were 
sprayed with a 1 %  solution of dimethoate 2 weeks 
af ter  the peak moth emergence of each generation. 
Due to the poor survival of the other species, 
only the loblolly pines were treated. 

In May 1980, a f te r  nine complete growing 
seasons in the f ield,  the dbh and the diameter 
a t  the ground line of a l l  trees was measured. 
Trees for biomass determination and stem analysis 
were selected proportionally from the diameter 
distribution of each treatment. Of the 64 

original insecticide-treated trees, nine were 
el imi nated due to mechanical damage. 

Biomass was detemined for 10 trees from 
each treatment using the procedures slightly 
mdi f ied from Saucier (1 9 7 9 ) -  Bead branches 
were a very minor component and were not 
included in the weights. Live branches were 
pooled for weighing and not s trat if ied by 
diameter, Biomass equations were developed 
using standard regression techniques. Both wet 
and dry weight of each biomass component was 
modeled as log (weight) = a + b log ( 5 2 ~ )  where 
D i s  the diameter a t  ground line in inches and 
H i s  the total height of the tree in feet .  
Average volume outside bark was determined for 
each of the 10 insecticide-treated and untreated 
check trees harvested for biomass determina- 
tion. Individual tree volume equations for lob- 
lolly pine developed by Smalley and Bowers 
(1968) were used for this purpose. 

In addition to the trees sampled for biomass 
determi nation, six treated and 21 untreated trees 
were returned to the laboratory for stem 
analysis. The stems were sp l i t  along the pith, 
and the numbers of leader disturbances (stem 
breaks) per foot of stem were calculated. The 
number of leader disturbances has proven to be a 
relatively good measure of t i p  moth infestation 
levels in the past (Hedden and Clason, 1980). 

RESULTS AND DISCUSS ION 

Growth Impact 

Between 1972-74 there was significantly 
less height increment, number of available 
growing t ips,  and total t i p  growth in the trees 
repeatedly attacked by NPTM. Annual damage was 
estimated by measuring total growth of uninfested 
shoots and dieback of each infested t ip .  Damage 
(total dieback/total growth x 100) averaged 19.6, 
25.8 and 17.7X, respectively, for the 3 years 
(Lashomb e t  a1 . 1978). Essentially the destruc- 
tion of the developing meristems caused shorter 
internodes and branches resulting in less photo- 
synthetic area (Lashomb e t  a1 . 1978). 

Volume Impact 

The average dbh of the 55 insecticide-treated 
trees in this  study was 5.51 in (sd = +.88), and 
the average dbh of the 47 attacked trees was 
3.54 in (sd = .77). The average vol ume for the 
10 insecticide-treated trees was 2.29 2 0.90 cubic 
feet (avg dbh = 5.5 2 .8 in)  while the 10 un- 
treated trees averaged 0.60 + 0.25 cubic feet 
(avg dbh = 3.5 5 - 7  i n ) .  HeTght measurements were 
not made of the entire stand. However, since the 
dbh's and standard deviations of the treated and 
untreated trees corresponded so closely with 
those of the trees whose heights were measured 
during biomass sampl ing , we concl uded that these 
adequately reflect the volume for both larger 



populations of t r e e s .  These data show there was 
280% more volume among the  t r e e s  protected from t i p  
moths. This reduction in  volume corresponds t o  
the d i f ference  in the  number of 1 eader disturbances 
due t o  t i p  m t h  a t tack.  The untreated t r e e s  
averaged 0.86 stem breaks per foot  while the pro- 
tec ted  t r e e s  had an average of 0.25 per foot .  

Biomass Impact 

The data f o r  the  biomass equations and dry 
weight a r e  given in  t a b l e  1.  The average green 
weight of  insect ic ide- t rea ted  t r e e s  was 201 -57 lbs  
while the average weight of t i p  moth-attacked 
t r ees  was 72.95. This d i f ference  represents a 64% 
reduction in  biomass where the t r e e s  were not 
protected from t i p  moths. The average predicted 
dry weight of the  t r ea ted  t r e e s  was 96.81 1bs 
while the  average predicted t o t a l  dry weight of 
the unprotected t r ees  was 33.35 lbs .  This d i f -  
ference i s  a 185% increase in t o t a l  dry weight in 
the t r e e s  with t i p  moth protec t ion.  

in branches ( t a b l e  3).1/ Furthermore, 14% of the 
to t a l  biomass in  the protected t r e e s  was fo l iage  
compared to 21 % in  the at tacked t r e e s  a1 though 
the protected t r ees  had almost 2x more to ta l  
fo l i age  biomass than the  unprotected t r e e s ,  
These di f ferences  suggest t h a t  t he  differences 
in  average t r e e  biomass will  continue to  increase 
in the fu ture .  

Table 2. --Predicted average weights f o r  the 
components of 10 insect ic ide- t rea ted  and 10 
untreated t r e e s .  

Tree Dry weight 
component Insect ic ide- t rea ted  Untreated 

Total t r e e  
Bole 
Branches 
Fol iage 

Table 1.--Values f o r  biomass regression equation 
f o r  dry weight (pounds) f o r  t r e e  components by 
treatment. Equation form: ln  (W) = a + b In 
( D ~ H )  .I/ 

Table 3.--Adjusted dry weights in  pounds for  the  
t r e e  component pa r t s  by treatment. 

Tree In tercept  Slope R2 
component (a (b Sy.x 

Total t r e e  
601 e 
Fol iage 
Branches 

Total t r e e  
Bol e 
Fol iage 
Branches 

Insect ic ide- t rea ted  t r ees  

-2.42506 .94241 -86 .I5351 
-2.02282 .79920 .80 .I5940 
-5.231 55 1.05552 .71 .27231 
-4.84749 1 .I2258 -83 .20845 

Untreated t r e e s  

-1.44521 .78662 .90 .I2531 
-2.44481 .82995 .81 .I9856 
-0.88941 ,45272 -41 ,26839 
-3.80566 .96776 -86 .I9574 

1'W = weight i n  l b s ,  D = diameter a t  ground 
1 ine ( i n )  and H = t o t a l  t r e e  height ( f t ) .  

Simil a r  biomass d i f ferences  were evident f o r  
o ther  component t r e e  pa r t s  f o r  the  two treatments 
with the exceptions o f  the amount of the  1 ive 
crown which was in  branches ( t a b l e  2 ) .  Me use the 
term 1 ive crown t o  denote the  fo l i age  and branches 
combined, exclusive of the bole. h n g  the 
insect ic ide- t rea ted  t r ees ,  70% of  the  1 ive  crown 
was branches (dry weight) whereas the  t r e e s  u n -  
protected from t i p  moth had 59% of the  l i v e  crown 

Tree 
no. &/ HZ/ Bole Fol iage Branch t r e e  

Insect ic ide- t rea ted  

8.6 25.1 123 55 
9.4 26.1 -- -- 
9.7 26.7 118 57 
6.9 26.5 66 40 
8.6 25.8 141 73 
8.2 27.3 100 52 
8.0 21.7 73 38 
8.8 22.4 110 61 
5.4 22.6 42 24 
7.5 24.3 73 37 

Untreated 

7.5 18.6 49 22 
4.1 14.0 17 7 
6.0 17.7 41 18 
6.0 16.4 36 16 
5.0 16.7 29 15 
4.6 16.3 25 12 
4.5 15.8 17 8 
6.1 16.1 37 23 
5.3 16.3 34 18 
7.0 18.0 48 24 

- - 

l / D  = diameter a t  ground l i n e  ( i n ) .  

z / ~  = t o t a l  t r e e  height ( f t ) .  

?'Data f o r  the  adjusted green weights f o r  
component t r e e  par ts  corresponding t o  the data i n  
t ab le  3 have been omitted but a r e  avai lable  from 
the authors on request .  



The di f ferences  in biomass observed in  t h i s  
study a r e  extreme and must be in terpre ted  with 
caution. The study design i s  atypical  in many 
respects.  The i n i t i a l  3 by 3 foot  spacing, screen 
protection of the insect ic ide- t rea ted  seed1 ings 
f ~ r  one year ,  and the insecticide treatment i t- 
se? f could have had unknown, but s ign i f i can t  
e f f ec t s  on the r e s u l t s .  

We feel  t h a t  the observed di f ferences  prob- 
a b l y  represent the l a r g e s t  impact from Nantucket 
p i n e  t i p  moth t h a t  can be expected t o  occur. 
Furthermore, we fee l  addi t ional ,  b e t t e r  control led 
experiments a r e  necessary t o  r e a l i s t i c a l l y  quanti- 
f y  t he  impact of Nantucket pine t i p  moth a t t ack  
on  l ob lo l ly  pine biomass. However, t h i s  study 
represents a s t a r t i n g  point f o r  fu ture  s tudies .  
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BIOMASS AhTD ItVTRIENT RELATIONSHIPS IN COASTAL, PLAIN 

X, G.  Eessina, D. 3. Frederick, W. E. Gardn ?7> M, :Jilliford, A. Clark and D. R. Phillips- 

Abstract.--Increased emphasis on shorter rotations and 
greater utilization of aboveground biomass through whole- 
tree harvesting necessitates investigation into nutrient 
content and distribution in forest stands. Nutrient content 
information is presented for water tupelo, water oak, and 
black gum growing in varying site conditions. Results show 
that elemental concentrations decrease in the order foliage 
> branches > stem bark > stem wood although this trend varies 
somewhat with nutrient and species. Actual nutrient content 
occurs in the order stem wood > branches > stem bark > foli- 
age. Whole-tree harvesting can increase biomass removal over 
stem harvesting by about 25% and nutrient removal by about 
25-120% depending upon species, element, and season of 
harvest . 

Improved harvesting efficiency and product 
utilization have been the impetus behind increas- 
ing whole-tree harvesting or remo-tFal of all above- 
ground biomass. The recent growth of interest in 
new energy sources and the extension of harvesting 
into stands previously considered to be unmerchant- 
able have been offered as reasons for the growing 
trend toward increasing the degree of forest util- 
ization (Morrison and Foster 1979). Concerns have 
arisen that this harvesting system may lead to de- 
creased forest productivity through soil nutrient 
depletion (BO-n et al. 1968, ~oyle et al. 1973, 
White 1974). Nutrients contained in standing bio- 
mass represent just one segment of the total site 
nutrient pool. To fully evaluate the impact of 
intensive harvesting on site productivity, the 
complete forest nutrient cycle must be considered. 

Forest nutrient cycling consists of inputs, 
cycling within the system and outputs. In undis- 

11 Paper presented at Southern Silvicultural 
~esearch Conference, Atlanta , Georgia, November 
6-7, 1980. Paper No. 6681 of the Journal 
series of the North Carolina Agricultural Research 
Service, Raleigh. 

21 Graduate Research Assistant, Associate 
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Assistant, Hardwood Research Cooperative, School of 
Forest Resources, N .  C. State University, Raleigh, 
N.C. 27650; Wood Scientist and Mensurationist, 
U. S. Forest Service, Athens, Georgia. 

turbed forests, inputs are normally small but 
sufficient to balance outputs since nutrient loss- 
es from undisturbed forests are minimal (Haines 
1978). The annual nutrient uptake by most forest 
species is on the same order as that of many agri- 
cultural crops, but because a major portion of the 
absorbed nutrients are returned to the forest 
floor, or translocated within the tree, relatively 
small amounts are retained each year in an annual 
accretion of biomass (Pritchett 1979). Rolfe 
et al. (1978) have found that in a mature Illinois -- 
oak-hickory forest 80 percent of the total site 
nutrient pool was in the soil, 15 percent in the 
above ground biomass, 4 percent in root systems 
and 1 percent in the forest floor litter, 

The largest nutrient removal from the forest 
system occurs in the harvesting procedure and can 
result in substantial losses. The effects of 
timber harvesting on the nutrient cycle depends 
upon intensity and frequency of removals, site 
disturbance, and pre-harvest site conditions. 
Nutrients removed in wood and bark comprise only a 
small fraction of the site's total nutrient re- 
serves (Rolfe et al. 1978). Foliage and branches 
contain the largest nutrient concentrations and 
it is the harvesting of this material that can 
dramatically increase nutrient removal from the 
site. Conventional tree harvesting which removes 
only the main portions of the stem leaves large 
quantities of nutrient-rich biomass on the site. 
In contrast, short rotation intensive culture 
(SRIC) systems may double normal biomass removals 



and consist of a series of shorter rotations which 
considerably promotes nutrient depletion from the 
site (Boyle 1975). 

An apparent need has developed for reliable 
estimates of stand nutrient content and distribu- 
tion for commercial species. White ( 1 9 7 4 )  states 
hhe importance of foresters establishing the rate 
and amounts of nutrients removed from sites by 
SRIC systems as well as whole-tree harvesting of 
older stands. Such data is being generated 
through an ongoing project by the North Carolina 
State University, Hardwood Research Cooperative, 
and the U. S. Forest Service, Southeastern Forest 
Experiment Station at Athens, Georgia. 

A comprehensive and detailed study was de- 
signed for mixed southern hardwoods in the Coastal 
Plain, Piedmont and Southern Appalachian Mountains, 
The Southern Hardwood Forest Resource represents 
about forty percent of the total commercial forest 
land and cont~ins about fifty-one percent of all 
forest growing stock making it potentially the 
region's most important resource. The study inte- 
grates area plot sampling and sampling individual 
trees adjacent to area plots. Accurate stand data 
are documented as well as supplementary informa- 
tion necessary to complete needed diameter classes 
of the major species found on the area plots. 

The initial phase of the study is being con- 
ducted in the Gulf and Atlantic Coastal Plains. 
Even-aged stands of mixed hardwoods are being 
sampled to quantify biomass, energy yields, nutri- 
ent content and distribution, and other subordinate 
vegetation and soils information. It is anticipat- 
ed that this information will form a comprehensive 
biomass, nutrient and energy content data base for 
the Southern Hardwood Forest. 

METHODS 

Twenty-four circular one-tenth acre (.04 ha) 
plots are being distributed in mixed, even-aged 
hardwood stands in the Atlantic and Gulf Coastal 
Plains. Two replications each of four age class- 
es (10, 20, 40 and 60 years) are being located in 
three site types: (1) bottomland--floodplain areas 
adjacent to stream drainages, predominantly of 
loam or silt loam soils, (2) wet flats--broad, 
interstream areas with poorly-drained nonalluvial 
soils, and (3) swamps--including peat and muck 
swamp interstream areas characterized by heavy 
organic matter accumulation and very poor drainage. 
Plots are randomly located within stands to com- 
plete this site type-age class matrix. These sites 
support stands which make up the largest proportion 
of commercial hardwoods in the Coastal Plain. 
Presently, 19 plots have been installed (Table 1). 

Soil, litter, understory vegetation, sapling 
trees and pulpwood and sawtimber trees are being 
sampled. This paper is limited to the sawtimber 
and pulpwood trees. Pulpwood trees 5.0-10.9 inches 
(12.7-27.7 cm) and sawtimber trees > 11.0 inches 
(27.9 cm) in diameter on plots are felled and 
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measured for total height and heights to various 
merchantable diameter outside bark (dob) limits. 
Disks approximately 1.5 inches (3.8 cm) thick are 
removed at stump height, breast height, at quarter 
points up the stem to a 4.0 inch (10.2 em) dob and 
at 2.0 inch (5.1 cm) dob for nutrient content 
analysis. A maximum of three trees per species, 
per diameter class is used for the above determina- 
tions. Stems are cut into short sections and 
weighed green in the field to the nearest 0.1 
pound (0.05 kg) on a 300 pound (136.1 kg) capacity 
portable scale. From each tree, three sample 
branches are cut at 2 inches dob from lower, mid- 
dle and upper crown and weighed with foliage and 
small branches (2 0.5 inches) intact. The foliage 
is removed and sample branches reweighed. Small 
branches (2 0.5 inches) are removed and sample 
branches reweighed excluding foliage or small 
branches. All other branches are cut from the 
bole and segregated into three size classes: 
extra large (> 4.0 inches dob), large (2.0-4.0 
inches dob), and medium ( <  2.0 inches dob). One 
disk is taken from each category for nutrient 
content analysis. Individual trees of major spe- 
cies are sampled and processed in the same manner 



as those wirhin the area plots as necessary to 
acquire a atinimunt of 3 treesfl inch size class on 
a given site type. 

Green weight of each disk with bark is measux- 
ed to the nearest 0.1 gram and minim- and xlaximm 
dob recorded. Disks are debarked and weighed to 
the nearest 0.1 gram with minimm and mximwn dib 
recorded. The disk and a representative bark 
subsample are dried at 60°C. Branch samples are 
processed in the same manner except for branches 
less than 0.5 inches and .5-2 inches where wood 
and bark are not separated. Samples are ground in 
a Wiley Mill fitted with a 20 mesh stainless steel 
screen, Total nitrogen (N), Phosphorus (P), 
Potassium (K), Calcium (Ca), and Magnesium (Mg) 
are measured following wet ashing; N and P are 
determined colorlmetrically as the m o n i a  salic- 
ylate and phosphomolybdenwn complexes respectively; 
K, Ca, and Mg are determined by atomic absorption 
spec tropho tometry. 

Nutrient data are presented for three major 
species : water typelo (Nyssa aquatica L. ) from 
plot 4, water oak (Quercus nigra L.) from plots 
7 and 11, and black gum (Nyssa sylvatica Marsh.) 
from plot 12 (Table 1). All plots were sampled 
in late summer or early autumn when nutrient con- 
centrations have been shown to be most stable 
(Bowersox and Ward 1977). 

Several trends occurred consistently in the 
nutrient concentrations in all three species 
(Tables 2, 3, and 4) : 

- Nutrient concentrations were generally 
higher in bark than in wood for all ele- 
ments, particularly for Ca. 

- The order in which nutrient concentrations 
occurred by component was foliage > branch- 
es > stem bark > stem wood except for Ca 
where the order was stem bark > branches > 
foliage > stem wood. 

- Nutrient concentrations in bark varied less 
among bole positions than those in wood, 
except for Ca where the opposite trend 
occurred. 

- Nutrient concentrations in stem wood general- 
ly decreased from the butt to nid-bole, then 
increased tirith bole height thereafter. 

- PiZagnesitnn and P varied least of all elements 
with bole height in wood and bark. 

- There was generally a decrease in nutrient 
concentration with increasing branch diameter 
in both branch wood and bark except in the 
case of Ca in branch bark where the opposite 
trend occurred. 

- The erder in which nutrients occurred i 
bole bark was always Ca > N > K > Mg > 

The above trends also occurred in other bot 
hand hardwood specZes growing in similar stands 
(Hessina 1980). 

Table 2. Average percent concentration of f i ve  elements 
by slaspling position for six water tupelo tree. 
(Dlfff rllngs 5.9-19.9 inches).  

Percent Concentration 
SamplingPosition N P K Ga #g 

Leaves 1.24 . I 0  .60 .83 -33  

Branches c.5" 
(wood and bark) .37 .05 .22 .67 .11 

Branches .Fie'-2" 
(wood and bark) .22 .03 1 -26 .05 

Branches 2"-4" 
IJcad .13 .02 .10 .09 .03 
Bark .39 .03 . I2  .89 .10 

Branches > 4" 
Wood .13 .02 .08 .11 .03 
Bark .32 .02 .08 1.05 .07 

Stem Wood 
Butt .12 .02 .12 -16 .05 
DBR .10 .02 .10 .20 .04 
114 height . I 0  .02 .10 .14 .Oh 
112 height .I1 .02 .09 .13 .03 
3/4 height .13 .02 . I0  .12 .04 
4" dob .13 .03 .10 .10 .04 
2" dob .15 .03 .13 .10 .04 

S t e m  Bark 
Butt -42 ,03 .12 3.31 . I 5  
DBH .35 .03 .11 2.19 .11 
114 height .35 -02 .11 1.62 .11 
l / 2  height .35 .02 .11 1.35 .09 
314 height .37 .02 .11 1.21 .I0 
4" dob .38 .03 .14 1.10 .I2 
2" dob .43 -03 .19 1.38 .16 

Table 3. Average percent concentration of f i ve  elenrarnts 
by sampling position for s i x  water oak trees  
lDBH range 5.5-13.9 inches).  

Percent Concentration 
Sampling Position N P K Ca Mg 

Leaves 1.38 '12 .43 1.11 .17 

Branches < .5" 
(woodandbark) .53 -10 .29 1.55 '11 

Branches -5"-2" 
(wood and bark) ,41 .07 .18 .87 .06 

Branches 2"-4" 
Wood -19 .03 .24 .15 .03 
Bark -30 .02 .08 2.56 .03 

Branches 7 4" 
Wood .12 .02 .26 .14 .02 
Bark .29 '02 .08 2.66 .03 

Stem Wood 
Butt .12 .Of '12 .23 .03 
DBR .I!. .01 . I 0  .15 .02 
114 height .09 .OI . I 0  . I 4  .02 
112 height 1 .01 .15 .16 .02 
3/4 height -12 -01 '20 .I6 .03 
4" dob .16 .02 .17 .16 .03 
2" dob .25 -03  .I5 -15 .04 

S t e m  Bark 
Butt .31 .02 .08 3.43 .03 
DBB .29 .02 .09 2.80 .03 
1/4 height .28 .01 .11 3.32 .03 
1/2 height .28 .02 .09 2.99 .03 
3i4 height . 2 i  .02 -08 2.43 .03 
4" dob .31 .02 .06 2.14 .03 
2" dob .37 .02 .07 2.06 .04 



rable & Average percent concentration of five liemenrs 
sy sanpling position for six p lack x*rn trees 
'sea range 5.3-16.1 inches). 

Percent Concentrati.cn 
S~~i~np,l?osit>cn 3 T K Ca 2 1 ~  

grar,ckes < .Sic 
( Y G O ~  and h r k )  .16 .C5 ' 2 2  .56 .13 

Branches .5"-2" 
$wood and bar+) . 2 7  .03 . i 3  .33 .(55 

S ten 'bod 
Butt 
I) BX 
L ; L  height 
1:2 height 
3 , $  height 
4" dob 
2" dob 

Stem Bark 
Butt 
DBH 
l / +  height 
112 height 
314 height 
4" dob 
2" dob 

Water Tupelo 

Nutrient concentrations followed the afore- 
mentioned general trends (Table 2). In stem wood, 
most elements showed significant differences in 
concentration (P = $05 level) between butt disk 
and 2-inch dob disk except K and Mg; for stem bark 
only K and Ca concentration differences were sig- 
nificant. The order in which nutrients occurred 
in stem wood is Ca > N > K > Mg > P; for foliage 
the trend is N > Ca > K > Mg > P. 

Water Oak 

Elemental concentration trends (Table 3) were 
similar to those in water tupelo. An exception 
was the order in which nutrients occurred in stem 
wood: Ca > K > N > Mg > P. In stem wood, only 
N and P showed significant differences in concen- 
tration between butt and 2-inch dob disk; in stem 
bark, it was N and Ca concentrations that differed 
significantly. 

Black Gum 

Nutrient concentration trends (Table 4) re- 
sembled those cited for all other species. The 
hierarchy of nutrient concentration for stem wood 
was N > Ca > K > Mg > P. In stem wood, only N 
and P showed significant differences in concentra- 
tion between butt and 2-inch dob disk; in stem 
bark, only Ca showed significant differences be- 
tween both positions. Foliage data is lacking for 
black gum because the plot on which it occurred 
was sampled follcwing leaf abscission. 

Tables 2, 3, and 4 show that whole-tree har- 
vesting vill remove tree components containing the 
highest nutrient concentrations rather than leaving 
them as slash. To evaluate the additional nutrient 
removals from whole-tree harvesting, nutrient con- 
centrations must be coupled with biomass data to 
deremine actual nutrient weights contained in each 
tree component. 

Table 5 illustrates relationships between 
bio~ass and nutrient content in water tupelo. 

Table 5. D r y  weight and nutrient content of water cupelo 
expressed as a percentage oE whole-tree totals. 

Component Vt. N P K Ca Ng 

Bole Wood 75.6 51.3 58.6 67.2 37.4 57.8 

Bole Bark 8 .3  17.1 10.3 7.8 44.3 15.3 

Bole Sub- 
total* 53.9 68.4 68.9 75.0 81.7 73.1 

TopWood 2.6 2.7 5.3 3.3 0.8 2.3 

Top Bark 0.5 4.0 2.7 2.3 4.0 3.6 

Branches 11.5 15.3 16.5 12.4 10.1 12.4 

Foliage 1.5 9.6 6.6 7.0 3.4 8 .6  

Top Sub- 
total 16.1 31.6 31.1 25.0 18.3 26.9 

* Stump to $-inches diameter-outside-bark. 

These data can be useful when assessing the 
extent of nutrient removal associated with harvest- 
ing systems. A harvest of total aboveground mater- 
ial will increase biomass removal by approximately 
19% over a conventional bole harvest to a four- 
inch top. However, such a harvest would increase 
nutrient removals by the following percentages; 
N, 4 6 ;  P, 45; K ,  33; Ca, 22; and Mg, 37. It is 
interesting to note that although the bole wood 
weight is nearly nine times that of bole bark, the 
bark contains substantially more Ca than the bole 
wood owing to the comparatively high Ca concen- 
trations in bark tissue. The elements least af- 
fected by increasing biomass removal are potassium 
and calcium due to the large amounts of potassium 
in bole wood and calcium in bole bark. 

The additional nutrient depletion effect of 
whole-tree harvesting of water oak is relatively 
greater than that for water tupelo (Table 6 ) .  

Table 6. Dry weight and nutrient content of water eak 
expressed as percentage of aboveground totals 

Component Wt. N P K Ca ?fx 

3oie Wood 68.2 31.8 28.6 62.7 13.1 40.8 

Bole Bark lC.9 13.7 7.5 7.1 46.1 10.1 

Bole Sub- 
tctai* 79.1 45.5 36.1 69.8 59.2 50.9 

Top Vood i.9 2.3 3.4 1.7 0.4 3.2 

Top Bark 0.7 1.1 0.6 9.2 1.9 0.7 

Branches i4 .8  26.2 37.8 17.5 33.2 26.4 

Foliage 3.5 24.9 22.1 10.8 5 .3  18.8 

Top Sub- 
total 20.9 54.5 63.9 30.2 40.8 49.1 

* Stump to &-inches diameter-outside-bark. 



k3ole-tree hawesting would increase biomass 
remavals by 26% while 3J remvals would be increased 
by 120X, P Sy 1772, K by 432, Ca by 64%, and Mg 
by 97X. Calcium and K show the least increases as 
also observed with water tupelo. 

The black gum data (Table 7) shows a reduc- 
tion in whole-tree harvesting nutrient removal 
effect as compared to water tupelo and water oak 
since it was sawled after leaf abscission. 

Table 7 .  Dry weight and nutr ient  content of Slack gum 
expressed as percentage of aboveground totals. 

Component Wt. N P R Ca Mg 

BoleiJood 80 .1  66.1 92.2 75.5 35.1 58.6 

Bole Bark 7.8 1 5 . 5  2 . 3  9.6 50.7 1'1.5 

Bole Sub- 
t o t a l *  87.9 81 .6  94.5 85.1 85.8 76.1 

Top Bark 0.7 2 . 0  0 . 4  1.2 3.5 2.2 

Branches 8.8 12.6 3.7 11.1 9.9 19.5 

Top Sub- 
t o t a l  12.1 18.4 5 . 5  14.9 14.2 23.9 

* Stump to 4-inches dianieter-outside-bark. 

Whole-tree harvesting would increase biomass 
removals by 14% while N removals would be increased 
by 23%, P by 6%, K by 18X, Ca by 17%, and Mg by 
31%. Since black gum was sampled after leaf 
abscission, only a general comparison can be made 
between this species and water tupelo and water 
oak. 

Several factors must be considered when apply- 
ing data such as that presented for water tupelo, 
water oak and black gum. It has been shown that 
just prior to leaf abscission all macronutrients 
and most micronutrients undergo some degree of 
translocation back from leaves into twigs (Likens 
and B o m n n  1970). Therefore, post-abscission 
nutrient removaLs must be evaluated through sampling 
after leaf fall since subtracting foliage content 
from pre-abscission data will provide erroneous 
results. 

Tables 5, 6, and 7 estimate nutrient removal 
from the site in biomass and do not show true 
system losses, particularly for nitrogen. Nitro- 
gen losses can occur through leaching and denitri- 
fication as well as harvest removal. Rauscher 
(1980) determined that the greater the litter mount 
on the site after a harvest, the greater the loss 
of nitrogen from the system by leaching and deni- 
trification. A whole-tree harvest will produce 
less litter than a bole harvest; therefore, the 
greater removal of N in biomss will be partially 
offset by the lower leaching and denitrification 
losses. 

It is stressed that the estimates of removal 
provided are valid only for the species discussed 
growing in similar stand situations. Nutrient 
content is rather variable between species and 

even between trees of a single species growing 
the ;am stand. 

S &G GONCLUSIOEaS 

Several conelusions were drawn concerning 
nutrient levels and distribution in water tupe 
water oak, and black gum. 

- Whole-tree harvesting can increase biontass 
removal over stem harvesting (stump to 4- 
inches diameter-outside-bark) by 20-26% 
and nutrient removal by 22-117% for a pre- 
abscission harvest. 

- Elements most affected by whole-tree har- 
vesting will be N and P; those least aff 
ed will be K and Ca. 

- Elemental content by tree component was 
generally bole wood > branches > bole bark 
> foliage except for Ca where the order 
was stem bark > branches Z stem wood > 
foliage. 
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B I O m S S  AND XUTRIEM'I: A C C W U T I O N S  OF AH 
L'NEV'~-AGED SOUTWE~V PISE STAW IN ARZCANSASY 
Timothy T. Ku, Laurin Wheeler, Jack F. Young, 

Robert J.  Colvin, Michael P,  3z iadzio  
and John H.  in&/ 

Abstract.--Destructive sampling was used t o  determine t h e  
aboveground biomass and n u t r i e n t  content  of overs tory  compon- 
e n t s  i n  a n a t u r a l ,  uneven-aged l o b l o l l y  (Pinus teada L.) and 
sho r t l ea f  (Pinus echina ta  Mill . )  pine s tand  on a Sacul s o i l  of 
t h e  Upper Coastal  P l a i n  region i n  south Arkansas. 

The s o i l  was Sacul loam, a clayey, mixed, thermic, Aquic 
Hapludult,  on a moderately well-drained upland pine s i t e .  The 
s tand from which the  sample t r e e s  were harvested had 532 
stemslha (10 cm dbh and over) ,  22.7 ~ 2 / h a  of b a s a l  a rea .  The 
l a r g e s t  t r e e s  were 77 years  o ld .  The r a t i o  of l o b l o l l y  t o  
sho r t l ea f  p ine  i n  t h e  s tand  was nea r ly  2 : l  i n  both number of 
t r e e s  and i n  basa l  a r ea  per hec t a r e .  Diameter d i s t r i b u t i o n  
of t h e  s tand  had a q-value of approximately 1.56. 

The f e l l e d  sample t r e e s  were separa ted  i n t o  component p a r t s  
i n  t h e  f i e l d .  Standard procedures were used t o  determine t h e  
biomass dry weight a t  70%. Subsamples from each treecomponent 
were ground f o r  chemical ana lys i s  of N, P, K, Ca, and Mg. 

The l e a s t  squares method was used t o  determine t h e  r e l a -  
t i onsh ip  between t r e e  components and D ~ H ,  where D was dbh and 
H was t o t a l  he ight  of t he  sample t r e e .  Regression equations 
of t h e  genera l  form: 

ln(Biomass of  Tree Components) = A + B I ~ ( D ~ H )  

were used wi th  s tand  t a b l e s  t o  es t imate  biomass of each t r e e  
component. The s tand dry  weights i n  stemwood, stembark, l i v e  
branches, dead branches and needles were: 80, 8, 16, 2 and 
5 dry m e t r i c  tons per hec t a r e   ha), o r  72, 7, 15, 2 and 4 
percent  of t h e  t o t a l  biomass, respect ive ly .  Tota l  biomasspro- 
duct ion  was 111 T/ha. 

Nutr ien t  accumulation of N ,  P, K, Ca and Mg i n  t he  t o t a l  
biomass were: 191, 9,  36, 69, and 33 ~ g f h a ,  respect ive ly .  
40% of N and P, and 60% of K ,  Ca, and Mg were accumulated i n  
t h e  stems. 

.!-/ Paper presented a t  Southern S i l v i c u l t u r a l  Research Con- 
ference,  At lanta ,  Georgia, November 6-7, 1980. 
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Abstract . - -After  two growing seasons b lack  l o c u s t  aver- 
aged 317 and 189 cm i n  he igh t  and 25 and 26 mm i n  diameter  
on t h e  f o r e s t  land (FL) a ~ d  old  f i e l d  (OF) s i t e s ,  r e s p e c t i v e -  
l y .  Sycamore averaged 109 and 95 cm i n  h e i g h t  and 14 and 
11 mrn i n  diameter  on t h e  FL and OF s i t e s ,  r e s p e c t i v e l y  a f t e r  
t h e  same per iod  of time. I n i t i a l  spac ing  and f e r t i l i z a t i o n  
had no e f f e c t  on s e e d l i n g  s u r v i v a l  b u t  increased  spac ing  
s i g n i f i c a n t l y  increased  average s e e d l i n g  d r y  weight .  T o t a l  
aboveground biomass was s i g n i f i c a n t l y  in f luenced  by t r e e  
s p e c i e s ,  s i t e ,  f e r t i l i z a t i o n  and i n i t i a l  spacing.  The OF 
s i t e  showed t h e  g x e ~ t e s t  growth response f o r  f e r t i l i z a t i o n .  

INTRODUCTION 

An u n i n t e r r u p t e d  supply of wood f i b e r  i s  
e s s e n t i a l  t o  accommodate a growing f o r e s t  p roduc ts  
Ladustry. Wood is  a l s o  t h e  l a r g e s t  biomass 
energy r e s o u r c e  i n  t h e  United S t a t e s  and i t s  
i ~ p o r t a n c e  a s  an a l t e r n a t e  of supplemental  f u e l  
i s  dramatized by r e c e n t  f o s s i l  f u e l  s h o r t a g e s .  
The O f f i c e  of Technology Assessment (1980) 
i n d i c a t e s  woody biomass, i n  a d d i t i o n  t o  i ts  
t r a d i t i o n a l  u s e s ,  will .  p l a y  a  major r o l e  i n  
f - ~ c u r e  energy product ion through g a s i f i c a t i o n  o r  
conversion t o  l i q u i d  f u e l s .  I n  t h e  s h o r t  run  
mest of t h e  energy r e s o u r c e  needs from biomass 
i s  expected t o  come from r e s i d u e s  i n  convent iona l  
harves t ing  bu t  an i n c r e a s e  i n  t h e  i n t e n s i t y  of 
f c r e s t  management, inc lud ing  t h e  es tab l i shment  
of b iomass / s i l age  p l a n t a t i o n s ,  is e s s e n t i a l  t o  
:chieve t h e  p r o j e c t e d  energy y i e l d  from wood 
while  main ta in ing  t h e  supply of m a t e r i a l  t o  f o r e s t  
i n d u s t r i e s .  

Close ly  spaced, s h o r t  r o t a t i o n  and i n t e n s i v e -  
1) c u l t u r e d  f i b e r  p l a n t a t i o n s  can c o n t r i b u t e  
i e r g e  q u a n t i t i e s  of biomass (MeAlpine e t  a l . ,  
L9C5; Kormanik e t  a l . ,  1973; Kennedy, 1975 and 
Wittwer e t  a i . ,  1978). F a c t o r s  which i n f l u e n c e  
-1ber y i e l d s  i n c l u d e  s i t e  (Broadfoot e t  a l . ,  
I57l; 'GTittwer e t  a l . ,  1978),  s i t e  p r e p a r a t i o n  
YC, r t e r  and White, 1970), p l a n t i n g  s t o c k  (Kennedy, 
1 9 7 2 ;  S te inbeck  and McAlpine, 1973; Belanger and 

 assistant P r o f e s s o r  and Research Assis- 
tcct, Department of F o r e s t r y  and Natura l  Resources, 
r - rdue Y n i v e r s i t y ,  West L a f a y e t t e ,  I N .  47907 

S a u c i e r ,  1975),  spac ing  (Belanger and Pepper, 
1978; Wittwer e t  a l . ,  1978),  c u l t u r a l  t r e a t m e n t s ,  
i n c l u d i n g  weed c o n t r o l  (McKnight, 1970) and 
f e r t i l i z a t i o n  (Blackmon and White, 1972),  and 
h a r v e s t i n g  i n t e r v a l  (Balanger and Sauc ie r ,  1975; 
Kennedy, 1975; P e r a l a ,  1979) and season (Clark,  
1975; Balanger ,  1979).  I n  a d d i t i o n ,  e f f o r t s  have 
been made t o  determine t h e  produc t ive  p o t e n t i a l  
of r o o t  s t o c k s  (Balanger ,  1979; P e r a l a ,  1979) and 
t o  a c c e s s  t h e  impacts  of s h o r t  r o t a t i o n s  and 
i n t e n s i v e  h a r v e s t i n g  on long term s i t e  product iv-  
i t y  (Blackmon, 1979; DeBi l l  and Radwan, 1979). 

I n  many a r e a s  of t h e  count ry ,  s i t e s  r e l e -  
ga ted  f o r  f o r e s t r y  u s e  a r e  s t r e s s f u l  and a r e  
marg ina l ly  p roduc t ive ,  The o b j e c t i v e s  of t h i s  
s tudy  a r e  t o  compare t h e  p r o d u c t i v i t y  of a  
s t r e s s f u l  s i t e  t o  a  t y p i c a l  f o r e s t  l and  s i t e  and 
t o  determine t h e  i n f l u e n c e  of t r e e  s p e c i e s ,  
f e r t i l i z a t i o n  and spacing d e n s i t y  on d r y  m a t t e r  
y i e l d s ,  

UTERIALS AND METHODS 

Spec ies  and S i t e  S e l e c t i o n  

Two t r e e  s p e c i e s ,  b lack  l o c u s t  (Robinia 
pseudoacacia  L.) and American sycamore (P la tanus  
o c c i d e n t a l i s  L.) were s e l e c t e d  f o r  e v a l u a t i o n  of 
d r y  m a t t e r  product ion under t h e  s h o r t  r o t a t i o n /  
s i l a g e  p l a n t a t i o n  concept .  Two p l a n t i n g  s i t e s  
were i d e n t i f i e d :  (1)  abandoned o ld  f i e l d  and 
(2 )  f o r e s t  1.and (Table 1 ) .  A f r a g i p a n  i s  p r e s e n t  
i n  bo th  t h e  old f i e l d  and f o r e s t  land s o i l s  a t  
38 and 110 cm, r e s p e c t i v e l y .  



Table 1,--Site characteristics of the two loca- 
tions assessed for woody biornass production. 

Old Field 

Soil Type Zanesville 
(Typic Fragidalfs, 
fine-silty, mixed 
mesic) 
Eroded Phase 

Slope ( X )  5-7 

Aspect SW 

Estimated 
Site 
1nded' 55-60 

Forest Land 

Fincas tle 
(Aeric , Oehra- 
qualfs [Typtc], 
f ine-sil ty , mixed, 
mesic) 
Somewhat Poorly 
Drained 

~'~ite index at a base age of 50 years for 
Yellow poplar (Liriodendron tulipifera). 

Spacing 

Prior to experimental plot layout, the old 
field and forest land sites were plowed and 
disced in the fall of 1978 in preparation for 
seedling planting in Nay 1979, One-year-old 
bareroot nursery seedlings were planted in 
pure stands at densities equivalent to 5,000, 
10,000 and 20,000 plants per ha, representing 
spacings of 2 x 1, 1 x 1 and 0.5 x 1 meters. 

Fertilization and Weed Control 

Following site preparation soil samples 0-30 
and 30-60 cm in depth were collected from 25 
locations identified at random on each site and 
analyzed for chemical properties. Similarly, 
soil samples were collected in September each 
year from one random location in each of the 36 
subplots on each site and analyzed (Table 2). 
Available soil P was determined colorimetrically 
using ammonium molybdate reagent following 
extraction with Bray I solution, available K, Ca 
and Mg determinations followed extraction with 
IN monium acetate, and NH4-N and NO3-N values 
were determined following 2l-J KC1 extraction and 
Kjeldahl distillation. 

Fertilizer treatments, applied in May 1979 
and 1980, consisted of no fertilization or a 
broadcast application of N, P and K at rates 
equivalent to 100, 50 and 50 kglha, respectively, 
of elemental material for sycamore and P and K 
each at 50 kglha of elemental material for black 
locust, In all cases nitrogen was added as 
amonim nitrate, phosphorus as superphosphate 
and potassium as potash. Weed control was 
provided by mechanfcal cultivation during early 
June and by mowing in mid-July and late August 
or as needed, 

Experimental Design 

At each locarion, the two species and two 
fertilizer treatment combinations were randodzed 
over three blocks Esming 12 main plots, The 
three spacings were randomly assigned to subplots 
within each main plot, Each subplot was 12 x 12 
meters. A l l  trees in the center 32 m2 of each 
subplot (net plots) were measured. This arrange- 
ment provides for a atinhum of 27 measuraent 
trees for the 2 x 1 m spacing, 45 trees for the 
I x 1 m spacing and 81 trees for the 0.5 x 1 m 
spacing, Inherent with spacing studies is the 
necessity of choosing between unequal subclass 
numbers when a unit area constitutes the measure- 
ment plot or risking heterogeneity of variance 
if surface area varies. The study was arranged 
in a randomized cmplete block design and 
analyses based on unequal sample size. 

Data Acquisition and Analysis 

Stem height, diameter at a 10 cm height, 
and survival were determined annually for a11 
plot trees. Six sample stems were harvested 
annually from the interior border rows and 
height, diameter at 10 cm stump height, and 
green and oven dry weight of foliage and stem 
components determined. Biomass of the net plot 
trees was estimated by a biomass to volume model 
determined for the harvested trees. All data 
were analyzed by ANOVA and Duncan's new multiple 
range test. 

RESULTS AND DISCUSSION 

Black locust seedling survival, and first 
and second year height and diameter growth 
exceeded the survival and growth attained by 
sycamore for the two sites investigated. After 
two years seedling survival averaged 96% for 
locust and 84% for sycamore and was not affected 
by site or cultural treatments. After the first 
and second growing seasons black locust growing 
on the forest land (FL) site was significantly 
taller and larger in diameter than locust seed- 
lings grown on the old field (OF) site (Table 3). 
However, after the second growing season, the 
growth advantage associated with fertilizing 
black locust was no longer evident for either the 
FL or OF site. After the first growfng season, 
the height and diameter growth of sycamore was 
not influenced by site and fertilization; however, 
by the end of the second growfng season, fertil- 
ization significantly increased the height and 
diameter of sycamore on the OF site. Differences 
in inherent site productivity are also beginning 
to emerge, Seedlings receiving no fertilizer and 
grown on the PFL site were significantly larger 
than seedlings for the identical treatment on the 
OF site. 

Site and initial spacing significantly 
influence the individual aboveground dry weight 
of black locust seedlings (Table 4). After two 



Table 2.--Chemical ana lys i s  of the  three  biomass s i t e s  before f e r t i l i z a t i o n  and a f t e r  one 
growing season. (Unless otherwise indica ted ,  a l l  va lues  a r e  reported a s  ppm.) 

Fores t  Land 
f Old Fie ld  

May 197$/ September 1 9 7 G  May 1979 September 1979 
(em) (a) (cm) (em) 

0-30 - 30-60 - 0-30 - 30-60 - 0-3q 30-60 - 0-30 - 30-60 

1' Chemical ana lys i s  before  f e r t i l i z a t i o n *  

2/ Chemical a n a l y s i s  a f t e r  one growing season- 

Table 3 . - -Fer t i l iza t ion ,  spec ies  and land c l a s s i f i c a t i o n  inf luence  seedl ing  height  and 
diameter growth a f t e r  1 and 2 years.  

Black Locust 
F e r t i l i z e d  Not Fe r t .  

Land H t .  Dim. H t .  Diam. 
C l a s s i f i c a t i o n  (cm) (mm)-- (em) (mi 
Fores t  Land 

Year 1 162 x 1' fz' 1 6 . 4 ~  117x 1 6 . 1 ~  
Year 2 3 3 1 d  27.7a 304a . l a  

Old F i e ld  
Year 1 7 3y* 7. ly 42y 6 . 3 ~  
Year 2 169b 12.4b 169b 12.9b 

Sycamore 
F e r t i l i z e d  Not Fe r t .  

H t .  Dim. H t .  Dim. 
(em) (mm) (cm) (mm9 

1' Column values  f o r  a given spec ies  and year  not  followed by t h e  same l e t t e r  a r e  s ign i f -  
i c a n t l y  d i f f e r e n t  (a = .05). Note: x-y f o r  year  1; a-b f o r  year 2. 

 itow ow va lues  f o r  a given growth v a r i a b l e ,  spec i e s ,  land c l a s s i f i c a t i o n  and year having a * 
a r e  s i g n i f i c a n t l y  d i f f e r e n t  (a = .05). 

growing seasons,  black locus t  seedl ings  averaged 
1297 g'seedling on the  FL s i t e  and 248 g/seedl ing  
on the  OF s i t e ,  For t he  FL s i t e ,  t he  average 
t o t a l  aboveground dry weight increased from 992 g 
t o  1734 g iseedl ings  a s  i n i t i a l  spacing increased 
from 0.5 x 1 t o  2 x 1 m spacings.  This t rend  
was reversed f o r  l ocus t  growing on t h e  OF s i t e .  
Seedlings grown a t  t he  0.5 x I m spacing had s ig-  
n i f i c a n t l y  more dry  weight than seedl ings  grown 
a t  t h e  2 x I m spacing. 

On t h e  average, a f t e r  two years ,  American 
sycamore accumulated 50 g of dry mat ter  per 
seedling.  On t he  FL s i t e ,  seedl ing  dry weight 
increased a s  i n i t i a l  spacing increased with 
s i g n i f i c a n t  ga ins  noted f o r  t he  2 x I m spacing. 
Dry mat ter  accumulation on the  OF s i t e  was a l s o  
influenced s i g n i f i c a n t l y  by spacing but  no c l e a r  
reason f o r  t h e  observed response can be of fered ,  

A s  p l an t ing  spacings become wider, seedl ings  
tend t o  become more branchy, have r e l a t i v e l y  
more f o l i a g e  and develop l a r g e r  diameters. These 
gene ra l i za t ions  appear t o  explain t he  growth 
response observed f o r  black locus t  and sycamore 
on the  FL s i t e .  The l a r g e r  l ocus t  seedl ings  
associa ted  wi th  t he  c l o s e r  spacings on the  OF 
s i t e  may have r e su l t ed  from a reduct ion  of i n t e r -  
row weed competi t ion,  Weed con t ro l  was achieved 
by l i g h t l y  t i l l i n g  down each row i n  e a r l y  June 
of each year followed by a down the  row mowing i n  
e a r l y  Ju ly  and August, Consequently, a s  seedl ing  
spacing increased the  amount of competing vege- 
t a t i o n  a l s o  increased.  While t h i s  same analogy 
a l s o  app l i e s  t o  t he  FL s i t e ,  t he  spec ies  compo- 
nents  of t he  competing vegeta t ion  d i f f e r e d  
g rea t ly .  The o ld  f i e l d  s i t e  was charac ter ized  by 
woody shrubs,  scrub hardwood species ,  fescue  and 
broomsedge while t he  PFL s i t e  supported annual 



Table 4.--Influence of land classification and 
spacing on the dry matter of black locust and 
sycmore seedlfngs after 2 gro~ng seasons. 
Values are present as ~cnnslseedling). 

Black Locust Sycaore 
Land Spacing Dry Wt. Spacing Dry Wt, 

Classification (at) (gram) (m) (gram) 

.5 x 1 992b1-/ .5 x 1 45a 
Forest Land 1 x 1 1167ab 1 x 1 44a 

2 x 1 1734a 2 x 1 62b 

.5 x 1 262c .5 x 1 40a 
Old Field 1 x 1 275c 1 x 1 61b 

2 x 1 207d 2 x 1 46a 
- -  - 

1' Col- values not followed by the same 
letter are significantly different (a = .05). 

grasses, foxtail, pigweed a d  pokeberry. 

Obviously, the two tree species differ in 
their ability to respond to the sites and cultural 
practices tested. Black locust is a nitrogen- 
fixing species, and therefore capable of continu- 
ously supplying this essential element, which is 
capable of vigorous growth over a range of site 
conditions. American sycamore is more site specif- 
ic than locust and is apparently not as campeti- 
tive for soil moisture and nutrients. Sycamore 
is capable of rapid growth rates under the correct 
site conditions but it appears that these 
conditions have not been met in this study. 

The total aboveground dry matter attained 
after two growing seasons is influenced by tree 
species, spacing, site and fertilization (Table 5). 
In general, biomass production was greatest for 
black locust on the FT., (13.3 x lo3 kg/ha) followed 
by the OF site (2.8 x lo3 kg/ha). Dry utter 

production for sycamore averaged 0.54 x lo3 
and was not significantly influenced by site. 

For both species dry matter production 
increased as initial spacing decreased from 
2 x 1 to 0.5 x 1 m, Yield (lo3 kgfha) is a 
function of individual plant eize and planta 
density. The yield values reported are illus 
tive of the importance of stand density in 
dete-ning dry matter production of short r 
tian cellulosic crops. 

Fertilization of black locust seedlings 
growing on the FL or OF sites at the 0.5 x 1 
spacing significantly reduced the dry matter 
production when compared to the unfertilized 
control (Table 5). Fertilization caused rapi 
early stem growth and foliage development, pa 
ularly for those trees in the closest spacing 
Weed competition was minimal because the dens 
planted trees had, in effect, eliminated them 
and any added fertilizer was readily available 
the locust seedlings. A severe drought in Jun 
and July 1980 stressed all trees but caused the 
densely planted fertilized seedlings to stop 
growing. Fertilized trees planted at wider 
spacings were not as severely affected. Competin 
vegetation may have absorbed much of the added 
fertilizer making it unavailable to the locuet 
seedlings. While this obviously reduced the rate 
of early season growth, the seedlings appeared to 
be not as susceptable to Brought stress as the 
rapidly growing seedlings. Fertilization had 
little effect on dry matter production on the FL 
site but may be easential to attain acceptable 
fiber yields on old field sites. 

Sycamore yields, after two growing seasons, 
followed a slightly different pattern. Fertil- 
ization increased the yields (lo3 kg/ha) in the 
0.5 x 1 m spacing on both the FL and OF sites, 
Except for the 2 x 1 m epacing on the OF site, 
yields from fertilized seedling plots tended to be 

Table 5.--Influence of land classification, initial spacing and fertilization on the dry matter 
production of black locust and sycamore plantations after one and two growing seasons. 
(Values presented as 103kg (metric tons)/ha.). 

Black Locust Sycamore 
Fertilized Not Fert, Fertilized Not Fert . 

Land Spacing Year Year Year Year 
Classification (m) 1 2 1 2 1 2 1 2 - - - - - - -  

.5 x 1 2.2 17.00~~' 1.62 22.70~ ,43 1.08~ .36 .67ab 
Forest Land 1 x 1  1.1 11,8OC .81 11.5Oc .22 .32b '18 .56ab 

2 x 1  .6 8.90~ .41 8.40~ '11 . 31b '09 .31b 

.5 x 1 .24 3.90b .I4 5.46a .20 1.06~ .14 ,5gb 
Old Field 1 x 1  '12 2.91bc .07 ,87' .10 . 57b '07 .65b 

2 x 1  '06 1.19C .04 .92' .50 .33bc .04 

 ROW or column values for a given site species, and year not followed by the same letter 
are significantly different (a = '05). 



lcwer than t hose  recefv ing  no f e r t i l F ~ e r .  A;zin, 
t he  competing weed p o p u l a t i s ~ s  aSsrrbri  *:cL , 

the  added f e r t i l i z e r ,  i n  e f f e c t  r,e a t i r r  
t rea tment ,  and became a rnore c f f e c z i v c  -.cnget- 
i t c r  f o r  t h e  remaining - o i l  w t e r  and nurrie~t; 

Yield of s h o r t  r o t a t i o n  biomass p l a n t a t i o n s  
can be s i g n i f i c s n t l y  e f f ec t ed  through spec i e s  and 
s i t e  s e l e c t i o n ,  v a r i a t i c n  i n  p l a n t a t i o n  d e n s i t y  
(stems/ha) and c u l t u r a l  p r a c t i c e s  i nc lud ing  f e r -  
t i l i z a t i o n .  High f i b e r  y i e l d s  may be obtained 
with proper  spec i e s - s i t e  s e l e c t i o n ,  bu t  s e l e c t i c n  
of an o f f - s i t e  syec i e s  ( i n  t h e  ca se  cf t h i s  s tudy ,  
sycamore) may r e s u l t  i n  unacceptable y i e l d s  no 
mat te r  what c u l t u r a l  p r a c t i c e s  a r e  included.  
Marginal ly product ive  f o r e s t  l ands  may be  used t o  
e s t a b l i s h  b iomass l s i l age  p l a n t a t i o n s  on ly  wi th  
c a r e f u l  a t t e n t i o n  t o  spec i e s  s e l e c t i o n  and i n t en -  
s i v e  c u l t u r a l  t rea tments .  Eva lua t ions  should be 
made of t h e  economic soundness of such an 
undertaking.  
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CONCENTRATION AND DISmIBUTION OF SELECTED ELmNI1S I N  

WYEGRttW BZC)MSS OF 8-YW-OLD SMSB  PIN&^ 
21 Eugene ShouLdere  

&stract.--Concentrations of ni trogen,  phosphorus, 
potassium, and magnesiunt followed the  general  order f o l i a g e  
3 small branches > bole  bark 2 l a r g e  branches , bo l e  wood, 
w i th  c e r t a i n  exceptions. Concentration of  these  n u t r i e n t s  
i n  needles and branches decreased wi th  d i s t ance  from a p i c a l  
meristems and were usual ly  less i n  lower than i n  upper crown 
t i s sue .  Calcium concentrat ion i n  needles and branches in- 
creased wi th  d i s t ance  from a p i c a l  meristems and were lower i n  
current  f o l i a g e  from the  upper crown than i n  o lde r  f o l i a g e  o r  
branches. Stem bark contained a higher concentrat ion of calcium 
than stem wood. Foliage comprised only 22 percent  of t he  
above-ground dry  weight of t h e  t r e e s ,  but  contained 35 t o  56 
percent  of indiv idual  nu t r i en t s .  Bole wood and bark accounted 
f o r  58 percent  of t he  biomass and contained 31 t o  41 percent  of 
t h e  nu t r i en t s .  

Researchers need a thorough understanding of 
t h e  v a r i a t i o n  i n  t he  concent ra t ion  of  n u t r i e n t s  be- 
tween p l an t  p a r t s  i f  they a r e  t o  devise  procedures 
f o r  accu ra t e ly  es t imat ing  n u t r i e n t  contents  of 
f o r e s t  crops. Indiv idual  t r e e  d a t a  from a s i t e  
amel iora t ion  study on a l e v e l  t o  s l i g h t l y  s loping  
flatwoods s i t e  i n  c e n t r a l  Louisiana (Shoulders and 
McKee 1974) provide prel iminary es t imates  of these  
v a r i a t i o n s  i n  8-year-old s l a s h  p ine  p l an t a t i ons ,  
I n  t h i s  paper, I r epo r t  concent ra t ions  of  ni trogen,  
phosphorus, potassium, calcium, and magnesium i n  
fo l i age ,  branches, and boles,  and the  e f f e c t s  of 
t i s s u e  age and crown pos i t i on  on them. I a l s o  re- 
po r t  r e l a t i v e  amounts of each n u t r i e n t  i n  d i f f e r e n t  
c l a s s e s  of t i s sue .  F ina l ly ,  I consider impl ica t ions  
of t he se  r e s u l t s  i n  sampling t r e e s  and s tands  f o r  
n u t r i e n t  contents .  

WTERIhS AND mTHODS 

Four sample t r e e s  were harvested from each of 

s i d e  of t h e  p l o t s  from among ind iv idua l s  whose 
boles  were f r e e  of d i s ease  o r  deformity. Trees 
were cu t  i n  September a f t e r  they had completed 
most of the  current  season's  growth but  before  
they had begun t o  shed t h e i r  o lde r  needles. 
Sample t r e e s  ranged i n  diameter a t  b r eas t  he ight  
(dbh) from 7.6 t o  14.2 cm and i n  t o t a l  he ight  
from 6.07 t o  9.05 m. Their  dry  weights ranged 
from 8.4 t o  39.6 kg. 

Aer ia l  p a r t s  above a 7.5 cm stump were se- 
parated i n t o  bole,  upper crown branches, and 
lower crown branches, Branches from the  two 
crown pos i t ions  were f u r t h e r  subdivided in to :  

1. Needles of  t he  cu r r en t  year ,  
2. Older needles.  
3. Twigs and branches of t he  cu r r en t  year.  
4. Older needle bearing branches. 
5. Live branch sec t ions  devoid of needles.  
6 .  Dead branches. 

Dead branches and bare ,  l i v e  branch segments were 
present  only i n  t he  lower crown. 

12  s l a s h  pine p lo t s .  The t r e e s  were taken from Needle bearing por t ions  of t he  upper stems 
the  second and t h i r d  rows from t h e  e x t e r i o r  of t he  were included wi th  upper crown branches. Remain- 
p lo t .  One t r e e  was s e l ec t ed  a t  random on each ing  por t ions  of  t he  boles  were sect ioned 

I/ Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a & h  Conference, At lanta ,  Georgia, November 
6-7, 1980. 

2/ Pr inc ipa l  S i l v i c u l t u r i s t ,  Southern Forest  
ExperXment S t a t  ion,  USDA Forest  Service,  P inev i l l e ,  
Louisiana. D r s . W .  B. McKee, Jr. and B. F, Mc- 
Lemore designed the  sampling procedure and col lec ted  
the  p l an t  mater ia l s .  D r .  McKee supervised labora tory  
a n a l y s i s  of t he  samples. 

acropeta l ly  i n t o  1.2-m-long b o l t s  . I d e n t i t i e s  of 
a l l  c l a s se s  of mater ia l  from each t r e e  were pre- 
served throughout harvest  and subsequent analyses.  

Bole mater ia l  was subsampled by c u t t i n g  a 
3.5-cm-long d i s k  from the  base of each b o l t .  Each 
c l a s s  of crown ma te r i a l  was a l s o  subsampled. 

Materials  remaining a f t e r  subsampling were 
dr ied  t o  constant  weight i n  a lumber k i l n  a t  about 
70% and weighed. 



Subsample mater ia l s  were ovendried t o  con- 
s t a n t  weight  a t  70°C a f t e r  bark of bole  samples 
was separa ted  from wood. Subsample dry weights 
were added to  those of t h e  main sample. Weights 
of bark and wood i n  indiv idual  segments of t he  
bole  were computed from proport ions i n  the  sub- 
samples. A l l  subsample ma te r i a l s  were ground t o  
pass a 1.5-mi screen and t h e i r  n u t r i e n t  contents  
measured. Nitrogen was determined by the  Kjeldahl  
method (Jackson, 1958). Other analyses were made 
on m a t e r i a l  dry-ashed f o r  2 hours a t  450°C and 
taken up i n  0.3g HNO3. Phosphorus was determined 
by the  molybdovanadate procedure (Jackson, 19581, 
and potassium, calcium, and magnesium by atomic 
absorpt ion .  

To ta l  amounts of indiv idual  n u t r i e n t s  i n  t he  
t r e e  segments were computed. Proport ions of each 
t r e e ' s  weights  and n u t r i e n t  contents  i n  every 
c l a s s  of m a t e r i a l  were then determined. 

Dif ferences  between treatments and t r e e  seg- 
ments i n  concent ra t ions  of n u t r i e n t s  and i n  pro- 
por t ion  of t he  t r e e s '  t o t a l  content  were t e s t ed  
by analyses  of variance and Duncan's new mul t ip le  
range t e s t  wi th  s ign i f i cance  a t  the  0.05 l e v e l .  

The s i t e  ameliorat ion treatments (cont ro l ,  
f l a t  d i sk ing ,  and bedding) a f f ec t ed  t r e e  s i z e  
but  d id  n o t  inf luence  s i g n i f i c a n t l y  t he  proport ions 
of t o t a l  weight i n  stem wood, stembark, branches, 
and needles  (HcKee and Shoulders 1974) o r  t he  
concent ra t ion  of n u t r i e n t s  i n  var ious  p lant  pa r t s .  
Therefore, r e s u l t s  reported here a r e  averages f o r  
48 sample t r e e s .  

Concentrat ions of Nutr ien ts  i n  Tree Segments 

Concentrat ions of n i t rogen i n  t i s s u e s  ranged 
from 0 .144to  0.792 percent ,  of phosphorus from 
0.018 t o  0.091 percent ,  of potassium from 0.028 
t o  0.606 percent ,  of calcium from 0.084 t o  0.399 
percent ,  and of magnesium from 0.039 t o  0.123 
percent  ( t a b l e  1 ) .  Except t h a t  dead limbs and 
non-needle bear ing  segments of l i v e  branches from 
the lower crown contained s i m i l a r  percentages of 
a l l  n u t r i e n t s ,  every p lant  p a r t  sampled d i f f e r e d  
s i g n i f i c a n t l y  from every o t h e r  i n  concent ra t ion  
of one o r  more elements. 

Percentages of n i t rogen,  phosphorus, potassium, 
and magnesium were always s i g n i f i c a n t l y  higher 
i n  needles than i n  t he  branch segments t h a t  bore 
them. I n  o lde r  t i s s u e s ,  calcium was a l s o  more 
abundant i n  needles than i n  branches. But cur rent  
year needles and branch segments contained s imi l a r  
concent ra t ions  of calcium. 

upper crown contained higher percentages of 
magnesium than t h e i r  lower crown counterpar ts .  

I n  o lder  needles and needle-bearing branch 
segments, crown pos i t i on  a f f ec t ed  only potassium, 
calcium, and magnesium l e v e l s .  Potassium was 
s i g n i f i c a n t l y  higher and calcium s i g n i f i c a n t l y  
lower i n  upper crown needles and branches than 
i n  l i k e  t i s s u e s  from the lower crown. Magnesium 
was l e s s  abundant i n  o lder  needles from the  
upper than i n  o lder  needles from the  lower crown. 

I n  t he  upper crown, cur rent  year needles and 
twigs contained higher concentrat ions of n i t rogen,  
phosphorus, potassium and magnesium and lower 
concentrat ions of calcium than o lder  needles 
and branches, Except fo r  phosphorus i n  f o l i a g e ,  
these  d i f ferences  were s i g n i f i c a n t .  Similar  t r ends  
developed i n  lower crown t i s s u e s  but  d i f f e r ences  
were usual ly  smaller  and fewer of them were 
s i g n i f i c a n t .  

Older needle bearing branches from the  lower 
crown had higher concentrat ions,  usual ly  s ig-  
n i f i c a n t l y  so, of n i t rogen,  phosphorus, potassium, 
and magnesium than dead limbs and non-needle- 
bearing branch segments of l i v e  branches. Calcium 
l e v e l s ,  however, tended t o  be lower i n  needle- 
than i n  non-needle bearing l i v e  branch segments. 
A s  noted e a r l i e r ,  non-needle bearing l i v e  branch 
segments and dead limbs contained s imi l a r  con- 
cen t r a t i ons  of a l l  nu t r i en t s .  

No c l e a r  t rend emerged i n  n u t r i e n t  l e v e l s  
i n  bole  wood o r  bole  bark r e l a t i v e  t o  he ight  i n  
t he  stem. These r e s u l t s  apply only t o  po r t i ons  
of t he  bole  devoid of needles,  a s  needle bearing 
por t ions  of t he  main stem were included wi th  
upper crown branches. I n  t he  needle bearing 
por t ion  of t he  bole ,  concentrat ions of n i t rogen,  
phosphorus, potassium, and magnesium probably 
increased and of calcium decreased wi th  he ight .  

Nutrient  l e v e l s  were higher i n  bark than i n  
wood. Except f o r  phosphorus, these  d i f f e r ences  
were s i g n i f i c a n t .  Bark a l s o  contained higher 
concentrat ions of n i t rogen and potassium than 
non-needle bearing l i v e  branch segments and of 
magnesium than a l l  branch t i s s u e  except cur rent -  
year twigs from the  upper crown. 

Stem wood resembled dead limbs and non-needle- 
bearing segments of l i v e  branches i n  concent ra t ions  
of ni trogen,  phosphorus, potassium, and magnesium. 
Calcium l e v e l s ,  however, were s i g n i f i c a n t l y  lower 
i n  wood than i n  any o ther  t i s s u e .  

Levels of n i t rogen,  phosphorus, and potassium 
were higher and of calcium lower i n  current  year 
needles and twigs from t h e  upper crown than i n  
s imi l a r  t i s s u e s  from the  lower crown. Crown 
pos i t i on  d id  not  a f f e c t  ntagnesium l e v e l s  i n  
cur rent  fo l i age ,  but cur rent  year twigs from the  



Table 1.--Hutrient concentration in segrnents of the tree bionass from 8-year-old slash pine 

Nutrient concentratio&' 
Sepent and Age N P R Ca 4 

Upper crown 
Current 
Older 

Lower crown 
Current 
Older 

Branches 

Upper crown 
Current 2.93 + .74e '44 + .16d 3.85 2 11,43g 1.74 + .64b .82 4 .22c 
Needle bearing, 
over 1-yr-old 2.07 + ,31c -25 4 .12bc 1.73 j: .56cd 2.17 2 .61c '69 + .lob 

Lower crown 
Current 2.30 t: .30d .32 f .12c 2.37 2 .98e 2.27 + .73c .69 2 .15b 
Needle bearing , 
over 1-yr-old 1.97 + .25c .24 f .13bc 1,20 + .42h 3.00 + .68d .67 f .15b 

Non-needle bearing 1.46 + .19a '14 2 .08ab .70 4 .59a 3.35 4 1.06d .43 + .lOa 
Dead 1.63, 3- .36ab .lo + .07a ,282 .34a 3.25$-1.33d .39 + .lOa 

Bole - 
Bark 1.74 f .17b .22 + .O7abc 1.39 + .47bc 1.59 + .48b .90 + .70cd 

1/ Values in any column with the same letter are not significantly different at the 0.05 level. - 
2/ Standard deviation for nutrient concentration in segment. Standard error of means may be derived by - 

dividing Standard deviations by -"a^ 

Amounts of Nutrients in Tree Segments 

Foliage comprised only 22 percent of the 
aboveground biomass of these 8-year-old trees. 
But it contained 56 percent of the nitrogen, 54 
percent of the phosphorus, 49 percent of the 
potassium, 35 percent of the calcium, and 39 per- 
cent of the magnesium in aerial parts (fig. 1). 
In contrast, wood and bark of the bole contained 
58 percent of the trees' dry weights and only 
31 to 42 percent of the aboveground nutrients. 
Twenty percent of the biomass was in limbs, They 
contained 14 percent of the nitrogen and phosphorus 
in the trees, 20 percent of the potassium, 30 
percent of the calcium, and 19 percent of the 
magnesium, 

(standard deviation x 100) ranged from 7 percent 
mean concentration 
for nitrogen in current needles from the lower 
crown to 121 percent for potassium in dead branches. 
Coefficients of variation for concentrations of 
individual nutrients in foliage and needle bearing 
branch segments did not exceed 55 percent. For 
these portions of the crown, a sample of 31 trees 
should estimate concentrations of all nutrients 
within f10 percent two-thirds of the time. For 
a I-in-20 chance of error in sampling, 121 trees 
would be required, Samples of these sizes should 
estimate concentrations of nitrogen in current 
needles from the lower crown within + 1.4 percent 
and concentrations of potassium in dead branches 
within 4 22 percent. 

Implications in Sampling 

Coefficients of variation for nutrient con- 
centrations in individual plant parts 



PROPORTION OF WEIGHT AND 
NUTRIENTS IN FOLIAGE 

PROPORTION OF WEIGHT AND 
NUTRIENTS IN BRANCHES 

75 t PROPORTION OF WEIGHT AND 
NUTRIENTS IN BOLE SEGMENTS 

BARK I 
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Figure 1--Distribution of weight and nutrients 
in aerial parts of 8-year-old slash pine 
trees. 

DISCUSSION AND CONCLUS IONS 

Obviously, data for 48 trees from one 8-year- 
old plantation are inadequate to characterize con- 
centrations, amounts, or distribution of nutrients 
in dboveground tissues of slash pine trees, Con- 
centrations af nutrients in tissues vary with soil 
fertility (Pritchett 1968, Ballard and Pritchett 
1 9 1 5 )  and soil moisture regime (White and Pritchett 
1970, I.Xite et al. 1972). Work with other species 
(Wells and Metz 1963) and unpublished data from 
our laboratory show that concentrations in foliage 
vary seasonally. Site, age, and stand density 
affect proportions of nutrients in individual 
parts by altering the distribution of the total 
biomass among tissues (Metz and Wells, 1965, Rennie 
1966, Switzer et al. 1968) and perhaps by affecting 
concentrations of nutrients in individual segments. 

For the most part, the task of quantifying 
these relationships lies ahead. Data presented in 
this paper suggests that it will not be easy. 
Foliage, branches, bark, and wood differ greatly 
in nutrient concentrations. Within foliage and 
branches, concentrations vary with position in the 
crown and age of tissue. All these factors must be 
considered in devising a sampling scheme to estimate 
nutrient content of trees and stands. 
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TJ3E PATTERN OF EAT REGENEMTION AND HEIGHT STRATIFICATION 

WITHIM A NATUMLLY-CREAED OPENING I N  AN ALL-AGED PIEDMONT 

1 /y DECIDUOUS FOREST- 

2 /A/ James N, Skeen- 

Abstract ; - -Detai led s p e c i e s  i n v e n t o r i e s  over  a 4- 
y e a r  per iod  w i t h i n  a n a t u r a l  opening c r e a t e d  by a combi- 
n a t i o n  of  s to rm damage, p i n e  b e e t l e  damage, and windthrow 
i n  a n  old-growth Piedmont deciduous f o r e s t  revea led  
d i s t i n c t  p a t t e r n s  of s p e c i e s  d e n s i t y  s h i f t s ,  s p e c i e s  
r e g e n e r a t i o n  and s u r v i v a l ,  and h e i g h t  s t r a t i f i c a t i o n .  
Between 4 and 7 y e a r s  a f t e r  canopy opening r e l a t i v e  
d e n s i t i e s  of l o b l o l l y  p ine  and yellow-poplar decreased 
markedly. R e l a t i v e  d e n s i t i e s  increased  moderately among 
b l a c k  c h e r r y ,  sweetgum, and f lowering dogwood and in-  
c reased  markedly among t h e  oaks and h i c k o r i e s .  By t h e  
end of t h e  seventh  growing season a d i s t i n c t  p a t t e r n  of 
h e i g h t  s t r a t i f i c a t i o n  was ev iden t .  Above 160 cm l o b l o l l y  
p ine ,  sweetgum, and f lower ing  dogwood were dominant i n  a 
2 : l : l  r a t i o .  Between 51-160 cm loblo1Ly p ine ,  b lack  
cher ry ,  sweetgum and f lower ing  dogwood were dominant i n  a 
4:2:1:1 r a t i o .  Between 11-50 cm b lack  cher ry ,  sweetgum, 
and v a r i o u s  oaks were dominant i n  a 3 : l : l  r a t i o .  The 
lowest  s t ra tum,  10 c m  and below, was dominated by b l a c k  
cher ry ,  v a r i o u s  oaks,  and v a r i o u s  h i c k o r i e s  ( 2 : l : l  r a t i o ) .  

INTRODUCTION 

The f o r e s t s  of t h e  s o u t h e a s t e r n  Piedmont, 
l i k e  t h e  deciduous f o r e s t s  of e a s t e r n  North 
America i n  g e n e r a l ,  a r e  f o u r - t i e r e d  c o r n u n i t i e s  
comprised of herbaceous groundcover, shrubs ,  and 
subcanopy and canopy a r b o r e s c e n t  s t r a t a .  Despi te  
t h i s  widespread and r e a d i l y  apparen t  v e r t i c a l  
s t r u c t u r e ,  t h e r e  has  been l i t t l e  emphasis on 
de te rmin ing  how e a r l y  i n  t h e  developmental 
sequence of  temperate  deciduous f o r e s t s  t h i s  

I/ Paper  p resen ted  a t  Southern S i l v i -  
c u l t u r a l  Research Conference, A t l a n t a ,  Georgia, 
November 6-7 ,  1980. 
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s t r a t i f i c a t i o n  occurs  and i ts  p o s s i b l e  i n f l u e n c e s  
on community r e g e n e r a t i o n  dynamics (e .g . ,  d i f f e r -  
e n t i a l  germinat ion,  s u r v i v a l  and m o r t a l i t y ,  and 
eventua l  es tab l i shment ) .  A s  Smith (1973) no ted ,  
t h e r e  has  been almost  no c r i t i c a l  o r  s y s t e m a t i c  
examination of p rocesses  of s t r a t a l  development 
w i t h i n  f o r e s t  communities. 

Contemporary viewpoints  on n a t u r a l  regen- 
e r a t i o n  i n  temperate  deciduous f o r e s t s  have 
der ived  from t h e  e a r l y  work of Jones  (1945), 
Watt (1947), and Bray (1956). Natura l  regen- 
e r a t i o n  consequently i s  viewed by many workers  
a s  t h e  c y c l i c a l  s p e c i e s  replacements  o c c u r r i n g  
w i t h i n  openings o r  "gaps" o c c a s i o n a l l y  c r e a t e d  
i n  t h e  f o r e s t  by n a t u r a l  even ts ,  sometimes 
c a t a s t r o p h i c  and s p e c t a c u l a r ,  sometimes 
r e l a t i v e l y  minor and more s u b t l e  ( F o r c i e r  1975, 
Fox 1977, Brewer and M e r r i t t  1978, Barden 1979, 
Ehrenfeld 1980). Windthrow, g l a z e  s torms,  and 
occas iona l  i n s e c t  i n f e s t a t i o n s  a r e  major causes  
of gap formation on t h e  s o u t h e a s t e r n  Piedmont. 
Less s p e c t a c u l a r  bu t  probably equa l ly  important  
is  t h e  dea th  and f a l l  o f  t r e e s  from t h e  r i g o r s  
of age such a s  funga l  and /or  v i r a l  pathogens. 
The main focus i n  most s t u d i e s  of gaps has been 



on the  sequence of spec ies  s h i f t s  o r  on the  
u l t imate  s tand  composition t h a t  r e s u l t s  wi th in  
such openings over long timespans. 

For example, s eve ra l  s t u d i e s  were conducted 
fol lowing the  l o s s  of t he  American chesnut 
(Castanea denta ta  (Marsh.) Borkh.) from the  
f o r e s t s  of ea s t e rn  North America. These 
s t u d i e s  emphasized spec ies  replacements and 
s h i f t s  i n  c o m m i t y  composition among var ious  
f o r e s t s  of t he  region (Keever 1953, Nelson 1955, 
Mackey and Sivec 1973, Stephenson 1974). Other 
s t u d i e s  of gaps and openings have assessed and 
evaluated var ious  s i l v i c u l t u r a l  p r ac t i ce s ,  
p a r t i c u l a r l y  c l e a r c u t t i n g  o r  seed t r e e  c u t t i n g  
(Wendel 1975, &Gee and Wooper 1975, Johnson 
and Krinard 1976). Other s t u d i e s  have been 
conducted t o  quant i fy  t he  ea r ly  coloniza t ion  
and shor t -  and intermediate-term su rv iva l  of 
woody species  wi th in  canopy gaps (Skeen 1976) 
o r  t h e  response of understory spec ies  fol lowing 
n a t u r a l  c r ea t ion  of  d i f ferent -s ized  gaps 
(Ehrenfeld 1980). A c e n t r a l  premise i n  a l l  
these  s tud i e s ,  e i t h e r  expressed o r  implied, has 
been t h a t  t he  r e s u l t i n g  f o r e s t  community is a 
mosaic o r  patchwork of abu t t i ng  o r  overlapping 
gaps crea ted  a t  d i f f e r e n t  t i m e s .  I n  these  gaps 
most t r e e s  would have i n i t i a t e d  i n  a few years  
fol lowing gap crea t ion .  On a larger-than-gap- 
s i z e  s ca l e ,  t he  r e s u l t i n g  f o r e s t  genera l ly  
appears a s  a mixture of t r e e s  of many species  
having d i f f e r e n t  ages and (usual ly)  d i f f e r e n t  
sizes--the c l a s s i c a l  "all-aged" f o r e s t .  Oliver 
(1980) r ecen t ly  has suggested t h a t  mixed-species 
f o r e s t s  i n  t he  e a s t e r n  and northwestern United 
S t a t e s ,  p a r t i c u l a r l y  a f t e r  mnagement manipula- 
t i o n s  c r ea t ing  l a r g e  openings, may develop 
e s s e n t i a l l y  even-age pa t t e rns  i n t e r n a l l y ,  
These f o r e s t s  may exh ib i t  a deceptive v e r t i c a l  
s t r a t i f i c a t i o n  t h a t  could appear all-aged t o  
t he  casual  observer. Consequently, a knowledge 
of pas t  management p rac t i ce s ,  n a t u r a l  spec ies  
replacement/regeneration sequences and pa t t e rns  
of v e r t i c a l  s o r t i n g  between species  during the  
s t a n d ' s  developmental s t ages  may be imperat ive 
i n  p re sc r ib ing  appropr ia te  management p rac t i ce s .  

Opening s i z e  has  been repeatedly s t r e s sed  
a s  an important determinant a f f e c t i n g  regener- 
a t i o n ,  surv iva l ,  establishment,  height  growth 
pa t t e rn ,  and eventual  spec ies  composition i n  
f o r e s t  gaps (Jones 1945, Jackson 1959, 
Ehrenfeld 1980). But no de t a i l ed  study has 
appeared t h a t  cons iders  t he  v e r t i c a l  s t r a t i f i -  
c a t i on  within gaps i n  t he  ea r ly  years  a f t e r  
canopy opening. The s h e l t e r i n g  e f f e c t  of such 
i n t e r n a l  gap development probably ameliorates 
gap microclimate and may possibly exe r t  a s  
g rea t  a con t ro l l i ng  inf luence  on i n t e r n a l  gap 
spec i e s  dynamics a s  does gap s i z e ,  proximity t o  
seed sources,  surrounding canopy he ight ,  e t c .  

Understanding gap dynamics and pa t t e rns  of 
i n t e r n a l  f o r e s t  development r equ i r e s  documenting 
and qttantifying t h e  pa t t e rn  and sequence of 
changes i n  spec ies  composition, su rv iva l /  
mor t a l i t y ,  and e s t a b l i s h e n t  dur ing  t h e  ea r ly  
s t ages  of n a t u r a l  regenerat ion.  Equally 
important--part icularly i n  view of Ol iver ' s  
recent  (1980) contentions--is cons idera t ion  of  
quest ions regarding e a r l y  v e r t i c a l  s t r a t i f i c a -  
t i o n  i n  canopy gaps: Is v e r t i c a l  pa t t e rn  
apparent  i n  t he  e a r l y  years  of gap phase re- 
placement; i f  so, how e a r l y  does i t  occur i n  
t he  developmentallregeneration sequence? I f  
p a t t e r n  occurs--if t he re  a r e  two o r  more well- 
defined layers--are t he re  compositional d i f f e r -  
ences between t h e  l aye r s ;  i f  so ,  can t h e  
component spec ies '  s i l v i c u l t u r a l  t r a i t s  account 
f o r  t he  pa t t e rn ( s )  observed? From the  e x i s t i n g  
spec ies  mix and any ea r ly  v e r t i c a l  pa t t e rn  
observed, does it appear l i k e l y  t h a t  t h e  v e r t i c a l  
s t r u c t u r e  w i l l  increase  o r  diminish i n  complexity; 
a r e  spec ies  seemingly being l o s t  o r  replaced a s  
dominants? The major aim of t he  present  study-- 
a p a r t  of a l a r g e r ,  long-range effort--was t o  
ga ther  and evalua te  da t a  which might suggest  
answers t o  these  and r e l a t e d  quest ions.  

SITE WCTERISTICS AND STLTDY PLAN 

Obviously a t tempts  t o  formulate answers t o  
t hese  and s i m i l a r  quest ions could be made from 
d a t a  derived from s t u d i e s  fol lowing e i t h e r  of  
two bas ic  approaches--either t h e  de t a i l ed  s tudy 
of mul t ip le  gaps of d i f f e r e n t  ages  a t  a s i n g l e  
point  i n  time, o r  t h e  i n t ens ive  study of a s i n g l e  
gap over many years.  This s tudy has  followed 
the  l a t t e r  approach. 

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

The study gap was i n  Fernbank Fores t ,  a 
metropoli tan At lanta  (33'46'N, 85O19'~) woodland 
of 25 ha. The f o r e s t  has been described a s  a 
r e l a t i v e l y  mature hardwood f o r e s t  (Skeen 1974) 
and, more r ecen t ly ,  a s  a remnant (%harton 1978) 
o r  r e l i c t  (Dew 1980) of w h a t  o r i g i n a l  Piedmont 
f o r e s t s  on favorable s i t e s  may have been l i k e .  
The f o r e s t  would be termed a b luf f - ravine  f o r e s t  
wi th  northern a f f i n i t e s  according t o  t h e  c l a s s i -  
f i c a t i o n  of  Wharton (1978) and a north-facing 
b luf f  f o r e s t  a f t e r  t he  Piedmont f o r e s t  c l a s s i -  
f i c a t i o n  of Oosting (1942). It l i e s  w i th in  t h e  
A t l an t i c  s lope  sec t ion  of t h e  Oak-Pine Fores t  
region described by Braun (1950) and most c lo se ly  
approximates SAF cover-type 59 (yellow-poplar- 
white oak--northern red oak) (Society of  American 
Fores ters  1964). Canopy dominants, i n  order  of  
decreasing importance, inc lude  yellow-poplar 
(Liriodendron t u l i p i f e r a  L.), white oak (Quercus 



a l b a  L. ) , hickory (Carya g l a b r a  (Mil l .  ) /C. tornen- - 
t o s a  (Mutt.)/C, c o r d i f o m i s  (Wang.) K.  Koch), - 
n o r t h e r n  r e d  oak (Quercus r u b r a  L.) and American 
beech ( ~ r a n d i f o l i a  Ehrh.) (Skeen 1934, Dew 
1980). Mature p i n e s  (Pinus taeda  L.@. e c h i n a t a  
> f i l l . )  have decreased i n  canopy importance s i n c e  
a s e v e r e  sou thern  p ine  b e e t l e  epidemic over  t h e  
a r e a  i n  t h e  e a r l y  1970 ' s  bu t  a r e  s t i l l  h igh ly  
v i s i b l e  and important  canopy members, Tree 
d e n s i t y  (>10,2 cm d.b.h,)  w i t h i n  t h e  f o r e s t  is 
447 t r e e s l h a ,  b a s a l  a r e a  coverage is almost  38 
&/ha ,  and above-ground biomass has been 
es t imated  a s  approximately 356 mtlha (Skeen 
1974). 

Windthrow, g l a z e  s torm damage, and p i n e  
b e e t l e  damage have been severe  i n  c e r t a i n  p a r t s  
of t h e  f o r e s t  and have caused many canopy 
openings--some s i n g l e - t r e e  gaps and o t h e r s  - 
m u l t i p l e - t r e e  gaps. Natura l  regenera t ion  of  
bo th  p i n e  and hardwoods is now o c c u r r i n g  i n  
t h e s e  openings.  The s i t e  s t u d i e d  was one of  
t h e  l a r g e r  of t h e s e  gaps (two o r  more canopy 
hardwoods have been l o s t  9-19 y e a r s  ago and a 
s i n g l e  p i n e  l o s t  dur ing  t h e  e a r l y  1970's  b e e t l e  
i n f e s t a t i o n ) .  The r e c t a n g u l a r  c l e a r i n g  l a y  
approximately 30 m i n s i d e  t h e  e a s t e r n  boundary 
of t h e  woodland and extended approximately 25 m 
east-west  and about  1 5  m north-south. A pre- 
dominantly deciduous canopy (25-30 m i n  h e i g h t )  
bordered t h e  c l e a r i n g .  S i t e  e l e v a t i o n  was 
approximately 340 m above mean s e a  l e v e l  and 
t h e  s l o p e  was approximately 5 percen t  f a c i n g  
southwest .  

Methods 

I n  e a r l y  1974 t h e  375 m2 opening (25 m by 
1 5  m) was subdivided i n t o  a permanently-marked 
g r i d  network of 125  3 m by 1 m p l o t s .  The 
eas te rnmos t  two-thirds  o f  t h e  opening (83 3 m 
by 1 m quadra t s )  was w e l l  a long  i n  t h e  e a r l y  
s t a g e s  of hardwood success ion  and was dominated 
by s a p l i n g s  grading,  a t  t h a t  time, t o  about 5 m 
i n  h e i g h t .  The h i s t o r y  of t h e  o r i g i n  and l a t e r  
r e g e n e r a t i o n  of t h i s  o l d e r  p o r t i o n  of  t h e  a r e a  
could n o t  be documented w i t h  c e r t a i n t y  s o  i n i t i a l  
a t t e n t i o n s  were focused on t h e  younger, then 
pine-dominated, p o r t i o n  of t h e  opening (42 3 m 
by 1 m q u a d r a t s ) .  Spring/summer 1971 was t h e  
f i r s t  growing season (year  1 )  f o r  t h e  younger 
p o r t i o n  of t h e  opening. 

Between mid-March and l a t e  May 1974 ( e a r l y  
i n  growing season 4) a complete census was made 
of woody i n d i v i d u a l s  p r e s e n t  i n  t h e  42 3 mZ 
q u a d r a t s  compris ing t h e  most r e c e n t l y  co lon ized  
a r e a .  Each woody i n d i v i d u a l  p r e s e n t ,  r e g a r d l e s s  
of s i z e ,  was ass igned  an  i d e n t i f y i n g  number and 
was i n d i v i d u a l l y  marked w i t h  an aluminum tag .  
Seed l ing  and s a p l i n g  c a t e g o r i e s  were n o t  d i f f e r -  
e n t i a t e d  by h e i g h t  c l a s s e s  i n  t h e  i n i t i a l  census 
except  t o  n o t e  new s e e d l i n g s  of t h e  c u r r e n t  year .  

The a r e a  was maintained f r e e  of o u t s i d e  d i s -  
turbance,  and t h e  census was repea ted  i n  e a r l y  
March 1976 and late June 1977. I n d i v i d u a l s  t h a t  
d ied  between censuses  were noted and new 
i n d i v i d u a l s  which had appeared dur ing  t h e  time 
i n t e r v a l  were numbered and marked. Height 
measurements were a l s o  recorded d u r i n g  t h e  1977 
census.  The annua l  p a t t e r n  of groundlevel  g l o b a l  
r a d i a t i o n  i n  t h e  opening was documented d u r i n g  
t h e  e a r l y  colonization/establishment phase (mid- 
1974 t o  mid-1975) (March and Skeen 1976) and t h e  
near-ground (0-75 cm aboveground) thermal  
regimen--especially t h a t  fo l lowing  i n t e n s e  
s u m e r  thunderstorms--was documented d u r i n g  t h e  
s u m e r  of 1974 (Skeen and March 1977).  From 
t h e  d a t a  ob ta ined  i t  has  been p o s s i b l e  t o  
document t h e  r e g e n e r a t i o n  dynamics ( e a r l y  
c o l o n i z a t i o n ,  s u r v i v a l / m o r t a l i t y ,  es tab l i shment ,  
e t c . )  t h a t  have occur red  a t  3 i n t e r v a l s  d u r i n g  
t h e  f i r s t  7 y e a r s  of c o l o n i z a t i o n  and re -  
es tab l i shment  w i t h i n  t h e  gap. The p a t t e r n  of 
h e i g h t  growth o c c u r r i n g  w i t h i n  t h e  a r e a  by t h e  
end of t h e  7 y e a r s  was recorded a s  w e l l .  

RESULTS 

The i n v e n t o r i e s  conducted e a r l y  i n  t h e  f o u r t h  
(1974) and s i x t h  (1976) growing seasons  and midway 
through t h e  seventh  (1977) growing season  r e v e a l e d  
18 ,  19 ,  and 21 species-groups r e s p e c t i v e l y  (Oak and 
hickory d e s i g n a t i o n s  c o n s i s t e d  of m u l t i p l e  s p e c i e s ,  
most ly indeterminable dur ing  e a r l y  growth.):  
Throughout t h e  t h r e e  censuses,  seven species-groups 
accounted f o r  about  90 percen t  of t h e  t o t a l  number 
o f  i n d i v i d u a l s  (93 percen t ,  91  p e r c e n t ,  and 88 per- 
c e n t  i n  1974, 1976, and 1977) and were never  
represen ted  by fewer than 9 i n d i v i d u a l s  ( a b s o l u t e  
d e n s i t y  of 714 s tems/ha) .  These species-groups 
were l b b l o l l v  o i n e  (Pinus taeda  L . j .  b l a c k  c h e r r y  -- . , 
(Prunus s e r o t i h a  ~ h i h . 1 ,  t u l i p  o r  yellow-poplar - 
(Lir iodendron t u l i p i f e r a  L . ) ,  sweetgum (Liquidambar 
s t y r a c i f l u a  L.) ,  f lower ing  dogwood (Cornus f l o r i d a  
L.),  t h e  h i c k o r i e s  (Carya s p p . ) ,  and t h e  oaks 
(Quercus spp.) .  Other l e s s  important  b u t  f r e -  
quent ly  occur r ing  s p e c i e s  included r e d  mulberry 
(Morus r u b r a  L.) ,  b lack  gum (Nyssa s y l v a t i c a  
Marsh.), sou thern  magnolia ( e x o t i c  encroachment 
from r e s i d e n t i a l  p l a n t i n g s  i n  t h e  a r e a )  (Magnolia 
g r a n d i f l o r a  L .) , redbud (Cerc i s  canadens i s  L. ) , 
and hawthorn (Crataegus sp.)  . 

Densi ty R e l a t i o n s h i p s  

The a b s o l u t e  d e n s i t y  of i n d i v i d u a l s  was 
approximately 43900 stemslha i n  t h e  1974 census ,  
34800 stemsfha i n  t h e  1976 census,  and 33400 
stemslha i n  t h e  1977 census. Figure 1 d e p i c t s  
t h e  r e l a t i v e  d e n s i t y  o r  percentage composi t ion 
a t t r i b u t a b l e  t o  each of  t h e  seven major s p e c i e s -  
groups a t  each census per iod .  By t h e  seventh  
growing season l o b l o l l y  p ine  and yellow-poplar 
decreased markedly i n  r e l a t i v e  d e n s i t y  (38 p e r c e n t  



Figure 1.--Relative d e n s i t i e s  (percentage composition) of t h e  seven 
most prominent species-groups e a r l y  i n  year 4 (1974), e a r l y  i n  
year 6 (1976), and midway through year  7 (1977) a f t e r  canopy 
opening. 

t o  20 percent ,  and 15  percent  t o  5 percent ,  
r e spec t ive ly ) .  Conversely, b lack  cherry,  sweet- 
gum, and f lowering dogwood increased moderately 
i n  r e l a t i v e  d e n s i t i e s  over t h e  timespan (24 per- 
cent  t o  28 percent ,  7 percent  t o  12 percent ,  and 
7 percent  t o  9 percent ,  r e spec t ive ly ) .  The oaks 

and h i cko r i e s ,  while making s i m i l a r  percentage 
ga ins ,  increased markedly i n  r e l a t i v e  community 
composition ( 2  percent  t o  8 percent ,  and 2 per- 
cent  t o  7 percent ,  r e spec t ive ly ) ,  exh ib i t i ng  a 
near ly  four-fold i nc rease  i n  each ins tance .  
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Figure 2.--Changes i n  d e n s i t i e s  wi th in  t he  seven most prominent 
species-groups over 3 years (1974-1977). A l l  comparisons a r e  
made aga ins t  respect ive  species-group census va lues  of t h e  f i r s t  
census year (1974, year 4). Open ba r s  represent  t h e  f a t e s  of 
o r i g i n a l  census indiv iduals  i n  subsequent years ;  square-st ippled 
bars  represent  t he  f a t e s  of  co lon ize r s  from t h e  1974-76 i n t e r v a l  
censused i n  1976; and dot-st ippled ba r s  represent  t h e  colonizers  
from t h e  1976-77 i n t e r v a l  censused i n  1977. Values appearing 
below each species-group name represent  t he  number of indiv iduals  
wi th in  each group enumerated i n  t he  o r i g i n a l  (1974) census. 



Reasons f o r  t h e s e  s p e c i e s  s h i f t s  a r e  
apparent  i n  Figure 2. It shows t h e  s u r v i v o r s h i p  
over t ime of  t h e  o r i g i n a l  (year  4) popula t ion  of 
each s p e c i e s  p l u s  new c o l o n i z e r s  sceurr tng  w i t h i n  
each subsequent  census i n t e r v a l  and t h e i r  s u r v i v a l  
expressed a s  a  f r a c t i o n  of each s p e c i e s '  o r i g i n a l  
populat ion d e n s i t y .  Employing t h e  o r i g i n a l  
census count  f o r  each s p e c i e s  a s  a  b a s i s  of 
comparison and express ing  a l l  subsequent  regen- 
e r a t i o n ,  s u r v i v a l ,  and es tab l i shment  r e l a t i v e  t o  
t h i s  base va lue  c l a r i f i e d  whether a  s p e c i e s  pop- 
u l a t i o n  was i n c r e a s i n g  o r  d e c l i n i n g .  Causal 
f a c t o r s  such  a s  h igh  ( o r  low) s u r v i v a l  of t h e  
i n i t i a l  popula t ion  o r  p o s s i b l y  subsequent  
c o l o n i z a t i o n  and s u r v i v a l  a s  de te rminants  of 
t h e  s h i f t s  i n  r e l a t i v e  d e n s i t i e s  a l s o  became 
apparen t .  For example, t h e  decrease  i n  l o b l o l l y  
p ine  r e l a t i v e  d e n s i t y  is due t o  a  s u r v i v a l  of 
t h e  o r i g i n a l  popula t ion  of l e s s  than  40 percen t  
by year  7 coupled w i t h  both very  low regenera t ion  
and very  low s u r v i v a l  o f  new c o l o n i z e r s  i n  t h e  
time i n t e r v a l  between y e a r s  4 and 7 (F igure  2).  
S i m i l a r l y ,  l e s s  than 8 percen t  of t h e  o r i g i n a l  
(year  4) yellow-poplar popula t ion  surv ived  u n t i l  
year  7;  new c o l o n i z a t i o n  and i t s  s u r v i v a l  over  
t h e  i n t e r v a l  was s u f f i c i e n t ,  however, t o  s t a b i l i z e  
t h e  yellow-poplar popula t ion  a t  s l i g h t l y  l e s s  than 
28 percen t  of i ts  i n i t i a l  (year  4) l e v e l .  
Although b l a c k  c h e r r y ,  sweetgum, and f lower ing  
dogwood a r e  i n c r e a s i n g  i n  terms of r e l a t i v e  
community p ropor t ion ,  on ly  sweetgum and dogwood 
a r e  i n c r e a s i n g  i n  terms of a b s o l u t e  numbers of 
i n d i v i d u a l s  r e l a t i v e  t o  t h e  o r i g i n a l  (year  4) 
census (F igure  2 ) .  The marked i n c r e a s e  i n  t h e  
h i c k o r i e s  and oaks is due t o  moderately h igh  
s u r v i v a l  of t h e  o r i g i n a l  popula t ions  (69 percen t  
and 55 percen t  r e s p e c t i v e l y )  coupled w i t h  very  
h igh  c o l o n i z a t i o n  f o r  both s p e c i e s  between 

y e a r s  6 and 7. 

Height  S t r a t i f i c a t i o n  

F igure  3 shows t h e  p a t t e r n  of aboveground 
s t r a t i f i c a t i o n  of woody s p e c i e s  a t  t h e  t h i r d  
census d a t e  (midway through t h e  seventh  growing 
season)  a f t e r  canopy opening (1977). Each 
species-group symbol shown r e p r e s e n t s  a n  approx- 
image d e n s i t y  o f  300 s temslha .  This  p r o f i l e  
diagram coupled w i t h  frequency h i s tograms  by 
h e i g h t  of each species-group sugges ted  t h e  
occurrence of a t  l e a s t  f o u r  s t r a t a ,  For t h i s  
s tudy  t h e s e  were s e t  a t  0-10 cm aboveground, 
11-50 cm aboveground, 51-160 cm aboveground, 
and i n d i v i d u a l s  g r e a t e r  than  160 cm aboveground. 

F igure  4 r e f l e c t s  s t r a t i f i c a t i o n  recogniz-  
a b l e  w i t h i n  each species-group (narrow, p a t t e r n e d  
b a r s )  a s  w e l l  a s  t h e  v e r t i c a l  s o r t i n g  by spec ies -  
group w i t h i n  t h e  community a s  a  whole (wide, 
s o l i d  b a r s ) .  P i n e s  and dogwoods, f o r  example, 
a r e  most o f t e n  encountered i n  t h e  51-160 cm 
s t r a t u m  (narrow, p a t t e r n e d  b a r s )  w h i l e  b l a c k  
c h e r r y ,  yellow-poplar,  sweetgum, and t h e  oaks 
a r e  most commonly encountered i n  t h e  11-50 cm 
s t ra tum.  The h i c k o r i e s  a r e  most o f t e n  found i n  
t h e  lowest  (0-10 cm) l a y e r .  I f  each h e i g h t  o r  
s t r a t u m  is  cons idered  i n d i v i d u a l l y  (wide, s o l i d  
b a r s ) ,  p ines  dominated t h e  l e v e l  above 160 cm 
wi th  sweetgum and f lower ing  dogwood a l s o  
prominent ( 2 : l : l  r a t i o ) .  Between 51-160 cm 
i n  h e i g h t ,  l o b l o l l y  p ine ,  b lack  cher ry ,  sweetgum, 
and dogwood occur red  i n  a  4:2:1:1 r a t i o .  Between 
11-50 cm b l a c k  cher ry ,  sweetgum, and v a r i o u s  oaks  
occurred i n  a  3 : l : l  r a t i o  w i t h  a l l  o t h e r  spec ies -  
groups a l s o  represen ted  i n  smal le r  p r o p o r t i o n s .  
The lowest  s t ra tum,  1 0  cm and below, was dominated 

F igure  3.--Profile diagram of h e i g h t  s t r a t i f i c a t i o n  p a t t e r n  i n  126 m2 
c l e a r i n g  7 y e a r s  a f t e r  canopy opening. Each symbol r e p r e s e n t s  
appraximately 300 stemsfha ( t o t a l  s t a n d  d e n s i t y :  33400 s temslha) .  
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Figure 4.--Patterns of he ight  d i s t r i b u t i o n  wi th in  each r e spec t ive  
species-group (narrow, pa t te rned  bars )  and spec ies  d i s t r i b u t i o n s  
w i th in  each stratum (wide, s o l i d  bars ) .  (Narrow, pa t te rned  ba r s  
should be compared v e r t i c a l l y  w i th in  a s i n g l e  species-group; wide, 
s o l i d  b a r s  should be compared ho r i zon ta l ly  wi th in  a s i n g l e  stratum.)  

by b lack  cherry,  var ious  oaks, var ious  h ickor ies ,  
and sweetgum i n  a 5:2:2:1 r a t i o n .  Thus pine and 
dogwood were e s s e n t i a l l y  absent  from the  lowest 
(0-10 cm) stratum, a l l  species-groups were well  
represented  i n  t he  11-50 cm stratum, oaks and 
h i cko r i e s  were e s s e n t i a l l y  absent  from the  upper- 
most two s t r a t a  (>51 cm), and b lack  cherry was 
not  encountered i n  t h e  uppermost s t ra tum (>I60 cm). 

DISCUSSION 

Density Relat ionships 

The dens i ty  l e v e l s  encountered i n  the  year 4, 
year 6, and year 7 censuses (4.4 stems/m2, 3.5 
stems/m2, and 3 . 3  s t e m s / m 2 ,  r e spec t ive ly )  a r e  
w i th in  reasonable expecta t ions  (Skeen 1976) given 
t h e  energy regimen wi th in  t he  c l e a r i n g  i n  t he  e a r l y  
years  of  co loniza t ion  (March and Skeen 1976). 
Although most previously repor ted  woody stem 
d e n s i t i e s  i n  na tu ra l  f o r e s t  regenera t ion  s tud ie s  
have ranged between 1 and 2 stems/m2 (Skeen 1976), 
such va lues  genera l ly  have been obtained under 
well-developed f o r e s t  canopies, not  i n  canopy 
gaps. The present  da t a  suggest  t h a t  decreasing 
stem d e n s i t i e s  occur with increas ing  v e r t i c a l  
s t r a t i f i c a t i o n  and canopy c lo su re  (and with t he  
consequent reduction of l i g h t  i n t e n s i t i e s  near 
ground l eve l ) .  

The s h i f t s  i n  r e l a t i v e  d e n s i t i e s  observed 
l a rge ly  p a r a l l e l  c l a s s i c a l  i n t e r p r e t a t i o n s  of 
t he  component spec i e s '  to lerance  t o  shade with 

t h e  most i n t o l e r a n t  spec ies  ( l o b l o l l y  p ine  and t u l i p  
poplar ,  according t o  c l a s s i c a l  to lerances  regimes) 
decreasing markedly i n  community importance. The 
more shade-tolerant  oaks and h i cko r i e s  exh ib i t ed  a 
pronounced inc rease  i n  community importance. Dog- 
wood, t he  most shade-tolerant  of  t h e  component 
spec ies ,  d id  not  appear t o  be undergoing a pro- 
nounced s h i f t  toward increas ing  r e l a t i v e  dens i ty  
and community importance. Such a response might 
be expected i f  shade to lerance  a lone  were t h e  main 
determinant of  e a r l y  spec i e s  success.  There a r e  
s eve ra l  l i k e l y  reasons f o r  t h i s  paradox. There 
was no s i g n i f i c a n t  dogwood component i n  t h e  lowest  
(0-10 cm) s t ra tum (Figure 4 ) .  This sugges ts  l i t t l e  
o r  no continuing seed l ing  production o r  s eed l ing  
su rv iva l  by dogwood; t h i s  contention is substan- 
t i a t e d  by Figure 2 which ind i ca t e s  very low seed l ing  
regenerat ion i n  both 1976 and 1977. Fur ther ,  none 
of t he  seedl ings  produced i n  1976 survived u n t i l  
1977. This suggests  t h a t  most of t h e  dogwoods i n  
t he  community a r e  of vege t a t i ve  o r i g i n .  This 
suggest ion is supported both by recent  f i e l d  obser-  
va t ion  a t  t he  study s i t e  and by dogwood's well-known 
tendency t o  reproduce vege ta t i ve ly  (Fowells 1965). 
It is l i k e l y  t h a t  many of t h e  dogwoods recorded i n  
t he  upper t h ree  s t r a t a  o r ig ina t ed  from sp rou t s  and 
t h a t  a t  l e a s t  t h e  uppermost i nd iv idua l s  were respon- 
ding i n i t i a l l y  t o  r e l ea se .  Fur ther ,  i f  most o r  
many of t h e  o r i g i n a l  stems were i n  f a c t  of  sp rou t  
o r ig in ,  t h e  r e l a t i v e  dens i ty  of  dogwood l i k e l y  was 
overestimated s ince  each stem was considered an  
indiv idual  p lant  and was enumerated and weighted 
equal ly .  



The pa t t e rn  of t u l i p  poplar ,  general ly con- 
sidered a pioneer hardwood i n  t h e  Southeast--but 
recent ly  suggested a s  a component of climax o r  
old-growth cornranities a s  we l l  (Buckner and 
McCracken 1978; Skeen, Car ter  and Ragsdale 1980)-- 
is a l s o  perplexing.  Although the  low surviva l  
encountered may be p a r t i a l l y  an a r t i f a c t  of 
d i f f e r ence  i n  sampling season ( ea r ly  growing 
season i n  1974, 1976; mid-season i n  1977) a s  
noted previously (Skeen 1976), our present  under- 
s tanding of t u l i p  poplar 's behavior is inadequate 
t o  expla in  (1) t he  continuing pronounced dec l ine  
i n  s u r v i v a l  of t he  o r i g i n a l  (1974) colonizers  
during l a t e r  census i n t e r v a l s ,  (2) t h e  de ter -  
minants c o n t r o l l i n g  s u f f i c i e n t  regenerat ion t o  
maintain t h e  population a t  a r e l a t i v e l y  s t a b l e  
l eve l  (ca .  28 percent of i n i t i a l  dens i ty ,  5 
percent community r e l a t i v e  dens i ty ) ,  and (3) 
how and when t u l i p  poplar  assumes s u f f i c i e n t  
prominence i n  t he  success ional  sequence t o  
eventua l ly  become the  most h ighly  important 
spec ies  i n  t he  community (Skeen e t  a l ,  1980). 

Although the  oaks and h i cko r i e s ,  r e l a t i v e l y  
shade-tolerant  community members, exhib i ted  the  
most s t r i k i n g  dens i ty  s h i f t s  (Figures 1, 2 ) ,  
t h e i r  abso lu t e  population d e n s i t i e s  were i n i t i a l l y  
the  lowest of t he  major species-groups. Con- 
sequently,  on a comparative bas i s ,  a r e l a t i v e l y  
modest i nc rease  i n  absolu te  dens i ty  would lead  
t o  a many-fold increase  on a r e l a t i v e  bas is .  
This was t h e  case  i n  t he  present  s tudy.  

Ver t i ca l  P a t t e r n  

Well-defined and highly s t ruc tu red  v e r t i c a l  
pa t t e rn  occurs a s  e a r l y  a s  year 7 a f t e r  canopy 
opening, The quest ions remaining then become: (1) 
does measurable well-defined s t r a t i f i c a t i o n  poss ib ly  
occur even e a r l i e r  i n  t h e  community's redevelopment 
sequence; (2) how many l a y e r s  can be demonstrated; 
( 3 )  a r e  compositional d i f f e r ences  evident  between 
l aye r s ,  and, (4) a r e  ongoing spec ies  s h i f t s  apparent 
a t  t he  d i f f e r e n t  l e v e l s ?  Without e a r l i e r  height  
measurements i t  is  impossible t o  t e l l  whether well- 
defined v e r t i c a l  s t r a t i f i c a t i o n  does occur e a r l i e r  
than the  seventh growing season. A t  l e a s t  4 s t r a t a  
can be e a s i l y  demonstrated by year 7 (Figures 3, 4 ) .  
Argument could be made f o r  f u r t h e r  subdividing the  
51-160 cm stratum i n t o  two components--51-100 cm 
and 101-160 cm. The four  well-defined s t r a t a  
emphasized seem adequate, however, f o r  documenting 
v e r t i c a l  s t r u c t u r e  a t  t h i s  poin t  of community 
development. Def in i te  compositional d i f f e r ences  
occur between the  r e spec t ive  s t r a t a  (Figure 4)-- 
each lower l e v e l  is  not  merely a l a t e r - i n i t i a t i n g  
l aye r  with s imi l a r  spec ies  composition t o  t he  next 
higher (and presumably e a r l i e r - i n i t i a t i n g )  stratum. 
The uppermost l aye r  was dominated by l o b l o l l y  pine,  
sweetgum, and dogwood (2 : l : l  r a t i o ) .  Observational 
evidence suggests  t h a t  t he  pines a r e  of seedl ing  
o r i g i n  and t h a t  t he  dogwoods a r e  mainly of vege- 
t a t i v e  o r i g i n  and ( a t  l e a s t  t h e  o lde r  and t a l l e r  

indiv iduals )  were re leased  from suppression a t  
the  time of gap formation. The s i t u a t i o n  wi th  
regard t o  sweetgum is unclear .  (Sweetgum's 
s i l v i c u l t u r a l  t r a l t s  encompass both poss ib l e  
seed and sprout  o r i g i n s ,  and both i n i t i a t i o n  a t  
gap formation and from advance regenera t ion  
re leased  from suppression,)  The next lower l e v e l  
(51-160 cm) was dominated by t h e  same t h r e e  
species-- l ikely of s imi l a r  origins--plus b lack  
cherry,  probably of seedl ing  o r ig in .  The next  
lower l e v e l  (11-50 cm) was t h e  most d ive r se  and 
contained ind iv idua l s  of a l l  seven species-groups. 
The r e l a t i v e l y  shade-tolerant  oaks and h i cko r i e s  
appeared i n  t h i s  l e v e l  f o r  t he  f i r s t  time, a 
circumstance suggest ing delayed i n i t i a t i o n  and/or 
slow growth. The lowest l e v e l  (0-10 cm) lacked 
pine and dogwood and had no noteworthy t u l i p  
poplar i nd i ca t ing  t h a t  t he se  t h ree  spec i e s  were 
no longer reproducing i n  t h e  opening. Evidently,  
spec ies  s h i f t s  a r e  occurr ing  between t h e  d i f f e r e n t  
l e v e l s  with oaks and h i cko r i e s  ye t  t o  reach  t h e  
uppermost s t r a t a  and pines,  dogwoods, and t u l i p  
poplars  gradually disappearing from t h e  lowermost, 
Such s h i f t s  c lo se ly  p a r a l l e l  t he se  spec i e s '  
c l a s s i ca l ly - in t e rp re t ed  to lerance  requirements 
wi th  i n t o l e r a n t  spec ies  gradual ly  being replaced  
by more t o l e r a n t  spec ies .  

Community Development Regime 

I n  recent  years  s eve ra l  a t tempts  have been 
made t o  reduce t h e  continuous and h ighly  i n t e -  
gra ted  processes t h a t  occur during secondary 
succession o r  community development t o  genera l ized  
pa t t e rns  t h a t  might al low inferences  t o  be made 
about community o r i g i n s ,  l i k e l y  d i r e c t i o n a l  
changes during development, and var ious  p r o p e r t i e s  
(e.g., composition, s t a b i l i t y )  of t h e  eventua l  
end-state community (Goff 1968, Marks 1974, 
Forc ier  1975, Connell and S lay t e r  1977, Fox 1977, 
Oliver and Stephens 1977). While t hese  a t tempts  
have fo s t e r ed  c r i t i c a l  thinking and s t imu la t ed  
important quest ioning about causes,  d i r e c t i o n a l i t y ,  
and processes associa ted  wi th  community develop- 
ment, they have sometimes proven d i f f i c u l t  t o  
reconci le  with observations made and da t a  obtained 
i n  t he  f i e l d ,  e spec i a l l y  i f  only a sho r t  t ime i n  
t he  o v e r a l l  success ional  sequence is involved. 

For example, Goff i n  1968 introduced t h e  i deas ,  
l a t e r  amplif ied by Auclair  and Cottam (1971), 
of general  compositional change versus  g rad i en t  
(successional)  compositional change. General 
compositional change has been in t e rp re t ed  
a s  spec ies  replacement p r inc ipa l ly  dependent on 
d i f f e r ences  i n  growth r a t e ,  mor t a l i t y ,  e t c . ,  
between species  and genera l ly  i r r e s p e c t i v e  of 
t he  p a r t i c u l a r  spec i e s '  environmental responses.  
Gradient compositional change has been understood 
a s  compositional s h i f t s  i n  response t o  s p e c i f i c  
ecologica l  gradients .  Great d i f f i c u l t y  e x i s t s ,  
however, i n  at tempting t o  i n t e r p r e t  t he  present  
da ta  while divorcing such f a c t o r s  a s  he ight  
pa t t e rns ,  d i f f e r e n t i a l  surv ivorship ,  e t c . ,  from 



the possibly controlling influences of environ- 
mental (light, temperature, moisture, efc,) 
gradients. 

More closely allied to the patterns, 
processes, and problems of gap re-colonization 
addressed here are the response patterns 
suggested by Narks (1974) for forest ecosystem 
that have been subjected to distrubances of some 
sort. These patterns have subsequently come to 
be known as the "reorganizationw response pattern 
in which vegetation established prior to the 
disturbance is structurally reorganized (e.g., 
canopy encroachmentfcrown compensation, 
epicormic branch formation, suckering, release 
of advance reproduction), and the "new establish- 
ment" response pattern which mainly concerns 
vegetation newly established (e.g., by direct 
seeding into gap or germination of dormant seeds 
already in place) after the disturbance. 
Ehrenfeld (1980) recently tested these ideas 
experimentally in a gypsy moth-defoliated forest 
in New Jersey in an attempt to determine whether 
gap size was critical in eliciting one response 
pattern as opposed to the other. She suggested 
that tolerance is a highly important determinant 
of community compositional shifts regardless of 
which pattern is encountered. Species more 
tolerant than those of the interrupted canopy are 
likely to emerge as dominant in the "reorganiza- 
tion" pattern and species less tolerant than those 
of the disrupted canopy are likely to emerge as 
dominant (at least for a time) if the "new 
establishment" pattern is followed. It is 
difficult at this early stage of community 
development to reconcile the present data and 
patterns as strictly supportive of one or the 
other of these two disturbance response patterns. 
However, both the shift in relative density 
documented and the pattern of height stratifi- 
cation (and apparent species replacements) noted 
parallel the classically-interpreted tolerance 
regime of intolerant species being replaced by 
more tolerant species. This pattern is suggestive, 
at least at this time, of the "new establishment" 
response pattern. 

Both implicit in and complementary to the 
preceding ideas regarding general vs. gradient 
compositional change and "new establishment" vs. 
"reorganization" response patterns are the ideas 
set forth by Forcier (1975). Be emphasized the 
importance of differences in reproductive 
strategies between co-occuring species in deter- 
mining both intermediate and ultimate compositional 
patterns during successional/developmental se- 
quences. Seed mobility, whether an initial or 
secondary colonizer, growth rate, and the 
potentiality to reproduce vegetatively were 
characteristics utilized to differentiate tolerant, 
slow-growing, stable species from opportunistic 
rapidly-growing species. A different experimental 
design with entirely different aims and objectives 

would be necessary to definitively categorize the 
species of the present canopy gap according to 
reproductive strategy patterns or gradients. 
Subjec t ive  observations coupled with  a knowledge 
of the individual speciesbilvicultural traits 
suggest however that the prominent co-occuring 
species-groups express a diversity of reproductive 
strategies, both opportunistic and tolerant, Such 
a diversity of reproductive strategies doubtless 
greatly influences both the patterns of species 
co-occurrence and the eventual species replacements 
noted. 

Connell and Slayter (1977) proposed three 
alternative models of compositional change 
occurring during succession or comunity develop- 
ment. The first model, paralleling the "relay 
floristics" idea of Egler (1954) has been termed 
the "facilitation" model and suggests that entry, 
establishment, and success of later species is 
dependent upon early species modifying the site 
in some fashion. This model was suggested as 
applying primarily, among plant communities, to 
certain cases of primary succession. The secondary 
successional models, paralleling the "initial 
floristic composition" idea of Egler (1954) have 
been termed the "tolerance" model and the "inhibi- 
tion" model. The "tolerance" model suggests that 
species sequence occurs as a result of species 
having developed different strategies for exploiting 
community resources. Eater-occuring species can 
supposedly tolerate lower levels of resources than 
earlier species and can consequently grow to 
maturity in the presence of their predecessors. 
The "inhibition" model holds that all species 
resist invasions of competitors and that the 
initial colonizers will occupy the available 
growing space. This spatial filling effectively 
excludes later colonizers until the death or 
injury of initial colonizers releases space and 
community resources for utilization by successors. 
This latter model, the inhibition model, was 
supported by Connell and Slayter's reasonings as 
the pattern most likely to be encountered during 
secondary succession in terrestrial ecosystems. 
In the absence of detailed measurements on site 
modifications by colonizing species and inter- 
species influences--lacking in virtually all 
regeneration investigations to date--it is con- 
jectural to attempt to ascribe the present species- 
group behaviors as confirming one or another of 
the Connell-Slayter models. Argument could be 
made that all three models are likely operative-- 
though not necessarily contemporaneously--in the 
early development sequence at the present site. 

Also based on the ideas of Egler (1954) are 
the concepts of autogenic vs. allogenic succession 
elaborated by Oliver and Stephens (1977). Auto- 
genic succession, analogous to the "relay floris- 
tics" idea mentioned previously (Egler 1954), is 
essentially a tolerance regime with increasingly 
more tolerant trees being recruited to the under- 



.tory and a few old  surv ivors  eventually e s t ab l i sh -  
ing i n  t h e  overstory.  Allogenic succession ( ~ g l e r ' s  
t t i n i t i a f  f l o r i s t i c  composition") is  e s s e n t i a l l y  a 
disturban@e/competition regime with ava i l ab l e  
growing space  and resources a s  t he  determinants 
of eventual  canopy success.  Oliver and Stephens 
(1977) suggested t h a t  i n  old-growth f o r e s t  eco- 
systems t h e  a l logenic  pa t t e rn  of succession is  
l i k e l y  of p r i n c i p a l  importance. The c o r o l l a r i e s  
t o  t h i s  p a t t e r n  a r e :  (1) most t r e e s  i n  old-growth 
f o r e s t s  w i l l  i n i t i a t e  saon a f t e r  major d is turbances  
of some s o r t  ; ( 2 )  these  d i s  turbance-af fec ted  f o r e s t s  
a r e  consequently comprised of a mosaic of small 
s tands ,  each  of which begins fol lowing major d is -  
turbance; and, (3) t he  dominant canopy is  comprised 
of a broad range of ages,  t he  o lder  members l i k e l y  
released from previous suppression and the  younger 
dominants never having been suppressed. Allogenic 
succession,  a s  elaborated here ,  r e s u l t s  i n  a gap- 
phase p a t t e r n  of s p a t i a l  d i s t r i b u t i o n  ( a s  opposed 
t o  a r e g u l a r  pa t t e rn  of s p a t i a l  organiza t ion  
associa ted  with autogenic succession).  Although 
the  da t a  of  the  present  study d id  not  consider age 
and s p a t i a l  d i s t r i b u t i o n s  f o r  t he  f o r e s t  a s  a 
whole--and the re fo re  cannot d e f i n i t i v e l y  sub- 
s t a n t i a t e  t he  exis tence  of an a l l ogen ic  successional  
pa t t e rn  a t  t he  present  s i te--observations and 
add i t i ona l  sampling conducted throughout t he  
f o r e s t  i n  t h e  course of o the r  s t u d i e s  a r e  highly 
suppor t ive  of t he  a l l ogen ic  pa t t e rn .  

Fox (1977), i n  a study of t he  r a t e s  and 
mechanisms a f f e c t i n g  spec ies  replacements i n  
f o r e s t  communities leading t o  c y c l i c a l  spec ies  
a l t e r n a t i o n s ,  suggested t h a t  eventual  spec ies  
replacement is l a rge ly  influenced by seedl ing  
microhabi ta t ,  The seedl ing  microhabitat  is i n  
turn  l a r g e l y  cont ro l led  by 1-few dominant t r e e s  
a t  a given point  and time. This  l o c a l  dens i ty  
and compositional regulation--brought about by 
highly l o c a l i z e d  b i o t i c  and a b i o t i c  h a b i t a t  
modification--controls t he  c y c l i c a l  dynamics and 
suggests  a coupling of t he  " f a c i l i t a t i o n "  and 
" inhib i t ion"  models (sensu Connell and S lay t e r  
1977) discussed previously.  The pa t t e rn  of  spec ies  
s h i f t s  t h a t  seems t o  be i n i t i a t i n g  a t  t h e  present  
study s i t e  (dec l ine  i n  l o b l o l l y  pine/yellow-poplar 
prominence, increase  i n  oak-hickory prominence) 
could be i n t e rp re t ed  a s  t h e  poss ib le  f i r s t  s t age ( s )  
i n  t he  formation of a pine/yellow-poplar canopy 
which might be replaced (depending on growth r a t e s ,  
longevity,  surv ivorship /mor ta l i ty ,  e t c . )  eventua l ly  
by an oak-hickory canopy. Such a pa t t e rn ,  i f  
v e r i f i e d  by subsequent long-term observation,  
would corrobora te  t he  pa t t e rn  of c y c l i c a l  spec ies  
a l t e r n a t i o n s  i n  t he  present  s tand .  

Categorizat ion and c l a s s i f i c a t i o n  of pa t t e rns  
r e s u l t i n g  from t h e  continuous and highly i n t eg ra t ed  
processes which occur during secondary succession/  
community development i n  f o r e s t  ecosystems a r e  of 
l imi ted  d i r e c t  u t i l i t y  when appl ied  t o  observations 

made o r  da ta  gathered over a few-year time i n t e r v a l .  
Such genera l iza t ions  and s imp l i f i ca t ions  of complex, 
in tegra ted  community responses a r e  va luable  s t a r t i n g  
poin ts  however i n  planning subsequent s tud i e s .  They 
allow i ~ p o r t a n t  and t e s t a b l e  hypotheses t o  be fomu-  
l a t e d  regarding mechanisms and causa l i t y  underlying 
observed and implied pa t t e rns .  
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STATD DWELOPEIENT FOLLO'CJING TWO TYPES 
OF CLEARCUTTING FOR DEER AND TIMBER PRODUCTIO&' 

2 1 Jack  A, Muncy and Edward Buckner-- 

Abs t rac t .  -- One y e a r  a f t e r  h a r v e s t i n g  t h e r e  was no s i g -  
n i f i c a n t  d i f f e r e n c e  i n  t h e  composition and s t r u c t u r e  of t h e  
r e g e n e r a t i o n  t h a t  became e s t a b l i s h e d  fo l lowing  complete ( a l l  
s tems over  6 f e e t  high)  and diameter  l i m i t  (3 inches)  c l e a r -  
c u t s .  Typica l  p ioneer  s p e c i e s ,  such a s  s h o r t l e a f  p i n e  and 
yellow-poplar,  were l a r g e l y  absen t .  

Most of t h e  r e g e n e r a t i o n  was s p r o u t s ;  o l d  s e e d l i n g s  were 
of secondary importance and new s e e d l i n g s  comprised on ly  a  
s m a l l  p o r t i o n  of t h e  r e g e n e r a t i o n  mix. Spec ies  and diameter  
(or  age)  were t h e  primary f a c t o r s  a f f e c t i n g  s p r o u t i n g  charac- 
t e r i s t i c s .  Basal  and stump s p r o u t s  were t h e  predominant 
s p r o u t  t y p e s  f o r  a l l  s i z e  c l a s s e s ;  r o o t  s p r o u t s  were common 
only  f o r  smal l  diameter  t r e e s .  

Regenerat ion fo l lowing  complete c l e a r c u t t i n g  appears  
t o  have a  b e t t e r  chance f o r  r a p i d  development a s  t h e  smal l  
d iameter  t r e e s  l e f t  fo l lowing  diameter  l i m i t  c l e a r c u t t i n g  
a r e  responding t o  r e l e a s e  and w i l l  soon compete s t r o n g l y  
wi th  new regenera t ion .  Many leave- t rees  i n  t h e  diameter  
l i m i t  t rea tment  were damaged dur ing  logging and most a r e  
u n d e s i r a b l e  s p e c i e s  f o r  t imber  product ion.  

Logging s l a s h  may p r o t e c t  r e g e n e r a t i o n  from d e e r  
browsing. Deer exc losures  w i l l  permit  e v a l u a t i o n  of t h e i r  
i n f l u e n c e  i n  f u t u r e  i n v e n t o r i e s .  

A primary concern i n  developing t imber  c u t t i n g  
p r e s c r i p t i o n s  f o r  w i l d l i f e  management u n i t s  is 
main ta in ing  a  h igh-qua l i ty  w i l d l i f e  h a b i t a t  
i n  ba lance  wi th  secondary m u l t i p l e  use  o b j e c t i v e s .  
E f f e c t i v e  management r e q u i r e s  an  understanding of  
t h e  e f f e c t s  of v a r i o u s  c u l t u r a l  t echniques  ( c u t t i n g  
methods, p r e s c r i b e d  f i r e ,  e t c . )  on t h e  composition, 
q u a l i t y ,  q u a n t i t y ,  and a v a i l a b i l i t y  (over  time) 
of w i l d l i f e  food and cover  and on secondary 
m u l t i p l e  u s e  o b j e c t i v e s ,  such a s  t imber  product ion.  

I i P a p e r  p resen ted  a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l a n t a ,  GA, Nov. 6-7, 1980. 
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C l e a r c u t t i n g  of hardwoods h a s  been widely 
used t o  main ta in  browse w i t h i n  reach  of d e e r  
(Odocileus v i r n i n i a n u s ) .  Regrowth fo l lowing  
c l e a r c u t t i n g  g e n e r a l l y  p rov ides  abundant d e e r  
browse f o r  t h r e e  t o  f o u r  y e a r s  a f t e r  which stem 
t e r m i n a l s  grow beyond t h e  reach  of  d e e r  and s t a n d  
c l o s u r e  r e s u l t s  i n  t h e  n a t u r a l  pruning of lower 
limbs. Ten t o  12  y e a r s  a f t e r  c l e a r c u t t i n g  t h e r e  
is  g e n e r a l l y  l i t t l e  browse a v a i l a b l e .  Burning 
two t o  t h r e e  y e a r s  a f t e r  c l e a r c u t t i n g  may prolong 
t h e  per iod  of browse a v a i l a b i l i t y .  

This  s tudy  was t h e  second ( v a l i d a t i o n )  phase 
of a  p r o j e c t  designed t o  develop a  computer model 
s i m u l a t i n g  t h e  composition and development of f o r e s t  
s t a n d s  fo l lowing  c l e a r c u t t i n g .  Its purpose was t o  
p rov ide  f i e l d  documentation of t h e  e f f e c t s  of com- 
p l e t e  and diameter  l i m i t  c l e a r c u t s  on t h e  compo- 
s i t i o n  and s t r u c t u r e  of r e g e n e r a t i o n  a s  v a l i d a t i o n  
in format ion  f o r  a n  independently der ived  s t a n d  
success ion  computer model developed a s  Phase I. 

STUDY AREA 

The Catoosa W i l d l i f e  Management Area (CWNA) 
n e a r  C r o s s v i l l e  , Tennessee is  the*  l a r g e s t  (80,000 



ac re s )  w i l d l i f e  managment u n i t  managed by the  
Tennessee Wild l i fe  Resources Agency ( 
is managed under t h e  mu l t i p l e  u se  concept wi th  
deer  production t h e  primary ob jec t ive ;  timber 
harves t ing  i s  secondary. 

This p a r t  of t h e  Cumberland Pla teau  comprises 
t he  Southwest Sec t ion  of t h e  Appalachian Pla teau  
Physiographic Province. In  Tennessee it conta ins  
approximately 3 mi l l i on  a c r e s  t h a t  a r e  75 percent  
fo re s t ed .  

The s o i l s  a r e  t he  we l l  drained H a r t s e l l s  
and Lonewood s e r i e s  which a r e  very s t rong ly  
t o  s t rong ly  ac id  throughout a l l  horizons (Elder,  
1977). Low s o i l  f e r t i l i t y  cha rac t e r i ze s  both 
s e r i e s .  The topography is l e v e l  t o  gent ly  r o l l i n g  
and t h e  e l eva t ion  is  1,700 t o  1,760 f e e t .  The 
c l imate  is charac ter ized  by cool  w in t e r s  and 
mild summers, with a monthly mean temperature 
range from 35 degrees (F) i n  January t o  73 degrees 
i n  J u l y  and 57 inches annual p r e c i p i t a t i o n .  

Oak-dominated f o r e s t s  t h a t  b e s t  f i t  t h e  
Society of American Fores t e r s  ( S M  1964) Type 
41-Scarlet Oak ( i n  t h e  Oak-Hickory Type Group) 
a r e  c h a r a c t e r i s t i c  of t h i s  s ec t ion  of t he  Cumber- 
land Plateau.  Their s e r a 1  pos i t i on  approaches 
climax on dry s o i l s .  This type  has  many v a r i a n t s  
due t o  t he  l a r g e  number of a s soc i a t ed  spec ies .  
In t h e  study a rea  t hese  inc lude  t h e  dry phase oaks, 
p a r t i c u l a r l y  pos t ,  (Quercus s t e l l a t a  Wangenh.), 
southern red (w f a l c a t a  Michx.) and black 
(Quercus ve lu t ina  Larn.). 

P r i o r  t o  t h e  establishment of t h e  CWMA these  
s tands  were logged and pe r iod ica l ly  burned. 
American ches tnut  (Castanea den ta t a  Marsh.) and 
chinquapin (Castanea pumila M i l l .  ) sp rou t s  occurred 
i n  both study a reas  suggest ing t h e  former presence 
of l a r g e  t r e e s .  

Stand age was approximately 65 years  f o r  t h e  
dominant canopy t r e e s  although seve ra l  age c l a s s e s  
were represented i n  t h e  heterogenous stand s t ruc -  
t u r e .  Most of t h e  l a r g e  t r e e s  contained r o t  due 
t o  t h e  f requent  f i r e s  t h a t  charac ter ized  t h i s  
s ec t ion  of t h e  Cumberland Pla teau  p r i o r  t o  t h e  
mid-1950's. 

METHODS 

Two study a reas  (each approximately 40 a c r e s  
i n  s i z e )  were s e l ec t ed  a s  " typica l"  f o r  upland 
s i t e s  on the  CWMi. Pr inc ipa l  component ana lys i s  
(PCA) (Isebrands and Crow 1975) indica ted  t h a t  
t h e  two study a reas  were s i m i l a r ,  with understory 
d i f f e r ences  accounting f o r  most of t h e  va r i a t i on .  

On each a rea  t he  fol lowing treatment p l o t s  
(10 ac re s )  were es tabl i shed:  1) a diameter l i m i t  
c l e a r c u t  removing a l l  stems down t o  3 inches dbh 
(following guide l ines  previously e s t ab l i shed  by 
the  Tennessee Wild l i fe  Resources Agency f o r  t h i s  
a r ea ) ,  2) a complete c l ea rcu t  i n  which a l l  t r e e s  

over 6 f e e t  high were e i t h e r  harvested o r  f e l l e d ,  
and 3)  a con t ro l  i n  which the re  was no cut t ing .  
Each of t he se  main treatment p l o t s  were subdivided 
i n t o  burned and unburned subplo ts  (5 acres) .  Sub- 
p l o t s  a r e  t o  be burned once regenerat ion i n  t h e  
c u t  a r ea s  begins t o  grow out  of reach of deer.  

On each of t he  5-acre subplo ts ,  9 systemati- 
c a l l y  arranged sample po in t s  were es tabl i shed  
providing p l o t  center  f o r  concentric  p l o t s  on 
which a pre-harvest inventory was made of :  I)  m e r -  
chantable timber (11.0 inches dbh and g rea t e r )  
on 115-acre p l o t s ,  2) pulpwood (stems between 
3.0-10.9 inches dbh) on 1120-acre p l o t s ,  3 )  sap l ing  
(stems between 6 f e e t  high-2.9 inches dbh) on 
1/40-acre p l o t s ,  and 4) regenera t ion  (stems l e s s  
than 6 f e e t  high) on 11100-acre p lo t s .  

Logging of merchantable timber was accomplished 
i n  t h e  f a l l ,  winter ,  and spr ing  of 1978-79. A 
follow-up opera t ion  assured t h e  cu t t i ng  of a l l  
stems g rea t e r  than 3 inches dbh on the  diameter 
l i m i t  c l ea rcu t  a r ea s ,  and a l l  stems over 6 f e e t  
high on t h e  complete c l ea rcu t s .  Twenty-four 
deer  and r abb i t  (Sylvilagus f lor idanus)  exc losures ,  
each covering one-for t ie th  of an  ac re  were erec ted  
t o  monitor t h e  inf luence  of browsing on regenera t ion  
and s tand development. Af ter  one growing season, 
a post-harvest inventory was made t o  cha rac t e r i ze  
t h e  composition and charac ter  of t he  i n i t i a l  
s tands  t h a t  developed following cu t t i ng .  Per iodic  
re - inventor ies  w i l l  t r a c e  stand development under 
t h e  var ious  study condit ions.  

RESULTS AND DISCUSSION 

Since, a f t e r  one year,  therewere no s t a t i s -  
t i c a l l y  s i g n i f i c a n t  compositional d i f ferences  
between the  s tands  developing following the  two 
c u t t i n g  methods, regenerat ion da ta  f o r  both 
treatments were combined and a s i n g l e  stand 
charac ter ized  (Table 1). 

Regeneration 

Regeneration ( l e s s  than 6 f e e t  high) i n  t h e  
two c l e a r c u t s  averaged 4,945 stems per ac re ,  of 
which 35 percent  was oak, 34 percent  o the r  p o t e n t i a l  
overs tory  hardwoods, 30 percent  understory hard- 
woods, and 1 percent  pine. Of these ,  2,754 stems 
(56 percent )  were sprouts  (sprout  clumps were 
counted a s  s i n g l e  stems), 1,295 stems (26 percent )  
were o ld  seedl ings  (advanced regenera t ion) ,  and 
896 stems (18 percent)  were new seedl ings .  

There was adequate regenerat ion of spec i e s  
s u i t a b l e  f o r  both timber production and w i l d l i f e  
foods. However, common pioneer spec ies  f o r  t h i s  
region such a s  Virg in ia  pine ( p i n i s  v i rg in i ana  
M i l l . ) ,  sho r t l ea f  pine (Pinus echina ta  Mi l l . )  and 
yellow-poplar (Liriodendron t u l i p i f e r a  L.) were 
e s s e n t i a l l y  absent .  Except f o r  a few Virg in ia  
pines,  t he se  t r e e s  were not  present  i n  t h e  s tands  
harvested.  Although Virg in ia  pine was harvested 



TABLE 1 

REGmERATIOK ONE YEAR AFTER CLEARCETTING (BOTW TXEATMbTJTS COMBINED) 

------------------------ - -  " ----- - 
O f  d Mew 

Species Seedlings Sprouts Seedlings Total  

- - - - - - - - -  Stems per acres  (percent)  - - - - - - - - - 
Oaks 

S c a r l e t  364 (28) 369 (13) 274 (31) 1,007 (20) 
Black 117 (9) 183 (7) 7 4 (8) 374 (8) 
Southern Red 35 (3) 9 7 (4) 71 (8) 203 (4) 
Post  3 2 (2) 56 (2) 1 3  (1) 100 (2) 
White 1 3  (1) 25 (1) 26 (3)  64 (1) 

Hickories 
Pignut  
Mockernut 

Other P o t e n t i a l  
Overstory Hardwoods 

Blackgum 9 9 (8) 572 (21) 106 (12) 776 (16) 
Red Maple 357 (28) 174 (6) 117 (13) 647 (13) 
Persimmon 17 (1)  29 (1) 4 ("1 50 (1)  
Black Locust 14 (1) 31 (1) 3 (*I 47 (1) 
Black Cherry - ( 1  1 (*) - ( 1  1 ("1 

Understory Hardwoods 
( inc luding  shrubs) 
Sassaf ras  5 6 (4) 971 (35) 140 (16) 1,167 (24) 
Dogwood 6 9 (5) 92 (3) 3 9 (4 200 (4) 
Sourwood 11 (1) 43 (2) 3 ("1 57 (1)  
Serviceberry 10  (1) 2 2 (1) 6 (*I 37 (*I 
Chinkapin 4 (*) 8 (*) - ( 1  1 3  (*I 
Am. Holly 6 (*I - ( 1  - ( )  6 (*) 
Am. Chestnut - ( )  3 ("1 - 0 3 (*I 

Pines 
Virg in ia  
White 

Tota ls  1,295 (100) 2,754 (100) 896 (100) 4,945 (100) 

* 
When l e s s  than 1 values  not  recorded. 

off  both a r eas  t he re  were on ly  25 seedl ings  per They were represented i n  a l l  t h r ee  regenera- 
a c r e  i n  t he  regenerat ion,  most of which were t i o n  c l a s se s  (old seedl ing ,  sprouts ,  and new 
present  a s  advanced regenerat ion.  Pioneer spec ies  seedl ing) ,  but were most abundant i n  t he  sprout  
may become more important a s  seed d r i f t s  i n  from c l a s s  and l e a s t  frequent  a s  new seedlings.  
surrounding a reas ;  however, e a r l y  establishment Sca r l e t  oak had 274 new seedl ings  per acre ,  t h e  
is  genera l ly  e s s e n t i a l  f o r  these  spec i e s  t o  highest  such count (16 percent)  f o r  t he  oaks. 
compete successfu l ly .  

Oak.--Scarlet Oak dominated the  regenera t ion  - 
with 1,007 seedl ings  per a c r e  (20 percent )  
followed by black oak with 374 seedl ings  per  
ac re  (8 percent ) ,  southern red oak with 203 
seedl ings  per a c r e  (4 percent ) ,  and post  oak 
wi th  100 seedl ings  per ac re  (2 percent ) .  White 
oak (Quercus a l b a  L.) had only 64 seedl ings  per  
ac re  (1  percent) .  Oaks accounted f o r  35 percent  
of t h e  regenerat ion.  

Other P o t e n t i a l  Overstory Hardwoods. This group 
accounted f o r  34 percent  of t he  regenerat ion.  
Predominant spec ies  were blackgum (Nyssa s y l v a t i c a  
Marsh.) wi th  776 seedl ings  per ac re  (16 percent)  
and red maple (Acer rubrum L.) with 647 seedl ings  
per a c r e  (13 percent ) .  Secondary a s soc i a t e s  were 
( i n  t he  order of decreasing importance) pignut 
hickory (Carya g labra  Mil l . ) ,  persimmon ( ~ i o s p y r o u s  
v i rg in iana  L.), mockernut hickory (Carya tomentosa 
Mutt.), and black locus t  (Robinia pseudoacacia L.). 



Black cherry  (Prunus s e r o t i n a  Ehrh.) was r a r e ,  
averaging only one seedl ing  per acre .  These 
secondary spec i e s  accounted f o r  only 5 percent  of 
t h e  regenera t ion .  

The predominate regenera t ion  type  was sprouts ;  
new seed l ings  were inf requent  f o r  a l l  spec ies .  
mile blackgum and red maple were we l l  represented 
i n  a l l  seedl ing  c l a s s e s ,  red maple occurred mast 
f r equen t ly  a s  o ld  seedl ings  and b lackgm a s  sprouts .  
Among t h e  secondary spec i e s  b lack  cherry  occurred 
only a s  sp rou t s  whi le  t h e  o t h e r s  were present  i n  
low numbers i n  a l l  regenera t ion  c l a s se s .  

Understory mrdwoods ( inc luding  shrubs).  This  
group comprised 30 percent  of t h e  regenerat ion.  - * 

~ a s s a f  ras- ( ~ a s s a f  r a s  albidum (Nutt . ) - ~ e e s )  was 
dominant w i th  1.167 seedl ings  per a c r e  (24 percent) ;  
secondary spec ies  included dogwood (Cornus f l o r i d a  
L . ) ( 4  percent ) ,  sourwood (Oxydendrusn arboreum (L.) 
DC.) ( 1  percent )  and serv iceberry  (Amelanchier 
l a e v i s  Wieg . ) , c h i n b p i n ,  American h o l l y  ( I l e x  
opaca Ai t . )  and American ches tnut  combined f o r  t h e  
remaining 1 percent .  

Sprouts  were t he  common regenera t ion  type f o r  
a l l  spec i e s  except American ho l ly  which occurred 
only a s  o ld  seedl ings .  New seedl ings  were inf requent  
f o r  a l l  spec ies ,  While s a s s a f r a s  regenera t ion  was 
l a r g e l y  from sp rou t s  (Table l ) ,  most came from 
small  diameter  stems (Figure 1 ) .  

Pine. V i rg in i a  p ine  accounted f o r  0.4 percent  
of t h e  new regenera t ion  (25 seedl ings  per  ac re )  
and whi te  p ine  (Pinus s t robus  L.) accounted f o r  
0 .1  percent  (3 seedl ings  per ac re ) .  Most were o ld  
seedl ings ;  new seedl ings  f o r  both spec ies  averaged 
only one per  ac re ,  Almost a l l  o ld  seedl ings  had 
poor form due t o  deer browsing. 

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

Although a s i g n i f i c a n t  d i f f e r ence  i n  compo- 
s i t i o n  between treatments was no t  found, d i f ferences  
i n  t h e  number of sprouts  were apparent. Since most 
of t h e  sprout ing  was from smal ler  stems the re  was 
l e s s  sprout ing  on t h e  diameter  l i m i t  c l ea rcu t s  a s  
most small  stems were l e f t  s tanding.  

Species and diameter (or  age) were primary 
determinants of t h e  sprout ing  c h a r a c t e r i s t i c s  of 
cu t  t r e e s .  Small sapling-sized t r e e s  were t he  
most p r o l i f i c  sp rou te r s  w i th  almost a l l  cu t  t r e e s  
up t o  5 inches dbh producing sprouts ;  however, a 
high propor t ion  of these  small  diameter t r e e s  
were shrubs.  The diameter (b reas t  he ight )  below 
which spec ies  genera l ly  sprout  when cu t  is shown 
i n  Figure  1. Sprouting v igo r  dec l ines  r ap id ly  
wi th  i nc reas ing  diameter (and age). The s t age  
of most p r o l i f i c  sprout ing  o r d i n a r i l y  ends before 
t he  t r e e s  become e f f e c t i v e  seed producers. 

Stump and basa l  sprouts  ( root  c o l l a r  a rea)  
were most vigorous suggest ing t h a t  stumps should 
be  c u t  a s  low a s  poss ib le  f o r  well-formed coppice 
regenerat ion.  Trees cu t  during t h e  dormant period 
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Figure 1. Diameter (bh) below which over 70  
percent  of t h e  cu t  stems sprouted.  

sprouted more vigorously than those  cu t  during 
l a t e  spr ing  and summer. This may be due t o  carbo- 
hydrate reserves  i n  t h e  r o o t s  t h a t  a r e  a t  a 
minimum i n  t he  spr ing  immediately a f t e r  t he  forma- 
t i o n  of t he  new leaves  and shoots ,  bui ld  up over 
t h e  summer, and a r e  h ighes t  during t h e  winter .  

Uncut Trees 

The two c l ea rcu t t i ng  methods r e su l t ed  i n  a 
wide d i f f e r ence  i n  t he  r e s idua l  s tands ,  In  t h e  
diameter l i m i t  c l ea rcu t  t h e r e  were 197 r e s i d u a l  
t r e e s  per  a c r e  over 6 f e e t  high,  80 of which were 
damaged i n  t h e  cu t t i ng  opera t ion .  

The small ,  open crowns of r e s idua l  t r e e s  had 
not  responded t o  r e l ea se  a f t e r  one year and d i d  
not  compete s e r ious ly  with t h e  developing s tand,  
However, a s  t h e i r  crowns f i l l  out  and l a r g e r  roo t  
systems develop, they w i l l  compete more in t ense ly  
wi th  regenera t ion  while t h a t  on t h e  complete 
c l ea rcu t  w i l l  be f r e e  t o  continue rapid  develop- 
ment. 

These r e s idua l  t r e e s  do not  have t h e  p o t e n t i a l  
f o r  developing i n t o  a q u a l i t y  timber s tand  a s  many 
were damaged during the  c u t t i n g  opera t ion  and 
most were not  des i r ab l e  timber spec ies .  However, 
they a r e  now dominants i n  t h e  developing s tand.  
While some w i l l  provide den cover and mast 
they w i l l  have a negative va lue  f o r  deer  production,  

Sassaf ras ,  dogwood, and sourwood accounted 
f o r  t he  major i ty  of t he  leave-trees t h a t  were no t  
damaged. These a r e  understory spec ies  and w i l l  
dec l ine  i n  importance a s  p o t e n t i a l  overs tory  
hardwoods overtop them. 

Browsing 

Leopold (1950) reported t h a t  severe  browsing 
pressure  is exerted during t h e  c r i t i c a l  winter  
months when t h e  food supply is  low. Continuous 
a c t i v i t y  i n  t h e  study a reas  (harvest ing,  exc losure  
cons t ruc t ion ,  and follow-up treatment app l i ca t ions )  



during t h i s  per iod  probably discouraged d e e r  from 
browsing i n  t h e  s tudy  a r e a .  While deer browsing 
was e v i d e n t ,  deer  e x c l o s u r e s  were c o m ~ l e t e d  s o  
l a t e  i n  t h e  growing season  t h a t  s t a t i s t i c a l  
t e s t i n g  of i t s  impact was considered i n a p p r o p r i a t e ,  

Logging S l a s h  

Zones of heavy accumulat ion of logging s l a s h  
were c r e a t e d  where t r e e s  were f e l l e d  away from 
haul  roads and s k i d  t r a i l s .  Joranson and 
Kuenzel (1940) r e p o r t e d  t h a t  s l a s h  d i s p o s a l  is  
no t  a  problem i n  t h e  coppice method because t h e  
s p r o u t s  w i l l  come up rhrough f a i r l y  dense cover  
and any r e d u c t i o n  i n  t h e  number of s p r o u t s  causes 
t h e  growth t o  be  concent ra ted  on fewer stems. 
This s u g g e s t s  t h a t  s i t e  p r e p a r a t i o n  is  n o t  requ i red  
f o r  coppice r e g e n e r a t i o n ,  a s  s p r o u t s  can come 
through logging  s l a s h  and s p r o u t i n g  is n o t  
in f luenced  by t h e  c o n d i t i o n  of t h e  f o r e s t  f l o o r .  

Although a l a r g e  percen tage  of t h e  advanced 
r e g e n e r a t i o n  i n  t h e  d iameter  l i m i t  c u t  was 
damaged, b u r i e d ,  o r  crushed by s l a s h ,  t h i n  l o o s e  
l a y e r s  of s l a s h  may b e  of r e a l  b e n e f i t  t o  young 
s e e d l i n g s  by p r o t e c t i n g  them from extreme tempera- 
t u r e s ,  d e s i c c a t i o n ,  and browsing animals .  
Gr i sez  (1960) surveyed reproduc t ion  i n  logging 
s l a s h  5 y e a r s  a f t e r  a  heavy c u t t i n g  i n  a  b lack  
cherry-beech-maple s tand .  H e  found s u b s t a n t i a l l y  
l a r g e r  numbers of p r e f e r r e d  s p e c i e s  i n  s l a s h  p i l e s  
than i n  t h e  i n t e r v e n i n g  openings. In  a r e a s  where 
deer  browsing l i m i t s  r eproduc t ion ,  hardwood s l a s h  
may s e r v e  a s  a  d e t e r r e n t  t o  browsing. 

I N  COMCLUS I O N  

The f i n d i n g s  of t h i s  s tudy  r e f l e c t  s t a n d  
c h a r a c t e r i s t i c s  one y e a r  a f t e r  c u t t i n g .  P e r i o d i c  
r e i n v e n t o r y  w i l l  be  necessary  t o  determine t h e  
e f f e c t s  of t h e s e  c u l t u r a l  t echniques  over  t i m e  
and prov ide  t h e  v a l i d a t i o n  needed t o  f ine- tune  
t h e  Phase I s i m u l a t i o n  model. 
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DESIGNING FOREST OPENINGS FOR THE GROUP SELECTION METHO&/ 

21 Burnell C. Fischer- 

Abstract,--SmOS, a computer model f o r  ca l cu l a t i on  of 
l i g h t  received by small openings, was used t o  compare open- 
ing  s i z e s  comonly recommended f o r  group se l ec t ion .  Square 
openings 0.5 t o  4.0 t r e e  he igh t s  rece ive  5% and 86% of f u l l  
sunl ight .  North s lopes  and elongated openings of t h e  same 
a r e a  received reduced Light l e v e l s ,  Fo re s t e r s  p rac t i c ing  
s e l e c t i o n  s i l v i c u l t u r e  need t o  b e t t e r  understand opening 
s i z e  and shape re la t ionships .  

INTRODUCTION 

Fores t  openings whether man-made o r  n a t u r a l  
conta in  c e r t a i n  unique microclimates which a r e  
d i s t i n c t l y  d i f f e r e n t  from those  found e i t h e r  
under a continuous f o r e s t  canopy o r  i n  l a r g e  
c l ea rcu t s .  Because of t h e  t r end  towards reducing 
t h e  s i z e  of c l e a r c u t s  t o  "patch cfearcuts"  and 
t h e  increased  use  of t h e  group s e l e c t i o n  repro- 
duct ion  method i n  hardwood s i l v i c u l t u r e ,  par- 
t i c u l a r l y  on non indus t r i a l ,  p r i v a t e  woodlands, 
t h e r e  is a need t o  b e t t e r  understand how t o  de- 
s i g n  f o r e s t  opeizings s o  that c l o s e r  con t ro l  can 
be obtained i n  management s i t u a t i o n s .  

Even-aged (-sized) S i l v i c u l t u r e  

A s i l v i c u l t u r e  system is  t h e  process whereby 
f o r e s t  s t ands  a r e  tended, harvested,  and replaced,  
r e s u l t i n g  i n  a s tand  of d i s t i n c t i v e  form. A re- 
production method is t h e  procedure that r e s u l t s  
i n  t h e  development of a new s tand (Smith 1962). 
I n  uneven-aged s i l v i c u l t u r e ,  t h e r e  is one system - se l ec t ion .  The two recognized reproduction 
methods of s e l e c t i o n  s i l v i c u l t u r e  a r e  s i n g l e  t r e e  
and group se l ec t ion .  I n  both of t he se  methods, 
t h e  s tand  is manipulated f o r  a continuous high- 
f o r e s t  cover,  r ecu r r ing  regenera t ion  of des i red  
spec i e s ,  and t h e  o rde r ly  growth and development 
of trees through a range of age  o r  s i z e  c l a s se s  
t o  provide a sus ta ined  y i e l d  of f o r e s t  products. 

I /  Paper presented a t  Southern S i lv i -  
cu l tuFa l  Research Conference, At lanta ,  Georgia, 
November 6-7, 1980. 
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Managed, uneven-aged (-sized) s tands  a r e  charac ter -  
ized by t r e e s  of many s i z e s  intermingled s i n g l y  
o r  i n  groups. Mature t r e e s  a r e  harvested s i n g l y  
o r  i n  small  groups, and t h e  process of regenera t ing  
des i r ab l e  spec ies  occurs e i t h e r  continuously o r  
a t  each harvest .  Harvests u sua l ly  inc lude  th in-  
nings and c u l t u r a l  t rea tments  t o  promote growth 
and t o  m i n t a i n  o r  enhance s tand s t r u c t u r e  (Gibbs 
1978). 

The range of regenera t ion  c u t t i n g  methods i n  
u se  today d i f f e r  from one another pr imar i ly  i n  
t h e i r  e f f e c t  on l i g h t  exposure. Both s i n g l e  t r e e  
and group s e l e c t i o n  harves t ing  c r e a t e  gaps o r  
openings i n  t h e  overs tory  canopy which a l low some 
add i t i ona l  sunl ight  t o  reach  t h e  understory and/or 
t h e  f o r e s t  f l oo r .  Clearcut t ing  permits  maximal 
l e v e l s  of sun l igh t  t o  reach  t h e  ground. 

Several  s i l v i c u l t u r a l  guides,  a l t h u g h  stress- 
ing t h e  d e s i r a b i l i t y  of even-aged s i l v i c u l t u r e ,  
do provide l imi t ed  space f o r  descr ib ing  how owner- 
sh ip  objec t ives  may r equ i r e  some type  of p a r t i a l  
cu t t i ng  o r  s e l e c t i o n  s i l v i c u l t u r e  (Roach and 
Gingrich 1968; Leak, e t . a l .  1969). General ly,  
t h e  p r a c t i t i o n e r  is cautioned not  t o  at tempt s i n g l e  
t r e e  s e l ec t ion  but t o  cu t  openings from a f r a c t i o n  
of an  a c r e  t o  2 a c r e s  i n  s i ze .  These opening s i z e s  
appear t o  be t h e  bes t  compromise between t h e  
"desire" f o r  s e l e c t i o n  s i l v i c u l t u r e  and t h e  growth 
condi t ions  required t o  have a t  l e a s t  a po r t i on  of 
t h e  regenera t ion  composition be i n t o l e r a n t  and 
mid-tolerant spec ies .  

Computer Analysis of Opening Light  Dynamics 

A s e r i e s  of s t u d i e s  a t  Purdue Univers i ty  has 
been undertaken t o  evalua te  and produce p r a c t i c a l  
computer models of l i g h t  energy d i s t r i b u t i o n  
wi th in  mall f o r e s t  openings (Fischer and Merritt 
1978). A computer model f o r  ca l cu l a t i on  of l i g h t  



by small f o r e s t  openings, e n t i t l e d  
~ @ D O S ,  was developed (Fischer 1974; Fischer and 
X e r r i t t  1978). The model p red i c t s  t h e  sun-shadow 
pa t t e rn  on  the  f l o o r  of f o r e s t  openings of any 
s i z e ,  shape,  aspect ,  and s lope  and f o r  any 
l a t i t u d e  and se lec ted  time and day, Heights of 
t r e e s  surrounding t h e  opening must a l s o  be 
spec i f i ed ,  The computer model can a l s o  c a l c u l a t e  
t he  d i r e c t ,  d i f f u s e ,  and t o t a l  l i g h t  energy re- 
ceived a t  any poin t  on an opening f l o o r  f o r  
ins tantaneous  o r  in tegra ted  time periods. I n  
addi t ion ,  an  opt ion  of on-line graphing of sun- 
shadow p a t t e r n s  is  a v a i l a b l e  t o  t h e  user .  

D i r ec t  r a d i a t i o n  is ca l cu l a t ed  by determining 
whether a given point  on t h e  opening f l o o r  is i n  
t he  shade o r  sun f o r  each sample time. When a 
point  i s  found t o  be i n  t h e  sun, t h e  instantaneous 
d i r e c t  beam s o l a r  r a d i a t i o n  f o r  t h a t  p a r t i c u l a r  
time i s  ca l cu l a t ed  and assumed f o r  t h e  se lec ted  
time i n t e r v a l .  A summation of d i r e c t  energy is  
then der ived  f o r  t h e  t o t a l  time period of i n t e r e s t .  

Using SWOS, I simulated d i r e c t  s o l a r  
r a d i a t i o n  f o r  c l e a r ,  sunny days (atmospheric 
t ransmiss ion  coe f f i c i en t  0.60), monthly during 
t h e  growing season (Apri l  12 - August 30) f o r  
square openings f o r  a l a t i t u d e  of 40014'00". 
Table 1 shows t h e  e f f e c t  of aspect ,  s lope  and 
opening s i z e  on t h e  percent  of d i r e c t  s o l a r  
r a d i a t i o n  received by t h e  f l o o r  of square f o r e s t  
openings. A l l  percentages i n  t h i s  paper a r e  
based upon averages f o r  t h e  e n t i r e  opening f l o o r  
and a r e  expressed a s  a percent  of d i r e c t  s o l a r  
r a d i a t i o n  received by an  open ho r i zon ta l  sur f  ace  
of equiva lent  a rea .  

For s i m p l i c i t y ,  only two aspects ,  00 (north)  
and 180° (south) ,  a r e  depic ted ,  Slopes of 0, 15 
and 30 degrees  g ive  a t o t a l  of f i v e  aspect / s lope  
combinations f o r  each of four opening s i z e s  
ranging from 0.5 t o  4 t r e e  he igh t s  (H). 

Table 1 demonstrates t h e  l a r g e  increases  i n  
d i r e c t  s o l a r  r a d i a t i o n  received a s  opening s i z e  
increases  from 0.5 t o  4 t r e e  he ights .  Also, t h e  
e f f e c t  of a nor th  aspect  on t h e  percent  of d i r e c t  
s o l a r  r a d i a t i o n  received by openings is apparent 
with a l l  s i z e  openings. 

It is important t o  r e a l i z e  t h a t  t h e  opening 
s i z e s  shown i n  Table 1 a r e  i n  t h e  range commonly 
recommended f o r  group se l ec t ion ,  I have shown 
opening s i z e s  i n  terms of t r e e  he igh t s  because 
t h e  r e l a t i o n s h i p  i n  r egu la r  openings of opening- 
d i ane t e r  t o  perimeter  t ree-height  determines t h e  
l i g h t  energy d i s t r i b u t i o n  on t h e  opening f loo r .  
The a r ea  f o r  t h e  four  openings i l l u s t r a t e d  i n  
Table 1 would be 0.03, 0.11, 0.45 and 1.80 ac re s  
f o r  a perimeter  t r e e  he ight  of 70 f e e t .  For a 
perimeter t r e e  height  of 90 f e e t ,  corresponding 
a reas  would be 0.05, 0.19, 0.74 and 2.98 acres .  

Table 1.--Effect of aspect ,  s lope  and opening s i z e  
on t h e  percent of d i r e c t  s o l a r  r ad i a t i on  received 
by t h e  f l oo r  of square openings. 

~ s ~ e c t / ~ L o p e  Opening size  i n  t r e e  he igh t s  
Cdeg . /deg . ) 0.5 1.0 2.0 4.0 

percent 

It is  i n t e r e s t i n g  t h a t  Daniel, e t . a l .  (1979) 
recommend a maximum s i z e  of one t o  two t r e e  
he ights  f o r  group openings so a s  not  t o  l o s e  t h e  
s i t e  pro tec t ion  by t h e  surrounding t r ee s .  On t h e  
o ther  hand Marquis (1965) has discussed c o n t r o l l i n g  
l i g h t  with small  c l ea rcu t t i ngs  not t o  exceed 1 
a c r e  i n  s i ze .  M e r r i t t ' s  (1979) conclusion t h a t  
openings must have a t  l e a s t  a 50% f u l l y  open, 
unprotected microclimate t o  qua l i fy  a s  a c l ea rcu t  
appears a more reasonable s i l v i c u l t u r a l  d e f i n i t i o n .  
This corresponds t o  openings of a t  l e a s t  4-6H 
(Fischer 1979). 

To evalua te  e f f e c t  of shape and o r i e n t a t i o n  
on opening l i g h t  dynamics I simulated d i r e c t  s o l a r  
r ad i a t i on  a s  i n  Table 1 f o r  openings of 1 and 2 
t r e e  he ights  (aspect/slope,  0 ~ / 0 ~ ) ,  For each of 
t he se  opening s i z e s  I maintained t h e  same opening 
f l o o r  a r ea  by halving t h e  dimensions i n  one 
d i r e c t i o n  and doubling t h e  dimensions i n  t h e  o the r .  
Then, I repeated t h e  process a second time. This  
r e s u l t s  i n  a square 1H opening f i r s t  being t rans-  
formed t o  a 1/2H by 2H opening and then  t o  a 
1/4H by 4H opening. These openings were o r i en t ed  
wi th  t h e  long a x i s  east-west and then  north-south. 
The percent of d i r e c t  so l a r  r a d i a t i o n  received by 
t h e  f l oo r  of each opening shape and o r i e n t a t i o n  
was ca lcula ted ,  These r e s u l t s  a r e  shown i n  
Table 2. 

The comparative decrease i n  l i g h t  energy 
received a t  t he  opening f l o o r  p a r t i c u l a r l y  i n  t h e  
openings t h a t  were 16:1, is  q u i t e  l a rge ,  These 
r e s u l t s  demonstrate that square o r  c i r c u l a r  open- 
ings  maximize d i r e c t  l i g h t  l e v e l s  and elongated 
openings of t h e  same s i z e  and a rea  r ece ive  l e s s  
d i r e c t  l i g h t .  

Of course, both o r i en t a t i on  and width a f f e c t  
t h e  amount and p a t t e r n  of sunl ight .  Narrow open- 
ings ( s t r i p s )  t h a t  a r e  or ien ted  east-west r ece ive  
more d i r e c t  sunl ight  ea r ly  i n  t h e  morning and 
l a t e  i n  t h e  afternoon but a r e  r e l a t i v e l y  pro tec ted  



(shaded) during mid day. North-south openbgs  
receive  most d i r e c t  l i g h t  around noon when sol= 
isl tensity is  g rea tes t  and a r e  more shaded e a r l i e r  
and l a t e r  i n  t h e  day. This explafns t h e  higher 
value i n  t h e  narrow I I 4  by 4E north-south oriented 
opening. 

Table 2.--Effect of shape and o r i en ta t ion  on t h e  
percent of d i r e c t  s o l a r  r ad ia t ion  received by 
t h e  f loor  of 1 and 2 t r e e  height fo res t  
openings . 

Opening Dhensions Orientation of Long Axis 
i n  Tree Heights East-West North-South 

Percent 

Si lvPcul tura l  Considerat ions 

The wide range i n  percent d i r e c t  so la r  radi- 
a t i o n  f o r  0.5H t o  4H openings shown i n  Table 1, 
and t h e  lower l i g h t  l e v e l s  i n  north facing and 
elongated openings (Table 2) demonstrate t h e  
great  va r i a t ion  in opktngng microclimates within 
narrow s i z e   limit^. Thus, the  f i e l d  fo res te r ,  
who is pract ic ing group se lec t ion  s i lv icu l tu re ,  
must be very precise  i n  choosing and marking 
groups t o  achieve h i s  s i l v i c u l t u r a l  objectives. 

I n  t h e  upland Central  Hardwood stands of 
Indiana, a s  wel l  a s  i n  a l l  eas tern  hardwood 
f o r e s t s ,  high l i g h t  l eve l s  a r e  prerequis i te  fo r  
t h e  growth of t h e  more valuable in to le ran t  species, 
and apparently necessary f o r  t h e  perpetuation and 
re lease  of advanced oak regeneration (Fischer 
1979). A t  l e a s t  90% of the  cannercia1 fo res t  land 
i n  t h e  Central Region is i n  nonindustrial  pr ivate  
ownership, usually in small acreages probably 
averaging l e s s  than 40 acres  (Merrit t  1979). 
These woodland owners generally "demand" uneven- 
aged (-sized) s i l v i c u l t u r e  and fo res te r s  attempt 
t o  provide it through group se lec t ion  so t h a t  the  
more des i rable  mid- and in to le ran t s  a r e  regener- 
ated. How successful a r e  these fo res te r s?  

c l e a r l y  showed t h a t  openings i n  t h e  canopy were 
c h s r a c t e r i s t i c a l l y  11 (Table 3). A t  near ly  
90 percent of the  p lo t  locat ions ,  t h e  canopy open- 
ings w e e  l e s s  than one t r e e  height i n  width 
(about 60-70 f ee t ) .  I n  only f i v e  percent of t h e  
eases were t h e  openings su f f i c i en t ly  l a rge  (two 
t o  th ree  t r e e  heights i n  width) t o  be s ign i f i can t  
i n  t h e  s t h a l a t i o n  of advanced oak regeneration 
and other  in to le ran t  species. Character is t ica l ly ,  
these woodlands, a s  well  a s  many i n  t h e  Central  
Region a r e  regenerating primarily t o  lower-valued 
to le ran t s  and undesirable species. Clearly,  
fo res te r s  pract ic ing se lec t ion  s i l v i c u l t u r e  need 
a be t t e r  understanding of opening s i z e  and shape 
a s  r e l a t ed  t o  needs of t r e e  regeneration f o r  
sunlight.  

Table 3.--Size of openings i n  t h e  overstory canopy 
above 264 inventory p lo t  locat ions  i n  23 Indiana 
woodlands following se lec t ion  harvesting. 

1 Opening s i z e '  No. of P lo t s  Frequency 

i n  t r e e  heights frequency percent 

0 188 

0.5 4 2  

1.0 19 

1.5 2 

2.0 8 

2.5 0 

3.0 5 
- - 

To t a l s  2 64 

Conclusions 

It i a  apparent t h a t  high l i g h t  l e v e l s  a r e  
necessary f o r  the  growth of both new seedlings 
and advanced hardwood regeneration and t h a t  these  
l i g h t  conditions cannot be achieved by t h e  s i n g l e  
t r e e  se lec t ion  method. Group se lect ion,  however, 
o f f e r s  the  p o s s i b i l i t y  of creat ing f o r e s t  open- 
ings of su f f i c i en t  s i z e  t o  a t t a i n  these  high l i g h t  
l eve l s  . 

In  a recent ly  completed study (Callahan and 
Fischer 1980) of 23 se lec t ive ly  harvested wood- 
lands an assessment of the  overstory canopy a t  
264 inventory p lo t  locat ions  i n  the  23 woodlands 

1/ Opening s i z e  is  t h e  diameter of t h e  t r e e  canopy - 
opening in which t h e  1/10 ac re  p lo t  was located.  
Diameter was estimated i n  dominant t r e e  height 
u n i t s  t o  the  nearest  0.5 t r e e  height. 



The l i g h t  energy received on t h e  f l o o r  of a 
f o r e s t  opening of any s i z e ,  shape, aspect  and 
slope can be  predicted by a computer model. BY 
incorporat ing stand c h a r a c t e r i s t i c s  and t h e  de- 
,ired regmeration l aye r  response wi th  t h e  r e s u l t s  
of t h e  model, f o r e s t  openings can be p rec i se ly  
designed t o  achieve many s i l v i c u l t u r a l  objec t ives .  
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A COMPARISON OF REPRODUCTION AND GRQMH AND YIELD 

AFTER 36 YEARS FROM FOUR REPRODUCTION CUTTING METHODS 

IN LOBLOLLY-SHORTLEAF PINE STANDS 1' 
2/ James B. Baker and Paul A. Murphy - 

Abstract. --Four reproduction cutti ng methods employed on 
a good s i t e  i n  second-growth loblolly-shortleaf pine in south 
Arkansas provided adequate pine regenerati on to es tab1 i sh or 
maintain well stocked stands. During the 36-year study period, 
seed-tree and di ameter-1 imi t cutting methods produced signi f i  - 
cantly more cubic-foot volume than selection and clearcutting, 
while clearcutting resulted in significantly less board-foot 
(Doyle) volume. 
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1980, and to be submitted to the Southern Journal 
of Appl ied Forestry. 
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SILVICULTURAL COSSIDERATIONS I N  DEVELOPING 

1 / INTEGRATED SOtlTTNEm PIXE BEETLE MPZUACMENT PROCEDURES-- 

2 1  Roger P. Belanger- 

Abstract.--Silvicultural pr inc ip l e s  and p rac t i ce s  a r e  
in tegra ted  i n t o  t h e  research and development components of a 
pest  management procedure designed t o  prevent o r  reduce lo s se s  
from the  southern pine bee t le .  Research and user  needs a r e  
i d e n t i f i e d  r e l a t e d  t o  t he  planning, s e l ec t ion ,  and implemen- 
t a t i o n  of f o r e s t  pro tec t ion  s t r a t e g i e s .  

INTRODUCTION 

The development, i n t eg ra t ion ,  and implemen- 
t a t i o n  of s t r a t e g i e s  and p rac t i ce s  t o  prevent o r  
reduce se r ious  l o s se s  from insec t  and d isease  
pes ts  a r e  new and complex undertakings i n  south- 
ern f o r e s t r y .  Although the  d e f i n i t i o n  of 
in tegra ted  pes t  management (IPM) may d i f f e r  by 
organiza t ion  and indiv idual ,  t he  concept gener- 
a l l y  involves  t he  s e l ec t ion  and use of pro tec t ion  
a c t i v i t i e s  based on predicted economic, ecologi- 
c a l ,  and soc io log ica l  consequences ( B o t t r e l l  
1979). A model s t r u c t u r e  f o r  f o r e s t  pest  
management ( f i g .  1 )  shows the  research  and 
opera t ions  ac t ion  flow needed t o  develop an 
in tegra ted  p ro t ec t ion  plan. This approach has 
been t h e  framework f o r  t h e  major a c t i v i t i e s  
within t h e  Expanded Southern Pine Beetle Research 
and Applicat ions Program (ESPBRAP) s t a r t e d  i n  
1975. The bas i c  components of IPM--pest 
population dynamics, f o r e s t  s tand dynamics, 
t reatments,  and impact--are c lo se ly  r e l a t e d  t o  
one another.  Primary d i s c i p l i n e s  involved i n  
the developmental process a r e  entomology, path- 
ology, s i l v i c u l t u r e ,  mensuration, economics, and 
management. Previous knowledge has been combined 
with new technology t o  provide the  da t a  inputs  
required t o  s t r u c t u r e  and sequence the  system, 
This paper descr ibes  how s i l v i c u l t u r a l  p r inc ip l e s  
and p r a c t i c e s  can be incorporated i n t o  t he  
research  and opera t ions  components of IPM pro- 
cedures designed t o  prevent o r  reduce lo s se s  from 
t h e  southern pine b e e t l e  (SPB - Dendroctonus 
f r o n t a l i s  Zimemann) .  

I/ Paper presented a t  Southern S i l v i c u l t u r a l  
%search Conference, At lanta ,  Georgia, November 
0-7 ,  1980. The work here in  was funded i n  pa r t  by 
a U.S. Department of Agr icul ture  sponsored pro- 
gram e n t i t l e d  "The Expanded Southern Pine Beetle 
Research and Applicat ion Program." 

2 1  Pr inc ipa l  S i l v i c u l t u r i s t ,  USDA Forest  
s e rv i ce ,  South. For. Exp. Stn. , Gainesvi l le ,  Fla.  

The Stand Component 

The stand is  the  bas i c  l i n k  between pes t  
populat ion dynamics, impact assessment, and 
treatment (Waters and Stark  1980). It is a l s o  
t he  bas i c  un i t  of s i l v i c u l t u r e .  An extens ive  
coordinated southwide ESPBRAP e f f o r t  i d e n t i f i e d  
stand condi t ions  associa ted  with SPB a t t a c k s  and 
developed systems f o r  ranking the  s u s c e p t i b i l i t y  
of s tands  t o  b e e t l e  a t t ack .  S i t e  condi t ions ,  
t r e e  spec ies  and s i z e  c l a s s e s  associa ted  wi th  
SPB a t t a c k s  d i f f e r  somewhat between t h e  Coastal  
P l a in ,  t he  Piedmont, and t h e  Southern Appalachian 
Mountains ( t a b l e  1 ) .  However, slow r a d i a l  growth 
and dense stocking a r e  common c h a r a c t e r i s t i c s  
of high-hazard stands.  

Hazard r a t i n g s  i n d i c a t e  where b e e t l e  out- 
breaks a r e  most l i k e l y  t o  occur and, i f  they  do, 
where b e e t l e  a c t i v i t y  and lo s se s  a r e  l i k e l y  t o  
be g rea t e s t .  Several  r a t i n g  systems have been 
developed t h a t  provide an evalua t ion  of p o t e n t i a l  
r i s k .  Test ing and implementing t h e  ranking 
systems have been l imi t ed  t o  s tand ,  s i t e ,  and 
in sec t  condit ions associa ted  with s e l ec t ed  a r eas  
i n  t he  geographic subregions. 

Treatments I 

/ I ;;;;iit/w~~y 
g System 

Figure 1.--The s t r u c t u r e  and sequence of a model 
in tegra ted  pest  management system (from Waters 
and Cowling 1976). 

Stand 
Dynamics 

> Impact 



Table 1.--Characterist ics  of La tu ra l  Stands Suscept ib le  t o  SPB Attack 

Southern Coastal  P l a in  P iednon t Southern Appalachians 

Densely stocked s tands  Well-stocked s tands  Densely stocked s tands  

Large proport ion of 
sawt imber 

Large proport ion of 
overmature sawtimber 

Declining r a d i a l  growth Slow r a d i a l  growth Slow r a d i a l  growth 
during l a s t  10 years  

Poorly drained s o i l s  High percentage of c l ay  Dry, south-facing 
and low-lying a r e a s  i n  sur face  and sub- s lopes  

sur face  s o i l s  

High percentage of High percentage of High percentage of 
sho r t l ea f  and/or lob- sho r t l ea f  pine i n  t h e  sho r t l ea f  and/or p i t c h  
l o l l y  pine i n  t h e  stand pine i n  t he  stand 
st and 

The Southern Coastal  Plain.--Natural s tands  
suscep t ib l e  t o  b e e t l e  a t t a c k  i n  t h e  Gulf Coastal  
P l a in  a r e  charac ter ized  by high stand d e n s i t i e s ,  
a l a r g e  proport ion of pine sawtimber and declin-  
ing  r a d i a l  growth. Outbreaks occur more frequent-  
l y  i n  s tands  loca ted  on poorly drained,  moist 
s i t e s  than on dry  and droughty s o i l s .  Rating 
systems have been developed i n  t h e  Coastal  P l a in  
f o r  East Texas (Hicks e t  a l .  1980; Mason 1981), 
t h e  Kisa tchie  National  Forest  i n  Louisiana (Lorio 
1978; Lorio and Somers  1981), corpora te  timber- 
lands  i n  Texas, Louisiana, and Miss iss ippi  
(Kushmaul e t  a l .  1979), and f o r e s t s  i n  South 
Arkansas (Ku e t  a l .  1980). 

The Southern Appalachians.--Studies i n  t h e  
mountains of Georgia, North Carolina,  South 
Carolina,  and Tennessee showed t h a t  s tands  most 
subjec t  t o  SPB a t t a c k  were densely stocked, slow 
growing, and had a l a r g e  proport ion of over- 
mature p ine  sawtimber (Belanger e t  a l .  1979; 
Belanger and Hatchell  1980). Short leaf  pine 
(pinus echinata Mi l l . )  and p i t c h  pine (fl. r i g i d a  
Mil l . )  were more suscep t ib l e  t o  b e e t l e  a t t a c k  
than Virg in ia  pine (P-. v i rg in i ana  Mil l . )  and 
l o b l o l l y  pine (fl. taeda L.). The major i ty  of 
i n f e s t a t i o n s  were recorded on south-facing slopes.  
However, t h i s  aspect  is  where most of t he  pines 
occur i n  t he  Southern Appalachians. 

The Piedmont.--3atural s tands  suscep t ib l e  t o  
SPB a t t a c k  i n  t he  Piedmont a r e  well-stocked pine 
s tands  with a l a r g e  percentage of t he  host  com- 
ponent i n  shor t leaf  pine,  slow r a d i a l  growth 
during the  l a s t  10 years ,  and a high c l ay  content  
i n  sur face  and subsurface s o i l s  (Belanger e t  a l .  
1977; Xaki et &. 1978; unpublished). Two systems 
have been developed f o r  ranking the  s u s c e p t i b i l i t y  
of na tu ra l  s tands  t o  SPB a t t a c k  i n  t he  upper 

Piedmont of Georgia. The f i r s t  is  a p red i c t i ve  
equation t h a t  includes v a r i a b l e s  e a s i l y  measured 
o r  o f t en  contained i n  e x i s t i n g  inven to r i e s  
(Belanger e t  a l .  1981); t he  second is a system 
designed f o r  use  i n  t h e  f i e l d  by se rv i ce  
f o r e s t e r s  (Belanger and P r i ce  1979). 

I n  summary, unhealthy s t ands  a r e  highly 
suscep t ib l e  t o  a t t a c k  by the  SPB. This f a m i l i a r  
and bas i c  p r inc ip l e  app l i e s  r ega rd l e s s  of region 
o r  pine type. 

The Treatment Component 

Several  s i l v i c u l t u r a l  and d i r e c t  con t ro l  
opt ions  a r e  ava i l ab l e  t h a t  w i l l  prevent o r  re- 
duce l o s s e s  from t h e  SPB ( f i g .  2 ) .  S i l v i c u l t u r a l  
p r a c t i c e s  can lower t h e  s u s c e p t i b i l i t y  of s tands  
t o  b e e t l e  a t t a c k  by increas ing  stand v igor .  
Direc t  con t ro l  p r a c t i c e s  a r e  used t o  prevent 
add i t i ona l  l o s s e s  i n  s tands  t h a t  have been 
a t tacked by t h e  bee t l e .  

Preventa t ive  S i l v i c u l t u r e  

Proper s i l v i c u l t u r a l  t reatment of f o r e s t  
s tands  is  an e s s e n t i a l  element i n  developing 
s t r a t e g i e s  t o  achieve long-term success i n  
reducing lo s se s  from the  SPB. I n r e m e d i a t e  
c u t t i l g s  and regenerat ion methods provide t h e  
means t o  produce environmental and b io log ica l  
condi t ions  unfavorable t o  t he  a t t a c k ,  spread,  
and populat ion growth of t h i s  f o r e s t  pe s t .  No 
"standard" reconmendation w i l l  apply t o  a l l  
s i t u a t i o n s .  Each f o r e s t  condi t ion  and l o c a l i t y  
presents  d i f f e r e n t  management problems; each 
might r equ i r e  a d i f f e r e n t  combination of methods 
t o  increase  r e s i s t ance  t o  SPB a t t ack .  General 
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Figure 2 . - - S i l v i c u l t u r a l  g u i d e l i n e s  t o  reduce l o s s e s  from t h e  sou thern  p i n e  b e e t l e .  

g u i d e l i n e s  have been developed based on p a s t  and 
ESPBRAP supported r e s e a r c h  (Bennett 1968, 1971; 
Hedden 1978; Hicks et a l .  1979; Belanger 1980; 
Belanger and Malac 1980) t o  reduce t h e  p o t e n t i a l  
f o r  l o s s e s .  These inc lude :  

* Favor t r e e  s p e c i e s  t h a t  a r e  most r e s i s t a n t  
t o  SPB a t t a c k  ( t a b l e  2)  and b e s t  s u i t e d  t o  
t h e  s i t e  (Coyne and L o t t  1976; Hodges e t  a l .  
1977, 1979; Belanger e t  a l .  1979, 1981; Ku 
e t  a l .  1980). -- 

* Salvage t r e e s  damaged by l i g h t n i n g ,  wind, 
i c e ,  and o t h e r  d e s t r u c t i v e  agen ts .  P i n e s  
s t r u c k  by l i g h t n i n g  o f f e r  a f a v o r a b l e  envi-  
ronment f o r  t h e  SPB and s e v e r a l  s p e c i e s  o f  
Ips b e e t l e s .  (Hodges and P ickard  1971). 
Stands w i t h  t r e e s  damaged by wind, i c e ,  
and h a i l  a r e  more s u s c e p t i b l e  than  undis- 
turbed s t a n d s .  

* Thin t o  reduce competi t ion,  remove slow 
growing t r e e s  which a r e  s u b j e c t  t o  SPB 

Table 2.--The S u s c e p t i b i l i t y  of P ines  t o  SPB At tack  f o r  Major 

Geographic Regions of t h e  South 

Geographic Region 

Levels  of Coas ta l  Southern 
s u s c e p t i b i l i t y  P l a i n  Piedmont Appalachian 

Most r e s i s t a n t  S lash  V i r g i n i a  V i r g i n i a  
Longleaf Loblo l ly  Eas te rn  whi te  

Most s u s c e p t i b l e  Shor t lea f  Short l e a f  Short  l e a f  
Loblo l ly  P i t c h  



a t t a c k  (Haines e t  a l .  1976; Ku e t  a l .  19-'6), 
and s t imu la t e  v igor  i n  young s t a r ~ d s .  D e ~ r e e  
of th inning  is determined by t h e  i n t e n s i t y  
of management, t he  kind of product des i r ed ,  
ava i l ab l e  markets, and n a t u r a l  condi t ions  
s p e c i f i c  t o  ~ a c h  loca t ion .  Basal a r ea s  of 
80 t o  200 f t L / a c r e  a r e  recornended t o  reduce 
the  hazard r a t i n g s  of s tands  (Ricks e t  a l .  
1979; Belanger 1980; Belanger and Xalac 
1980). 

* Manage a mixture of pine and hardwood 
species .  The SPB p r e f e r s  pure pine stands.  
A mixture of pine and hardwood species  
reduces t he  p o t e n t i a l  for  spot  incidence 
and growth (Belanger e t  a l .  1979; Hedden 
and B i l l i n g s  1979). 

* Use harves t ing  systems t h a t  minimize logging 
damage. Logging a c t i v i t y  has a tendency t o  
increase  SPB a t t a c k  ( P o r t e r f i e l d  and 
Rowel1 1980). Mechanical i n ju ry  t o  above- 
and below-ground por t ion  of r e s idua l  t r e e s  
a l s o  provides a t t a c k  cou r t s  f o r  t h e  black 
tu rpen t ine  b e e t l e  (BTB- Dendroctonus 
te rebrans  Ol iv ier )  and Ips spp. 

* Regenerate mature and overmature stands.  
Suscep t ib i l i t y  of s tands  t o  SPB a t t a c k  
increases  with age throughout most of t h e  
South (Lorio 1978; Belanger e t  a l .  1979; 
Coster and Searcy 1980). 

* Pro tec t  t h e  s i t e  a s  much a s  poss ib le .  High- 
hazard s i t e s  i n  t h e  Piedmont a r e  character-  
ized by a high percentage of c l ays  i n  t he  
sur face  and subsurface s o i l  horizons 
(Belanger e t  a l .  1981). I n f e s t a t i o n s  i n  
t he  Coastal  P l a in  occur more f requent ly  on 
wet and water logged s i t e s  than on well- 
drained s i t e s  (Lorio and Hodges 1971; 
Belanger e t  a l .  1977; Hicks e t  a l .  1979). 
Abuse of these  d e l i c a t e  s i t e s  w i l l  only 
increase  SPB problems i n  t h e  fu tu re .  

Control P rac t i ce s  

In fe s t ed  t r e e s  can be salvaged t o  u t i l i z e  
merchantable mater ia l  o r  simply f e l l e d  i n t o  
openings and exposed t o  maximum sunl ight .  Brood 
mor t a l i t y  can be increased by high inner-bark 
temperatures (Hodges and Thatcher 1976). 
Sani ta t ion  cu t t i ngs  remove damaged, i n f e s t ed ,  
and high-risk t r e e s  t o  prevent t h e  spread and 
p r o l i f e r a t i o n  of t he  SPB. I f  salvage removal o r  
cut-and-leave a r e  used, and f r e sh  a t t a c k s  a r e  
present ,  a buffer  s t r i p  of uninfes ted  pines 
should be cut  around the  a c t i v e  head of a spread- 
ing spot  t o  i n t e r rup t  t h e  advance of t he  bee t l e  
(B i l l i ngs  and Pace 1979). A s  a r u l e  of thumb, 
width of t h e  b u f f e r  s t r i p  should be roughly 
equal t o  average t r e e  height  i n  t he  spot  
(B i l l i ngs  1980). 

The fcrest manager may e l e c t  t o  t r e a t  a 
scand t o  modify b e e t l e  a c t i v i t y ,  o r  he may r i s k  
b e e t l e  i n f e s t a t i o n s ,  r e l y  on in t ens ive  su rve i l -  
l anes  f o r  derecr ion ,  assess p o t e n t i a l  damage t o  
t he  s tand ,  and ass ign  (or  not  ass ign)  treatments 
accordi2gfy. Decisions a r e  made on a case-by- 
case %isis .  Size of t he  s tand ,  va lue  of t h e  
s tand ,  e x i s t i n g  markets, and management ob jec t ives  
all en te r  i n t o  evalua t ing  a l t e r n a t i v e s .  Informa- 
t i o n  from the  i n sec t  dynamics and impact 
components should a l s o  be considered when 
dec id ing  what SPB s t r a t e g i e s  w i l l  bes t  bene f i t  
resource objec t ives .  

Insec t Dynamics 

SPB populat ions t y p i c a l l y  r i s e  and f a l l  over 
time. Unfortunately,  these  cyc l e s  a r e  i r r e g u l a r  
and unpredictable.  The s i l v i c u l t u r i s t  and f o r e s t  
manager a r e  a t  a disadvantage when b e e t l e  popu- 
l a t i o n s  a r e  high. Any preference by t h e  SPB f o r  
p a r t i c u l a r  s tand condi t ions  a r e  masked by t h e  
indiscriminant  development and spread of i n f e s t a -  
t i o n s  associa ted  with epidemic b e e t l e  populat ions 
(Belanger e t  a l .  1981; Xason 1981). I n f e s t a t i o n s  
can develop and p e r s i s t  even i n  r e l a t i v e l y  spa r se  
s tands  i f  l e v e l s  of b e e t l e  a c t i v i t y  and r a t e s  of 
a t t a c k  a r e  high (Hedden and B i l l i n g s  1979). 
Direc t  con t ro l  p rac t i ce s  during these  condi t ions  
a r e  emphasized out  of neces s i t y .  

S i l v i c u l t u r a l  a c t i v i t i e s  r e l a t e d  t o  f o r e s t  
pes t  management a r e  genera l ly  neglected during 
periods of low b e e t l e  a c t i v i t y .  Yet, t h i s  is 
t h e  t i m e  when the  planning and app l i ca t ion  of 
prevention s t r a t e g i e s  should be g r e a t e s t .  High- 
hazard s tands  can be i d e n t i f i e d  and t r e a t e d  t o  
reduce t h e i r  s u s c e p t i b i l i t y  t o  b e e t l e  a t t ack .  A t  
t h i s  time m i l l  quotas include very  l i t t l e  sa lvage  
wood and opera tors  a r e  a v a i l a b l e  t o  conduct 
intermediate cu t t i ngs .  Also, endemic " reservoi rs"  
of SPB-infested t r e e s  and high-risk t r e e s  a r e  
removed and more growing space is provided f o r  
r e s idua l  t r e e s .  The p robab i l i t y  of spot  i n i t i a -  
t i o n  and spread is lowest when in sec t  populat ions 
a r e  down. Low-hazard s tands  can be tended t o  
maintain v igor  and rapid  growth. 

H i s to r i ca l  records of SPB a c t i v i t y  can be 
u se fu l  t o  s i l v i c u l t u r i s t s  and f o r e s t  managers 
concerned with pro tec t ing  f o r e s t  resources.  For 
example, b e e t l e  incidence,  spot  p r o l i f e r a t i o n ,  
and spot  growth during the  l a s t  t h r e e  major SPB 
outbreaks i n  t he  Piedmont of Georgia were con- 
s i s t e n t l y  more severe i n  some count ies  than i n  
o thers .  Obviously, prevention and suppression 
a c t i v i t i e s  should be concentrated i n  t he  problem 
count ies .  From a research  s tandpoint ,  we need t o  
determine what the  d i f f e r ences  a r e  (stand ? s i t e  ? 
cl imate  ?) between a reas  t h a t  h i s t o r i c a l l y  have 
been hard-hit  and a reas  t h a t  have few b e e t l e  
problems. 



B e e t l e  behavior  v a r i e s  dur ing  d i f f e r e n t  
seasons  of t h e  year .  S t u d i e s  i n  F a s t  Texas 
showed t h a t  b e e t l e  popula t ions  d i s p e r s e  and 
i n i t l a t e  n u l t i p l e - t r e e  i n f e s t a t i o n s  p r i m a r i l y  
dur ing  t h e  s p r i n g ;  spo t  growth r e p l a c e s  spo t  
p r o l i f e r a t i o n  a s  t h e  primary mode of b e e t l e  
c o l o n i z a t i o n  dur ing  t h e  summer (Hedden and 
B i l l i n g s  1979). Treatment of high-hazard s t a n d s  
can i n f l u e n c e  t h e  spread of t h e  SPB dur ing  most 
years .  S i l v i c u l t u r a l  p r a c t i c e s  t h a t  promote 
s tand  v i g o r  w i l l  decrease  t h e  p r o b a b i l i t y  of 
b e e t l e  a t t a c k .  Sparse p i n e  s t o c k i n g  w i l l  re-  
s t r i c t  t h e  number of t r e e s  being k i l l e d  once t h e  
spot  h a s  been i n i t i a t e d .  Densi ty of t h e  p ine  
component can be r e g u l a t e d  by manipulat ing s tock-  
ing l e v e l s ,  making i n t e r m e d i a t e  c u t t i n g s ,  and 
f a v o r i n g  pine-hardwood s tands .  

Impact 

The r e s p o n s i b i l i t y  of t h e  s i l v i c u l t u r i s t  i s  
t o  produce and main ta in  a  f o r e s t  t h a t  b e s t  f u l f i l l s  
t h e  o b j e c t i v e s  of t h e  owner (Smith 1962). Tradi-  
t i o n a l l y ,  t h e  primary concern of t h e  s i l v i c u l -  
t u r i s t  h a s  been t o  maximize t h e  product ion of 
wood c rops .  Today t h e  s i l v i c u l t u r i s t  i s  a l s o  
being asked t o  answer q u e s t i o n s  concerning t h e  
impact o f  regenera t ion  methods, in te rmedia te  
c u t t i n g s ,  and p r o t e c t i o n  s t r a t e g i e s  on t h e  
environment, economy, and people ( S t a r k  1979). 
The s i l v i c u l t u r i s t  i s  g e n e r a l l y  no t  t r a i n e d  t o  
answer t h e s e  ques t ions  and must t u r n  t o  s p e c i a l i s t s  
i n  o t h e r  d i s c i p l i n e s  f o r  he lp .  This ,  i n  l a r g e  
p a r t ,  i s  what i n t e g r a t i o n  i s  about .  Following 
a r e  examples of how s i l v i c u l t u r a l  p r a c t i c e s  can 
impact m u l t i p l e  resource  va lues .  

c u t t i n g s  t o  prevent  SPB a t t a c k  a  "luxury." T h i s  
may be t h e  case  i f  s t a n d s  a r e  being managed u s i n g  
s h o r t  r a t a t i o n s  and t h e  primary o b j e c t i v e  is pulp- 
wood. It nay  n o t  be t h e  c a s e  i f  you a r e  managing 
f o r  m u l t i p l e  p roduc ts  under  longer  r o t a t i o n s .  

High-hazard s t a n d s  o f t e n  c o n t a i n  q u a l i t y ,  
sawtimber-size t r e e s .  Losses from SPB a t t a c k  and 
r a p i d  spread i n  t h e s e  h igh  v a l u e  s t a n d s  can be  
enornous. B e n e f i t s  from prevent ion  and c o n t r o l  
measures may exceed t h e  c o s t s  of t r e a t m e n t s  i f  
t h e s e  s t a n d s  a r e  needed t o  meet management objec-  
t i v e s .  Stand growth models f o r  p l a n t a t i o n s  and 
n a t u r a l l y  seeded s t a n d s  a l low s imula t ion  of 
management p r a c t i c e s  on t r e e  growth (Danie l s  and 
Burkhart 1975) .  The f o r e s t  manager can use  t h e s e  
models t o  determine which course  of a c t i o n  may be 
b e s t  s u i t e d  t o  i n d i v i d u a l  s t a n d s  and ownership 
o b j e c t i v e s .  

S o c i o l o g i c a l  Impact 

Damage t o  s t a n d s  by t h e  SPB can i n f l u e n c e  t h e  
va lue  judgment of people.  S t u d i e s  conducted on 
t h e  Blue Ridge Parkway i n  V i r g i n i a  showed t h a t  
viewers  responded adverse ly  t o  a r e a s  of b e e t l e -  
k i l l e d  t r e e s  (Buyhoff and Leuschner 1978). SPB 
damages were a l s o  es t imated  f o r  i n t e n s i v e l y  used 
r e c r e a t i o n  s i t e s  i n  East  Texas (Leuschner and Young 
1978). Ons i te  damages ranged from $3,500 t o  
$1,204,000 depending on t h e  r e c r e a t i o n  s i te ,  t h e  
s e v e r i t y  of a t t a c k ,  and whether t r a v e l  t ime c o s t s  
were included.  The i n v e s t i g a t o r s  concluded t h e  
p o t e n t i a l  damage r e d u c t i o n  on r e c r e a t i o n  s i t e s  
combined wi th  t h e  smal l  a r e a  r e q u i r i n g  t rea tment  
may w e l l  j u s t i f y  i n t e n s i v e  prevent ion  and/or  
suppress ion  a c t i v i t i e s .  

Environmen t a 1  Impact 
IMPLEMENTATION: BARRIERS AND PROGRESS 

Thinning i s  recommended t o  reduce s tand  
d e n s i t y  and i n c r e a s e  s t a n d  v i g o r .  The f o r e s t e r  
must be aware, however, t h a t  i n t e r m e d i a t e  c u t t i n g s  
on c e r t a i n  s i t e s  can promote i n f e c t i o n  and spread 
of annosum r o o t  r o t  (Heterobasidion annosum ( F r . )  
Bref) .  S t u d i e s  have shown a c l o s e  a s s o c i a t i o n  
between t h i s  d i s e a s e  and SPB a t t a c k  (Alexander 
e t  a l .  1980). Precau t ions  should be  taken t o  -- 
reduce t h e  danger of annosum i n f e c t i o n .  I n t e r -  
mediate  c u t t i n g s  should be  scheduled dur ing  
summer when fewer X. annosum spores  a r e  produced 
and h igh  temperatures  may k i l l  those  t h a t  a r e  
produced. Trea t ing  stumps wi th  borax o r  t h e  
a n t a g o n i s t i c  fungus Peniophora g i g a n t i a  minimizes 
spread.  Prescr ibed  burning b e f o r e  and a f t e r  
t h i n n i n g  a l s o  reduces s e v e r i t y  of annosum r o o t  r o t  
i n  t h e  South ( F r o e l i c h  e t  a l .  1978). S tand-s i te  
s t u d i e s  have shorn no r e l a t i o n s h i p  between 
burning and SPB a t t a c k .  

Economic Impact 

Some f o r e s t  managers cons ider  in te rmedia te  

Some of t h e  technology needed t o  develop 
s t r a t e g i e s  and p r a c t i c e s  t h a t  w i l l  reduce l o s s e s  
from t h e  SPB i s  i n  hand and be ing  t r a n s f e r r e d  t o  
u s e r s .  Yet,  most r e s o u r c e  managers have been 
r e l u c t a n t  t o  i n c o r p o r a t e  t h i s  knowledge i n t o  t h e i r  
planning,  d e c i s i o n  making, and o p e r a t i o n s .  What 
a r e  t h e  s i l v i c u l t u r a l  needs t h a t  c o n t r i b u t e  t o  
t h i s  impasse? F i r s t  and foremost ,  t h e  manager i s  
looking f o r  convincing evidence t h a t  p revent ion  
s t r a t e g i e s  and c o n t r o l  p r a c t i c e s  a r e  e f f e c t i v e  
and e f f i c i e n t  i n  reducing SPB l o s s e s .  The n e t  
e f f e c t  of recornended p r a c t i c e s  must produce 
t a n g i b l e  b e n e f i t s  t h a t  c o n t r i b u t e  t o  t h e  o b j e c t i v e s  
of management. 

There i s  t h e  ques t ion  a s  t o  where and under  
what condi t ions  hazard r a t i n g  systems can be 
appl ied .  For example, can s t a n d  hazard r a t i n g  
models developed i n  t h e  Piedmont of Georgia d u r i n g  
endemic b e e t l e  c o n d i t i o n s  be used t o  a c c u r a t e l y  
r a t e  t h e  s u s c e p t i b i l i t y  of s t a n d s  i n  Georgia ( o r  
e lsewhere)  when popula t ions  a r e  high? Do hazard  
r a t i n g  systems developed f o r  n a t u r a l  s t a n d s  a p p l y  



t o  p l an t a t i ons?  W i l l  s tands  t r e a t e d  t o  prevent 
o r  reduce a t t a c k s  from the  SPB increase  o r  de- 
c rease  damage frm Ips spp.  black turpent ine  
bee t l e s ,  o r  t r ee -k i l l i ng  d i seases?  

Some of t he  r a t i n g  systems r equ i r e  va r i ab l e  
inputs  t h a r  a r e  d i f f i c u l t  and expensive t o  obta in ,  
Can these  systems be s imp l i f i ed  and st i l l  provide 
man ing fu l  i n f o m a t i o n  f o r  management dec is ions?  
What l e v e l  of accuracy w i l l  u s e r s  be w i l l i ng  t o  
accept? 

Managers have equal ly  long l is ts  of quest ions 
r e l a t e d  t o  t h e  o ther  subjec t  mat ter  represented 
i n  t he  components of t h e  proposed SPB system. 
Perhaps t h e  integrat ion--as envisioned--is too 
cumbersome, d i f f i c u l t ,  and r i g i d  t o  be  r ead i ly  
incorporated i n t o  resource management systems. 
The In tegra ted  Pes t  Management &A Program on 

3Y Bark Beet les  of Southern Pines-  w i l l  address 
some of t he se  quest ions during t h e  next  f i v e  years.  
Meanwhile, managers t h a t  a r e  experiencing o r  wish 
t o  avoid severe  l o s s e s  from t h e  SPB may want t o  
examine and include some of what we do know about 
t he  b e e t l e  i n  t h e i r  management programs. Nethods 
f o r  making b e t t e r  con t ro l  dec i s ions  can be 
strengthened a s  add i t i ona l  information r e l a t e d  
t o  " in tegra ted  f o r e s t  pro tec t ion"  becomes 
avai lab le .  
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I/ 
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2 / C, A. H o l l i s ,  R, F. F i s h e r  and W. L, Beers, Jr,- 

Abstract . - -Port ions of t h e  c o a s t a l  lowland prov inces  o f  
t h e  Lower Coas ta l  P l a i n s  a r e  p o t e n t i a l l y  p roduc t ive  and 
manageable sites i f  proper  c o n s i d e r a t i o n  is given t o  t h e  
b i o l o g i c a l  needs o f  s l a s h  p i n e  and t o  t h e  c o n s t r a i n t s  imposed 
by t h e  s i t e  i t s e l f  and BMP g u i d e l i n e s .  Most of t h e s e  s i t e s  
r e q u i r e  some s u r f a c e  wate r  management f o r  access ,  s e e d l i n g  
s u r v i v a l  and t r e e  growth. Our s t u d i e s  show t h a t  most wate r  
q u a l i t y  problems a r e  r e l a t e d  t o  suspended p a r t i c u l a t e s  gene- 
r a t e d  by a c t i v i t i e s  on o r  a d j a c e n t  t o  roads. However, such 
impacts  a r e  o f  s h o r t  d u r a t i o n  and v i r t u a l l y  a l l  evidence of  
s i t e  d i s t u r b a n c e  d i sappears  w i t h i n  t h e  f i r s t  year .  Thus, 
o p p o r t u n i t i e s  e x i s t  f o r  schedul ing  of s i l v i c u l t u r a l  a c t i v i -  
ties t o  minimize wate r  q u a l i t y  impact.  

Most o f  t h e s e  s i t e s  a r e  d e f i c i e n t  i n  phosphorus and re- 
q u i r e  f e r t i l i z a t i o n  t o  i n s u r e  adequate s t o c k i n g  and e a r l y  
h e i g h t  growth. Current  evidence i n d i c a t e s  t h a t  cho ice  of  
f e r t i l i z a t i o n  and tfming o f  a p p l i c a t i o n s  may s u b s t a n t i a l l y  
reduce wate r  q u a l i t y  impact and improve e f f e c t i v e n e s s  of 
t h i s  o p e r a t  ion.  

S u b s t a n t i a l  l i m i t a t i o n s  t o  t r e e  growth appear  t o  be 
r e l a t e d  t o  h i g h  wate r  t a b l e  r e s t r i c t i o n s  on r o o t  development. 
Although, p a r t l y  confounded by n u t r i e n t  immobil izat ion i n  t h e  
h igh  o r g a n i c  m a t t e r  f r a c t i o n  o f  t h e  s o i l  and l o s s e s  t o  run  
o f f ,  p r e l i m i n a r y  evidence s u g g e s t s  t h a t  s u r v i v a l ,  r o o t  volume, 
stem d iameter  and h e i g h t  growth o f  young s e e d l i n g s  i s  pro- 
p o r t i o n a l  t o  dep th  of  t h e  oxygenated zone of t h e  rh izosphere .  
Also, o p p o r t u n i t i e s  f o r  improving s u r v i v a l  and e f f e c t i v e n e s s  
o f  f e r t i l i z a t i o n  wi th  mycor rh iza l ly  i n o c u l a t e d  p l a n t i n g  s t o c k  
appear  e v i d e n t .  
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SILVICVLTUW OPTIONS Q'CANTIFIED: (1-1) SILVICULTUE 

Frank W. k.oods2fl 

A rnethod f o r  qr tant i fying s i l v i c u l t u r a l  o p t i o n s ,  c a l l e d  
(1-1) s i l v i c u l t u r e ,  i s  presen ted .  The n o t a t i o n  f o r  e x p r e s s i n g  
(1-1) h a r v e s t  c u t s  is  revea led .  I n c l u s i o n  of i n t e r m e d i a t e  
c u t s ,  t h e i r  i n t e n s i t i e s ,  and grouping e f f e c t s  a r e  shown t o  
be t h e  nex t  necessary  development. 

INTRODUCTION 

F o r e s t r y  i n  t h e  United S t a t e s ,  a s  w e l l  a s  
throughout  t h e  e n t i r e  world,  h a s  been s t r o n g l y  
i n f l u e n c e d  by methods and p r a c t i c e s  developed 
i n  Germany dur ing  t h e  1 9 t h  cen tury .  So s t r o n g  
have been t h e  t r a d i t i o n s ,  t h a t  t h e r e  have been 
p r a c t i c a l l y  no e f f o r t s  e i t h e r  t o  examine t h e i r  
b a s i c  under ly ing  phi losophy o r  t o  e v a l u a t e  
t h e i r  f i t n e s s  f o r  contemporary needs. This  is 
a t r i b u t e  t o  t h e  v a l i d i t y  and u t i l i t y  of t h e  
s i l v i c u l t u r a l  systems themselves,  and a  rebuke 
t o  t h o s e  who have accepted t h e  s t a t u s  quo a s ,  
"good enough f o r  me."  The f a c t  is  t h a t  t h e  
systems have been conceived independently t o  
meet needs a s  they  a r o s e .  As a  consequence, 
t h e r e  is  no p r o g r e s s i v e  f low from one t o  t h e  
o t h e r  and i t  is n o t  p o s s i b l e  t o  u s e  q u a n t i t a t i v e  
d i f f e r e n t i a t i o n  a s  t h e  b a s i s  f o r  s e l e c t i n g  one 
o r  t h e  o t h e r .  Such d e c i s i o n s  have been, and 
a r e  today ,  s u b j e c t i v e  r a t h e r  than  o b j e c t i v e .  
I n  t h e  p a s t  we have j u s t i f i e d  t h i s  s t a n c e  by 
say ing ,  "Af te r  a l l ,  s i l v i c u l t u r e  is p a r t  a r t  
and o n l y  p a r t  sc ience ."  

There h a s  been o n l y  one f l u r r y  of a c t i v i t y  
i n  which anyth ing  remotely resembling t h e  approach 
proposed h e r e  has  been i n v e s t i g a t e d .  Usher, an  
Engl i sh  worker, was a c t i v e  i n  t h e  l a t e  s i x t i e s  
(1966, 1967, 1969) and Bosch (1971) s h o r t l y  
t h e r e a f t e r .  Ne i ther  t h e  most r e c e n t  German 
s i l v i c u l t u r e  t e x t  (Mayer 1977) o r  American 
(Smith 1962) i n d i c a t e  a  need f o r  a  new t r e n d .  
I n  an overview of  p robable  s i l v i c u l t u r a l  changes 
i n  t h e  f u t u r e  by Smith (1972) and more r e c e n t l y  
by F lorence  (1978), t h e r e  i s  s t i l l  no i n d i c a t i o n  
t h a t  q u a n t i f i c a t i o n  of  s i l v i c u l t u r a l  o p t i o n s  
would, cou ld ,  o r  should emerge. 

This  a t t i t u d e  cannot long cont inue .  Deci- 
sion-making is now c o n s t r a i n e d  by s o  many v a r i -  
a b l e s  and q u a l i f i c a t i o n s  t h a t  i n  t h e  f u t u r e  i t  
w i l l  be  p o s s i b l e  t o  make r a t i o n a l  s i l v i c u l t u r a l  
c h o i c e s  on ly  wi th  computer-based a s s i s t a n c e .  
F o r e s t  managers have, f o r  many y e a r s ,  used t o o l s  
such  a s  l i n e a r  p r o g r a m i n g ,  c a p i t a l  budget ing,  
and marg ina l  a n a l y s i s .  Harvest  schedul ing  and 
m u l t i p l e  use  t r a d e o f f s  can be r e a d i l y  reso lved  
by use  of t h e s e  techniques.  But once a  d e c i s i o n  
is made t o  pursue and op t imize  a  p a r t i c u l a r  s e t  
of g o a l s ,  t h e  cho ice  of s i l v i c u l t u r a l  methods 

becomes h i g h l y  s u b j e c t i v e  . 
For t h e  purposes a t  hand I have concerned 

myself on ly  wi th  t h e  nomenclature of h a r v e s t  c u t s  
i n  a  new approach t o  s i l v i c u l t u r a l  management, 
c a l l e d  (1-1) s i l v i c u l t u r e .  The i n t e r m e d i a t e  c u t s ,  
and t h e  techniques  f o r  a r r i v i n g  a t  t h e  op t imal  
s o l u t i o n  f o r  any d e s i r e d  s e t  of needs w i l l  be 
considered i n  a  f u t u r e  paper .  

OBJECTIVES 

The g o a l s  of t h e  p r o j e c t  r e p o r t e d  h e r e  a r e  
t o :  

( I )  develop a  n o t a t i o n  which w i l l  d e s c r i b e  
any segment from a continuum of p o s s i b l e  
h a r v e s t  e u t s ;  

(2) produce s u b s c r i p t  which w i l l  d e s c r i b e  
i n t e r m e d i a t e  and h a r v e s t  c u t s ;  and 

(3)  produce a  s u b s c r i p t  which w i l l  d e s c r i b e  
how t r e e s  should be grouped i n  a  f o r e s t  
s t a n d  . 

THE RATIONALE 

The h a r v e s t  c u t  is  t h e  prime determinant  
f a c t o r  i n  (1-1) s i l v i c u l t u r e ,  and w i l l  be t h e  
on ly  o p e r a t i o n  considered i n  t h i s  paper .  It 
cu lmina tes  t h e  t o t a l  increment p e r i o d  (TIP) and 
may b e  i n t e r r u p t e d  by i n t e r m e d i a t e  c u t t i n g s  w i t h  
c u t t i n g  c y c l e s  of whatever l e n g t h  b e s t  s e r v e s  a 
p a r t i c u l a r  need. I n  t h i s  r e s p e c t  i t  is n o t  d i f -  
f e r e n t  from some of t h e  systems a l r e a d y  i n  use.  

The concept  of t h e  r o t a t i o n  is n o t  propagated 
i n  t h i s  system because i t  is l a r g e l y  a  myth. For 
a s ingle-aged,  s i n g l e - s p e c i e s  s t a n d ,  a r o t a t i o n  
l e n g t h  of s o r t s  can be  based on a  combination of  
economic and b i o l o g i c a l  f a c t o r s .  But m i t i g a t i n g  
a g a i n s t  even t h e  most p e r f e c t  of s e l e c t i o n  and 
even-aged f o r e s t s  a r e  f i r e ,  i n s e c t  a t t a c k s ,  road 
c o n s t r u c t i o n ,  a i r  p o l l u t i o n ,  and o t h e r  f a c t o r s  
which r e q u i r e  t h e  e a r l y  removal of immature t r e e s ,  
and l e a v i n g  t r e e s  which must exceed m a t u r i t y  i n  
o r d e r  t o  s u s t a i n  y i e l d .  
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Even though t h e  (1-1) system is a continuum, 
i t  has s i x  e a s i l y  recognizable phases. A t  one 
extreme is never-cut s i l v i c u l t u r e  (Fig.  1 ) .  The 
hard-ccte s i l v i c u l t u r i s t  may argue a s  he  has  i n  
t he  p a s t ,  t h a t  without  c u t t i n g  t h e r e  can be no 
s i l v i c u l t u r e .  However, s i n c e  the  dec i s i on  t o  
cu t  o r  not-to-cut is a management op t i on ,  never- 
cu t  i s  a s  v a l i d  as  any o the r  a l t e r n a t i v e ,  For 
t h e  p r e se rva t i on  of n a t u r a l  and wi lderness  a r e a ,  
unique k i n d s  of h a b i t a t s ,  and wi ld  gene pools  
t h a t  might be destroyed o r  decimated by t r e e  
c u t t i n g ,  i t  may be t h e  only t enab l e  choice.  The 
spe c i e s  composition of t h e  system must be extreme- 
l y  shade- to le ran t  i f  reproduct ion  is t o  be consis-  
t e n t  over  l ong  per iods  of time. 

The nex t  category of s i l v i c u l t u r a l  systems 
inc ludes  a  continuum of s e l ec t i on -cu t s  charac te r -  
i zed  by t h e  f a c t  t h a t  s tock ing  is never allowed 
t o  reach t h e  zero (0) l e v e l .  Figures 2 ,  3 and 
4 i l l u s t r a t e  s e l e c t i o n  c u t t i n g ,  wi th  F igure  2 
c l o s e l y  r e l a t e d  t o  t r a d i t i o n a l  high-forest  se lec-  
t i o n .  The age  d i s t r i b u t i o n  of t r e e s  i n  F igure  4 ,  
and t h e  time-sequence of b a s a l  a r e a  removal ap- 
roaches t h a t  which we would f i n d  under a  s h e l t e r -  
wood system. Since any f o r e s t  s tand  managed under 
s e l e c t i o n  s i l v i c u l t u r e  (1-1) i s  always s tocked,  
t h e  s p e c i e s  which lend themselves t o  p a r t i a l -  
c u t  n e c e s s a r i l y  must be a t  l e a s t  moderately shade- 
t o l e r a n t .  

F igure  5 r ep r e sen t s  N-A (never-cut and always- 
c u t )  s i l v i c u l t u r e ,  which r e s u l t s  when a mature 
f o r e s t  s t a n d  i s  c l e a r c u t  and l e f t  t o  grow t o  
ma tu r i t y  once again.  Because commercial f o r e s t s  
a r e  seldom allowed t o  grow t o  matur i ty ,  i t  repre-  
s e n t s  a  t h e o r e t i c a l  r a t h e r  than  a c t u a l  management 
a l t e r n a t i v e .  Absentee ownership, wi th  pe r i od i c  
c l e a r c u t t i n g  can produce t h i s  pa t t e rn .  

F igure  6 ,  7  and 8 i l l u s t r a t e  c l e a r c u t  s i l v i -  
c u l t u r e  i n  which t h e  s tand  is p e r i o d i c a l l y  c l e a r -  
c u t ,  bu t  never  allowed t o  reach 100% of i ts  growth 
p o t e n t i a l .  Figure 6 i l l u s t r a t e s  a  phase s i m i l a r  
t o  t h e  sequence i n  which pulpwood is f r equen t l y  
produced. Maximum water  y i e l d  (Figure 7) and 
w i l d l i f e  browse and s h e l t e r  (Figure 8)  might be 
provided by o the r  phases of c l e a r c u t t i n g .  Species  
used i n  t h i s  type of s i l v i c u l t u r e ,  u sua l l y  w i l l  
be i n t o l e r a n t  of shade. 

F igure  9 i l l u s t r a t e s  always-cut s i l v i c u l t u r e ,  
i n  which a l l  t r e e s  a r e  c u t  a t  l e a s t  once each year  
t o  main ta in  a  t r e e l e s s  condi t ion .  Power l i n e  
rights-of-way, roads ide  v i s t a s ,  and rights-of-way 
along highways a r e  examples. Here, aga in ,  is  a 
s i l v i c u l t u r a l  choice  which can be d i c t a t e d  by 
s p e c i a l  cond i t i ons  and p r e s su re s ,  and which some 
f o r e s t  managers might argue--is not  t r u e  s i l v i -  
cu l t u r e .  Yet ,  t he  dec i s i ons  regard ing  i t s  u se  
must be made us ing  t h e  same c r i t e r i a  used i n  which 
o t h e r  op t i ons  a r e  chosen, which is t h e  b a s i s  of 
s i l v i c u l t u r a l  management. 

Figure 10 and I 1  i l l u s t r a t e  S-C ( s e l ec t i on -  
c l e a r c u t )  s i l v i c u l t u r e ,  which combines t h e  f e a t u r e s  
of t o t a l  and p a r t i a l  c u t t i n g .  Stocking is never 
allowed e i t h e r  reach 100% o r  t o  drop t o  0%. The 
age d i s t r i b u t i o n  of t he  t r a d i t i o n a l  shelterwood 
system bea r s  a  resemblance t o  t h a t  of F igure  10. 

To quant i fy  t he se  op t ions  is  not  d i f f i c u l t .  
Numerically, we have one number, always p o s i t i v e ,  
which de sc r i be s  t h e  lowest po in t  which s tocking  is 
ever  allowed t o  reach.  A second number, always 
nega t ive ,  de sc r i be s  t h e  h ighes t  po in t  t h a t  s tock ing  
is ever  allowed t o  reach.  To express  any c u t t i n g  
op t ion  t he r e fo r e  r equ i r e s  t he  use of two numbers, 
hence t h e  name of t h e  system, (1-1) s i l v i c u l t u r e ,  
Its va lue  l i e s  i n  i ts  capac i t y  t o  quan t i f y  t he  
t o t a l  range of c u t t i n g  op t ions  i n  such a manner a s  
t o  presen t  a  continuum of choices which a r e  s u b j e c t  
t o  o b j e c t i v e  dec i s i on  making. A few examples w i l l  
he lp  t o  expla in  t h e  no t a t i on .  

I n  F igure  1, never-cut s i l v i c u l t u r e  is shown 
t o  have a va lue  of (0-I),  a  va lue  which never 
changes because s tocking  is always 100%. The per-  
c en t  va lue ,  w i th  which a l l  phases a r e  descr ibed  
a r e  d iv ided  by 100 t o  produce numbers which a r e  
more manageable when placed i n  a  mat r ix  f o r  "number 
crunching." Hence, a l l  va lues  w i l l  be between +l 
and -1. 

I n  F igure  2, t h e  s e l e c t i o n  op t i on  depic ted  
has a  va lue  of (.75 - O), bu t  i t  can range from 
(.01 - 0) t o  (.99 - 0 ) ,  i n  t h e  same manner t h a t  
c l e a r c u t  s i l v i c u l t u r e  can vary from (0 - .01) t o  
(0 - .99). N-A s i l v i c u l t u r e  (Fig.  5) always ha s  
a  va lue  of (0-O), because i t  is  a hybrid of never- 
c u t  and always-cut s i l v i c u l t u r e .  - 

S-C s i l v i c u l t u r e  is i l l u s t r a t e d  i n  F igures  
10 a n d l l .  For t h i s  op t i on ,  s tock ing  is never 
allowed t o  reach  e i t h e r  100 o r  0 percent .  F igure  
10 i l l u s t r a t e s  (50-20) whi le  Figure 11 i l l u s t r a t e s  
( 25 -25 ) s i l v i cu l t u r e .  

A s teady  s t a t e  s tand  wi th  l e s s  than f u l l  
s tock ing  can be expressed.  Figure 12 provides an 
example of ( .75 - .25) s i l v i c u l t u r e ,  which is on ly  
one of many p o s s i b i l i t i e s .  

Note t h a t  i t  is no t  pos s ib l e  t o  have a s t and  
f o r  which t h e  maximum a l lowable  is g r e a t e r  than 
t h e  minimal a l lowable  growth. Therefore ,  a  (.75 - 
.30) o r  a  ( - 5 0  - .55) s t and  is not  pos s ib l e .  

There a r e  o the r  a spec t s  of t h e  system t h a t  
need cons idera t ion .  We must develop t h e  n o t a t i o n  
f o r  s tand  information,  t h e  "Y" va lue s  i f  you wish, 
which w i l l  express  

(1) r o t a t i o n  l eng th ,  
(2)  t h e  t iming and i n t e n s i t y  of i n t e rmed ia t e  

c u t s ,  
(3)  grouping e f f e c t s ,  and 
(4)  any o t h e r  information about  s t and  s t r uc -  

t u r e  t h a t  is  necessary f o r  s tand  manipu- 
l a t i o n .  

The no t a t i on  must be de r i vab l e  by c a l c u l a t i o n  
and not  merely a  q u a l i t a t i v e  symbol. It w i l l  be 
acceptab le ,  i n i t i a l l y ,  t o  develop a n o t a t i o n  which 
can be appl ied  t o  a  s i n g l e  s tand  of t r e e s ;  however, 
i t  must u l t ima t e ly  be developed t o  express  f o r e s t  
condi t ions ,  responding t o  both b i o l o g i c a l  and 
economic i npu t s .  

The no t a t i on  f o r  t h e  s i l v i c u l t u r a l  op t ion ,  
which i t s e l f  is a model, must no t  be confused w i th  
t he  mu l t i - c r i t e r i on  decision-making model which 
shapes i t .  



Even though the system of silvicultural 
alternatives presented here is in the infancy 
of its development, it offers a new and unique 
opportunity for quantifying silvicultural after- 
natives. 
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Figures  1-12. -- S i l v i c u l t u r e  (1-1) y i e l d s  an i n f i n i t e  number of poss i -  

b i l i t i e s  f o r  h a r v e s t  c u t s ,  Each of t h e  twelve p o s s i b i l i t i e s  i l l u s t r a t e d  

have been d i scussed  i n  t h e  t e x t .  



MAGEMENT OF UNEVEN-AGED LOBLOLLY-SHORTLEAF PINE STANDS 1' 

Abstract.--Loblolly-shortleaf pine stands on medium and 
good sites in south Arkansas were cut to stocking levels of 
LO, 20, 30, 40, and 50 percent, based on a tree-area ratio 
stocking equation. Residual stems ranged from seedlings to 
12 inches dbh and were distributed with a Q-factor of about 
1.2. Future measurements will determine recovery rates and 
minimum stocking levels necessary for successful rehabilitation 
and management . 

INTRODUCTION 

In the South, 73 percent (140 million acres) 
of the commercial forest land is fragmented among 
more than 1 million private, nonindustrial owners. 
The average net annual growth of timber on these 
lands is about one-half the minimum potential of 
76 cubic feetlacrelyear. Yet these are the 
forests that must produce a major portion of the 
predicted twofold increase in demand on southern 
timberlands by the year 2000. Because need for 
hproving the private landowners' timber production 
is so urgent, the National Forest Management Act 
of 1976 and RPArs Renewable Resources Program for 
1977-2000 charged the Forest Service with 
developing alternatives to even-aged management 
and management systems suitable for private 
nonindustrial landowners. 

Several studies have indicated that 
uneven-aged management may suit the nonindustrial 
landowner's objectives better than the intensive 
even-aged management practiced by most Federal, 
State, and industrial land managers. A major 
problem in placing private land under management 
is the poor condition, or low stocking levels, 
often found on this land. 

-!-/ Presented at the Southern Silvicultural 
Research Conference Movember 6-7, 1980, Atlanta, 
GA . 

Principal Silviculturist, Forestry Sciences 
Laboratory, Monticello, AR.,  Southern Forest 
Experiment Station, USDA Forest Service, in 
cooperation with the Department of Forestry and 
the Arkansas Agricultural Experiment Station, 
University of Arkansas at Pfonticello. 

Research on the Crossett Experimental Forest 
has demonstrated that forest properties having as 
little as 38 ft. basal area, or 2,000 bd. f t ./acre 
(Doyle) sawlog volume, can be quickly rehabilitated. 
However, many private ownerships today have stands 
with stocking levels below 2,000 bd.ft./acre. The 
question arises, then, as to how poorly stocked a 
stand may be and subsequently recover after being 
placed under management. Two studies in south 
Arkansas were designed to answer this question. 

METHODS 

Measurement of Stocking 

A prerequisite for these studies was 
development of a means for measuring stocking 
levels. Stocking, or density, may be expressed 
in absolute measures which express the density on 
an area basis. Relative density is based upon a 
standard. For these studies, density as defined 
by the tree-area ratio is used (Chisman and 
Schumacher, 1940). This technique is based upon 
the assumption that the ground area occupied by a 
tree is related to dbh by a second-degree parabola. 
Since the density of stocking is determined by the 
total of the growing spaces of the individual trees, 
the space utilized on a per-acre basis can be 
expressed by the general formula: 

where Y is the tree-area ratio or growing space in 
milacres, N is the number of trees per acre, and 
D is dbh in inches. This technique provides a 
measure of density readily usable for uneven-aged 
stands and is largely independent of age or site 
index. Chisman and Schumacher used data from 



uSDA Mise. Pub. 50 (1929) t o  d e r i v e  an  equa t ion  
f o r  so-cal led "nomal"  s t ands  of southern pine.  
Their  formula p r e d i c t s  213 twelve-inch t r e e s ,  
709 six-inch t r e e s ,  o r  7,067 one-inch t r e e s  f o r  
100 percent  s tocking ,  These f i g u r e s  were 

t oo  h igh ,  so  i t  was decided t o  fo l low 
c r i t e r i a  o u t l i n e d  i n  t h e  U.S. Fores t  Se rv i ce  
Handbook. The fol lowing t abu l a t i on  shows t h e  
dens i ty  s tandard  i n  terms of t r e e s  per  a c r e ,  by 
s i ze  c l a s s ,  requi red  f o r  100 percent  s tocking:  

DBW - TreeslAcre DBH TreeslAere 
f n. - No. 

P 
In .  - No - 

Seedlings 
2 
4 
6 
8 

10 
12 
14 

Using d a t a  i n  t h e  above t abu l a t i on ,  a  
formula was f i t t e d  t o  g ive  e s t ima t e s  of t h e  
t ree-area  r a t i o .  I n  de r i v ing  t h e  formula, t h e  
dbh of s e e d l i ngs  was considered a s  0.0,  and 
midpoints  of 1-inch diameter  c l a s s e s  were used. 
The f i t t e d  equa t ion ,  based on t h e  above c r i t e r i a ,  
was  : 

Tree-area r a t i o  = 1.6667 + 0.0404D + 0.0434D 
2 

This  formula was used f o r  t h e  fol lowing s t u d i e s .  

Study I n s t a l l a t i o n  

One of t h e  s t u d i e s  was i n s t a l l e d  on 
uneven-aged l ob lo l l y - sho r t l e a f  pine-hardwood 
s t ands  i n  Ashley County, Arkansas. S i t e  index 
f o r  l o b l o l l y  p ine  i s  about 95 f e e t  a t  age 50. 
A second s t udy  was i n s t a l l e d  i n  uneven-aged 
s t ands  i n  Nevada and Ouachita count ies .  S i t e  
index f o r  l o b l o l l y  i n  t h i s  s tudy  is about  80 
f e e t .  There were fewer hardwoods and underbrush 
on t h e  Nevada-Ouachita County p l o t s  than on t h e  
Ashley County p l o t s ,  probably because of t h e  
lower s i t e  index. 

Stocking l e v e l s  of 10,  20, 30,  40, and 50 
percent  were e s t ab l i shed  on square,  1-acre p l o t s ,  
wi th  one-half a c r e  i n t e r i o r  measurement p l o t s .  
Following a pre l iminary  inventory  of t h e  s tudy  
a r ea s ,  a l l  t r e e s  l a r g e r  than 12 inches  dbh were 
logged from p l o t s  dur ing  t h e  dormant 1979-80 
season,  Trees  i n  t h e  smal le r  dbh c l a s s e s  were 
subsequently removed u n t i l  t h e  prescr ibed  s tocking  
l e v e l  was reached. Remaining t r e e s  ranged from 
12  inches  dbh t o  s eed l i ngs  and were s e l ec t ed  f o r  
uniformity of d i s t r i b u t i o n .  An e f f o r t  was a l s o  
made t o  s e l e c t  adequate numbers of stems i n  each 
I- inch diameter  c l a s s  t o  approximate a  Q-factor 
of 1.2 t o  1.3. Theo re t i c a l  and a c t u a l  numbers 
of stems on two s tudy  p l o t s  (10 and 50 percent )  
a r e  shown i n  t a b l e  I .  

A l l  hardwoods were i n j e c t e d  with Tordon 101 i n  
t he  spr ing  of 1980. The only  f u t u r e  management 
p r a c t i c e  a n t i c i p a t e d  o the r  than hardwood con t ro l  
w i l l  be f i r e  p ro t ec t i on ,  P ines  reproduced on 
bu f f e r  s t r i p s  w i l l  be allowed t o  remain, but  
reproduct ion  on t h e  i n t e r i o r  m e a s u r a e n t  p l o t s  
w i l l  be removed a t  pe r i od i c  i n t e r v a l s .  Thus, 
f u t u r e  de te rmina t ions  of s tocking  l e v e l s  w i l l  t ake  
i n t o  account on ly  those  t r e e s  growing on p l o t s  
when t he  s t u d i e s  were i n s t a l l e d .  

Stocking l e v e l s ,  based on t h e  aforementioned 
t r e e  a r e a  r a t i o ,  w i l l  be determined a f t e r  2 and 5 
years .  I nc r ea se s  i n  s tocking  l e v e l s  w i l l  be 
determined f o r  a l l  p l o t s  a f t e r  each of t he se  
per iods .  Regression ana lyses  w i l l  be used t o  
p r e d i c t  s tock ing  a f t e r  a  spec i f i ed  i n t e r v a l ,  
based on i n i t i a l  s tock ing;  percent  s tocking  a f t e r  
t h e  s p e c i f i e d  i n t e r v a l  w i l l  be p l o t t e d  over  i n i t i a l  
s tock ing .  

Resul t s  of t he se  s t u d i e s  should t e l l  how 
poorly s tocked a s tand  may be and subsequently 
recover  a f t e r  being placed under management. 

LITEMTURE CITED 

Chisman, H. H. and F. X. Schumacher, 
1940. On t h e  t ree-area  r a t i o  and c e r t a i n  of 

i t s  a p p l i c a t i o n s ,  Jou r .  For ,  38: 311-317. 

U.S. Department of Agr icu l ture .  
1929. Volume, y i e l d ,  and s tand  t a b l e s  f o r  

second-growth southern  p ines .  Misc. Pub. 
No. 50. 

Table 1.--Theoretical and a c t u a l  numbers of 
stems per  a c r e  f o r  two r ep re sen t a t i ve  
s tudy  p l o t s  wi th  10 and 50 percent  
s tocking .  

50 % Stocking 10 % Stocking 
3 f  ~ h e o r e t  .l' ~ c t u a l ~ '  ~ h e o r e t  .l/ Actual- 

I I 
Inches No. - No. - No. - No. - 

Seedl ings  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 2 

To t a l  200 



REGULATION OF UNEVEN-AGED LOBLOLLY-SHORTLEAF PINE FORESTS 1' 
2 1 Robert M. Farrar - 

Abstract.--Briefly reviews regulation of loblolly-shortleaf 
pine forests managed under the selection system. Presents two 
alternative techniques of regulation with some advantages and 
disadvantages of both. Reports the current effort on regulation 
research at the ~onticello/Crossett Project . 

Historically, the selection system has had 
its ups and downs in this country; and, with few 
notable exceptions, it has never received the 
interest given even-aged systems. Perhaps this 
is because the majority of our most economically 
important timber types are principally composed 
of more or less intolerant species and generally 
well-suited to even-aged silvicultural systems, 
which in turn may be more efficient for large 
scale operations. However, there are probably 
few timber species in the country that cannot 
be managed under some form of the selection 
system--including longleaf pine with cyclical 
burning. But, the process might not be as 
efficient for some particularly intolerant 
species as an even-aged system. Past research 
has shown that the loblolly-shortleaf pine type 
can be managed rather easily under a selection 
system. Some form of the selection system may 
provide an attractive alternative for the 
non-industrial landowner who possesses few acres, 
wants to manage his existing stand to obtain 
reasonable returns in his lifetime, and is 
unable or unwilling to incur large capital costs 
associated with certain even-aged management 
techniques. 

dis-genic effects from mis-application, and (c) 
perceived difficulties in application of certain 
area-wide treatments such as prescribed burning. 
The first drawback, unfamiliarity, can be overcome 
by reference to good silviculture and management 
texts (i.e., Smith 1962, Davis 1966) and current 
literature, and through information exchange with 
foresters who have effectively practiced the system 
The second, variance with established operations, 
should not exist at all because we need to have 
a full complement of alternative silvicultural 
and management techniques at our disposal if we 
ate to do justice to our clients and ourselves as 
professionals. The last group of problems is 
real but each can be minimized. 

DEFINITIONS PERTAINING TO UNEVEN-AGED MANAGEMENT 

A few working definitions for this paper's 
purpose are: 

Regulated forest = one where age and/or 
size classes are represented and growing such 
that nearly equal periodic yields of desired 
products are obtained. It may be composed of 
even-aged stands, uneven-aged stands or both. 

Currently, the main drawbacks to selection Uneven-aged stand = one that contains 3 or management seem to be (1) a general unawareness 
or misconception of the system, (2) vague more distinct age (size) classes. In practice it 

is a stand that exhibits a d.b.h. distribution 
perceptions of the system as a threat to tending towards a "rever se-J" in shape rather than 
established policies and operations, and (3) some the mound-shaped curve typical of an even-aged 
truly inherent problems regarding: (a) the need stand. It has no start or end point in time. 
for more elaborate inventory details, (b) possible 

Balanced uneven-aged stand = one whose d.b.h. 
distribution closely follows a negative exponential 

L1 Presented at the Southern Silvicul rural probability density function (reverse-J). The ratio 
Research Conference, Atlanta, GA., Nov, 6-7, 1980. of numbers of trees in succeeding d.b,h, classes 

is a constant (called Q); Ni/NI+l=Q. 
21 Mensurationist, Forestry Sciences 

Laboratory, Monticello, AR.,  Southern Forest 
Experiment Station, USDA Forest Service, in 
cooperation with the Department of Forestry and 
Arkansas Agricultural Experiment Station, 
University of Arkansas at Monticello. 



The exponential p.d. f . is: f (x) = re-r(x) 
where x = d.b.h. and Q = e rW where w = d.b.b. 
class width. 

bo bl(Di) 
 he functFosel f o m  is: Hi = e e or 

N. & Di = number of trees 

in ith d.b.h. class and 

Irregular uneven-aged stand = one whose d.b.h. 
distribution does not closely follow a negative 
exponential distribution (the Q is not a constant). 

Selection system = any silvicultural program 
aimed at the creation or maintenance of uneven- 
aged stands. 

Selection method = Activities employed for 
the regeneration of uneven-aged stands. There 
are several recognized modifications of the 
selection method: single tree = removal of 1 or 

few trees for regeneration 

group = removal of small patches of trees 

strip = similar to strip shelterwood or 
clearcut 

Dauerwald = similar to single tree but no 
thought given to regeneration 

diameter-limit = removal of all trees in and/ 
or above a specified diameter 

"economic1' selection or "selective cutting" = 
not a valid method = high-grading 

Selection and even-aged systems can be viewed 
as a closed continuum, i.e., single tree selection 
can grade into irregular shelterwood, while group 
selection can approach patch clearcutting. The 
key distinction is related to area-wise age 
distribution and record-keeping. For example, if 
records on tree age (or size) are kept on a tree 
to tree basis, then the selection system is 
indicated. If records on tree age (or size) are 
maintained on an area basis, then an even-aged 
system is probably being used. 

PAST 

A history and status report of selection 
management in this country can be found in the 
proceedings of a workshop conducted by the Forest 
Service (1978). A few points brought out at that 
workshop should be emphasized. The French 
forester de Liocourt observed that the number of 
trees in successive d.b.h. classes in an uneven- 
aged forest tended to decrease in a smooth 
geometric progression and this progression was 
apparently stable through time (Pleyer 1952). In 
other words, Q tended to be a constant with time. 
A number of foresters have made contributions to 
uneven-aged forest management in various parts of 
this country. Neyer and Stephenson (1943) noted 
that the d.b.h, distributions of virgin northern 

hardwood forests in Pennsylvania tended to have a 
constant Q and that the structures were also 
apparently stable through time. Pearson (1950) 
employed a variation of the selection system in the 
management sf psnderssa pine In the Sourhwest. 
Several workers in the U.S. Forest Service's 
Northeastern Station territory have applied the 
selection system to various forest types on an 
experimental basis. They have significantly 
contributed methods for inventorying and objectively 
describing and prescribing the structure for 
selection stands (Leak 1963, 1964, 1965; Trimble 
et al. 1974; Trimble and Smith 1976; Marquis 1978). -- 
Several Western workers have discussed applications 
and modifications of these techniques in certain 
coniferous types (Alexander and Edminster 1977 a & 
b, Hann and Bare 1979). In the South, the most 
notable contributors to selection management have 
been Reynolds (1959, 1969), working with loblolly- 
shortleaf pine stands in southeastern Arkansas, 
and Brender (1973), working with loblolly pine in 
the Georgia Piedmont, 

This discussion deals with data and derived 
functions from selection-managed stands in 
southeastern Arkansas and the application of 
regulation techniques employed by Reynolds in the 
Southern Station and suggested by Northeastern 
Station research. 

PRESENT 

In uneven-aged management, the cutting cycle 
replaces the even-aged rotation as an operating 
control. If a 10-year cutting cycle and an annual 
cut are desired, the property is divided into 10 
equally productive areas and one area is cut each 
year. Stands are not classified by average age 
or tree size but by d.b.h. distribution and volume 
(stand and stock table) and species composition. 
At our present stage of research at Monticello/ 
Crossett we consider that we have essentially one 
species--pine--composed principally of loblolly 
with a minority of shortleaf (about 113 of the 
volume). So, we deal with the pine stand and 
stock table in regulation activities. 

We presently have one operable technique for 
regulation with which we have had experience-- 
plus some associated local volume prediction and 
projection equations which allow us to look at 
various options. This technique is essentially 
regulation through volume control in the sawtimber 
component of the stands using a "guiding d.b.h. 
limit". Briefly, it works as follows: First, you 
need an inventory by d.b.h, classes and a local or 
other volume-defining function to generate an 
observed stand and stock table. Then you decide 
upon a cutting cycle, how much volume your stand 
should have at the end of the cycle, and at what 
rate the stand is expected to grow. For example, 
if 7000 fbm (Doyle) volume is desired at the end 
of a 5-year cutting cycle, and the stand is expected 
to grow at a 6% compound rate, then the residual 
stand volume is calculated as 7000/(1.06)~ or 



5231 fbm. If the stand presently has, say, 9952 
fbm, the cut is 4721 fbm (9952-5231). A volume 
of 1769 fbm (7000-5231) should be restored by 
expected growth in 5 years to result in 7000 fbm 
standing a t  the and of that period. A stand 
containing about 7000 fbm (Doyle), 1400 cubic 
feet in sawtbber, 2000 merchantable cubic feet, 
and 75 square feet of basal area is considered 
by Reynolds L/ to be a general or working optimm 
at the end of a cutting cycle for south Arkansas 
and north Louisiana. If the stand initially 
contains less volume, the cut should be propor- 
tionally less to allow for an increase in stocking. 

Once the cut volume is determined, volumes 
are accumulated by d.b.h. class, starting with 
the largest, until a volume equal to the proposed 
cut is reached (see table 1) .  The d.b.h. class 
where this volume is reached is the "guiding 
d.b.h. limit" (g.d.1.). The general plan is to 
cut all trees with d.b.h. equal to or larger than 
the g.d.1. until the allowable cut is reached. In 
practice, however, larger trees are left if they 
are growing well and less desirable smaller trees 
are substituted, The principal objective is to 
keep the sawtimber component producing at a good 
rate. The sub-sawtimber component is not regulated 
but thinned according to silvicultural need. 
Silvicultural experience is very valuable in this 
activity if a sufficient ingrowth reservoir is to 
be maintained to supply future harvests. No 
particular attention is paid to regeneration 
because, in this area, loblolly seeds prolifically 
and normal cutting and logging disturbance provides 
adequate space and seedbed requirements--lf 
hardwoods are kept under control. This system 
closely resembles the classical Dauerwald system 
of Europe where regeneration received no 
consideration. In actual practice however, 
attempting to apply a selection system without 
some provision for regeneration is like 
attempting to develop a perpetual motion machine-- 
it is impossible. Periodic regeneration is the 
necessary basic input that sustains the system. 

In order to facilitate prediction of volume 
growth responses from differing density and cutting 
cycle regimes, we have developed a system of cubic- 
foot volume prediction and projection functions 
(Murphy and Farrar 1980) from long-term studies 
of regulation at Crossett. The equation system 
consists of a stand volume predictor and a basal 
area projector using initial basal area and 
elapsed time as the input variables and is based 
on the technique of Moser and Hall (1969). 
Examples of how this equation system can be used 
are illustrated in Figures 1 and 2. In the first 
example, a 3-, 6-, or 9-year cutting cycle is 
ernployed with the aim of having the same basal 
area (or volume) at the end of each cycle. In 

each case, the stand will have grown back to a 
density level of 75 square feet of basal area 
during the interval between harvests. The second 
example illustrates cutting to a conatant basal 
area (60 square feet) on a 3-, 6-, or 9-year 
cutting cycle. Table 2 shows the periodic annual 
increment (p.a.i.) from these exercises over an 
18-year period and suggests that little difference 
can be attributed to cutting cycle length for 
these examples. Reynolds' (1969) results from 
maintenance of these cutting cycles for about 
30 years on a total of 24 forty-acre compartments 
supports the same trend. 

Table 1.--Example of cut volume determination in 
a selection stand regulated by "volume-guiding 
diameter limit" (per acre). 

No. Merch. 
DBW Trees Vol. Board-foot Volume 

--before cut-- 
before cut cmul.cut after cut 

(in. ( f "> -------- (fbm,D~yle)---------- 
4 17.1 9 
5 15.6 28 
6 13.2 45 
7 10.0 54 
8 8.5 67 
9 5.6 60 

10 6.0 84 169 
11 6.7 119 265 
12 5.9 129 329 
13 4.3 114 329 
14 6.1 195 631 
15 4.0 149 533 
16 5.3 230 898 
17 4.5 224 944 
l8,/ 3.2 180 809 
19- 3.5 219 1047 4721 
20 1.3 94 474 4001 
21 1.6 125 663 3527 
22 1.2 103 573 2864 
23 1.1 100 582 2291 
24 0.9 96 577 1709 
25 0.1 15 9 3 1132 
26 0.1 16 104 1039 
27 0.3 34 23 1 935 
28 0.3 36 255 7 04 
29 0.3 38 28 1 449 
30 0.0 0 0 168 
31 0.1 21 168 168 

126.8 2584 9952 4721 5231 

L/ guiding d.b.h. limit 

1 / - 
R. R. Reynolds, personal comunication, 
1979 
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Table 2.--Observed and predicted Periodic Annual Increment (P.A.I.) for selection stands of 
loblolly-shortleaf managed under 3-, 6-, and 9-year cutting cycles, SI=90 class. 

Cutting 
Constant 75 

Cycle Final BA Initial Bk 

Period P.A.I. Period P.A.1, Period P A .  I. 
(years) (years) (ft.3) (years) (ft.3) (years) (it. 3, 

3 

Note that the equation system allows simulation of 
many more regulation schemes than those shown (i,e., 
increasing or decreasing basal area, varying the 
cutting cycle within a regime, etc.). Our next 
step here with this system is to extend it to 
sawtimber volume prediction and projection and to 
site indices other than the 90 class. 

FUTURE 

Experience suggests that the "volume-g.d.1." 
regulation technique will allow us to adequately 
regulate selection stands principally for sawtimber 
volume production for considerable periods of 
time. Simplicity is its greatest virtue. As 
long as conditions are similar to those studied 
at Crossett, our stand basal area and cubic-foot 
equation systm will allow us to predict the 
initial and final volumes for a considerable 
array of conditions and anticipated improvements 
in the system should greatly extend its utility. 

However, a few problems remain. One is lack 
of objectivity in prescribing the structure of 
the residual stand, particularly the sub-sawtimber 
component, and another is predicting the size- 
class distribution of volume in the future 
structure. The "volume-g.d.1." technique, 
including the stand basal area and voltune 
predictors, has little predictive ability 
regarding stand and stock tables. We think 
for both problems we have a single solution that 
will provide interim guidelines for regulation. 
It is employment of the HE Station "basal area- 
maxbunz d.b.h.-Q" or BDQ technique for objectively 
prescribing a residual structure for a selection 
stand. The elements of BDQ are: the residual 
basal area (B)  that you desire, the maxhum tree 
dbh (D) that you elect to leave, and the ratio 
(Q) between the numbers of trees in succeeding 
d.b.h, classes that you select. If you know 
these three factors and have a volume-defining 
function, you can generate a stand and stock 
table for any combination of these 3 factors. 
The software is easy to develop for computers, 
including programmable hand-held models. However, 
computer capability is not at all necessary to 
employ BDQ (see Marquis 1978). 

Starting with an observed stand and stock 
table from an inventory (table 3), you can genera 
a target residual structure using the BDQ 
technique (after Marquis 1978). Basically, this 
entails distributing the desired residual basal 
area between specified minimum and maximum d.b.h, 
classes according to a Q. Table 4 shows a target 
stand and stock table generated for a B-60, D-22, 
431.155 and figure 3 shows the d.b.h. distribution 
By subtracting the target from the inventory you 
then know rather precisely how many trees are to 
be cut and left in each d.b.h, class. If basal 
area is lacking in some classes you can leave 
extra basal area in smaller classes. All you 
have to do is find the trees; cut the worst and 
leave the best in each class. This is a great 
advantage for foresters who might like to apply 
the selection system but do not have experience 
with it, In field application, the objectivity 
of this technique is the principal improvement 
over the "volume-g.d.1." technique where 
considerable subjectivity is employed in treating 
the sub-sawtimber component. Also, the entire 
stand is regulated rather than just one component 
and this is important if area is to be efficiently 
utilized and ingrowth reservoirs maintained. 
Given a reasonably good choice of B, D, and Q, 
you have an objective means of prescribing the 
residual stand and the cut. You have some 
assurance that you have created a reasonably 
good residual structure for a selection stand 
even if you have not had extensive experience 
with selection systems. 

This does not mean that we are home free, At 
present, all we have is circumstantial evidence of 
the utility of the BDQ technique. As far as I 
know, it has nat been tested rigorously in 
southern pine stands. However, we do have a good 
starting point. From the historical records of 
selection system research, we know that the Q for 
1-inch classes hovers around 1.2 (figure 4) for 
the Crossett stands. This is particularly 
encouraging because these stands were not 
regulated by BDQ and residual densities and 
maximum diameters were not constant within a 
cutting cycle. We also have evidence as to what 
the residual basal area (B) should be for cutting 
cycles of 3 to 10 years for conditions near 



Reynolds' working optimum. Further, we can also 
select a maxhm d.b.h. (Dl that (in conjunction 
with B, Q, and estimated B and D growth) will 
generate initial and final structures that closely 
approximate Reynolds' optimum basal area and 
volrmmes (Tables 4 and 5, Figure 5 3 .  Obviously, 
the next step is to experimentally regulate a 
series of stands by BDQ and determine the response 
of basal area, maxirnum d.b.h., and Q over the. 
ge have initiated research toward this end and 
will soon have 66 stands experhentally regulated 
under BW (table 63. We are confident we can 
predict future basal areas, and maximum d.b.h. 

should he predictable from increment cores or, 
better, from stand parmeters and elapsed t h e .  
Hopefully, an established Q will essentially 
remain constant over time but, if not, it shauld 
change in a fashion predictable by stand parmeters 
and elapsed time. Given all this plus a tree 
height predictor and a volme-defining function 
(i.e., integrated taper function), we then have 
the components of a stand and stock table predictor 
and projector for the regulation of selection 
stands of loblolly-shortleaf that are managed 
using BDQ. 

Table 3.--An observed stand and stock table for a selection stand of loblolly-shortleaf, SI==90 class. 

o i  3 t.,21er-,t of .  * :  E:EFI:IF'E-1: I - I T  
C 83 m p at- t. m e r-t t. : :,, E I- E i T I 111 1.I ;I' 

t* LJ c j  y : $1. I1 T I.1 E T ti [I D 5 
Spec i ~ 2 . ;  LI~P-SH~:IRT 
Date: HPH.74 
Hcreage: 7 . 5  

PER R C H E  



Table 4.--A BDQ af ter -cut  target stand and s tock  c a b l e ,  SI=90 c lass ,  
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Figure 3 .  --Observed a n d  a f t e r - cu t  t a rge t  d a b .  h .  distributions fo r  a  se lec t ion stand of 

lob101 ly-shor t leaf ,  S I=90  c l a s s .  
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Table 5.--Five-year BDQ projection of an o p t h m  after-cut structure, S 1 4 0  class. 
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Date : RPR. 8 4  

Plrnlnum DBH: 1 
M a ~ r m u m  DBH: 2 4  
O Katlo : 1.155 
DBH Class W1dt.h : 1 
Exponent  sn DBH : 1 
Basal H r e a  p e r  t 3 ~ r - c  : 7 5  

+ r + , * , + ~ + + + + , * * + * + + C * + * - t C + i * i * i i + + i + + + + + + + + 4 + + + + + + * + + * + + + + + + + * * & 4 + + + ~ + * * + * & + + + +  

CONCLUSION 

Some progress has been made in research on 
regulation of uneven-aged loblolly-shortleaf pine 
forests, but by no means has the final answer 
arrived. We look at our prediction and projection 
systems for selection stand regulation as approxf- 
mations. We can regard the f'volme-g.d.l." 
technique as stage 1, our stand-level basal area 
and volume predictors and projectors as stage 2, 
and adaptation of the BDQ system will probably be 
stage 3, and stage 4 will probably be similar to 
stage 3 except that non-constant Q or more flexible 
distribution functions (i.e., truncated Weibull) 

will be employed, if necessary. These may be 
required so that we can more closely characterize 
and predict for those residual d.b.h. distrfbutions 
that do not closely approach an exponential, We 
may find that d,b.h. distributions other than the 
simple exponential are more efficient for certain 
growth and production objectives. But, whatever 
d.b.h. distribution shape is chosen, it must be 
sustainable, within limits, over time; which means 
that it must allow for adequate periodic regenera- 
tion and subsequent ingrowth. 



Table 6.--Selection stands contribuiing data on v j e c t i v e  regulation v i a  BDQ technique.  

LMS , 1cD. -shor t .  70 6 0 2 G 1.2 l 1 C 
FSS F l o b . - s h o r t .  70 5 0 15 1.2 1 10 

l o b . - s h o r t .  70 4 0 10 1.2 1 10 
LMS , l o b . - s h o r t .  90 6 0 2 2 1.2 1 10 
CEF l o b . - s h o r t .  90 5 0 16 1.2 1 10 

lob.-short .  90 40 10 1.2 1 10 
E -  A Conv.,  l a b . - s h o r t .  90 6 0  16 1.2 2 5 
C E F  

J. / - 
s i t e  f n d e x  a t  age  S3 I o b l o l l y  except f o r  Ouachita s h o r t l e a f  s t a n d s  

............ ... . .. Final (before cu t )  

I t i i  l i a l  ( a f t e r  c u t )  

,, 
&. 4 6 e 10  1 2  1 4  16  1%: 20 22 24 

D . E . H .  
Figure 5.--BDQ d.b.h. d i s t r ibu t ions  approximating optimum s t ruc tu res  fo r  loblol ly-  

s h o r t l e a f  se lec t ion stands using a 5-year cut t ing  cycle,  SI=90 c l a s s .  
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GROWTH AND Y IELU OF UNEVEN-AGED LOBLOLLY-SHORTLEAF PINE STANDS--& PROGRESS REPORT 1' 
2 1 Paul A. Murphy - 

Abstract.--Although uneven-aged growth and yield has been 
a neglected topic, some potentially useful approaches have 
been developed. Following is a synopsis of research-in- 
progress at Nonticello/Crossett in applying these approaches 
and developing others. 

INTRODUCTION 

Much less information is available on the 
growth and yield of uneven-aged stands than on 
that of even-aged ones. Most forest management 
organizations have chosen even-aged management 
for several reasons; for example, silvicultural 
tasks can be administered efficiently, there is 
already a large investment in tree improvement 
programs, fire can be used as a silvicultural 
tool, and even-aged management usually needs less 
technical expertise. 

But interest in uneven-aged management as a 
practical alternative has recently revived, 
particularly for private nonindustrial ownerships 
in the loblolly-shortleaf pines of the South. 
Fortunately, research done elsewhere on uneven- 
aged growth and yield is a reservoir of experi- 
ence and expertise. Some of this information has 
recently been summarized (U.S. Forest Service 
1978, Hann and Bare 1979). 

-!-' Presented at the Southern Silvicultural 
Research Conference, Atlanta, Georgia, 
November 6-7, 1980. 

2/ Principal Mensurationist, Forestry 
Sciences Laboratory, Monticello, Ark., Southern 
Forest Experiment Station, Forest Service-USDA, 
in cooperation with the Department of Forestry 
and the Arkansas Agricultural Experiment Station, 
University of Arkansas at Monticello. 

STATUS OF PRESENT KNOWLEDGE 

Structural Description 

Stand structure is important in management 
of uneven-aged stands. Stand structure can be 
defined as the number and distribution of trees 
per unit area by species, age, size, spacing, or 
other attributes. Here it is the distribution of 
trees by dbh classes. The French forester 
de Liocourt observed that the number of trees in 
successive dbh classes usually forms a smooth 
geometric progression (Meyer and Stevenson 1943, 
Meyer 1952), which can be represented graphically 
by a reverse J-shaped curve. The ratio of the 
number of trees in a given dbh class to the 
number in the adjacent higher class was usually 
constant. This ratio is called "Q". Meyer and 
Stevenson (1943) graphically fitted the logar- 
ithmic form of the reverse-J or exponential 
function to several virgin beech-birch-maple- 
hemlock forests in Pennsylvania and found that 
these stands usually followed a constant Q. 
later attempts at describing uneven-aged stand 
structure have focused on using some variant of 
the Q concept. 

Leak (1963, 1964) showed how Q can be calcu- 
lated by least squares and developed a technique 
for describing stand structure whire 9 values 
vary by dbh classes, He later (1965) empha- 
sized that the exponential (sometimes called 
negative exponential) probability density func- 
tion pdf could be used to describe uneven- 
aged stand dbh distributions and that the 
parameter of the distribution was functionally 
related to Q .  Moser (1976) showed how a dbh 
distribution can be specified for a given expo- 
nential function, maximum tree size, and density-- 
with density stated as basal area, tree-area 
ratio, or crown competition factor. To date, no 
one has tested the exponential pdf by empirically 
fitting it to stand dbh frequency data and 
comparing it with actual stand tables. 



Bailey and Dell (1973) fitted the Weibull 
pdf to uneven-aged stand data as an example 
and recognized that the exponential is a special 
form of the Weibull. In their example, the 
ijeibull shape-parmeter was flxed at 1 so they 
were fitting an exponential to the uneven-aged 
stand data rather than allowing the full Weibull 
to be estimated. Wyink and Moser (1979) fitted 
the three-parameter Weibull to uneven-aged hard- 
wood dbh distribution data and modeled the 
change in the Weibull scale and shape-parmeters 
over time. Stiff (1979) used the left-truncated 
two-parameter Weibull to represent dbh 
distributions of mixed-species Appalachian hard- 
woods. 

In the past the exponential function has 
been used for providing a guide to desirable 
stand structure in uneven-aged stands. It is 
simple in concept and easy to apply. But it may 
not be possible to keep stands regulated to a Q 
structure, and a Q distribution may not be best 
for maximum growth. These problems are hypo- 
thetical and need to be proved or disproved by 
studies. The exponential has much precedence 
and attraction and is the logical candidate to 
test first. 

Stand-Level Models 

Some progress has been made in predicting 
growth and yield for uneven-aged stands. Moser 
and Hall (1969) formulated a growth and yield 
model for stand volume and stand basal area based 
on the principle that yield should be the 
integral form of the growth function. This idea 
had been used by Buckman (1962) and Clutter 
(1963) to develop equations for even-aged pine 
stands. The only variables they used were 
volume and basal area. Hyink and Moser (1979) 
developed a yield model based on predicted 
changes in the Weibull function fitted to dbh 
frequency data. 

Moser later (1972) derived a system of 
first-order, ordinary differential equations for 
describing the components of net growth by basal 
area and number of trees. This system was later 
expanded (Ploser 1974) to include different size 
classes. 

Leary (1970) described how to predict 
survivor growth by size classes by using non- 
linear ordinary differential equations for 
northern hardwood stands. Solution of these 
equations was based on the boundary values rather 
than least squares. 

Ek (1974) formulated a series of nonlinear 
equations that described ingrowth, mortality, 
and survivor growth bydbh classes. Ingrowth 
was the number of trees growing into the smallest 
dbh class. The equations describing mortality 
and upgrowth were used for all size classes; 
there were no separate equations for eachdbh 
class. 

Stand table projection is a technique long 
used to make short-term forecasts of forest 
stands, both even- and uneven-aged. Wahlenberg 
(1941) is perhaps the best example of stand 
table projection techniques, A recent variant 
of stand table projection is the &rkov chain 
approach: as in Peden, Williants, and Frayer 
(1973) and Bruner and Moser (1974). 

Tree Level Models 

The growth and yield models described so far 
have used either stand variables or variables 
that are aggregated values, such as number of 
trees by dbh class. Individual tree simula- 
tion is another approach to uneven-aged growth 
and yield modeling, in which the change in 
variables associated with individual trees is 
projected over time. Models of this type fall 
into two main groups--distance-independent and 
distance-dependent. The distance-dependent 
models use some measure of competition from 
neighboring trees. This measure is related to 
the distance between the simulated tree and the 
competitor tree. In distance-independent models, 
stand level attributes are used to modify the 
growth of the simulated tree, In both cases, 
attributes of the trees themselves are also used 
to model individual tree growth. The summation 
of the individual tree growth is stand growth. 
Most of these models have been developed for 
pure even-aged stands or plantations. There 
have been fewer attempts with mbed, uneven-aged 
stands. 

Ek and Monserud (1974) developed a computer 
model called FOREST to sfmulate the growth and 
reproduction of plots in mixed species, even- or 
uneven-aged forest stands. The model incorpor- 
ated tree size and inter-tree distances. Botkin, 
et al. (1972) developed a mixed species individ- -- 
ual tree computer simulation model, in which the 
effect of other plot trees was defined in a 
variable that was the sum of the leaf areas of 
all the larger trees on the plot. Stage (1973) 
developed what was called a "prognosis model 
for stand development." It is a distance- 
independent tree growth simulator. 

The advantages of stand-level versus 
individual tree models have been debated in 
recent years, and the general consensus seems 
to be that neither has better predictive power. 
The single-tree models provide a wealth of 
information, since they may be aggregated 
from the individual tree, but the cost of 
simulation with this type of model can 
be expensive. Costs, however, must be 
constantly re-evaluated because the rapid devel- 
opment of minicomputers is continually bringing 
down the cost of processing. The stand-level 
models offer the advantages of simplicity 
and low-cost simulation. Simplicity is not necess- 
arily best, but it enables the observer to under- 
stand how the componants are working in 
relation to each other. The complexity of 



individual tree models can defy comprehension, 
sometimes even of the creator. Often 
choice of model may be dictated by the nature 
and form of the data. 

For the initial investigation, Crossett 
Experimental Forest historical data going 
back to the late 1930's were available. The 
form of this infomation requlres stand-level 
models, if these data are to be used. Also, 
it was felt that concentrating efforts in 
this direction will ultimately help in the 
development of single-tree models that may 
be needed in the future. 

RESEARCH-IN-PROGRESS 

This research program can be divided into 
three general areas: (1) prerequisite studies, 
( 2 )  characterization of extant stand conditions, 
and ( 3 )  projection of the changes in these 
conditions over time with and without treatment. 

Prerequisite Studies 

Two studies were used in the area 
of preliminary research--investigations that are 
necessary for providing information needed as a 
basis for each research. The first study is the 
development of comprehensive tree volume and 
taper functions for naturally regenerated 
loblolly and shortleaf pines. Stem measure- 
ments of some 500 loblolly and shortleaf trees 
have been collected to date, and should total 
total about 600 when field measurements are 
completed. The results will enable researchers 
to calculate tree volumes for different 
merchantability standards and develop multiple- 
product yield estimates for trees and stands. 

A study on how size of the research 
plot affects variability of selected stand 
variables was completed. The variables--basal 
area, number of trees, arithmetic mean diameter, 
quadratic mean diameter, sum of diameters, 
minimum diameter, and maximum diameter--were 
measured on plots varying by Si; acre increments, 
from 4 to 2 acres at 30 locations. Most 
coefficients of variation for these variables 
stabilized in the b- to 1-acre range. These 
results will be used when the field studies 
are started. 

Stand Characterization 

The exponential or Q distribution has been 
used the most to describe uneven-aged stand 
structure and is the logical candidate for 
testing first. No one to date has rigorously 
tested whether the pdf form of the exponential 
is adequate in describing uneven-aged dbh 
distributions. Some 588 before-cut and 381 
after-cut stand tables of uneven-aged loblolly- 
shortleaf pine (3.6 inches dbh and greater) 

managed under volume regulation were fitted to 
the left truncated and doubly truncated 
exponential pdfss. The doubly truncated 
assumes both a minimum and maximum dbh, The 
Kolmogorov-Smirnov one-siunple tesr at the 
5-percent level was used. Stands for these 
samples ran from 2.5 to 40 acres and can be 
considered as populations with known parameters. 
Rejection rates were 88 percent for before-cut 
and 89 percent for after-cut distributions 
fitted to the singly truncated form. The 
rejection rates for the doubly truncated ran 
72 and 77 percent. Most rejections were due 
to deviations in the 4- to 9-inch dbh 
classes. The K-S test is rigorous because 
some stand tables exceeded 4000 trees. The 
slightly better performance of the doubly 
truncated exponential indicates that, perhaps, 
truncated forms should be looked at when 
other distributions are considered. 

The stands used in this study were managed 
by the volume control method of stand regula- 
tion in which no particular emphasis is placed 
on maintaining or working towards a specified 
structure. The outcome could have been 
different if the stand had beer_ managed to 
attain a particular dbh distribution. The 
exponential distribution may be useful for 
stands managed this way. 

Projection of Stand Attributes 

This last general area of research offers 
the greatest opportunity to pick and choose 
techniques and models of others, Because of 
the data limitations and the simplicity of the 
models, Moser and Hall's (1969 )  stand volume 
and basal area growth models were chosen for 
the first attempt. The only independent 
variables used are stand basal area and elapsed 
time. The basal area growth model is the 
generalized form of von Bertalanffy's growth- 
rate equation 

d~/dt = n~~ - kB, 
where : 

d~/dt = periodic annual basal area 
growth (square feet per acre), 

B = average basal area of pine 3.6 
inches dbh and greater 
during the period, and n, m, 
and k are parameters. 

The integral f o m  is 



Stand volume is represented by the equation 

where : 

V = stand volume (cubic feet per acre, 
inside bark, of pines 3.6 inches dbh 
and greater from variable stump to a 
3.5-inch top, inside bark) ; 

B = basal area (square feet per acre); and 

bo, bl = parameters to be estimated. 

Fitting the basal area growth equation resulted 
in 

and fitting the stand volume equation by nonlinear 
least squares yielded 

V = 25.192B 
1.0209 

The basal area growth equation coefficients 
are of the same relative magnitude and sign as 
Moser and   all's (1969). The integral form of 
the basal area equation can be used to predict 
future stand basal area given initial basal area 
and elapsed time. Given present basal area and 
predicted future basal area, present and projected 
stand volumes can be calculated with the stand 
volume equation for the 90-ft site-index 
(loblolly, base age 50). 

Most of the data had a range of 30-80 ft 2 

in basal area. Basal area growth flattens 
perceptibly beginning at 60 ft2 of basal area 
(fig. 1). The relationship of volume growth to 
basal area follows the same pattern as basal area 
growth ( f t g ,  21, 

These equations have enabled us to derive 
rough rules for growth and stand volume: (1) 
basal area growth of uneven-aged loblolly-shortleaf 
pine stands on site index 90 for loblolly will 
average about 3 ft2 per acre per year, (2) annual 
volume growth is about 80 ft3, and (3) these 
stands average about 27 ft3 for every square 
foot of basal area. An average volume growth of 
80 ft3 agrees closely with the widely quoted 
average of 1 cord per acre per year for southern 
pines. 

These two equations are the first effort in 
growth and yield, and research effort will be 
concentrated in this area. Work is progressing 
on development of a sawtimber volume yield 
model using these sane data. Sawtimber volumes 
will be reported in board feet and cubic feet. 
This second development will still only be 
applicable to average sites and be based on local 
tree-volume functions. 

Following completion of the sawtimber 
model, future models will be made more general 
by including other stand ~ariables such as 
sire quality. No measure of site quality has 
achieved the acceptance that site index has 
for even-aged forests, An adequate measure 
of site quality eventually must be found for 
uneven-aged loblolly-shortleaf pine stands. 
Since site index is such a widely used variable, 
an effort will be made to find out whether it 
might be used in somewhat altered £ o m  to 
estimate site quality in uneven-aged stands. 
A study is currently underway to test methods 
of soil-site evaluation for determining site 
index. 

BASAL AREA (SQUARE FEET) 

Figure 1,--Relationship of basal area growth to 
stand basal area for uneven-aged loblolly- 
shortleaf pine in south Arkansas 

Figure 2.--Relationship of stand volume growth to 
stand basal area for uneven-aged loblolly- 
shortleaf pine in south Arkansas 



Studies are continuing on stand 
structure. The next step in this area will be 
i*~~estigating other density functions like che 
1 The truncated forms of distributions 
ape particularly interesting, since stands are 
cornonly regulated to a minimum merchantable 
dbh and maximw tree size. Limited 
experience with the exponential suggests that 
soroe gain in precision may result when the 
truncated forms are used. The exponential has 
not been discarded, because it may be useful for 
certain applications. Its efficacy for describing 
the diameter distributions of stands managed to 
a particular density, maximum dbh, and Q will 
be tested once data become available. 

CONCLUSION 

Efforts have been aided greatly by two factors. 
A broad charter has enabled researchers to look 
at the whole area of uneven-aged growth and yield 
for the loblolly-shortleaf pine type and to design 
a comprehensive, well integrated approach to 
problem solution. In the past, most uneven-aged 
work has been conducted in mixed species hardwoods, 
and the problem of species interaction has greatly 
complicated the problem. The task of modeling is 
greatly simplified by grouping loblolly and 
shortleaf pines together and initially ignoring 
the effects of hardwoods, which are usually burned 
or treated with herbicide periodically under pine 
management anyway. Benefit from these simplifi- 
cations were sought, and the results so far have 
been encouraging. 
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a /  Shih-Cbng Hu, 3. M2 Larkin and S. L. Edwards- 

Abstract.--Approximtely 160 acres of mature loblolly 
pine were regenerated by the methods of clearcutting, seed- 
tree, shelterwood, and selection in southeastern Louisiana. 
Soil samples for microbiological examination were collected 
before and after the regeneration cuttings. Results showed 
that regeneration cuttings influenced the population of 
soil microorganisms. 

INTRODUCTION 

Soil fertility and productivity have been 
correlated with the abundance of microorganisms 
and their activities. The number of microorgan- 
isms varies with environmental factors such as 
oxygen supply, moisture content, temperature, 
acidity, organic matter, and season of the year. 
The practices of regeneration cuttings change 
the forest environment and hence may influence 
the population and activities of the soil micro- 
organisms. 

Niemala and Sundman (1970) reported that 
clearcutting of spruce in northern forest soils 
had caused a significant relative increase in 
caseolytic and lipolytic, rhamnose negative 
organisms, which also had a low acid tolerance. 
Cutting also increased bacteria of the genera 
Nitrosomonas and Nitrobacter 18-fold and 34-fold 
respectively (Smith et al. 1968). The population 
of soil microorganisms varies from one kind of 
forest to another. Chase and Baker (1954) com- 
pared microbial activity in Ontario forest soils 
under pine, hemlock and maple. Their results 
supported other workers' conclusions (Lutz and 
Chandler 1952, Russell 1950) that fungi predo- 
minate in coniferous forests. The fungi outnum- 
bered the bacteria and actinomycetes combined. 

Few studies of the microorganisms and their 
activities in the forest soils in the South have 
been done. The purposes of this study were to 
determine the numbers and types of soil micro- 
organisms under a mature loblolly pine forest 
and to determine what changes may oCcur following 
regeneration cuttings. 

I/ Paper presented at Southern Silvicultural 
~esearch Conference , Atlanta, Georgia, November 
6-7, 1980. 

2 1  Associate Professor of Forestry, Professor 
of ~i~robiolo~y, and former Graduate Assistant, 
respectively, Louisiana State University, Baton 
Rouge, Louisiana 70803. 

METHODS AND PROCEDURES 

Sampling Site 

A study to determine the effects of pine 
regeneration on soil microorganisms was estab- 
lished in 1975. Approximately 160 acres of mature 
loblolly pine were regenerated by the methods of 
clearcutting, seed-tree, shelterwood and selec- 
tion at Idlewild Experiment Station in southeastern 
Louisiana. 

Five treatments and two replications were 
used. An undisturbed site in the same forest was 
chosen as a control. The control site was desig- 
nated as site 1, the selection area as site 2, 
the shelterwood area as site 3, the clearcut area 
as site 4, and the seed-tree area as site 5. A l l  
sampling areas were in the middle of a square 
area approximately 40 m to a side within a 20-acre 
plot. 

Sampling Procedure 

Soil samples were collected from an area of 
approximately 10 cm2 and from the top 3 cm as 
described by Larkin and Dunigan (1973), after 
brushing away the accumulated litter. Samples 
were placed in sterile whirl-pak plastic bags 
and immediately transported to the laboratory 
at ambient temperature, where each was homogenized 
by mixing and then analyzed. 

An intensive microbiological examination was 
conducted with 4 precutting samplings obtained 
over a year to determine seasonal changes and to 
obtain baseline data. One sampling was done 3 
weeks after cutting. 

Laboratory Procedure 

Soil samples were serially diluted and 
plated in triplicate to determine the populations 
of specific groups of microorganisms. For total 
aerobic bacterial populations peptonized milk 
agar (PMA) containing cycloheximide was used 



(Larkin 1972). Actinomycetes and fungi  were 
enumerated on Actinomycete agar  and Sabouroud 
Dextrose agar  respect ive ly .  Ce l lu lo ly t i c  and 
p r o t e o l y t i c  organisms were enumerated by detec-  
t i n g  zones of c l e a r i n g  around colonies  on PMA 
agar  ove r l a id  wi th  a t h i n  l aye r  of 20% ce l fu lose  
o r  50% case in  r e spec t ive ly .  An a l i q u o t  of t he  
d i l u t e d  sample was heated f o r  10 min a t  80°C 
and p l a t ed  on n u t r i e n t  agar  t o  count sporeformers. 
Incubation of a l l  p l a t e s  was a t  room temperature 
and counts were recorded a t  7 days (p ro t eo ly t i c  
organisms), 14 days ( t o t a l  bac t e r i a ,  sporef o m e r s ,  
actinomycetes and fungi )  o r  21 days ( c e l l u l o l y t i c  
organisms) . 

Approximately 100 organisms were i s o l a t e d  
from each s o i l  sample from t h e  PMA p l a t e s ,  They 
were charac ter ized  with a b a t t e r y  of 22 bio- 
chemical tests using the  BBL Minitek system. 
In  add i t i on ,  each i s o l a t e  was examined by stand- 
a r d  techniques f o r  i ts  a b i l i t y  t o  hydrolyze 
g e l a t i n  and case in ,  and t o  produce c a t a l a s e  and 
cytochrome oxidase.  The Gram reac t ion ,  c e l l  and 
c o l o n i a l  morphologies were examined on 18-hr 
c u l t u r e s  grown on n u t r i e n t  agar.  A l l  of t h e  
f e a t u r e s  which were analyzed a r e  shown i n  Table 
2.  

Factor Analysis  of Resul t s  

The c h a r a c t e r i s t i c s  of each i s o l a t e  were 
encoded binomially f o r  s t a t i s t i c a l  evaluation.  
The c o r r e l a t i o n s  between each p a i r  of n t e s t s  
were ca l cu l a t ed  f o r  a l l  i s o l a t e s ,  and the  n x n 
c o r r e l a t i o n  matr ix  was condensed by f a c t o r  
a n a l y s i s  t o  a J-dimensional f a c t o r  space (Sundman, 
1968). The f a c t o r i z a t i o n  was ca r r i ed  ou t  a s  a 
p r i n c i p a l  a x i s  f a c t o r  so lu t ion  using m x i m m  
c o r r e l a t i o n  of each v a r i a b l e  a s  t he  es t imate  of 
c m n a l i  ty .  

Fac tors  were ex t r ac t ed  and subjected t o  
between/within populat ion a n a l y s i s  of var iance  
t o  determine t h e i r  d iscr iminat ive  powers. Fac tors  
which gave between/within r a t i o s  of p 2 0.05 
were excluded a s  non d iscr iminat ive  (Sundman 
1970). 

RESULTS AND DISCUSSION 

The numbers of t o t a l  aerobic  bac t e r i a ,  pro- 
t e o l y t i c  organisms, fungi ,  sporeformers, act ino- 
mycetes, and c e l l u l o l y t i c  organisms from each 
sampling d a t e  a r e  l i s t e d  i n  Table 1. 

Tota l  Aerobic Bacter ia  Count 

The number of t o t a l  aerobic  bac t e r i a  f luc-  
tua ted  among sampling da t e s .  Following the re-  
generat ion cu t t i ng ,  t he  count i n  t he  con t ro l  
s i t e  decreased about 10 fo ld  from the  previous 
count. A decrease i n  about t he  same amount was 
a l s o  found i n  o the r  s i t e s .  Thus, t he  decrease 
i n  t o t a l  count may be due t o  seasonal  change 

r a t h e r  than regenera t ion  cu t t i ngs .  

The numbers of t o t a l  aerobic  bac t e r i a  a t  a l l  
s i t e s  ranged from ro  107/g dry w t .  of s o i l .  
Other workers (Rybalkina 9957, Stout  1961, 
Terehov and Enikeeva 1964, Berry 1967) have found 
t h a t  t o t a l  aerobic  bac t e r i a  i n  c o n i f e r o u ~  f o r e s t s  
ranged from lo5 t o  106fg dry  wt. The bac t e r i a  
were most numerous i n  Apr i l  and l e a s t  nmerous  i n  
Ju ly ,  Fungi were most n m r o u s  i n  J u l y  and l e a s t  
numerous i n  Apr i l .  This p a t t e r n  was a l s o  observed 
by Wright and Bollen (1961) whose s t u d i e s  of a 
douglas f i r  f o r e s t  indica ted  t h a t  when bac t e r i a  
were most abundant fungi  were l e a s t  numerous and 
v i c e  versa .  

P ro t eo ly t i c  Organisms 

The p ro t eo ly t i c  bac t e r i a  showed a r e l a t i on -  
sh ip  wi th  t he  seasons. The counts were gene ra l ly  
higher i n  t h e  summer and f a l l  than i n  t he  winter  
and spr ing .  The populat ions of t h e  p r o t e o l y t i c  
organisms increased a f t e r  regenera t ion  c u t t i n g s ,  

Fungi 

The numbers of fungi  f l uc tua t ed  a t  t he  va r i -  
ous sampling d a t e s  with no obvious r e l a t i o n s h i p  
t o  seasons. The predominant genera seen were - 
Penic i l l ium spp., Aspergi l lus  spp., A l t e rna r i a  
spp, ,  and Rhizopus spp. I n  t h ree  of t h e  four  

- 

samples obtained before c u t t i n g ,  t he  bac t e r i a  
outnumbered t h e  fungi  by l e v e l s  of 2 t o  10 fo ld .  
Af ter  c u t t i n g ,  t he  fungi  outnumbered the  b a c t e r i a  
by 2 t o  3 fo ld .  Thus, t h e  c u t t i n g  r a i s ed  t h e  
fungal  populat ion.  It ra ined  f o r  an  extens ive  
period of time before  t he  l a s t  sample was col-  
l e c t ed  and t h i s  could have cont r ibuted  t o  t he  
increased number of fungi .  Warcup (1957) repor ted  
t h a t  fungi  increase  i n  numbers a f t e r  heavy ra in-  
f a l l .  Other workers (Chase and Baker 1954, Lutz 
and Chandler 1952, Russe l l  1950) have found t h a t  
t he  fungi  predominate i n  coni ferous  f o r e s t s  and 
t h a t  fungi  u sua l ly  ou tnwber  bac t e r i a  and ac t ino-  
mycetes combined. Terehov and Enikeeva (1964), 
however, found t h a t  mean counts of bac t e r i a  out- 
numbered combined counts of fungi  and actinomy- 
c e t e s  by 3 fo ld .  

Sporeformers 

The counts of t h e  t o t a l  sporeforming bac t e r i a  
f l uc tua t ed  among the  sampling da t e s ,  but they  d id  
not  seem t o  c o r r e l a t e  wi th  s p e c i f i c  seasons. 
However, i n  a l l  samples obtained a f t e r  c u t t i n g  
they were a t  t h e i r  lowest l eve l s .  The decrease 
fol lowing the  c u t t i n g  cannot be a t t r i b u t e d  t o  t h e  
c u t t i n g  because the  con t ro l  s i t e  a l s o  decreased 
t o  i ts  lowest l e v e l .  

Before cu t t i ng ,  t he  sporeformers accounted 
f o r  approximately 15-30% of t he  t o t a l  b a c t e r i a l  
populat ion.  After c u t t i n g  they accounted f o r  
5-102 of t he  b a c t e r i a l  population. The l e v e l  of 
sporeformers decreased more r ap id ly  a f t e r  c u t t i n g  
than d id  t he  b a c t e r i a l  populat ion a s  a whole. 



Table 1.--The counts of various classes of microorganisms at Idlewild Experirnflnt Station 
(forest 1) at various times before and after cutting 

--- --& 

February- July October April December 
Sample 14, 1976 7, 1976 16, 1976 20, 1977 14, 1977 

Total aerobic bacteria 
Control site 
Site 2 
Site 3 
Site 4 
Site 5 
Mean of 2-5 

Proteolytic organisms 
Control 
Site 2 
Site 3 
Site 4 
Site 5 
Mean of 2-5 

Fungi 
Control 
Site 2 
Site 3 
Site 4 
Site 5 
Mean of 2-5 

Sporeformers 
Control 
Site 2 
Site 3 
Site 4 
Site 5 
Mean of 2-5 

Actinomycetes 
Control 
Site 2 
Site 3 
Site 4 
Site 5 
Mean of 2-5 

Cellulolytic organisms 
Control 2.9 2.2 2.7 2.4 2.5 
Site 2 5.8 4.8 3.1 2.7 2.9 
Site 3 3.5 3.4 2.9 3.1 2.8 
Site 4 8.4 7.1 7.5 7.8 4.3 
Site 5 3.3 2.9 2.9 1.4 3.1 
Mean of 2-5 5.2 4.6 4.1 3.8 3.9 

I /  February, July, October and April are precutting sampling dates; December is the 
sample taken three weeks after cutting. 

21 Counts x 1041gram dry weight. - 

Actinomycetes contained only 3-5% of the actinomycetes that 
were found in the control sites. Regeneration 

The level of actinomycetes fluctuated in a cuttings decreased the population of the actino- 
way that could not be directly related to changing mycetes. In all cases before cutting the num- 
seasons. After cutting, the experimental sites bers of actinomycetes were equal to about 25-503 



Table 2,--Extract of principal axes matrix of Idlewild Experiment Station. First 
tes of loadings 2 0.30 are given. Plus signs are omitted. 

Factor 
Character I I1 111 IV V 

Cells spherical 
Rods axis straight 
Rod w pointed ends 
Flexuous rods 
Endospores present 
Endospores spherical 
Endospores central to subterminal 
Sporang ium swollen 
Capsule 
Gram + or variable 
Cells: singly 

pairs 
irregular clusters 
chains 
packets 
palisades 
rosettes 

Colony pigmented 
Carotenoid pigments 
Fermentation of a pentose 
Fermentation of xylose 
Fermentation of arabinose 
Fermentation of rhamnose 
Fermentation of hexose 
Fermentation of fructose 
Fermentation of glucose 
Fermentation of salicin 
Fermentation of a disaccharide 
Fermentation of sucrose 
Fermentation of lactose 
Fermentation of raffinose 
Fermentation of starch 
Arginine decarboxylase 
Phenylalanine deaminase 
Malonate utilization 
Citrate utilization 
Acid from glucose aerobically 
EJitrate reduction 
H2S production 
Indole production 
Urease production 
Casein digestion 
Gelatin hydrolysis 
Catalase production 
Cytochrome oxidase 
Mannitol utilization 
Gylcerol utilization 
Vogues-Proskauer 

Factor variances: 7.12 6.78 10.04 8.02 4.99 
X of total 19.20 18.30 27.20 21.70 13.50 

of the total bacterial count. After cutting this ous in October, Rybalkim (1957) found actino- 
population dropped to about 10-15% of the total mycetes present at lower numbers and they were 
bacterial population. most numerous in October. Terekhov and Enikeeva 

(1964) reported forest soil populations in which 
Actinomycetes numbered in the range from the actinomycetes numbered 105/~ dry w t .  

106 to 1071~ dry w t .  of soil and were most ntrmer- 



Cel lu lo ly t i c  Organisms 

The populat ions of c e l l u l o l y t i c  organisms 
remained r e l a t i v e l y  constant  a t  each s i t e  
throughout the experimental period and were 
app rox imte ly  1-22 of t he  t o t a l  b a c t e r i a l  popu- 
l a t i o n .  After  cu t t i ng ,  t he re  was no s i g n i f i c a n t  
change i n  the populat ions.  

removal of a l l  o r  most of t he  t r e e s  would make 
the  s i t e s  more a l i k e  by equ i l i b ra t i ng  t h e i r  
exposure t o  sun l igh t ,  wind, r a i n f a l l ,  e t c . ,  and 
secondly, t he  d i s rup t ive  e f f e c t s  on the  s o i l  
by the logging crews and equipment would tend 
t o  reduce the  d l f  fe rences  among the  s i t e s .  

LITERATURE CITED 
Factor Analysis 

From an ana lys i s  of each of t he  b a c t e r i a l  
i s o l a t e s ,  f i v e  f a c t o r s  were ext rac ted .  The 
f a c t o r s  a r e  shown i n  Table 2. Factor I was 
pr imar i ly  a carbohydrate fermentat ion f a c t o r .  
Factor I T  was a Baci l lus  (sporeformer) f a c t o r .  
Factor 111 was a nonpigmented, arabinose and 
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This may be due t o  increased sun l igh t  i n  t he  
summer, a s  discussed below. 

Two important f ea tu re s  appeared a s  a 
r e s u l t  of t he  f ac to r  ana lys i s .  F i r s t ,  a f t e r  
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pigmented sporeformers (11) and the  carbohy- 
d r a t e  fermenters (I) decreased while t h e  two 
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very  l i k e l y  i s  due t o  s e l e c t i v e  pressure  on the 
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even though they were se lec ted  on the  b a s i s  of 
t h e i r  o v e r a l l  s i m i l a r i t y  i n  s lope ,  overhead 
cover, e t c .  After  harvest ing,  t he  i npu t s  of 
t he  var ious  f a c t o r s  from a l l  experimental s i t e s  
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spread a t  previous times. Thus, t he  vegeta t ion  
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A COWARISON OF CATION SAMPLIEG IN FOREST SOTLS 

I/ BY TENSION AND TENSION-mEE LYSImTERS- 

2 1 James I?. Miller- 

Abstract.--Field tests conducted in two soils with ceramic 
cup, ceramic plate, and tension-free lvsimeters showed no con- 
centration differences in collected cations (Ca, Hg, K, Na) 
between cups and plates, except for the hydrogen ion, Mean pH 
was 0.6 lower in cup collected samples for a sandy loam profile. 
Tension-free lysimeters of the design tested had persistent 
contamination from a glasswool component and yielded samples at 
a 60 em depth from a clay loam profile and not from a loamy 
sand soil. Laboratory trails showed a marked response delay 
with plate lysimeters when sampling changing cation concentra- 
t ions, 

IMTRCIDUCTION 

Tension and tension-free lysimeters are being 
used more often to monitor natural processes in 
soil profiles and nutrient-loss impacts after 
cultural treatments. These devices permit solu- 
tion sampling within and beneath undisturbed soil 
profiles. This cannot be done yet by other means. 
Tension lysimeters with porous ceramic cups have 
been used to monitor environmental contaminants 
(Parizek and Lane 1970, Nutter et al. 1978, Meary 
et al. 1979) and nutrient leaching processes 
(Vitousek et al. 1979, McColl 1978, Gosz and Dyck 
1979). Tension plate techniques developed by Cole 
(1968) have clarified leaching mechanisms (McColl 
and Cole 1968) and nutrient losses following 
forest practices (Gessel and Cole 1965, Grier and 
Cole 1971). Jordon (1968) refined techniques 
using tension-free lysimeters and employed these 
to investigate nutrient transfers in tropical 
forest ecosystems (Kline and Jordon 1968; Stark 
and Jordon 1978). The investigative potential of 
such sampling devices is great, but the validity 
of cation sampling by the different lysimeters 
has not been fully explored. 

The objective of this study was to compare 
tension-cup, tension-plate, and tension-free 

lysimeters for quantifying nutrient losses from 
forest lands after vegetation management treat- 
ments. Each device was tested in the laboratory 
for response variation while sampling known 
concentrations of cations. A field study tested 
differences in concentrations from devices placed 
in isolated profiles with vegetation uptake 
eliminated. Sampling bias with the ceramic cup 
has already been shown for phosphate (Hansen and 
Harris 1975) and ammonium (Wagner 1962) which 
were not studied further here. 

rnrnRIALS AND METHODS 

Ceramic cup and plate samplers used in this 
investigation are the commercial models manufac- 
tured by Soil Moisture Equipment Gorp., Santa 
Barbara, ~alifornia.31 The ceramic cup has a 
2-bar bubbling pressure (or air entry value) with 
an outside diameter of 49,5 mm, an exposed length 
of 61 mm and ceramic thickness of 2 to 3 m. 
Specified lengths of polyvinyl chloride (PVC) 
pipe are cemented to the cup permitting greater 
sampling depth and differing ratios of sample 
volume to vacuum-reservoir. The 60 cm length of 
PVC was tested here. 

-- Plates are constructed of 0.5 bar ceramic 
with variable diameters of 265 to 275 mm and a 

Iieaper presented at Southern Silvicultural thickness of 9 mm. A rubber disk with outport is 
Research Conference, Atlanta, Georgia, attached to one side of the ceranic plate by 
November 6-7, 1980. peripheral wire and cement with a screen 

z f ~ h e  author is a Research Forester with the 
Southern Forest Experiment Station, USDA--Forest 
Service, at the George W, Andrews Forestry l ~ s e  of trade, firm or corporation names in 
Sciences Laboratory in Auburn, Alabama. this publication is for the information and conve- 

nience of the reader. Such use is not an official 
endorsement or approval by the U.S. Department of 
Agriculture of any product or service to the 
exclusion of others that may be suitable, 



interlayer to permit water flow. Connection 
between outport and a combination vacw~a-sample 
bottle is by vacuum hose and copper tubing. 
Solutions collected with the plate must travel 
through 3 to 4 times more ceramic material than 
with the cup samplers, which have abserptive 
properties. 

Ceramic cups are made from a non-vitreous 
porcelain which contains more or less equal pro- 
portions of kaolin, alumina (A120 ), ball clay, 
and other feldspathic materials.?? The A1203 is 
essentially pure and 30% of the kaolin and ball 
clay are composed of this compound. Plates are 
90% A1203, 6X kaolin and 4% ball clay. Kaolin 
and ball clay in both lysimeters are over 50% by 
weight Si02 and have potential contaminants of 
iron, calcium (Ca), magnesim (Mg), potassium 
(K) , sodium (Na) , and titanium in amounts less 
than 1.5% each. Initial treatments of ceramic 
samplers are used to reduce the leachable or 
exchangeable cation contaminants (Gover and 
Lamborn 1970, Wolff 1967). I washed all ceramic 
samplers first with distilled water (DW) to remove 
ceramic dust, then 300 ml of IN HCl was drawn 
through each, and finally, 1.2 liters of DW was 
tensioned through each lysimeter, This volume 
of DW was required before cation contamination 
reached zero. 

Tension-free lysimeters were constructed of 
a 285 mm diameter funnel made by cutting off the 
upper portion of a 20-liter plastic carboy at the 
shoulder and inverting it on the bottom as a base. 
A drilled hole in the carboy cap with an epoxied 
connector served as an outport permitting tubing 
to be attached to a sample bottle. Glasswool 
filled the funnel and facilitated water flow 
(Stark and Jordon 1978). Repeated acid treatment 
(2% HC1) and DW washes of laboratory-grade glass- 
wool was unsuccessful in eliminating cation 
contaminants. Average contaminant concentrations 
in a 300 ml DW wash were Ca 0.9 mg/l, Mg 0.5, 
K 0.2, and Na 2.0. Polyester fiber was also 
substituted for the glasswool and yielded 
similar contaminant concentrations. Due to this 
problem, tension-free data will be presented 
separately in the laboratory and field results. 

In the laboratory trails, 300 ml aliquots of 
a premixed solution of four cations were 
sequentially drawn (0.4 bar tension) or passed 
(tension-free) through the samplers and analyzed 
using standard atomic absorption techniques. The 
solution concentrations were Ca 0.85 mg/l, Mg 0.45, 
K 0.23 and Na 3.10, Finally a 300 ml DW was 
then drawn or passed through each and analyzed, 
This procedure was repeated on three devices of 
each type to test the responsive capabilities of 
the samplers. 

Cl/~ersonal communications with Mr. P. E. 
Skaling, Soil Eloisture Equipment Corp. 

In field comparisons, three lysimeters of 
each type were installed in a randomized complet 
block design with three blocks in a loamy sand a 
three in a clay loam soil. The two installations 
are about 150 n apart and both are located in 
natural clearings under 53-year-old plantations 
of loblolly (Pinus taeda) and shortleaf pine 
(E. echinata). An access trench 1.5 m wide, 3 111 
long, and 1.5 m deep in the clearing centers was 
provided with a wooden shelter, with open sides 
for profile access. A sloping roof drained away 
from the installations. Tension plates and 
tension-free samplere were installed laterally 
in the trench walls, Cups were installed by 
auger holes using a 200-mesh silica sand inter- 
facing material at the bottom of the hole. Lysi- 
meters were emplaced at a 60 cm depth on the lomy 
sand site and at 45 cm on the clay loam site, 
below lateral rooting of the pines and equi- 
distant from the access trench, A 30 cm wide 
and 1.5 m deep root exclusion trench surrounded 
the installation at a distance of 1.5 m from the 
access trench. Polythene sheeting was backfilled 
to the inside walls of the trenches to prevent 
root encroachment. All vegetation within each 
installation was carefully cleared and kept clear 
for the duration of the study. Thus plant uptake 
was eliminated as a variable. 

A vacuum of 0.3 bars was maintained on 
tension devices over a collection period only 
during times of adequate soil moisture. At low 
soil moisture, cups maintained tensions more 
consistently than the plates, which required 
reevacuation periodically. Although cups main- 
tained vacuum at lower soil moisture than plates, 
very little sample was collected during these 
periods. Tension-free lysimeters collected 
samples only after intense storm events. 

Soil solution was collected 3 days after 
storm events or biweekly during extended rainy 
periods. Analyses included specific conductance 
Ca, Mg, K, Na, and pH. Specific conductance was 
measured with a conductivity meter with samples 
placed in a 25OC bath. Cations were determined 
by atomic absorption spectrophotometry. The pH 
was measured potentimetrically. 

RESULTS AND DISCUSSION 

It is commonly thought that ceramic samplers 
reach equilibrium with the soil solution after 
installation. Thus, the process of adsorption, 
diffusion, and screening which biased phosphate 
sampling (Hansen and Harris 1975) merely delay 
the actual changes in soil solution concentrations 
when monitoring a profile. This detection delay 
can readily be seen in the laboratory results 
with the plate samplers (Fig. 1). With Ca, 1.5 
liters of a 0.85 mg/l solution were drawn through 
the plates before the premixed sample concentra- 
tions were approached. Other cations reached 
equilibrium within 600 ml. 



SEQUENTIAL VOLUME (LITERS) 

FI gur t*  1. Mcbttn c'oncon trnt i o n n  rlf sump 1 r w  
drawn from u known s i t  1 u l i o n  ( c*oncnt,n t rit t i clns 
I nd 1 c u t  c*d by h n r  f xtmf rt l dnnh(*tl 1 i ncw ) i ~ n d  
t h ~  sumplr* s t u n d u r d  tir*v iut .  i o n s  ( v v r t  tca l 
l i n c s ) .  Thc  dnttcsd I i n c w  ind ic la t t*  u f i n a l  
d f o t f l l t * d  watclr wush ( 0 . 3  liters) and t h e  
s u  bsc*c~ut+n t wash  concsctn t rma I. i o n  . 



Concentrations higher than the test solu- 
tions were found in samples for Mg and K. This 
phenomenon and the variable concentrations in the 
DW, evident by the large standard deviations, 
must result from desorption of bound ions. The 
large standard deviation also shows this desorp- 
tion response to vary greatly from plate to 
plate. The plate with the slowest concentration 
response had the slowest average flow rate. 

No percolating water reached the tension-free 
sample containers at the sandy site. 

Using sample concentrations from the 12  
as observations, a two-factor analysis of varian 
tested differences (1%) between soils and betwee 
cup and plate lysimeters. An additional analysi 
of variance and ~uncan's multilple range tests w 
performed on the three lysimeter types using the 
tension-free collections in the clay loam soil, 

Table 1, Mean cation concentration in solution washes of known 
concentration and a final wash of DW through tension- 
free lysimeters. 

Solution Ca %3 K Na 

Premixed 
Concentration 

DW wash 

Cup lysimeters showed a more rapid response 
to drastic concentration changes. Although devia- 
tions from test resolution concentrations of f 1% 
are apparent, the accuracy of analysis approxi- 
mates 2 1% at these concentrations. Potassium 
desorption or leaching in the DW wash of cups 
points to a source of sampling bias with decreas- 
ing concentrations. 

Persistent contamination was in the solution 
washes and DW washes passed through the tension- 
free devices (Table 1). Sodium was most concen- 
trated. These devices had been previously washed 
with over 20 liters of DW in an attempt to elimi- 
nate the glasswool contaminants. The premixed 
concentration of K was finally reached after 1.5 
liters, but absorbed or bound ions of a11 cations 
were leached in the DW wash. 

Twelve storm periods were sampled at the field 
sites between July and November 1979, The longest 
storm was two weeks and the shortest 3 days. A11 
devices had been previously installed and samples 
collected for at least 2 months before the July 
sampling commenced. This wafting period allowed 
for ample equilibration time. If equilibration 
of the ceramics does take place, then solution 
concentrations collected from both devices in the 
uniformized soil profiles should be the same. 
Collection from tension-free lysimeters were only 
made at the clay site during the sampling period. 

Mean values for the 12 collections presented 
in Table 2, show no significant differences 
(1% level) between cups and plates for specific 
conductance, and Ca, Mg, K, and Na concentrations. 
The two samplers in loamy sand and clay loam soils, 
showed that total ionic concentrations were less 
in the clay soils as evident by significantly 
lower mean specific conductance. Significantly 
lower Ca concentrations appear responsible for the 
lower specific conductance in the clay profile. 
Two of the plate lysimeters in the sandy profile 
consistently gave higher concentrations for Mg 
and Na and corresponingly lower values for Ca and 
K. This appears to be endemic profile variation 
and was not found to be significantly different. 
Thus, monitoring of the most concentrated cations 
does not differ between lysimeter types at the 
concentration levels tested with an in vivo 
situation. 

The only significant difference was pH. 
Plate lysimeters consistently collected samples 
that were .2 to , 6  pH units higher. Due to the 
logarithmic nature of the pH scale, hydrogen ion 
activity was 1.5 to 4 times greater with the cup 
samplers. It would appear that selective 
absorption or screening or hydrogen ions was 
occurring with the plates and an equilibrium 
between the soil solution, ceramic plate, and 
sample solution had not been reached. 



Sample contamination is evident in the mean 
cc-,,ntrations from tension-free devices presented 
is Table 2. Yagnesium concentrations were the 
c--l~ ca t ions  saanled that were not different 
fro3 ~ t ~ p  and ~ 1 s t ~  sfsiiiples. The inabilit~ to 
sa ~ p L e  below rooting-zone depths in loany sand 
soiLs plus t%e contamination problems with the 
plzscwacl. po17iester fiber will preclude the use o f  
t h i s  sampler t y p e  in future icrest nutrient-loss 
research. 

CesseL, S. P,, and D. W, Cole 
1965, Influence of removal of forest cover on 
movement of water and associated elements 
thrcugh soil, J. Am. dater Works Assoc, 
5r:1m1-131g. 

Cosa, J. R., and M, J. Dyck 
1979, ?f-lonitoring the effects of clearfelling 
on soil nutrient loss, mat's Sew in Forest 
Research go. 70. For, Res, Inst., Rotorua, 
":ex Zealand, 4 p. 

Table 2 .  Specific conductance, pH, and cation concentrations 
collected from two scila using three lysimeter types. 

Spec. 
Soil Lysimeter Cond. C a  Yg K Na pH 

Loamy Sand CUP 102a- 5.8a 2.la 0.9a 1.6a 5.8a 
Plate 117a &.!a 3,4a .4a 1,9a 6.4b 

Clay Loam CUP 60b l.Oh 2.021 .9a 1.5a 5.9a 
Plate 65b 1.0b 1.9a l.la 1.ba 6.lb 

Tension-f ree- 2/ 2OOc 4.1~ 2,7a 2,3h 2 4 , 3 b  7.5~ 

I'Means in a column followed by the same letter are not signifi- 

cant% 
different at the 1% level. 

-Tension-free data compared to the cup and plate collections in 
the clay loam soils only. 

The cup lysimeter is the most reliable device 
for sampling cations, although a bias in phosphate 
and amonium sampling has been demonstrated for 
these samplers (Hansen and Harris 1975; Wagner 
1362). If the type of plate lysimeter studied in 
this investigation is used, then initial samples 
may not reflect actual soil solution concentrations 
due to plate adsorption. Plate-collected samples 
will not reflect accurate concentrations when 
drastic seasonal changes in soil solution concen- 
trations occur. Cups are easier to install but 
plates have the distinct advantage of quantifying 
nutrient loss on an area basis due to the flat 
shape, The use of both cups and plates is needed 
to accurately sample cations and given an areal- 
lcss estimate. 
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i t  has  been appl ied  i n  t h e  c o a s t a l  p l a in ,  has 
produced u n i t s  t h a t  a r e  uniform i n  response t o  
s i l v i c u l t u r a l  t rea tments  (F isher  and Garbet t ,  
1980; Kushla and F i she r ,  1980). I n  o the r  words 
t hese  s o i l  groups appear t o  be  broad enough t o  
be usable  but  accu ra t e  enough t o  be usefu l ,  

Species Se lec t ion  

The s imples t  way t o  i nc rease  product iv i ty  
is t o  grow the  proper spec i e s  of t r e e  on each 
site. This is  not  only t r u e  when timber is t h e  
resource i n  quest ion,  but  i t  is a l s o  t r u e  when 
o the r  resources a r e  considered. For every site, 
the re  a r e  one o r  more t r e e  spec ies  t h a t  a r e  b e s t  
a t  producing timber, w i l d l i f e  h a b i t a t ,  water 
y i e l d ,  e t c .  Unfortunately a s i n g l e  spec ies  o r  
small group of spec ies  seldom maxiaizes t he  

Table 1.--CRIFF s o i l  group de f in i t i ons .  

S o i l  Drainage Diagnostic Subgroup Representat ive 
Group Class Wor izon  Equivalents  Se r i e s  

A Very poorly t o  No spodic Typic & Plin-  Portsmouth- 
somewhat poorly horizon; t h i c  Aquults Bladen 
drained a r g i l l i c  

w i th in  
20 in .  

Very poorly t o  No spodic Arenic & Gross- Rutledge- 
somewhat poorly horizon ; a r e n i c  Aquults, Plmmer 
drained a r g i l l i c  Aquents & 

below 20 in .  Aquepts 

Very poorly t o  Spodic & U l t i c  Aquods Mascot te- 
somewhat poorly a r g i l l i c  & Humods Sap e l o  
dra ined  horizons 

present  

Poorly t o  Spodic bu t  Typic, Aerie, Ridgeland- 
moderately no a r g i l l i c  & Arenic Aquods Leon 
we l l  drained horizon & Humods 

present  

E Moderately No spodic Typic & Goldsboro- 
we l l  t o  we l l  horizon;  P l i n t h i c  Udults Norfolk 
dra ined  a r g i l l i c  

w i th in  
20 in .  

Moderately we l l  No spodic Arenic & Gross- Blanton- 
t o  we l l  drained horizon; a r en i c  Udul ts , Orsino 

a r g i l l i c  Umbrepts & 
below 20 in .  Ochrepts 

Somewhat excess- No spodic Psamments 
i v e l y  t o  excess- horizon;  
i v e l y  drained a r g i l l i c  

may or  may 
not  be 
present  

Lakeland- 
Eus tis 

H Very poorly t o  Organic Hedisapris  ts & Kingsland- 
~ o o r l y  drained sur f  ace H i s  t i c  Humaquep ts Pet  t igrew 

> 20 in .  
t h i ck  
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loblolly--/ , s l a s h  
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L/Loblol ly should be used o n l y  i f  adequa te  
phosphorus is suppl ied .  

z/Langlenf should h e  used only on b i t t e r  
tir,-iint d s o i l s  i n  t h e  group. 

The ~ u i d e  g iven  i n  Table 2 i s  v e r y  :;cnt ral 
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v. .a 
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14 So n o t  l o g  i n  wer season. 

6 Uc n c t  log  i n  wet s t a h o n .  

C F u l l  t r e e  h a r v e s t  may reduce 
r e s i d u a l  f e r t i l i t y .  

I) F u l l  t r e e  h a r v e s t  may reduce 
r e s i d u a l  f e r t i l i t y .  

E Do n o t  l o g  i n  wet season.  

F Few l i m i t a t i o n s .  

G Few l i m i t a t i o n s .  

H Choose equipment c a r e f u l l y .  

The spodosol  s o i l  groups,  C and D ,  a r e  low 
i n  0rg;t:lic nlcitter and h a r v e s t  systems which re-  
move large amounts o f  d e b r i s  from t h e  si te may 
s e r i o u s l y  lower s o i l  o r g a n i c  mat te r .  Such 
d a m y e  i s  o l t e n  no t  r e f l e c t e d  i n  t imber  y i e l d s ,  
~1st s e v e r e l y  damages unders to ry  p r o d u c t i v i t y ,  
browst and f o r a g e  q u a l i t y ,  and i n c r e a s e s  sed i -  
n e a t  l o s s  i n t o  neighboring s treams.  Harvest  
s y s t e m  t h a t  l e a v e  logging s l a s h  e q u i t a b i l i t y  
d i s t r i b u t e d  over t h e  s i t e  a r e  t o  be p r e f e r r e d  on 
t h c s r  soil groups. 

The fL:~e t e x t u r e d  sur face  s c i l  i n  s o i l  
'-rc.lp E c ~ ~ n  e a s i l y  h e  compacted i f  t h e s e  s i t e s  

1 0  .,,r.6 i n  wet weather .  This w i l l  reduce 
2- ir la  (\r 1til:;tl'ntln r c t a t i o n  a'ze i n  the s l r b s e q u ~ n t  
s t < r ? i " ,  .ind c~in  oL ten I.e;:d t g :  s u r f  ;lee soil l o s s  
:i-:ii incrc.ased sedimentation, i-llthcugh F g ~ g u p  
:;t-iZ3 ha. c ';OTL f r i a b l e  sur faces  they cn? ~ l s i l  
prccrrct2 ,3 :;s-i'l 3eL:1 o f  s~tlment i f  ;;ll:pilir~ s e l L s  
,iri b , i ~ l s  i-iist irlc d . 



The H group s o i l s  a r e  d i f f i c u l t  t o  l o g  a t  
b e s t .  The c h o i c e  of  t h e  p roper  equipment and 
o p e r a t i o n  i n  t h e  d r i e s t  season  wil l ,  ho ld  damage 
t o  t h e s e  s i t e s  t o  a  minimdm. I r e a l i z e  t h a t  
t h e  fo regoing  seem o v e r s i z p l i f i e d ,  %ad that 
f o r e s t e r s  complain they  have no t i m e  t o  oversee  
nor  no power t o  c o n t r o l  logging  c o n t r a c t o r s ,  b u t  
t h i s  is an a r e a  where we can and must apply bet-  
t e r  management. 

Water Cont ro l  

Water c o n t r o l  o r  d r a i n a g e  (Table 4)  is an  
impor tan t  way t o  improve p r o d u c t i v i t y  on  many 
c o a s t a l  p l a i n  sites. Access d r a i n a g e  f o r  road 
b u i l d i n g  and h a r v e s t  a c t i v i t i e s  c o n s i s t s  o f  
t h e  c o n s t r u c t i o n  of roads  and t h e i r  a n c i l l a r y  
d i t c h e s  through low, wet a r e a s .  T h i s  a c t i v i t y ,  
when improperly c a r r i e d  o u t ,  may l e a d  t o  exten- 
s i v e  d e s t r u c t i o n  o f  t e r r e s t r i a l  and a q u a t i c  
h a b i t a t .  Such work h a s  a l l  b u t  been s topped by 
r e c e n t  l e g i s l a t i o n  and p u b l i c  p r e s s u r e .  This  
means t h a t  l a r g e  a r e a s  i n  s o i l  groups A, B, C ,  
and H w i l l  never  be  h i g h l y  p r o d u c t i v e  o f  t imber ,  
range  and c e r t a i n  w i l d l i f e  s p e c i e s .  

Table 4.--Water c o n t r o l  needs by r a i n a g e  c l a s s  17 
w i t h i n  s o i l  groups.- 

S o i l  Access S i l v i c u l t u r a l  
Category D C ~ '  Drainage Drainage 

A 0-1 necessary  necessary  

2 necessary  necessary  u n t i l  
age  5-10 

0-1 necessary  necessary  u n t i l  
age  5-10 

2 b e n e f i c i a l  b e n e f i c i a l  u n t i l  
age  5-10 

0-1 necessary  necessary  u n t i l  
age  5-10 

2 unnecessary unnecessary 

0 b e n e f i c i a l  b e n e f i c i a l  u n t i l  
a g e  5-10 

1-2 unnecessary unnecessary 

E,F & G unnecessary unnecessary 

H 0-1 necessary  necessary  

liAccess d r a i n a g e  c o n s i s t s  of major d i t c h  
networks necessary  t o  lower t h e  w a t e r  t a b l e  over  
l a r g e  a r e a s .  S i l v i c u l t u r a l  d r a i n a g e  r e f e r s  t o  
secondary d i t c h  systems in tended  t o  lower t h e  
wate r  t a b l e  t emporar i ly  over  s h o r t  d i s t a n c e s ,  
and bedding o r  mounding t o  given new s e e d l i n g s  
d r a i n a g e  w i t h i n  t h e  r o o t  zone. 

2 / ~ ~  = d r a i n a g e  c l a s s .  

I n  t h e s e  s o i l  groups,  a r e a s  t h a t  have a l -  
ready been dra ined  can remain produc t ive ,  w i t h  
L i t t l e  f u r t h e r  e n v i r c m e n t a l  degrada t ion ,  i f  
they are wise ly  managed. Well r e g u l a t e d  water  
cezc r9 l  s t r s c t u r e s  i n  access drainage systems 
can noderate h igh  and low f lows and reduce 
s i L t a r l o n  from new s i l v i c u l t u r a l  a c t i v i t i e s .  

S i L v i c u l t u r a l  d r a i a a g e  means s m a l l ,  s h o r t  
term lowering of ?he w a t e r t a b l e  t o  h e l p  seed- 
l i n g s  become e s t a b l i s h e d .  Once t h e  t r e e s  a r e  
e s t a b l i s h e d  they w i l l  t r a n s p i r e  enough water  
t o  lower t h e  w a t e r t a b l e  and d r a i n a g e  w i l l  be  
unnecessary. For t h i s  reason ,  i n t e r b e d  t renches  
o r  smal l  l a t e r a l  d i t c h e s  p u t  i n  t o  p rov ide  sil- 
v i c u l t u r a l  d ra inage  should be c l o s e d  up a f t e r  
5 t o  10 years  when t h e  s t a n d  of t r e e s  beg ins  t o  
c o n t r o l  t h e  w a t e r t a b l e ,  

Experiment evidence f o r  t h e  v a l u e  of such 
dra inage  has been c o n t r a d i c t o r y ;  however, c a r e  
should be taken  i n  i n t e r p r e t i n g  t h e s e  r e s u l t s .  
Often c o n t r o l  p l o t s  e v e n t u a l l y  beg in  t o  b e n e f i t  
from t h e  dry ing  of t h e  s i t e  produced by t h e  
t r e a t e d  a r e a s  and d i f f e r e n c e s  between t r e a t e d  
and c o n t r o l  a r e a s  subs ide .  This  de layed  res- 
ponse of c o n t r o l  a r e a s  might never  have occurred 
i f  i t  were n o t  f o r  t h e  p resence  of  t h e  t r e a t e d  
a r e a s  i n  t h e  same v i c i n i t y .  

F e r t i l i z a t i o n  w i t h  phosphorus can s u b s t i t u t e  
f o r  d ra inage  on some not-so-wet s i t e s  bu t  n o t  on 
a l l  sites. On most wet sites t h e  response  t o  
drainage and f e r t i l i z a t i o n  w i t h  P is more than  
a d d i t i v e  (Tables  5 and 6 ) .  

Table 5.--Response of young p i n e  t o  f e r t i l i z a -  
t i o n  and s i t e  p r e p a r a t i o n  on c o a s t a l  savanna 

s i t e s  ( S o i l  groups A and B ) .  

S i t e  P r e p a r a t i o n  
F e r t i l i z a t i o n  None Disc Bed ------ f  t /A  a t  age  8--- 

None 30 80  1 3  0 

Concentrated 
superphosphate 9 0 185 4 50 

di-onium 
phosphate 120 220 380 

S i t e  Prepara t ion  

S i t e  p r e p a r a t i o n  i s  both a  g r e a t  boon and 
a  g r e a t  bane t o  p r o d u c t i v i t y .  When i t  i s  proper-  
l y  done, s i t e  p r e p a r a t i o n  c r e a t e s  f a v o r a b l e  s o i l  
p h y s i c a l  and chemical c o n d i t i o n s  and reduces com- 
p e t i t i o n ,  thus  speeding e a r l y  growth and decreas-  
i n g  t h e  r o t a t i o n  age. When improperly a p p l i e d ,  
s i t e  p r e p a r a t i o n  c r e a t e s  poor s o i l  p h y s i c a l  and 
chemical condi t ions  and reduces growth, w h i l e  
a l s o  reducing forage  product ion,  caus ing  a  l o s s  of 



6,--Response of young p ine  t o  f e r t i l i z a t i o n  
e prepara t ion  on flatwoods s i t e s  ( S o i l  

groups C & D), 

Site Preparation 

----- f t3 /A a t  age 8----- 

l d l i f e  h a b i t a t ,  l essening  watershed qua l i t y  and 
king the  s i t e  look ho r r ib l e .  This dicotomy 

rgues s t rong ly  f o r  c a r e f u l  app l i ca t ion  of s i t e  
prepara t ion  treatments.  

Fo re s t e r s  have become enamored wi th  machinery 
and with p ine  t r e e s ;  these  two f a c t s  alone have 
lead  t o  most of t he  problems i n  s i t e  preparat ion.  
Bigger t r a c t o r s  and c leaner  s i t e s  a r e  not  neces- 
s a r i l y  b e t t e r ,  and overzealous prepara t ion  t o  
con t ro l  hardwoods so  t h a t  p ine  can be es tabl i sh-  
ed genera l ly  l eads  t o  s i t e  d e t e r i o r a t i o n  and 
lo s se s  i n  resource va lues ,  even p ine  production 
i t s e l f .  

The treatments recommended i n  Table 7 a r e  
ca lcula ted  t o  adequately prepare t he  s i t e  while 
conserving s o i l  organic mat ter  and f e r t i l i t y  and 
minimizing s o i l  erosion.  Such treatment should 
be b e n e f i c i a l  t o  a l l  resource va lues  save f o r  t he  
temporary l o s s  i n  v i s u a l  qua l i t y .  I f  t he  recom- 
mended treatment is  no t  adequate t o  al low f o r  
t he  establishment of pine on some s i t e s ,  then 
those s i t e s  can not  be expected t o  support  pine 
without t h e  l o s s  of o t h e r  resource values.  

Treatments i n  t he  t a b l e  a r e  i n  order  of pre- 
ference.  The a v a i l a b i l i t y  of equipment o r  con- 
t r a c t o r s  may d i c t a t e  some modificat ion i n  these  
recommendations. However caut ion  must be taken 
not  t o  use such f a c t o r s  a s  excuses f o r  not  apply- 
ing  the  proper s i t e  prepara t ion  methods. 

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

The f e r t i l i z e r  recommendations i n  Table 8 
a r e  pr imar i ly  based on t h e  r e s u l t s  of experi- 
ments which monitored t r e e  growth and y i e ld .  
However t hese  treatments should be b e n e f i c i a l  t o  
a v a r i e t y  of resources.  Limited da t a  from the  
Universi ty of F lo r ida ' s  Cooperative Research I n  
Fores t  F e r t i l i z a t i o n  Program (CRIFF) f i l e s  shows 
a s i g n i f i c a n t  improvement i n  forage  and browse on 
s o i l  group A and C s i t e s  f e r t i l i z e d  a s  recommend- 
ed i n  Table 6 .  Watershed and r ec rea t iona l  values 

Table 7.--Site preparat ion and regenera t ion  
recommendations f o r  pines by s o i l  group. 

S o i l  
Group Preparat ion 

A chop, burn, chop, double bed, p lant  
chop, burn, d i s c ,  bed, p l an t  

B chop o r  double chop, double bed, p lant  
chop, burn, d i s c ,  bed, p l an t  

C chop, d i s c ,  bed, p lant  
chop, hurn, bed, p l an t  

D chop, bed, p l an t  
chop, d i s c ,  bed,plant  

E chop, p l an t  
chop, burn, p l an t  

F chop, p l an t  
p l an t  i n  rough 

G chop, p l a n t  o r  seed 
na tu ra l  regenerat ion 

H chop, p l an t  or seed 
chop, burn, p l an t  o r  seed 

should a l s o  p r o f i t  from t h e  b e t t e r  s o i l  and vege- 
t a t i o n  condit ions brought about by these  t r e a t -  
ments. CRIFF experience shows t h a t  l i t t l e  f e r -  
t i l i z e r ,  a s ide  from t h a t  ac tua l ly  applied t o  
water i n  d i t ches ,  streams, e t c . ,  ever reaches 
the  runoff water i n  most f e r t i l i z e d  f o r e s t s .  
This is  due i n  p a r t  t o  rapid uptake by t h e  vege- 
t a t i o n  and i n  p a r t  t o  t he  f i x a t i o n  of many f e r t i -  
l i z e r  elements i n  t he  s o i l .  

More complex and sophis t ica ted  f e r t i l i z e r  
formulat ions than those i n  Table 8 may be used; 
however t he re  is l i t t l e  da t a ,  a s  of now, t o  show 
t h a t  these  a r e  more e f f e c t i v e  than those recom- 
mended here.  

A s  can be seen from the  p robab i l i t y  of res-  
ponse column, not  a l l  s i t e s  i n  most s o i l  groups 
respond t o  f e r t i l i z a t i o n .  Simple s o i l  tests o r  
more complex regress ion  equations developed by 
Kushla and Fisher (1980) may be used a s  f u r t h e r  
checks on the  p robab i l i t y  of response on a given 
s i t e .  

S o i l  Test  Values Ind ica t ive  
of Responsive S i t e s  

Element Double Acid Extractable 
Amount ( l b s / ~ )  

Phosphorus < 8 

Potassium < 20 



Table 8.--Recornendations f o r  f e r t i l i z a t i o n  a t  t i m e  of p lant ing .  

S o i l  
Group Treatment 

Probabil  f ty-- Volume Gain- 11 
o f  Response f t ~ - l ' 1 7 a r - ~  

A 5 / 50 l b s  P/A a s  G R P -  100% +50 t o  +75 

B 2 / 50 l b s  P/A a s  GRP, CSP, o r  DAP- 90X +20 t o  +40 

C 21 50 I b s  P/A a s  GRP, CSP, or  DAP- 75% +15 t o  +30 

D 21 50 l b s  P/A a s  G R P -  7 52 -5 t o  +15 

E 50 l b s  P/A a s  DAP 25% -5 t o  +15 

F 31 50 l b s  P/A a s  D A P -  50% -5 t o  +50 

H 50 l b s  P/A a s  GRP o r  CSP 75% -5 t o  +30 

L/Estimated from over 40 CRIFF t r i a l s  with s l a s h ,  l o b l o l l y  , and sand 
pine.  

Z/These s i t e s  may bene f i t  f ram the  add i t i on  of 50 1bs K/A. 

?/sites high i n  quar tz  sand may b e n e f i t  from the  add i t i on  of 50 l b s  
KIA.  

&/sand pine only. 

Z'GRP = ground rock phosphate, CSP = concentrated superphosphate 
( t r i p l e  superphosphate), DAP = diamonium phosphate. 

The recommendations i n  Table 9 a r e  a synthe- 
sis of d a t a  from CRIFF and the  North Carolina 
S t a t e  Universi ty Fores t  F e r t i l i z a t i o n  Cooperative 
(NCSFFC). These t rea tments  a r e  meant t o  be appl ied  
approximately 8 t o  10 yea r s  p r i o r  t o  harvest  i n  
pulpwood o r  small  sawlog r o t a t i o n s  and a f t e r  each 
thinning i n  longer ro t a t i ons .  The economics of 
these  treatments i n  pulpwood r o t a t i o n s  a r e  wel l  
worked out  (Bengtson, 1971). I n  longer r o t a t i o n s  
with s eve ra l  th innings  t he  r e t u r n  on f e r t i l i z a -  
t i o n  a f t e r  t he  f i n a l  thinning w i l l  f a r  surpass  
t h a t  on f e r t i l i z a t i o n  a f t e r  t he  f i r s t  thinning;  
however, s i g n i f i c a n t  production ga ins  i n  timber 
volume, a s  wel l  a s  o t h e r  resource values,  can be 
obtained by f e r t i l i z a t i o n  a f t e r  each thinning.  

As with recornendations f o r  f e r t i l i z a t i o n  a t  
t i m e  of p l an t ing  these  recornendations a r e  based 
l a r g e l y  on t r e e  volume response, but  o ther  re- 
source va lues  w i l l  a l s o  bene f i t .  These broader 
b e n e f i t s  may c a l l  f o r  t he  use  of more complex 
f e r t i l i z e r s ;  however, the  da t a  on which t o  recorn- 
mend such mlxtures is  almost t o t a l l y  lacking.  

I f  more p rec i s ion  i n  determining p robab i l i t y  
of response t o  f e r t i l i z a t i o n  is des i red  f o l i a r  
analyses o r  regress ion  equations (Kushla and 
Fisher ,  1980) may be used. 

C r i t i c a l  F o l i a r  Concentrations 
( X I  

N P K Ca Mg 

Slash d . 0  <.09 c.30 < . lo  <.06 
Pine 

Loblolly <1.0 c.11 d.30 < . l o  <.06 
Pine 

The response, p a r t i c u l a r l y  i n  l o b l o l l y  p ine ,  
may be q u i t e  dependent on stand condi t ions  and 
the  guide developed by NCSFFC (Report No. 1 )  may 
be used i f  the  s tands  a r e  t o  be f e r t i l i z e d  with- 
out  thinning.  



endations f o r  f e r t i l i z a t i o n  a t  mid-rotation f o r  pulpwood 
o r  a f t e r  thinning f o r  longer ro t a t i ons .  

S o i l  
Group Treatment 

1 I Probabi l i  t$/ Volume G_af rr 
of Response f t3k-'yr 

- 

A 2/ 150 lbs3y and 50 l b s  P/A- 100% 45 - 75 
a s  GGW- and urea 

B 2 1 150 l b s  N and 50 l b s  P/A- 90% 20 - 60 
a s  GGRP, CSP, o r  DAP and urea 

C 2 / 150 l b s  N and 50 l b s  P/A- 75% 25 - 55 
a s  GGRP, CSP o r  DAP and urea 

D 21 150 l b s  N and 50 l b s  P/A- 75% 45 - 90 
a s  GGRP and urea 

E 2 1 150 l b s  N and 50 l b s  PIA- 90% 30 - 50 
a s  CSP o r  DAP and urea  

F 2 / 150 l b s  N and 50 l b s  P/A- 
a s  CSP o r  DAP and urea  

G F e r t i l i z a t i o n  not  recommended 0% 0 

H 2 1 150 - 300 l b s  N and 50 Ibs  P/A- 7 5% 20 - 60 
a s  GGRP and urea  

&/Estimated from over 50 CRIFF and NCSFFC t r i a l s  with s l a s h ,  !.oblolly and 
and sand pine. 

Z / ~ t a n d  f e r t i l i z e d  wi th  P a t  t i m e  of p lant ing  need not  be r e f e r t i l i z e d  
with P. 

2 / ~ ~ ~ ~  = granulated ground rock phosphate, CSP = concentrated super- 
phosphate ( t r i p l e  superphosphate), DAP = diamonium phosphate. 

Conclusion 

The southeas t  and gulf  c o a s t a l  p l a in s  a r e  
unique i n  t he  ea se  and accuracy wi th  which s o i l  
information can be used i n  s i l v i c u l t u r a l  p r ac t i ce .  
This i s  p a r t i a l l y  due t o  t he  r a t h e r  uniform 
c l imate  and the  very simple s o i l s .  However, 
much of t he  p rec i s ion  i n  our a b i l i t y  t o  use  
s o i l s  a s  a  guide i n  s i l v i c u l t u r e  comes from the  
long h i s t o r y  of i n t e r e s t  i n  f o r e s t  s o i l s ,  and 
from the  many experiments ca r r i ed  ou t  by 
un ive r s i t y - indus t r i a l  cooperat ives,  t he  Forest  
Service and independent un ive r s i t y  and i n d u s t r i a l  
s c i e n t i s t s .  

The major i ty  of  the  information i n  t h i s  paper 
has been derived from the  observat ions  of t he  
author andfor h i s  i n t e r p r e t a t i o n  of o t h e r ' s  
observations o r  da ta .  The r e s p o n s i b i l i t y  f o r  t he  
accuracy and t r u t h  of  these  contents  is wholly 
t h a t  of  t h e  author and not  t h a t  of any o the r  in- 
d iv idual  o r  organiza t ion  named o r  unnamed. 

The r e s p o n s i b i l i t y  f o r  improving the  accuracy 
and p rec i s ion  of s o i l s  i n t e r p r e t a t i o n s  f o r  s i l v i -  
c u l t u r e  r e s t s  not  only wi th  t he  author and o the r  
research workers, hut  a l s o  with t h e  f o r e s t e r s  who 
use t he  information. The bes t  way t o  t e s t  s o i l s  
i n t e r p r e t a t i o n s  f o r  s i l v i c u l t u r e  is by observa- 
t i o n  of t h e  r e s u l t s  of t h e i r  use i n  t h e  f i e l d .  
The feedback from farmers has aided immensely i n  
t he  development of s o i l s  i n t e r p r e t a t i o n s  f o r  ag- 
r i cu l tu re .  A s  t he se  prel iminary s o i l s  i n t e rp re -  
t a t i o n s  a r e  used we must observe the  r e s u l t s  and 
then fu r the r  modify our reconunendations. I n  
t h i s  way we should be able  t o  rapid ly  r e f i n e  t h e  
recornendations and g rea t ly  improve t h e i r  use- 
fu lnes  s. 
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RESEM.CW. OR 

ESVIROmENTXL SITE EFZECTS OF FOREST m A C m N T  

1 / PUCTICES I E  THE LOLER COASTAL PLALR- 

21 H,  Riekerk,  L. F. Conde, J .  C. Hendrickson, and W, S. Gain- 

Abs t rac t , - - In tegra ted  research  is  i d e n t i f i e d  i n  terms of 
d i s c i p l i n e s ,  funding sources ,  and l e v e l s  of r e s o l u t i o n .  A re- 
s e a r c h  program is descr ibed  focus ing  on s i te  and environmental  
e f f e c t s  of s i l v i c u l t u r a f  management p r a c t i c e s  ranging from s t a n -  
dard  pulpwood t o  s h o r t - r o t a t i o n  fuelwood product ion.  Some 
pre l iminary  d a t a  i s  presen ted  on t h e  pulpwood s i l v i c u l t u r e  s t u d i e s  
sugges t ing  f i r s t - y e a r  nega t ive  e f f e c t s  i n  t h e  poorly d ra ined  f l a t -  
woods f o r e s t s .  Eucalyptus fuelwood p l a n t i n g s  appear  t o  have 
h igher  wate r  use.  

INTRODUCTION 

Research i n t e g r a t i o n  aims a t  focus ing  s e v e r a l  
d i s c i p l i n a r y  teams on a  g e n e r a l  problem p r e f e r a b l y  
coord ina ted  f o r  one a r e a .  The o v e r a l l  r e s e a r c h  
o b j e c t i v e  is broken down i n t o  sub-objec t ives  which 
a r e  t o  be achieved by t h e  d i s c i p l i n a r y  teams i n  
an i n t e g r a t e d  fash ion .  P e r i o d i c  review and c o w  
m n i c a t i o n  between teams is  requi red  t o  coord ina te  
l e v e l s  o f  r e s o l u t i o n  f o r  d a t a  a c q u i s i t i o n  and 
s y n t h e s i s ,  methods and u n i t s  of measurement, and 
l o g i s t i c s .  I n t e g r a t i o n  of d i f f e r e n t  funding 
sources  i n t o  one r e s e a r c h  program can a l s o  be 
accomplished by s u b c o n t r a c t i n g  r e s e a r c h  components 
t o  s p e c i f i c  i n t e r e s t s  o f  funding agenc ies  b u t  
w i t h i n  t h e  umbrel la  of t h e  o v e r a l l  r e s e a r c h  objec- 
t i v e  . 

This  r e p o r t  d e s c r i b e s  such i n t e g r a t i o n  of t h e  
l a t t e r  k i n d  and p r e s e n t s  p re l iminary  in format ion  
from t h e  advanced components o f  ongoing s t u d i e s  
i n  a  r e s e a r c h  program focused on e v a l u a t i o n  of 
environmental  and s i te  e f f e c t s  of i n t e n s i v e  
f o r e s t  management p r a c t i c e s  i n  t h e  Lower Coas ta l  
P l a i n  of F l o r i d a .  

I1paper  p resen ted  at  t h e  Southern S i l v i c u l -  
t u r a l  Research Conference, A t l a n t a ,  Georgia, 
Sovember 6-7, 1980. 

2 /Respec t ive ly ,  A s s i s t a n t  P r o f e s s o r ,  Assis- 
t a n t  Research S c i e n t i s t ,  and Graduate Research 
A s s i s t a n t s ,  U n i v e r s i t y  of F l o r i d a ,  G a i n e s v i l l e ,  
EL 32611. 

The o v e r a l l  o b j e c t i v e  of t h e  r e s e a r c h  program 
is t o  e v a l u a t e  and p r e d i c t  t h e  environmental  and 
s i t e  e f f e c t s  r e s u l t i n g  from i n t e n s i v e  f o r e s t  
management p r a c t i c e s .  Environmental and s i te  
e f f e c t s  i n c l u d e  changes of wate r  b lances ,  non- 
p o i n t  source  p o l l u t i o n ,  and changes i n  s o i l - p l a n t  
n u t r i e n t  l e v e l s .  

The r e s e a r c h  s t r a t e g y  is a )  t o  impose a n  in -  
t e n s i t y  range of s i l v i c u l t u r a l  p r a c t i c e s  on c a l i -  
b r a t e d  watersheds t o  measure hypothesized t r e a t -  
ment e f f e c t s  of l a r g e - s c a l e  o p e r a t i o n s  and, 
b)  t o  a t t empt  t o  e x p l a i n  observed t rea tment  
e f f e c t s  by measurements o f  hypothesized mechanisms 
wi th  more d e t a i l e d  p l o t  s t u d i e s  w i t h i n  t h e  water-  
sheds o r  e lsewhere when a p p r o p r i a t e .  

Sub-ob j e c  t i v e s  i d e n t i f i e d  a r e  a )  e v a l u a t i o n  
of e f f e c t s  r e s u l t i n g  from a range of biomass re- 
moval and regenera t ion  o p e r a t i o n s  (Table 1A) and ,  
b)  e v a l u a t i o n  of e f f e c t s  r e s u l t i n g  from fuelwoad 
s i l v i c u l t u r e  i n  a  range of t ree -so i l -c l imate  con- 
d i t i o n s  of F l o r i d a  (Table 1B). The l a t t e r  has  
two phases: 1 )  p i l o t  p l o t  s t u d i e s  and 2) s m a l l  
o p e r a t i o n a l  watershed s t u d i e s  of promising tree- 
s o i l - c l i m a t e  combinations. 

The range of biomass removals i n  watershed 
s c a l e  s t u d i e s  v a r i e s  from t h e  undis tu rbed  c o n t r o l ,  
t o  s tandard  pulpwood, t o  whole-tree, t o  t o t a l  
l i v i n g  biomass removal. The degree of site d i s -  
turbance v a r i e s  from t h e  undis tu rbed  c o n t r o l ,  t o  
minimum, medium, and maximum s o i l  exposure by 
s tandard  harves t ing- regenera t ion  techniques .  
Minimum s o i l  exposure is achieved w i t h  manual 



shortwood harves t ing ,  mechanical drum chopping of 
s l a s h ,  bedding and p lant ing .  Medium s o i l  expo- 
s u r e  inc ludes  tree-length harves t ing ,  s l a s h  burn- 
ing,  chopping, bedding and p lant ing .  % x h m  
s o i l  exposure is achieved wi th  mechanical t ree-  
length  harves t ing ,  stump removal., s l a s h  burning, 
windrowing, bedding and p lant ing .  

The fuelwood s i l v i c u l t u r e  p l o t  t r i a l s  include 
s i x  t r e e  spec i e s  a t  t h r e e  l oca t ions  i n  Florida.  
Each spec i e s  is being evaluated a t  two high plant-  
ing  d e n s i t i e s  f o r  growth, y i e l d ,  s i t e  require- 
ments, and env i romen ta l  e f f e c t s .  I n  addi t ion ,  
t h r ee  of  t h e  spec ies  a r e  a l s o  being t e s t ed  on 
very small watersheds t o  a s se s s  non-point source 
p o l l u t i o n  and water  u se  e f f e c t s .  

The research  program is being supported by 
funds from ha l f  a dozen i n s t i t u t i o n s .  The U.S. 
Fores t  Serv ice  i n i t i a t e d  the  o v e r a l l  program i n  
1977 wi th  t h r e e  i s o l a t e d  watersheds (WS 1-3) 
ranging from 48 t o  136 hec t a re s  (IMPAC s t u d i e s ) ,  
expanded wi th  a 4-hectare semi-isolated watershed 

(WS 6) f o r  water  q u a l i t y  monitoring of an i n t e  
mediate i n t e n s i t y  l e v e l  of  f o r e s t r y  p rac t i ce s ,  
i n  ~ l o r i d a ' s  poorly drained flatwood f o r e s t  l a  
The main ob jec t ive  of  t h i s  i n t eg ra t ed  study is 
evalua te  the impacts of i n t ens ive  forest  m a  
ment p rac t i ce s  on the  hydrology and water qu 
of ~ l o r i d a '  s flatwoods ecosystems . Two addi  
a 1  i s o l a t e d  4-hectare watersheds (WS 4-5) have 
been constructed wi th  funds from the  Oak Ridge 
National  Laboratory (Solar  Whole-Tree). The ob- 
j e c t i v e  of t h i s  s tudy is  t o  evalua te  t h e  envi ro  
mental impacts and long-term s i t e  degradation o 
whole-tree harves t ing  i n  pulpwood and fuelwood 
s i l v i c u l t u r e .  A 0.4-hectare waterbed study has  
been funded by t h e  Universi ty of F lor ida  t o  a s  
environmental and s i t e  e f f e c t s  of coal- 
za t i on  i n  Casuarina spp, s i l v i c u l t u r e .  
is a ni trogen-fixing t r e e  spec ies .  

Small 0.01-hectare l y s i m e t r i c  p l o t  s t u d i e s  
water use ,  ~ u t r i e n t  requirements, and s o i l  water  
q u a l i t y  of s i x  fuelwood t r e e  spec i e s  have been 
funded by the  Department of Energy (Energy and 

Table 1. 

A. Watershed s t u d i e s  of biomass removal and s i t e  prepara t ion  e f f e c t s .  

Biomass Removal 
None Pulpwood Aboveground To ta l  

S o i l  Exposure Control Stem Stem, crown Stem, crown, stump 

None 
F i r e  con t ro l  WS 3 

Minimum 
Chopping, bedding WS 1 

Medium 
Burn, chop, bed 

Plaxinnrm 
Burn, windrow, bed 

L/No t e  : f o r  fuelwood s i l v i c u l t u r e  wi th  Eucalyptus and Casuarina, respect-  
i ve ly .  ----------------------------------------------------------------------------- 

2 .  Plo t  s t u d i e s  of  fuelwood species ,  p l a n t  spacing and F lo r ida  sites. 

S i t e  and spec ies  P l an t  Spacing (m) 

N. Flor ida  
Sand p ine  

C. F lo r ida  -- 
Slash p ine  
Eucalyptus 

S. F lor ida  
Casuar i n a  
Eucalyptus 
Melaleuca 



Chemicals from Woody Spec ies ) .  The main objec- 
t i v e  o f  t h i s  s tudy  is  t o  e v a l u a t e  sand p i n e  i n  
Sorth F l o r i d a ,  s l a s h  p i n e  and Eucalyptus 
t - i ~ f n a l i s  i n  C e n t r a l  F l o r i d a ,  and E. g r a n d i s ,  
~ a s u a r i n a  cunninghamiana, C. e q u i s i t i f o l i a ,  and 
,ilelaieuca quinguenervia  in-south F l o r i d a ,  f o r  
high-densi ty fuelwood p l a n t a t i o n  management and 
assess a s s o c i a t e d  requirements  f o r  s o i l  and 
Water resources .  

A wate rba lance  s tudy  of s l a s h  p i n e  w i t h  
a weighing l y s i m e t e r  h a s  been supported by t h e  
F l o r i d a  Water Resources Research Center  s i n c e  
1978. The o b j e c t i v e  of t h i s  s tudy  i s  t o  c a l i -  
b r a t e  m e t e r e o l o g i c a l  methods of evapot ransp i ra -  
t i o n  assessment  which then  can be used t o  in-  
dependently measure e v a p o t r a n s p i r a t i o n  of  t h e  
watershed-level  wate rba lance  s t u d i e s .  

PROCEDURES AND PRELIMINARY RESULTS 

Watershed S t u d i e s  

Three l a r g e  watersheds (WS 1, WS 2 ,  WS 3 i n  
F igure  I )  were e s t a b l i s h e d  i n  t h e  poor ly  d ra ined  
p ine  f la twoods ecosystems of c e n t r a l  F l o r i d a  dur- 
ing  1977. I s o l a t i o n  was accomplished by road- 
d ike  s y s  t e m s  and hydrology and water  q u a l i t y  
monitored w i t h  longthroa ted  flumes (Riekerk e t  a l . ,  
1978). Minimum (WS 1 )  , medium (WS 6 ) ,  and maxi- 
mum (WS 2) harves t ing- regenera t ion  p r a c t i c e s  were 
imposed d u r i n g  1979 and environmental  e f f e c t s  com- 
pared a g a i n s t  c o n t r o l  (WS 3)  (Riekerk e t  a l . ,  
1980). Water q u a l i t y  d a t a  on ly  from t h e  semi- 
i s o l a t e d  i n t e r m e d i a t e  t rea tment  (WS 6 )  is in-  
c luded i n  t h i s  r e p o r t .  Hydrologic in format ion  
from t h e  t h r e e  i s o l a t e d  watersheds is presen ted  
i n  Table 2 and F igure  2. 

Figure I. Bradford F o r e s t  Watersheds. 

R a i n f a l l  dur ing  t h e  b a s e l i n e  y e a r  was some- 
w1;ac h igher  than  normal due t o  a f ew  Large e v e n t s .  
Ccntinuous s o i l  s a t u r a t i o n  r e s u l t e d  i n  h igh  water  
y i e l d s  (39 p e r c e n t  o f  r a i n f a l l )  which normally 
a r e  l e s s  than  10 p e r c e n t .  Groundwater seepage 
bas measured as less than one pereeat of p r e c i p i -  
t a t i o n  i n p u t .  The maximum d i s t u r b a n c e  t rea tment  
(WS 2) denuded t h e  harves ted  a r e a s  r e s u l t i n g  i n  
a 165 percen t  i n c r e a s e  i n  wate r  y i e l d .  The 
minimm d i s t u r b a n c e  t rea tment  l e f t  s i g n i f i c a n t  
t r a n s p i r i n g  v e g e t a t i o n  cover  which l i m i t e d  t h e  
i n c r e a s e  of wate r  y i e l d  t o  66 percent.. 

Water q u a l i t y  d a t a  a r e  summarized i n  Table 3 ,  
With an average c o e f f i c i e n t  of v a r i a t i o n  of 40 
percen t  between t h r e e  watersheds,  s i g n i f i c a n c e  a t  
t h e  10 p e r c e n t  l e v e l  of confidence occurs  when 
t rea tments  d i f f e r  by a f a c t o r  of 2 from t h e  con- 
t r o l .  Between-year d i f f e r e n c e s  a s  exemplif ied by 
c o n t r o l  WS 3 have been accounted f o r  by a t t a c h i n g  
t rea tment  s i g n i f i c a n c e  on ly  t o  d i f f e r e n c e s  of 
between-year r a t i o s .  

Treatments d i d  n o t  have any e f f e c t  on runof f  
pH, b u t  s i g n i f i c a n t l y  decreased ammonium-nitrogen 
l e v e l s  p r o p o r t i o n a l  t o  t rea tment  i n t e n s i t y .  Ob- 
served i n c r e a s e s  of s o i l  s o l u t i o n  ammonium l e v e l s  
(Morris and P r i t c h e t  t , J.980) would s u g g e s t  s i g n i -  
f i c a n t  f i x a t i o n - s i n k  o r  gaseous-loss  pathways. 
Treatments had l i t t l e  o r  no e f f e c t  on t h e  l e v e l s  
of n i t r o g e n  and phosphorus s p e c i e s  i n  runoff  wate rs .  
Of t h e  c a t i o n s  calcium and potassium l e v e l s  ap- 
peared t o  be  increased  by t rea tments .  The i n c r e a s e  
was h i g h e s t  dur ing  t h e  f i r s t  few months immediately 
fo l lowing  h a r v e s t i n g  o p e r a t i o n s  (F igure  2 ) .  
S t range ly ,  suspended sediment l e v e l s  have been 
increased  i n v e r s e l y  t o  s o i l  exposure. Observa t ions  
of sediments i n  t r a p s  sugges t  very  l i t t l e  movement 
o f  bedload. 

Water q u a l i t y  d a t a  from upland f o r e s t e d  water-  
sheds a f t e r  c l e a r c u t t i n g  a r e  summarized i n  Table 4. 
From t h i s  genera l ized  d a t a  i t  is  apparen t  t h a t  
t h e  Bradford f la twoods f o r e s t  t r e a t m e n t s  i n c r e a s e d  
on ly  c a t i o n  l e v e l s  i n  runoff  wate r  a s  com- 
pared t o  upland f o r e s t  t rea tments .  

Nut r ien t  ba lance  d a t a  of p r e c i p i t a t i o n  i n p u t  
minus runoff  ou tpu t  a r e  summarized i n  Table 5. 
Increases  i n  r e t e n t i o n  a r e  apparen t  f o r  most 
c a t i o n s ,  e s p e c i a l l y  i n  maximum t rea tment  WS 2. 
This  sugges t s  f i x a t i o n  by t h e  denuded f o r e s t  s o i l  
t o  be a n  important  b u f f e r  mechanism. N e t  phos- 
phorus ou tpu t  has  been i n c r e a s e d  from t h e  maximum 
treatment  WS 2 t rea tment  sugges t ing  s o i l - r e l e a s e  
p rocesses  (more reduced c o n d i t i o n s ? )  t o  be  domi- 
nant .  The p o s i t i v e  ba lances  and t h e  increased  
r e t e n t i o n  of c a t i o n s  by s e v e r e  d i s t u r b a n c e  s u g g e s t s  
these  f o r e s t e d  watershed ecosystems t o  be n u t r i e n t -  
poor and of an o l i g o t r o p h i c  n a t u r e ,  

I n  conc lus ion ,  i t  appears  t h a t  t h e  l e v e l s  o f  
management i n t e n s i t y  increased  runoff bu t  decreased  
ammonium (and n i t r a t e )  l e v e l s  dur ing  t h e  f i r s t  y e a r .  
Nut r ien t  l e v e l s  o f  runoff from t h e  o l i g o t r o p h i c  
f la twoods f o r e s t  ecosystems were comparable t o  
t rea tment  e f f e c t s  of upland f o r e s t e d  watersheds.  
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Figure 2. Climate, runoff and water qua l i t y  pa t t e rns  of Bradford Forest  Watersheds. 

Table 2. Hydrologic summary (cmlyr). 

1978 1979 
Tota l  WS Tota l  WS , , Harvested Percent 
Observed Observed ~ r e d i  c tedA Area Increase 

Rainfa l l  151.1 129.5 --- --- --- 
Yield 

US 3 (X) 56.9 9.2 --- --- --- 

l'prom equations f o r  monthly values : 

Y, = 1.13 X - 0.20 and Y2 = 1.28 X -  0.51; R~ = 0.98, P- = 1.0 a. 
Y 



Table 3. Runoff water qual i ty  comparisons. 

pH xH4N N 0 3 N  POqP TP Ca Mg K Sed 

Runoff '78 3.6 0.10 0.03 0.67 0.036 0.04 1.21 0.98 0.28 3.5 
WS 1 '79 0.09/ 0.03/ 1.37 0.039 0.02 1.3$/ 0.8&/ 0.61 5.0 
Ratio ::&/ 0.6 1 .  2.0 1.1 21 0.5 1.1- 0.9- 2,2 1.43- 

Runoff ~ 7 8 ~ '  3.7 0.08 0.02 0.93 0.024 0.06 1.83 0.91 0.10 -- 
W S 6  '79 3.g1/ 0.03/ 0.04 1,84 0.033 0.05 1 .89/1 .50 0.30 -- 
Ratio 1 . 6 -  0.9- 2.0 2.0 1.4 0.8 1.0- 1.6 1 .0  -- 

Runoff '78 4.1 0.09 0.02 1.15 0.017 0.11 3.00 1.09 0.48 37.2 
WS 2 '79 4.Ol1 0.1$/ 0.05 1.24 0.018 O.O&, 1.06 1.45 1.39/ 10.02, 
Ratio 0.8- 1.3- 2.5 1.1 1.1 0.2- 0.4 1.3 2.7- 0.27- 

Runoff '78 3.6 0.06 0.01 0.97 0.018 0.04 1.27 0.65 0.13 70.6 
WS3 '79 3.611 0.25 0.03 1.62 0.027 0.02 0.51 1.26 0.15 3.3 
Ratio 1.0- 4.2 3.0 1.7 1.5 0.5 0.4 1.9 1.2 0.05 

L/Ratio of hydrogen ion concentrations. 

Z / ~ i g n i f  i can t  treatment e f f ec t  a t  the 10 percent l e v e l  of confidence. 

?/&verage of WS 1, 2, 3 data. 

Table 4. Runoff water chemistry changes due to  c learcut t fng (ppm). 

N03N P K Ca 
Control Cut Control Cut Control Cut Control Cut 

Florida 
(Hollis  e t  a l .  1979) 0.01 0.05 0.03 0.28 
(This paper) 0.03 0.04 0.02 0.03 0.2 0.7 0.5 1.4 

Ceor g ia  
(Hewlett 1979) 0.11 0.02 0.34 0.34 1.3 1.3 5.6 2.7 

North Carolina 
(Douglass&Swank1975) 0.005 0.009 0.004 0.004 0.4 0.5 0.6 1 .0  

West Virginia 
(Aubertin & Pa t r i c  1974) 0.10 0.49 0.02 0.04 0.5 0.6 0.8 0.7 
(Pa t r i c  1980) 0.35 0.41 0.01 0.01 O.? 0.6 1.1 1 .0  

Pennsylvania 
(Mussalem & Lynch 1980) 0.08 0.37 



Table 5. Nutr ient  balances (kg/ha/yr) . 

NH4M M03N '333-3 P O ~ P  P Ca % K Sed . 
P , %  

WS 1 1978 4-2.2 4-4.2 48.4 443.2 +2,6 +3.7 -1.8 +1.0 -21.0 
1979 +I. 8 +2.3 0.0 m . 6  +1.3 +2.7 +2.4 -6.4 

Min . Rat io  0.8 0.6 5 ..a. 0.2 0.4 0.6 2.4 0. 3 d 1  

WS 2 1978 +2.2 +4.0 4-6.1 0.0 H . 5  -4.5 +0.4 +0. t f  -153.2 
1979 +1.8 C2.8 +I. 8 -17.5 

Max Ratio 0.8 0.7 3.&/ 4.&/ O.l.1- 1 1 

WS 3 1978 +2.2 4-4.1 +1,4 0.0 H . 6  +5.9 +1.8 +l. 6 -398.6 
1979 4-1.7 +3.0 +5.0 0.0 i-o.2 +2.3 +l.O +2.5 -2.7 

Control  ~ a t i o  0.8 0.7 3.6 n.a. 0.3 0.4 0.6 1.6 0.01 

&/s igni f icant  a t  t h e  10  percent  l e v e l  of confidence. 

Two smaller  adjacent  watersheds (WS 4 and 
WS 5) were constructed during 1980 using road- 
d ike  and buried p las t ic -wal l  boundaries (Figure 
3). Vegetation analyses show a biomass of 104 
mt/ha containing 156 kg/ha N ,  12 kg/ha P, 30 kg/ 
haK, and 188 kg/ha Ca. The f o r e s t  f l o o r  contains 
about 290 kglha N and 9 kg/ha P, while t he  rooted 
s o i l  conta ins  approximately 2300 kg/ha N and 10 
kg/ha P (Morris, unpublished da ta ) .  Apparently 
most n i t rogen is s to red  i n  the  s o i l  component 
of  t he  flatwoods f o r e s t  ecosystem. Preliminary 
runoff water q u a l i t y  d a t a  of these  new watersheds 
a r e  included i n  Table 6. This information shows 
some d i f f e rences  wi th  t h a t  of t he  well-established 
con t ro l  WS 3 which may be due t o  recent  d i s tu r -  
bances from watershed cons t ruc t ion .  Baseline 
water chemistry a t  s a p l i n g  s t a t i o n s  downstream of 
WS 4 and klS 5 is being monitored t o  a s ses s  water- 

Table 6. Water q u a l i t y  of WS 3 ,  WS 4,  WS 5,  and 
1 / downstream sample points.- 

TKN TP K Ca EL, 

WS 3 1.01 0.022 0.05 0.30 0.50 
WS 4 0.56 0.628 0.20 1.20 1.90 
WS 5 0.92 0.034 0.20 1.20 1.10 
ST 1 0,72 0.019 0.24 0.47 0.90 
ST 2 1.13 0.023 0.30 0.40 0.90 
ST 3 1.31 0.020 0.11 0.37 0.93 
ST 4 1.12 0.022 0.20 0.77 1 .21  

&/spaced about 100 m. apa r t .  

shed treatment e f f e c t s  on stream process5ng during Two small  0.5-hectare watersheds with p l a s t i c -  
1981. wal l  boundaries a r e  under cons t ruc t ion  on poorly 

drained and acid flatwoods s o i l  and w i l l  be amend- 
ed wi th  100 mtlha of unweathered coal  ash ,  These 
areas  w i l l  be p lanted  i n  high-density fuelwood 

i spacing with Casuarina spp. during 1981. S o i l  s i te  
and environmental e f f e c t s ,  n i t rogen f i x a t i o n  by 
Casuarina, and fuelwood production w i l l  be moni- 
tored t o  evaluate  the  environmental and site ~IU- 

pacts  of fuelwood s i l v i c u l t u r e  u t i l i z i n g  coa l  ash  
amendments. 

t Grid potnts 
- - Road 8 dtt ch 

Drotnoge 
- - Piost~c borr~er Plot  s tud ie s  
e Rom QOUQ4 

- - - -  R o ~ n  QOUQI cleor~ng edge Smaller l y s ime t r i c  p l o t s  have been developed 
(iP Water tab18 well s ince  1978 t o  evaluate  the  s i t e  requirements and 
u 
n Flume e n v i r o m n t a l  e f f e c t s  of fuelwood s i l v i c u l t u r e  

with t r e e  species  adapted t o  the  d i f f e r e n t  s o i l  , l O O M  , 
i~~ Watershed 1,2 a 3 I IMPAC) and cl imate condit ions of Flor ida  (See Table 1B). 

and ~t 100 Fuelwood s i l v i c u l t u r e  u t i l i z e s  high-density spac- 

Figure 3. Map of WS 4 and WS 5 of t h e  
Bradford Fores t  research area.  

ing  and very sho r t  ro t a t ions .  ~ r o d u c t i v i t - y  of 
these s tands  can be double t h a t  of standard pulp- 
wood spacing i n  s h o r t  r o t a t i o n s  (Table 7).  



;able 7. Biomass y i e l d e / f o r  fuelwood and p u l p -  
wood spec ies . -  

Spec ies  Age Spacing Yield 
f y r s )  (n x m> (mt/ha/yr)  

~ u e  iwood --- 

S l a s h  p i n e  8 0.6 x 0.6 4.9 
Sand p i n e  6 0.6 x 0.6 7.2 
Casuar ina  4 1 . 0  x 1 . 0  8.3 
XelaLeuca 3 0.3 x 0 .3  13.9 
XeLaleuca 9 0.6 x 0.6 28.5 

Pu lpwo od -- 

Euca lyp tus  7 2.4 x 2.4 4.5 
S l a s h  pimi?' 9 2.7 x 3.7 3 .4  

LfAdapted from Conde and Rockwood, 1979. 

Z'F'rom Manis, 1977. 

Water monitor ing i n  t h e s e  p l o t s  r e q u i r e s  
d i f f e r e n t  t echniques  dependent on t h e  s i t e  condi- 
t i o n s .  The deep and e x c e s s i v e l y  dra ined  sandy 
s o i l s  under  sand p i n e  i n  n o r t h  F l o r i d a  a r e  being 
monitored w i t h  porous f i l t e r  tubes a t  0 . 1  atm 
t e n s i o n  i n s e r t e d  l a t e r a l l y  a t  2  m dep th  from a 
manhole and sub-sampled monthly. Pre l iminary  
d a t a  s u g g e s t  on ly  a  few p e r c e n t  of p r e c i p i t a t i o n  
p e r c o l a t e d  d u r i n g  t h e  summer months w i t h  no per- 
c o l a t i o n  d u r i n g  t h e  d r i e r  s p r i n g  months when 
s o i l  m o i s t u r e  dropped below 6 p e r c e n t  by weight 
(F igure  4 ) .  No e f f e c t s  due t o  p l a n t i n g  d e n s i t y  
of sand p i n e  is y e t  apparen t  i n  s o i l  mois tu re  
regimes.  

i 
&? - 1  
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7'"rLe shal low and poor ly  d ra ined  sandy f l a t -  
woods s o i l s  i n  North-Central F l o r i d a  a r e  being 
~ o n i t o r e d  w i t h  l y s i m e t r i c  p l o t s .  Impermeable 
w a l l s  ha+e been cons t ruc ted  down i n t o  t h e  under- 
r l y i n g  c l a y  l a y e r  forming a n  i s o l a t e d  s o i l  nono- 
l i t h  (Figure 5) .  Water table  c o n t r o l  and wate r  
sampling is  w i t h  fo rced  dra inage .  Pre l iminary  
w a t e r t a b l e  d a t a  suggest  s i g n i f i c a n t l y  more 
water  use  (3 cm) by t h e  high-densi  t y  (0.5 x 1 . 0  
m) Eucalyptus p l o t  than by t h e  low-density (1 .5  
x 1 .0  m) o r  pulpwood (2.0 x 3.0 m) p i n e  p l o t s .  
The low-density Eucalyptus and high-densi ty p i n e  
p l o t s  axso show more wate r  u s e ,  b u t  n o t  s i g n i f i -  
c a n t l y  so.  

WATER USE 

DRAIN PUMP - 
WATER USE RAIN - DRAIN 

Figure  5. Lys imet r ic  p l o t  diagram. 

The deep and poor ly  d ra ined  sandy palmetto-  
p r a i r i e  s o i l s  i n  sou th  F l o r i d a  have been i s o l a t e d  
l a t e r a l l y  wi th  1 .2  m p l a s t i c  w a l l s .  Monitor ing 
of d a i l y  w a t e r t a b l e  f l u c t u a t i o n s  p rov ides  water-  
use  in format ion  (Gray, 1.970). Some d a t a  has  
been ob ta ined  and no d i f f e r e n c e s  i n  w a t e r t a b l e  
regimes have been observed a s  of t h i s  t i m e .  

A smal l  (7.2 m2) weighing-lysimeter p l o t  h a s  
been cons t ruc ted  i n  t h e  poorly-drained f la twoods  
s o i l  of nor th -cen t ra l  F l o r i d a  and p l a n t e d  t o  s t a n -  
dard pulpwood t r e e  spac ing  (F igure  6 ) .  The hy- 
d r a u l i c  weighing l y s i m e t e r  c o n s i s t s  of two n e s t e d  
1.2 m deep f i b e r g l a s s  t a n k s ,  t h e  i n n e r  one back- 
f i l l e d  w i t h  s o i l  and provided w i t h  fo rced  dra inage .  
P r e c i p i t a t i o n  and weight  changes a r e  being moni- 
t o r e d  cont inuously t o  e s t i m a t e  a c t u a l  evapotrans-  
p i r a t i o n  o u t p u t s  a c c u r a t e l y .  Equat ions f o r  c a l -  
c u l a t e d  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  r a t e s  from 
a d j a c e n t  w e a t h e r s t a t i o n  d a t a  can then  be c o r r e c t e d  
and used f o r  independent e v a p o t r a n s p i r a t i o n  e s t i -  
mates of t h e  l a r g e  watershed s t u d i e s .  The a c t u a l  
e v a p o t r a n s p i r a t i o n  d a t a  from t h e  weighing l y s i m e t e r  
w i l l  a l s o  be used t o  check t h e  wate rba lances  of 
a d j a c e n t  l y s i m e t r i c  p l o t s  p lan ted  i n  p i n e  pulp- 
wood spacing.  

.-', . r l g u r e  4. S o i l  water  c o n t e n t  i n  N .  F l o r i d a  
sand h i l l s .  
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Figure 6 .  Weighing lys imeter  diagram. 

CONCLUSIONS 

The environmental and s i te  e f f e c t s  research  
program has been developed wi th  resources from a 
v a r i e t y  of funding agencies i n t e r e s t e d  i n  speci-  
f i c  aspects  of s i l v i c u l t u r a l  impacts, Overlapping 
use  of  research  f a c i l i t i e s  provides mutual sup- 
po r t  r e in fo rc ing  the  da t a  obtained f o r  s p e c i f i c  
i n t e r e s t s .  Reporting of r e s u l t s  w i l l  become 
more in t eg ra t ed  over time wi th  managerial and 
regula tory  app l i ca t ions  f o r  s i l v i c u l t u r a l  prac- 
t i c e s  a t  various l e v e l s  of i n t e n s i t y .  

Prel iminary information suggests  pulpwood 
s i l v i c u l t u r e  i n  t he  flatwoods physiography t o  
genera te  lower l e v e l s  of n i t rogen spec ies  and 
higher l e v e l s  of n u t r i e n t  ca t ions  i n  runoff 
water qua l i t y .  This seems t o  be t he  reverse  
of r e s u l t s  reported f o r  upland watershed s t u d i e s  
i n  t he  nor theas tern  U. S. The water regime of t he  
regenerated sand h i l l  f o r e s t  i n  nor thern  Flor ida  
appears t o  be s t rong ly  dominated by evapotranspira- 
t i o n  lo s se s  wi th  only a few percent  of p rec ip i t a -  
t i o n  percola t ing  t o  groundwater. Eucalyptus spp. 
appears t o  be performing wel l  i n  fuelwood experi- 
mental p l o t s  a s  compared t o  o the r  t r e e  species.  
Some increased e f f e c t  on water use  has been 
documented so  f a r .  
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FOREST AND RANGE L~EBAGTIONS- 

2 / 
Henry A. Pearsorr 

Abstract.-This paper provides information collected 
on forest, range, and wildlife interrelationships and 
projects economic values from livestock in the forest pro- 
gram. Data presented are mainly from range research 
studies, Alexandria, Louisiana, but include some coopera- 
tive research and literature review. 

INTRODUCTION TREES AND FORAGE 

udicious multiple-use planning offers 
us social and economic benefits and 
es few concessions from land managers. An 
ant advantage of integrated tree and live- 
management is that profit can be higher 
with single-resource management. Changing 

encourage flexibility in the overali 
ration because diversification provides a 
ns of surviving poor markets, Dominant issues 
the future will be to overcome commodity 
tages--food and fiber--and to protect the 
irorunent. Sound multiple-use management of 

lands will enable the landowner to meat 
hallenges at a profit, However, all disci- 
must work cooperatively to accomplish 

e purpose of this paper is to provide 
tion regarding (1) the effects of trees on 
for livestock and wildlife, (2) the effects 
tle on pine regeneration, (3) lfvestock- 
fe relations, and (4) the economics of 

ng livestock to the forest program. Hopefully, 
paper will show that the forage resource on 

them forests is an asset and not a liability. 
light of current and future demands on land 
ources, simultaneous management of timber, 
stock, and wildlife is imperative. Southern 

e forests have the climate, soils, water, and 
ht necessary to produce good forage and timber 

Paper presented at the Southern Silvicul- 
esearch Conference, Atlanta, Georgia, 

Scientist, Southern Forest 
eriment Station, USDA Forest Service, Pineville, 

ouisf ana 71360. 

Overstory tree density, or canopy, has the 
greatest influence in determining forage yields. 
Yields decrease as tree overstory increases 
(Gaines et al. 1954; Halls and Schuster 1965). In 
13- to 17-year-old longleaf and slash pine stands, 
fora e yields decrease about 15 lbjacre for every 5 3 ft basal area tree increase (Walters 1973), In 
35- to 40-year-old longleaf pine stands yields 
decrease about 7 lblacre for every 1 ft3 increase 
(Grelen and Lohrey 1978). Canopy even influences 
forage nutrients; for instance, forage protein 
content is higher under shade than in the open 
(Wolters 1973). Growing cool-season exotics under 
pine stands does not provide mare forage than 
natives, but can provide green forage during 
winter when natives are dormant (Pearson 1975). 

Any forest management practice that alters 
the overstory will change forage potentials. 
Reforestation practices greatly influence the 
forage available. Wide spacing, such as 10 x 12 
ft, or 12 x 12 ft, yield more forage than do 
closer spacings. Forage yields of 1000 lblacre 
were produced through age 16 under slash pines 
regenerated at 6- x 12-ft spacings (Lewis 1973). 
Direct-seeded stands usually reduce production 
sooner than planted stands because trees are 
generally denser in direct-seeded stands (Pearson 
et al. 1971; Pearson 1974). 

A 12-year-old direct-seeded slash pine stand, 
precommercially thinned to 500 trees per acre at 
age 3, produced about four times more forage than 
unthinned stands (Grelen et al. 1972). If burned 
and thinned regularly, mature longleaf pine stands 
provide about half as much forage as treeless 
range (Grelen and Enghardt 1973; Derr and Enghardt 
1969). 

Fertilizing the forest to increase tree 
,g wth also improves forage quality and yields 



(McMinn 1966; Lewis 1970; Duvall and Grelen 1957); 
however, fertilization may not be econom3cal for 
meeting livestock nutritional requiraents (Duvall 
and Grelen 1967). In fertilized pastures pulpwood 
yields were 2.7 times more than on nonfertilized 
rage (Burton 1493).  Cattle on plots with no 
trees averaged 0.99 lb daily weight gain (247 
lbfacre annually), cattle where trees were spaced 
20 x 20 ft gained 0.86 l b  daily (178 lblacre), 
and those on plots 12- x 12-ft spacings gained 
0.77 1b daily (120 lb/acre) . 

Timber supplies apparently are not greatly 
reduced even with wider tree spacings. Yields of 
unthinned slash pine sawtimber were greater from 
200 treesfacre after 30 years than from 600 trees/ 
acre thinned to 400 trees at age 15, to 300 at age 
20, and to 200 at age 25 (Bennett 1971). At ages 
20 to 35 years the cubic yield of 200 treesfacre 
was over half the yield from 1000 trees, and the 
yield from 600 trees was 90 to 98 percent of the 
1000-tree yield (Bennett 1963). 

LIVESTOCK AND PINE REGENERATION 

Uncontrolled livestock may graze or trample 
pine regeneration; however, damage can be reduced 
or eliminated through management. Guidelines to 
reduce cattle damage to slash pine (Pinus 
elliottii Engelm.) regeneration involve mainly 
prescribed winter rotational burning for livestock 
distribution and regulation of grazing intensity 
(Pearson et al. 1971). Planted and direct-seeded 
slash pine were successfully regenerated with 
light and moderate grazing intensities. We found 
only heavy grazing (60 percent utilization of the 
forage supply) significantly reduced pine survival 
(about 20 percent in planted stands). Avoiding 
late winter and spring grazing during establishment 
and the first year alleviates most of the damage 
problems even with high stocking rates. Changing 
the location of supplemental feeding or mineral 
stations also helps in livestock distribution, 

On longleaf pine (g. palustris Mill) regener- 
ation areas in Alabama, moderate grazing by cattle 
did not harm seedlings during establishment and 
the first growing season (Boyer 1958). Later 
observations indicated a decline in longleaf pine 
survival on grazed range; however, grazing did not 
follow the guidelines given above (Boyer 1967). 
Direct-seeded longleaf pine regeneration in 
Louisiana was highly variable (50 to 1500 treesf 
acre); however, no significant differences in 
survival were found between moderately grazed and 
ungrazed plots (Pearson 1980). 

Pines appear highly resistant to grazing 
damage. In an attempt to simulate grazing damage 
on pines in Georgia, researchers inflicted several 
types of injury on slash pine seedlings. It in- 
cluded removing needles, removing the growing 
shoot, bending the stem horizontally, and stem 
girdling (Lewis 1980). These injuries were applied 
in varying degrees and cmbinations to seedlings 

at 6, 18, and 30 months after planting. Slash 
pines--and possibly other pines--apparently 
recover quickly from most of these injuries, 
Mortality was high only when all foliage and shoo 
were removed and stem were bent horizontally 
(Lewis 1973). Shortleaf (g. echimta M1T.) and 
loblolly pines (z, taeda L.) browsed within an 
inch or two of the ground by rabbits survived and 
grew as well as unbrawsed trees (Wakeley 1970). 

In cases where cattle or deer congregate in 
small openings and seriously damage young pines, 
livestock populations must be regulated to coin- 
cide with forage supplies in the openings. De- 
ferred or seasonal grazing until trees are 8- to 
10-ft tall will also reduce damage (Cassady et al, 
1955). Preliminary findings on loblolly pine 
plantations in 40- to 60-acre clearcuts within 
large site-dominating timber stands (2,000 acres) 
indicate some losses with continuous cattle 
grazing. However, natural loblolly pine seedings 
from trees on the perimeters of the relatively 
small clearcuts resulted in exceptionally high 
tree densities on all treatments (Pearson 1980). 

Animal repellents such as copper carbonate, 
tetramethylthiuram (WD), or zinc dimethyldithio- 
carbanate cyclohexylamine (ZAC) help, but have not 
been completely successful for either deer or 
cattle (Duvall and Whitaker 1959; Denton et al. 
1969). Windrowing debris around vulnerable plan- 
tations provides some protection, even against 
deer. 

Some tree benefits may accrue through a 
multiple-use management program where grazing 
reduces competition before pine regeneration and 
removes hazardous fuels (Pearson 1974). The key 
to success is maintaining a balance between for- 
age and animals and animal distribution. 

CATTLE AM] DEER 

Livestock and wildlife programs can be mutu- 
ally beneficial. For example, livestock grazing 
can benefit wildlife by stimulating new growth. 
Livestock management usually provides water and 
supplemental feed which may be used by wildlife 
in times of need (Pearson 1969). Hunting leases 
can provide an additional source of revenue for 
the forest landowner. These multiple uses, when 
properly managed, also foster good public rela- 
tions in the local community. 

When livestock and wildlife exceed food sup- 
plies, undesirable competition is created and 
resources may be damaged. Overuse by livestock 
for long periods is detrimental to plant composi- 
tion and yield and can cause soil and site condi- 
tions to deteriorate (kvall and Linnartz 1967). 
Excessive use by big game will have similar effects 
and cause damage to nearby agricultural crops, 

Several recent studies have sought to deter- 
mine the extent of overlap in cattle and deer diets 



at diff~rtnt time5 ,E the year. Fn YxcsSssiogi 
I;ine and pFne-ha~1"~'i)cjd foreat i, ;EraSs u5c3 wi'i ; t2ti 
XC:- t ~pn~trent dietary overlap (d l tche ,i et 21. 
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c r i ~ f v -  2" grasses, varying fron 77 perciint in 
) s r L L  to 59 perccat in ,umer arid fall, 

Zn Louisiana lohlolly-s hortleaf pinr-%ardt,oa J 
rgr-sts, diet overlap Letwcen cattle and deer 
occ~irs nainly during winter on heavily forested 
areas or during suxmer on cl~arcuts. r'ortrmately, 
cattl; prefer clearerits or mitre open srzinds slk~re 
forage abounds rather than the densely timbered 
5tands where it is limited (Thil1 and )!artin 1 3 8 0 ) .  
Eowever, few plants shared by deer and cattle con- 
tributed more than 1 percent of either diet during 
an; season. On clearcuts with abundant year-round 
herbage supplies, 88 percent of the cattle diet 
consisted of grasses and grasslikes (Thill 1930). 
The deer diet contained 70 to 91 percent browse 
during fall, winter, and spring, and abcut 35 per- 
cent in surmer; grasses and grassfikes i? the deer 
dit2t were likewise about 35 percent in summer, a 
significant overlap. On timbered sites, winter 
and spring diets of both deer and cattle were 
dominated by browse, but only five species pro- 
vided 5 percent or more of both their diets. Dur- 
ing s3m.er and fall deer diets were maicly browse 
while cattle diets were grasses and grasslikes. 
Apparently diet overlaps will be of little signif- 
icance if cattle stocking rates are determined 
prinarily on grass production. 

~ - i ; f l A  percent exceeding a 6 percent internal 
@ L P  of return and sone ranging up to 18 percent 

:Xnney 1380). LTnen costs and revenues were ad- 
just& t3 I979 levels for a loblelly ~ine-bluestem 
s +  te, <: ~zariable livestock herd and pasture- 
; c y * o r t e d  oction, the internal rate of return 
increased from 14 to 27 percent. Similarly the 
net gresent value more than doubled. From 17 
>ears of data collected on the Palustris Experi- 
mentsl Forest in central Louisiana, rates of return 
caried from 0 t~ percent depending primarily on 
cattle price. On a 4800-acre private nonindustrial 
ow~ership with 25-year-old slash pine, the rates of 
rrtur? from livestock varied from 5 to 30 percent 
when cattle prices ranged from $41 to $78 per 
hundredweight (Westman 1980). 

Ii%at retkrns will attract the forest landowner 
to marginal investments in livestock? Knowledge of 
the variables involved plus identification of sen- 
sitive inputs to obtain appropriate returns will 
help reduce the risk in making these investments. 
Livestock economic potentials from any forest land 
situation can soon be routinely analyzed through a 
cooperative program maintained by VPI and the 
State and Private Forestry, U. S. Forest Service, 
Atlanta, Ca. The investor will still need to 
understand both the livestock and timber operations, 
potential problems and the variable markets prior 
to investment. As stated in the New Orleans sym- 
posium, "Attractive opportunities exist, but so do 
troublesome problems. Otherwise, the woods would 
be full of cows." (Haney 1980). 
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FOUGE AND PIKE GROIITH KITH CLEARCCTTIXG AXD SITE PREPARATIGN~-/ 

2 / John J. Stransky and Lowell K. Halls- 

Abstract . - -Total  a v a i l a b l e  forage y i e l d  on t h r e e  lob- 
l o l l y - s h o r t l e a f  pine-hardwood f o r e s t  s i t e s  i n  e a s t  Texas was 
sampled b e f o r e  c l e a r c u t t i n g  and one, t h r e e ,  and f i v e  growing 
seasons a f t e r  p l a n t i n g  s i t e  p repara t ion .  A l l  s i t e s  were p lan t -  
ed w i t h  1-0 l o b l o l l y  p ine  seed l ings .  T o t a l  fo rage  y i e l d  aver- 
aged 345 kg/ha i n  t h e  uncut f o r e s t .  Yie lds  peaked t h e  f i r s t  
summer a f t e r  s i t e  p r e p a r a t i o n  on t h e  u n t r e a t e d  c o n t r o l  (3294 
k g l h a ) ,  burned (3719 kg lha) ,  and chopped p l o t s  (3416 kg/ha) ,  
and i n  t h e  t h i r d  y e a r  on t h e  KG-bladed p l o t s  (3167 kg/ha) .  
By t h e  f i f t h  growing season t o t a l  fo rage  y i e l d  dec l ined  t o  
1016, 1434, 1796, and 2132 kglha,  r e s p e c t i v e l y ,  A f t e r  f i v e  
growing seasons ,  p ine  s u r v i v a l  averaged 87 percen t  on KG 
p l o t s ,  79 percen t  on chopped, 63 percen t  on burned, and 57 
percen t  on c o n t r o l  p l o t s .  Mechanical s i t e  t rea tments  r e s u l t e d  
i n  b e t t e r  p i n e  h e i g h t  and diameter  growth than  t h e  burned and 
c o n t r o l  t rea tments .  

INTRODUCTION STUDY SITES 

C l e a r c u t t i n g ,  s i t e  p r e p a r a t i o n ,  and p l a n t i n g  
a r e  e f f i c i e n t  means of h a r v e s t i n g  and regenera t ing  
s o u t h e r n  p i n e s .  However, t h e r e  is  cons iderab le  
disagreement  a s  t o  how t h e s e  s i l v i c u l t u r a l  prac- 
t i c e s  a f f e c t  o t h e r  l a n d  u s e s  and v a l u e s ,  

The p r e s e n t  s tudy  was conducted t o  f i n d  ou t  
how f o r a g e  y i e l d s ,  p l a n t  s p e c i e s  c o m p ~ s i t i o n ,  and 
t h e  growth of p lan ted  p i n e s  a r e  a f f e c t e d  by 
v a r i o u s  s i t e  p r e p a r a t i o n  methods a f t e r  c l e a r c u t -  
t i n g  of  t imber  on pine-hardwood f o r e s t  s i t e s  of 
e a s t  Texas. These d a t a  a r e  needed t o  h e l p  c l a r i f y  
t h e  e f f e c t s  of s i l v i c u l t u r a l  o p e r a t i o n s  on wild- 
l i f e  h a b i t a t s .  

Temple-Eastex Incorpora ted  of J a s p e r ,  and 
I n t e r n a t i o n a l  Paper Company of Nacogdoches, Texas, 
provided l a n d ,  machinery, and manpower t o  estab-  
l i s h  and main ta in  t h i s  s tudy .  

l/ Paper  p resen ted  a t  Southern S i l v i -  
c u l t u r a l  Research Conference, A t l a n t a ,  Georgia, 
November 6-7, 1980 

2 1  Research F o r e s t e r  and P r o j e c t  Leader, 
r e s p e c ~ i v e l y ,  Southern F o r e s t  Experiment S t a t i o n ,  
USDA F o r e s t  Serv ice ,  W i l d l i f e  H a b i t a t  and S i l v i -  
c u l t u r e  Laboratory,  Nacogdoches, Texas 75962; 
maintained i n  coopera t ion  wi th  t h e  School of 
F o r e s t r y ,  Stephen F. Aus t in  S t a t e  Univers i ty .  

A l l  t h r e e  s tudy  s i t e s  a r e  w i t h i n  t h e  
l o b l o l l y - s h o r t l e a f  pine-hardwood f o r e s t  type  t h a t  
covers  n e a r l y  28 m i l l i o n  ha  i n  t h e  sou thern  U.S., 
and reaches i t s  westernmost e x t e n s i o n  i n  e a s t  
Texas (Stransky 1976). A l l  s i tes supported mature 
pine-hardwood s t a n d s  b e f o r e  c l e a r c u t t i n g  i n  t h e  
f a l l  of 1972. 

The s i t e s  a r e  p a r t  of t h e  Gulf Coas ta l  
P l a i n ' s  Quaternary d e p o s i t s ,  which a r e  u n d e r l a i n  
by sands,  sands tones ,  and c l a y s  of t h e  T e r t i a r y ' s  
Oligocene per iod  (Dumble 1918) . T h e i r  topography 
is n e a r l y  l e v e l  t o  g e n t l y  s lop ing .  

S i t e  1 is about 24 k i lometers  sou th  of  
Nacogdoches, Texas, on t h e  Stephen F. Aust in Ex- 
per imenta l  Fores t .  The s i t e  h a s  never  been c l e a r -  
ed f o r  a g r i c u l t u r e ,  and, based on r i n g  counts ,  t h e  
t imber  had remained uncut f o r  a t  l e a s t  50 y e a r s .  
I n t e r s p e r s e d  wi th  t h e  p ines  were s e v e r a l  hard- 
woods a s  o l d  a s  117 y e a r s ;  t h e  m a j o r i t y  though 
were about 80 y e a r s  o f  age. Tree b a s a l  a r e a  aver- 
aged 38 m2/ha; 31 m2 i n  p i n e  and 7 m2 i n  hardwood. 

The p r i n c i p a l  p ine  s p e c i e s  were l o b l o l l y  
p,ine (Pinus t a e d a  L .) and s h o r t l e a f  p i n e  
(2. e c h i n a t a  ~ i 1 1 , )  i n  admixture wi th  sou thern  
red  oak (Quercus f a l c a t a  Michx.), sweetgum 
(Liquidambar s t y r a c i f l u a  L.) and winged elm 
(Ulmus a l a t a  Plichx . ) . 

Prominent among shrubs were American beauty-  
ber ry  ( C a l l i c a r p a  americana L.)  and b lackber ry  



(Rubus spp.). Virg in ia  c reeper  (Parthenocissus 
quinquefolia (L .) Planch.) , grape (V i t i s  spp. ) , 
and greenbr iers  (Smilax spp. ) were among the  most 
p r o d n e n t  vines.  Vines m d e  up 82 percent  of t he  
&ders tory  small s t e m ,  other-hardwoods 9 percent ,  
oaks 4 percent ,  shwxabs 4 percent ,  and pines 
1 percent ,  Longleaf unio la  (Uniola s e s s i l i f l o r a  
Pol r . ) ,  e lephant ' s  foo t  (Elephantopus tomentosus 
L,) and twinberry (H i t che l l a  repens L .) were 

herbaceous p l an t s ,  

S i t e  2 is near Wells, i n  Cherokee County, and 
is owned by In t e rna t iona l  Paper Company. It is 
16 km due west of s i t e  1 (Nacogdoches County). 
The a r ea  was c l ea red  f o r  a g r i c u l t u r e  around 1890 
and was cu l t i va t ed  u n t i l  about 1930, The abandoned 
land was invaded by pines.  Several  h a r h o o d s  on 
the  s i t e  were a s  o ld  a s  85 years ,  t he  majori ty 
being abo t 45 year? of age. Tree basa l  a r ea  aver- Y aged 21 m /ha; 11 m i n  pine and 10 m2 i n  hard- 
wood. 

The prevalent  pine spec ies  were l o b l o l l y  
pine and sho r t l ea f  pine.  These occurred together  
with southern red  oak, pos t  oak, water oak, sweet- 
gem, and winged elm. 

P r inc ipa l  shrubs were American beautyberry 
and blackberry.  V i rg in i a  c reeper ,  grapes, and 
greenbr iers  were t he  most prominent vines.  Vines 
made up the  g r e a t e s t  propor t ion  of small  s t e m  
(35 percent ) ,  followed by shrubs (33 percent ) ,  
o the r  hardwoods (17 pe rcen t ) ,  oaks (12 percen t )  , 
and f i n a l l y  pines ( 3  percent ) .  Most common herba- 
ceous p l a n t s  were longleaf  unio la ,  p i n e h i l l  
bluestem (Andropogon spp . ) ,  and panic grasses 
(Panicurn spp. 9 . 

S i t e  3 is about 80 km southeas t  of s i t e  1 
near  Jasper ,  i n  J a spe r  County, Texas. It is owned 
by Temple-Eastex Incorporated. The s i t e  had never 
been c leared  f o r  c u l t i v a t i o n  but  i t  had been 
grazed by l ives tock .  The a r ea  supported a 45-year- 
o ld  f o r e s t  s tand.  Tree basa l  a r ea  averaged 
24 m2/ha; 18  m2 i n  p ine  and 6 m2 i n  hardwoods. 

The p r inc ipa l  t r e e  spec ies  of t he  overstory 
were l o b l o l l y  pine,  sho r t l ea f  pine,  southern red 
oak, water oak, pos t  oak, willow oak (Quercus 
h e l l o s  L.) , sweetgum, and blackgum (Nyssa 

:ylvatica Harsh. ) . 
The midstory was about 30 years  o ld ,  con- 

s i s t i n g  mainly of  t he  same species  a s  the  over- 
s t o r y ,  p lus  American ho l ly  ( I l e x  opaca Ai t . ) ,  
red maple (Acer rubrum L.) , mockernut hickory 
(Carya tomentosa Nutt.),  and f lowering dogwood 
(Cornus f l o r i d a  L .) . 

Comon shrubs were American beautyberry, 
yaupon ( I l e x  vomitoria A i t . ) ,  blackberry,  blue- 
ber ry  (Vaccin im spp.) ,  and southern wax-myrtle 

ica c e r i f e r a  L.). Prevalent  v ines  were vellow \il A J  

e : s m i b m k i &  sempervirens (L .) A i t  . j , 
muscadine grape ( V i t i s  ro tund i fo l i a  Michx.) , and 
greenbr iers .  Vines made up 47 percent  of the 
understory stems, shrubs 34 percent ,  o the r  

hardwoods 10 percent ,  oaks 6 percent ,  and pine 
3 percent .  Longleaf unio la ,  e lephant ' s  foo t ,  
twinberry were t he  most abundant herbaceous p 

METHODS 

S i t e  Treatments 

The study had a randomized block d e s i  
s i s t i n g  of t h r ee  adjacent  blocks and four  s 
treatments on each of t h e  t h ree  s i t e s ,  I n d i  
s i t e  t reatment p lo t s  were 0.6 ha squares. A 
the  mrchan tab le  t r e e s  were cu t  and removed 
the  t h ree  study a reas  i n  t h e  f a l l  of 1972, 
lowing s i t e  prepara t ion  treatments were app l i e  
during February and Elarch 1974 on s i t e  3, and 
during August and September 1974 on s i t e s  1 and 

Control--No s i t e  prepara t ion ,  a l l  woody 
stems g r e a t e r  than 2.5 cm i n  diameter a t  
b r eas t  height  (dbh) were cut .  
Burn--all stems g r e a t e r  than 2.5 cm dbh w e  
cu t  and burned with t he  logging s l a s h  by 
head f i r e s .  
Chop--logging s l a s h  and a l l  stems were c u t  
with a chopper and burned, 
KG-al l  stems were cut  with a KG blade,  and - 
t he  logging s l a s h  was raked o f f  t he  p l o t s  
and burned. S i t e s  1 and 2, but not  s i t e  3 ,  
were cu l t i va t ed  wi th  a heavy-duty d i sk  a f t e r  
having been KG bladed, 

The s i t e s  were handplanted with 1-0 l o b l o l l y  
pine seedl ings  a t  2.4 by 3 m spacing. S i t e  3 was 
planted i n  mid-March 1974, and s i t e s  1 and 2 i n  
February and March 1975. 

Vegetation Measurements 

In  t he  summer of 1972 and 1973 before and 
one year  a f t e r  timber cu t t i ng ,  t he  vegeta t ion  on 
a l l  t h r ee  s i t e s  w s inventor ied  and forage y i e l d  9 sampled on 20 1-m quadrats  equal ly  spaced wi th in  
t he  c e n t r a l  0.4 ha of each 0.6 ha p lo t .  The inven- 
t o ry  and forage y i e ld  sample was again taken one, 
t h r ee  and f i v e  growing seasons a f t e r  s i t e  prepa- 
r a t i on .  S i t e  1 was sampled i n  t he  summers of  1975, 
1977, and 1979; s i t e  2 only i n  t he  summers of 1975, 
and 1977; s i t e  3 i n  t h e  summers of 1974, 1976, and 
1978. The annual growth of a l l  herbaceous and woody 
p l an t s  was cl ipped up t o  a he ight  of 1.5 m, d r i ed  
a t  70' C ,  and weighed t o  t h e  nea re s t  0.1 g ,  We 
grouped these  da t a  t o  show y i e l d s  i n  kilograms 
per  hec tare  (kglha) f o r  herbage (grasses ,  g r a s s l i k e  
spec ies ,  legumes, composites, and o the r  f o rbs ) ,  
and browse (pines,  oaks, o the r  t r e e s ,  shrubs,  and 
v ines) .  P lant  nomenclature followed Gray's Manual 
of Botany (Fernald 1970). 

Pine seedl ing  su rv iva l  was t a l l i e d  on ran- 
domly se l ec t ed  rows a t  a l l  t h r ee  s i t e s  a t  t h e  end 
of t he  f i r s t  and t h e  f i f t h  growing seasons a f t e r  
planting.  Tree he ights  and diameters (dbh) were 
measured a f t e r  the  f i f t h  growing season, and obser- 
va t ions  were made on crown c l a s s  and in sec t  damage. 



For a l l  d a t a ,  d i f f e r e n c e s  among t rea tments  
were t e s t e d  by a n a l y s i s  o f  var iance  a t  t h e  0.05 
level  of  s i g n i f i c a n c e ,  and by Duncan's t e s t .  

Forage Yie ld  

Before C l e a r c u t t i n g  (1372) 

On s i t e  1 t o t a l  fo rage  y i e l d  i n  t h e  uncut 
t imber  ranged from 258 t o  356 kgfha,  averaging 
328 kgfha.  Of t h i s  232 kg/ha were browse (70 per- 
c e n t ) ,  and 96 kgfha were herbage -- mostly g r a s s  
(30 p e r c e n t ) .  Thus, a v a i l a b l e  browse g r e a t l y  out- 
weighed herbage (Table 1 ) .  

U O U  
o m m  
d N m  

I l l  
I l l  

Spec ies  c o n t r i b u t i n g  most t o  browse y i e l d s  
were mockernut h ickory ,  f lower ing  dogwood, sweet- . - 

gum, poison i v y  (Rhus r a d i c a n s  L .) , and r u s t y  
blackhaw (Viburnum ruf idulum Raf , ) . Longleaf 
u n i o l a  c o n t r i b u t e d  79 percen t  o f  t h e  t o t a l  herbage 
y i e l d .  

On s i t e  2 t o t a l  f o r a g e  y i e l d  ranged from 
287 t o  384 kgfha,  averag ing  347 kgfha.  On t h i s  
formerly c l e a r e d  s i t e ,  browse s p e c i e s  con t r ibu ted  
only 40 percen t  o f  t h e  t o t a l  fo rage ,  most ly 
V i r g i n i a  c r e e p e r ,  g r e e n b r i e r s ,  p o s t  oak, sweetgum, 
winged elm, and American beautyberry.  Longleaf 
u n i o l a  c o n t r i b u t e d  54 p e r c e n t  of t h e  herbage. 
Along w i t h  pan ic  g r a s s e s ,  p i n e h i l l  bluestem, and 
l o n g l e a f  u n i o l a ,  g r a s s e s  amounted t o  68 percen t  of 
t h e  t o t a l  herbage.  

m o m  
b r n N  
N U +  

N m b  
m m m  
" " N  

d PlD 
m o o  " N On s i t e  3 t o t a l  fo rage  y i e l d  fanged from 309 

t o  383 kg/ha, averaging 359 kgfha.  Browse s p e c i e s  
averaged 86 percen t  o f  t h e  t o t a l ,  most ly yaupon, 
yel low jessamine,  and sweetgum. Longleaf un io la ,  
twinber ry ,  and e l e p h a n t ' s  f o o t  c o n s t i t u t e d  91  
percen t  o f  t h e  herbage y i e l d .  

m U N  "1" " N U  

m m a  
h a m  

A f t e r  C l e a r c u t t i n g  (1973) 

On s i t e  1, one growing season a f t e r  c l e a r -  
c u t t i n g ,  fo rage  y i e l d s  ranged from 1330 t o  2058 
kgfha,  averaging 1714 kg/ha; a f i v e f o l d  i n c r e a s e  
over  t h e  uncut s tand .  The most obvious f e a t u r e  of 
t h e  pos t -cu t t ing  y i e l d  p a t t e r n  i n  1973 was t h e  
g r e a t  i n c r e a s e  i n  g r a s s e s  and o t h e r  herbaceous 
p l a n t s  (Table 1 ) .  

The g r e a t e s t  t o t a l  y i e l d s  were ob ta ined  on 
t h e  c o n t r o l  and burned p l o t s  from which small p ines  
and c u l l s  were c u t  by hand soon a f t e r  t h e  merchant- 
a b l e  o v e r s t o r y  was harves ted .  The KG and chop 
p l o t s  y i e l d e d  l e s s  t o t a l  fo rage  because they s t i l l  
con ta ined  l e f t o v e r  c u l l  t r e e s .  The propor t ion  of 
herbage too ,  was l e s s  on t h e s e  p l o t s  than on t h e  
o t h e r  t rea tments .  

O N N  
d b m  
m m 

Browse s p e c i e s  c o n t r i b u t i n g  most t o  fo rage  
y i e l d  were American beau tyber ry ,  V i r g i n i a  c r e e p e r ,  
g rapes ,  sou thern  r e d  oak, sweetgum, and winged elm. 



The dominant herbaceous spec i e s  were panic grasses  
and longleaf unio la ,  Other herbs showing l a rge  
increases  were sedges (Carex spp.) and dogfennel 
( ~ u p a t o r i m  capi l l i fo l iurn  (Lam,) Small). 

On site 2, t o t a l  forage y i e l d  ranged from 723 
t o  1536 kglha, averaging 1208 kg/ha; a t h r ee fo ld  
increase  over t h e  uncut f o r e s t ,  Werbs increased 
more than browse on t h i s  fonaerly c l ea red  s i t e .  

Browse spec ies  con t r ibu t ing  most t o  forage 
y i e l d  were k r i c a n  beautyberry,  pos t  oak, and 
sweetgcnn, Panic grasses  were t he  dominant herba- 
ceous spec ies .  Other herbs showing l a r g e  in- 
c reases  were p i n e h i l l  bluestem, longleaf  unio la  
and sedges. 

On site 3, t o t a l  forage y i e l d s  ranged from 
1286 t o  2917 kglha, averaging 2217 kglha; a s ix-  
f o l d  increase  over t he  uncut f o r e s t .  Herbs in- 
creased propr t ionate ly  more than browse p l an t s ,  
and cons t i t u t ed  31 percent  of t h e  t o t a l  forage. 
Yields nf both browse and herbage were r e l a t i v e l y  
low on p l o t s  t h a t  were t o  be KG bladed because 
these  p l o t s ,  unl ike  t he  o the r s ,  c a r r i e d  many l e f t -  
over c u l l s  and small t r e e s  throughout t he  1973 
growing season. 

Browse spec ies  cont r ibut ing  most t o  forage 
y i e l d  i n  1973 were American beautyberry,  black- 
b e r r i e s ,  grapes, willow oak, and sweetgum. Panic 
grasses  replaced longleaf  unio la  a s  t he  dominant 
herbaceous spec ies .  Other herbs showing l a rge  in- 
c reases  were sedges, rushes (Juncus spp . ) and 
the  composites f leabane (Erigeron spp.) ,  dogfen- 
n e l ,  and wild l e t t u c e  (Lactuca canadensis L.). 

Af ter  S i t e  Preparat ion 

To ta l  ava i l ab l e  forage y i e l d  peaked the  f i r s t  
growing season following s i t e  prepara t ion  on the  
con t ro l ,  burn, and chopped treatments on a l l  t h r ee  
s i t e s  (Table 1 ) .  The s o l e  exception was the  
con t ro l  on s i t e  3 which peaked the  year  a f t e r  
c l ea rcu t  t ing  , 

By and l a r g e  on a l l  t h r ee  s i t e s  t he  t o t a l  
forage y i e l d  was s imi l a r  t h e  f i r s t  year  a f t e r  
s i t e  prepara t ion  f o r  t he  cont ro l ,  burn, and chop- 
ped p l o t s ,  but t he  proport ion of browse and 
herbage var ied  between s i t e s  and s i t e  t rea tments ,  
S i t e s  1 and 3 general ly produced more browse than 
herbage. The formerly c leared  s i t e  2 produced much 
g r e a t e r  q u a n t i t i e s  of herbage than browse. 

Vith one exception (KG treatment on s i t e  3) 
herbage y i e ld s  peaked the  f i r s t  growing season 
a f t e r  s i t e  preparat ion.  With gradual c losure  of 
t h e  pine canopy and an increase  i n  t he  he ight  and 
dens i ty  of o ther  woody p l an t s ,  herbage y i e l d s  de- 
creased. The decrease was f a s t e r  on treatments 
t h a t  d id  not  reduce the  number of woody p l an t s  
d r a s t i c a l l y  (cont ro l  and burn).  Herbage dec l ine  
was slow on chopped p l o t s  and e spec i a l l y  on KG 
p l o t s  where many woody p l an t s  were el iminated o r  
g r e a t l y  reduced i n  s i z e .  

On t he  chopped p l o t s ,  ava i l ab l e  browse in- 
creased up t o  t h e  t h i r d  growing season but  de- 
creased by the  f i f t h .  The reason f o r  t he  t h i r d  
season increase  was the  recovery of woody p l a n t s  
Prm the e f f e c t s  of chopping. 9y the  f i f t h  season 
many woody p l an t s  had grown beyond t h e  1.5 m 
he ight  l i m i t  t h a t  is  e a s i l y  acces s ib l e  t o  deer  
(Odoeoileus v i rg in ianus)  . 

On t he  KG bladed p l o t s  t o t a l  forage y i e l d  
was g r e a t e s t  i n  t he  t h i r d  g r w i n g  season. Browse 
was s t i l l  increas ing  by the  end of t he  f i f t h  grow- 
ing  season as woody p l a n t s  continued t o  recover 
from the  e f f e c t s  of b lading ,  but  herbage y i e l d  
declined.  By the  end of t he  f i f t h  season the  aver- 
age t o t a l  forage y i e l d  was d i r e c t l y  propor t ional  
t o  s i t e  prepara t ion  i n t e n s i t y  and ranked: con t ro l  
(1016 kg/ha) , burn (1434), chop (1796) ,and KG 
(2132 kglha) . 

Pine Surviva l  And Growth 

KG blading d r a s t i c a l l y  reduced woody p l an t  
numbers and r e su l t ed  i n  t he  h ighes t  pine su rv iva l  
on a l l  t h r ee  s i t e s ,  being 91, 73, and 97 percent  
(Table 2) .  The chopping treatment a t t a i n e d  the  next  
h ighes t  su rv iva l  with 83, 64, and 90 percent .  Burn- 
ing  produced good su rv iva l  (85 percent)  on s i t e  3 
which was burned under very favorable wind and f u e l  
moisture condit ions.  Survival  on s i t e s  1 and 2 was 
low because the  f i r e s  d id  not  ca r ry  a s  we l l  and 
woody p l an t  numbers were not  reduced below t h a t  on 
cont ro l  p l o t s .  Pine seedl ing  su rv iva l  on con t ro l  
p l o t s  averaged 57 percent ,  t he  lowest of  a l l  
t reatments.  

Table 2.--Survival of planted p ines  a f t e r  f i v e  
growing seasons 

S i t e  t reatments 
Location : 

. ~ o n t r o l   urn chop KG 

---------------- percent  -------------- 
S i t e  1 5 5 63 8 3 91 
S i t e  2 52 41 64 7 3 
S i t e  3 63 8 5 90 9 7 

I f  Values connected by the  same l i n e  a r e  not  
s t a t i s ~ i c a l l y  d i f f e r e n t  a t  t he  0.05 l e v e l  of 
probabi l i ty .  

Generally, s eed l ing  su rv iva l  was poorest  on 
the  dry s o i l s  of s i t e  2. Survival  on s i t e s  1 and 2 
t h a t  were p lanted  i n  spr ing  1975 was not  a s  good 
a s  on s i t e  3 which was p lanted  i n  spr ing  1974. A 
ra iny  growing season followed i n  1974 and was i n  
con t r a s t  t o  t he  hot  dry summer of 1975, 



%c s e v e r i t y  ef woody p i a n t  :cr;pe:> s i c n  tt: 
s l z n t e d .  p i n e s  i s  -he*:&, h>- t h  h i g h  v e r c ~ , . ' > ? i  cf 
? % r e 5  t h a t  were c.:erc?;;ed b: l a r d ~ , ? o c s  ;; 3 >-rL-s 
2s :,le c c n t r o l  and bzrr: .J  p l o t s  (",sb", 3 , 5 3 -  
:c?-,ra;t ~21:- 5.'; -int_.r, t:yertis;';-- 2n : - - 3 -  

-- - ,< 3 i i ; C ~  f ~ ; ?  =fir: r: :- i i t  I];l<tid 719tS. 

r n p -  

S i t e  t r e a t z i  -1cs --- 
2.3 - c L t i o n  : 

, ~ o n t r o l  : ~ i 1 x - n  Chop KC, 
-------------- ~ e r c c n t  --------------- 

S i t c  1 43.2 :rl. 2  7 . 2  0.7 
Site 2 14.9 27 .2  e c  . ., 0 .9  
Site 3 32.3 9 .0  3 .7  l. Q 

I/ Values connected b y  t h e  same l i n e  s r e  n o t  
~ t n t i s ~ i c a l ? ~  d i f  Cerent a t  the  0.05 l e v e l  of 
p r o b a b i l i t y .  

Height  growth of p i ~ e s  was s i g n i f i c a n t l y  
b e t t e r  on KG b laded  and chopped p l o t s  than  on t h e  
c o n t r o l  and burned p l o t s  (Table  4 ) .  Trees  t h a t  
grew t a l l e s t  a l s o  had t h e  g r e a t e s t  d iamete rs  (dbh). 
S e v e r a l  s t u d i e s  showed t h a t  t h e  e a r l y  advantages 
i n  growth due t o  s i t e  p r e p a r a t i o n  a r e  m'lintaincd 
f o r  a long p e r i o d  i n  t h e  l i f e  of t h e  young s t a n d ,  
p o s s i b l y  through i t s  e n t i r e  expected r o t a t i o n  
(%agenknecht 1941, S t ransky  1964, Schul tz  1975) .  

Table  4.--Height of  p l a n t e d  p i n e s  a f t e r  f i v e  
growing seasons  

- S i t e  t r ea tments  
Loc,xtion : 

, Cont ro l  Burn Chop : KG 

----------------- cm ----------------- 
S i t e  1 2  85 290 35 5 4  10 
S i t e  2 299 251 321 331 
S i t e  3 30 6  30 5  3 70 311 

-- 
I/ Values ccnnected by the same l i n e  are n o t  

, t : . t 2 s t i c a l l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  of 
- r z S a h i L i t y .  

Xantucke t ciprnoth (Rhyaciocia  f r u s t r a n a  
Coastock) severe l ;  daraged the growing t i p  of 
.- 7 .-. .L . ,cJs  on a l l  t k r c e  s i t e s  and could have caused 
?ornc grcwth l c s s e s .  The damage ,17seraged 76, 73, 
7 d  7 4  Fercen t  r 3 r  s i t e s  1, 2, and 3. Both nech- 
~ i z c d  - i t e  t r e < ~ t x e n t s  showsd 69 percen t  damace, 

Tl o c r z e n t  on c o n t r o l s ,  and 39 percen t  on bu rned  
;' GCS. P o s s i b l y  t?-*e i ~ i t i a l  r a t e  of  i n f e s t a t i o n  
., s t h c  srme with all! s i t e  t r e a t a e n t s ,  b u t  thc  

:xore vLi OI-ous t r ees  on chopped and KG p l o t s  
. t - -eer r - i  t c  have outgrown t!,e v i s i b l e  s i g n s  of 
.L?roth damage by t h e  f i f t h  g r c w i n g  season.  

T ~ ; a l  fcra:;e ~ r c d u c t F ~ n  a v e r a g e d  ?A5 kg /ka  
:':c xzut t F ~ S e r  stands. Dif fe rences  between 

s:tz cand t r e s t m c n t  p l o t s  w t r c  n e t  s i g n i f i c a n t .  

2 f  r e r  c l e a r c ~ t  t i n g ,  yields increasc  d sever-  
: ~ j  f c l - .  The l e a s t  i c c r e a s e  was s n  t h e  KG and 
r h o ~ p t d  ? l o t s  t h ? t  s t i l l  suppor ted  unmerchantable 
Cree-;, 

Yiel-ds prc-ked t h e  f i r s t  y e a r  ; f t e r   sit^ 
preps.rnticr.  33 a l l  t re , t tments  and s i t e s  excep t  
t k e  KG p l o t s ,  which peaked t h e  t h i r d  y e a r .  

F ive  y e a r s  a f t e r  s i t e  p r e p a r a t i o n  t h e  aver- 
age f o r a g e  y i e l d s  on s i t e s  I and 3 had d e c l i n e d ,  
b u t  they  were s t i l l  about  f i v e  t imes g r e a t e r  than  
they  had been i n  t h e  uncut  f o r e s t .  The y i e l d s  
were i n  d i r e c t  p r o p o r t i o n  t o  i n t e n s i t y  of s i t e  
p r e p a r a t i o n .  

On s i t e  2 ,  t h e  a r e a  p r e v i o u s l y  c u l t i v a t e d ,  
t h e  browselherbage p r o p o r t i o n  was r e l a t i v e l y  low 
b e f o r e  and a f t e r  s i t e  p r e p a r a t i o n ,  The o p p o s i t e  
was t r u e  on s i t e s  1 and 3 f o r  t h e  c o n t r o l  and 
burn t r e a t m e n t s .  On the mechanical  t r ea tment  p l o t s  
t h e  browselherbage r a t i o  was low t h e  f i r s t  few 
y e a r s  a f t e r  t r ea tment  b u t  r e l a t i v e l y  h i g h  t h e  
f i f t h  y e a r .  

P i n e  s u r v i v a l ,  h e i g h t  and d iamete r  growth 
averaged h i g h e s t  on t h e  KG b laded  p l o t s  from which 
most of  t h e  non-pine woody v e g e t a t i o n  was e l i m i -  
n a t e d ,  fol lowed by chopping, burn ing  and c o n t r o l .  

Continued o b s e r v a t i o n s  w i l l  t e l l  how long 
t h e  f o r a g e  p roduc t ion  can b e  maintained by t h e  
v a r i o u s  s i t e  t r e a t m e n t s  t o  suppor t  w i l d l i f e  and 
how much t h e  t r e a t m e n t s  a f f e c t  p i n e  t r e e  growth 
i n  t h e  long  run. 
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EFFECTS OF SILVICLZTUML PMCTICES ON 

1 I BIRDS I N  A XORTK FLORIDA FMTMOODS- 

3 1 Les ley  A .  R o c i s '  and Wayne R. Marion- 

Abstract.--Avian community composition was monitored 
b e f o r e  and a f t e r  c l e a r c u t t i n g  and pos t -harves t  t rea tments  
i n  North F l o r i d a  f la twoods,  Bradford County, F l o r i d a  from 
June 1977 t o  February 1980. S e v e r a l  new s p e c i e s  were 
a t t r a c t e d  t o  c l e a r e d  a r e a s .  A few b i r d  s p e c i e s  t h a t  over- 
win te red  i n  t h e  f la twoods increased  i n  d e n s i t y  on t h e  
t rea tment  s i t e s  a f t e r  h a r v e s t .  Use of the  t rea tment  a r e a s  
a f t e r  h a r v e s t  by breeding s p e c i e s  was p r i m a r i l y  confined t o  
cypress/bay h a b i t a t s .  P r a c t i c e s  which may be b e n e f i c i a l  t o  
f la twoods av i fauna  i n  a r e a s  be ing  managed f o r  pulpwood pro- 
d u c t i o n  a r e  l e a v i n g  cypress/bay h a b i t a t s  i n t a c t  i n  a r e a s  
be ing  h a r v e s t e d ,  c r e a t i n g  windrows i n  c l e a r c u t s ,  l e a v i n g  
snags  s t a n d i n g ,  and al lowing some unders to ry  development 
i n  p l a n t a t i o n s .  

INTRODUCTION 

Since 1952, p r i v a t e  f o r e s t  i n d u s t r y  has  in -  
creased i t s  t imberland ho ld ings  i n  F l o r i d a  by 
0.4  m i l l i o n  ha  (U.S. Department of A g r i c u l t u r e  
1978). The m a j o r i t y  of t h i s  l a n d  i s  i n  North 
F l o r i d a  and i s  managed f o r  s l a s h  p i n e  (Pinus 
e l l i o t t i i )  product ion.  

The consequences of i n t e n s i v e  f o r e s t  manage- 
ment p r a c t i c e s  on t h e  indigenous North F l o r i d a  
f la twoods av i fauna  have been poor ly  documented. 
S tud ies  conducted on t h e  e f f e c t s  of f o r e s t  manage- 
ment p r a c t i c e s  on a v i a n  communities i n  o t h e r  
a r e a s  have shown vary ing  r e s u l t s .  Noble and 
Hamilton (1975) assessed  av ian  community compo- 
s i t i o n  i n  a  mature uneven-aged pine-hardwood s t a n d  
and compared it wi th  3 s t a g e s  of even-aged l o b l o l l y  
plne (Pinus taeda)  p l a n t a t i o n s .  They observed 

I/  Cont r ibu t ion  No. 2808 of t h e  J o u r n a l  - 
S e r i e s ,  F l o r i d a  A g r i c u l t u r a l  Experiment S t a t i o n  
Gainesv i l l e .  

21  Wi l c '  l: f e  BioLogi:, +_ , P l s r j  da "am a s d  
~resh-water  Fish Commission, P. 0 .  Box 938, 
Okeechobee, F l o r i d a  33472. 

31 Assoc ia te  Professor ,  School of Fores t  
~ e s o u r c e s  and Conservat ion,  U n i v e r s i t y  of F l o r i d a ,  
G a i n e s v i l l e ,  F l o r i d a  32611. 

t h a t  from 2 t o  10 t imes more b i r d s  i n h a b i t e d  
t h e  mature s t a n d  than  i n h a b i t e d  t h e  even-aged 
p l a n t a t i o n s .  Conner (19 79) found t h e  o v e r a l l  
e f f e c t s  o f  c l e a r c u t t i n g  mature s t a n d s  of pine-  
oak i n  V i r g i n i a  t o  be  d e t r i m e n t a l  t o  t h e  a v i a n  
community. These s t u d i e s  g e n e r a l l y  i n d i c a t e  
t h a t  av ian  d e n s i t y  and d i v e r s i t y  i n c r e a s e  a s  a  
f o r e s t  s t a n d  matures .  However, o t h e r  s t u d i e s  
imply t h a t  av ian  d e n s i t y  and d i v e r s i t y  reach  
t h e i r  peak a  few y e a r s  a f t e r  c l e a r c u t t i n g  and 
diminish a s  t h e  s t a n d  matures. I n  p i n e  f la twoods 
of M i s s i s s i p p i ,  g r e a t e r  numbers of b i r d  s p e c i e s  
and i n d i v i d u a l s  occur red  i n  younger p i n e  plan-  
t a t i o n s  than i n  the  i n t e r i o r  of uncut ,  mature 
s t a n d s  (Perkins 1973). Winter d e n s i t i e s  of b i r d s  
i n  d i f f e r e n t  aged p ine  s t a n d s  i n  Texas were 
g r e a t e s t  i n  t h e  s m a l l  s a p l i n g  s t a g e  (Dickson and 
Segelquis  t 19 77). 

Most s t u d i e s  have a s s e s s e d  on ly  t h e  impacts  
of f o r e s t r y  on o v e r a l l  d e n s i t y  and d i v e r s i t y .  
While av ian  d e n s i t y  and d i v e r s i t y  may i n c r e a s e  
on s i t e s  managed f o r  s l a s h  p ine  produc t ion ,  b i r d  
s p e c i e s  composition may be s u b s t a n t i a l l y  a l t e r e d  
(McArthur and Whitmore 1979). Cleared a r e a s  may 
be more a t t r a c t i v e  t o  b i r d s  seek ing  e a r l y  
s u c c e s s i o n a l  h a b i t a t s ,  b u t  be u n a t t r a c t i v e  t o  
av ian  s p e c i e s  s p e c i a l i z e d  f o r  a  more mature 
f o r e s t .  Therefore,  de te rmina t ion  of b i r d  s p e c i e s  
composition i n  bo th  managed and unmanaged a r e a s  
i s  h e l p f u l  i n  understanding impacts  of f o r e s t  
management p r a c t i c e s  on indigenous av i fauna .  



Objectives of t h i s  s tudy were t o  detersnine 
t he  number of av ian  spec i e s  and indiv iduals  u t i -  
l i z i n g  a North Flor ida  flatwoods p r i o r  t o  and 
a f t e r  harves t ing  and s i t e  prepara t ion  and t o  
recornend p rac t i ce s  t o  d n i m i z e  t h e  poss ib le  
adverse e f f e c t s  of f o r e s t  mnagement p rac t i ce s  
on the  na t ive  avifauna,  

This study was p a r t  of a l a r g e r  i nves t i -  
ga t ion  t h a t  is at tempting t o  determine the 
e f f e c t s  of f o r e s t  m n a g e m n t  p r a c t i c e s  on an 
a r r ay  of f o r e s t  resources (IMPAC - Lntensive 
Management E rac t i ce s  Assessment Center ) ,  IMeAC - 
is an ongoing p ro j ec t  sponsored by the  U.S. 
Fores t  Servrce. The cooperat ion of Container 
Corporation of America, S tarke ,  F lor ida ,  i n  
providing s tudy s i t e s  and treatments,  i s  gra te-  
f u l l y  acknowledged. 

Study Area 

This s tudy was conducted on 3 contiguous, 
experimental watersheds i n  Bradford County, 
approximately 5 km west of Starke,  F lor ida  

(Figure 1 ) .  P r i o r  t o  its purchase by Container 
Corporation of America i n  1938, Empire Lumber 
Company owned and managed t h e  land f o r  sawtimber. 
The t r a c t  was cu t  i n  about 1950 and regenerated 
i t s e l f  n a t u r a l l y  (T, Gremer, pers.  c o w ) .  

Pine flatwoods d o d n a t e d  the  regenerated 
t r a c t ,  which a l s o  was in t e r spe r sed  with cypress 
(Taxodium distichurn) ponds. The canopy of t he  
pine areas w a s  comprised of slash p ine  and 
s c a t t e r e d  longfeaf p ines  (Pinus p a l u s t r i s ) .  Major 
understory spec ies  i n  t he  pine a r eas  were g a l l b e r  
( I l e x  g labra) ,  wax myrtle  (Hyrica c e r i f e r a )  , and 
saw p a l m t t o  (Serenoa repens).  Cypress ponds had 
va r i ab l e  canopies ranging from a predominance of 
cypress t o  a c o d i n a t i o n  of cypress,  l o b l o l l y  bay 
( ~ G r d o n i a  l a s i an thus )  , and blackgum ( ~ y s s a  
s y l v a t i c a ) .  Ponds comprised s o l e l y  of a cypress 
overs tory  t y p i c a l l y  had a c losed  canopy and a - - -  
more open understory.  Major understory spec i e s  
i n  these  s i t e s  were myrtle-leaved h o l l y  ( I l e x  
myr t i fo l i a )  and S t .  Johnswort (Hypericum 
brachyphyl lum) . S i t e s  t h a t  were comprised of 
cypress,  bay, and blackgum had a more open canopy 
which allowed f o r  a lush  understory of f e t t e rbush  
(Lyonia luc ida)  and greenbr iar  (Smilax spp.) .  

I n  November 1978, Watersheds 1 and 2 were 
harvested (Table 1 )  and Watershed 3 was l e f t  i n t a c t  
t o  s e rve  a s  a cont ro l .  A t o t a l  of 59 percent  of 
Watershed 1 and 74 percent  of Watershed 2 were cu t  
(Riekerk e t  a l .  1980). The cypress/bay a reas  were 
l e f t  i n t a c t  during app l i ca t ion  of ha rves t  and s i t e  
prepara t ion  p rac t i ce s .  

Figure lrMap showfng loca t ion  of experimental flatwoods watersheds, Bradford 
County, Florida.  



The minimum t r e a t n e n t  s l t e  (:Gatt r s h c d  1) 
r e t a i n e d  a s?sb.srant iai  amount cf und T S C ~ Y V  ir 
tlhe e l e a r c u t s ,  Thfi c l e a r c u t s  of t ' n t  ,lore 
LntczsLveLy xdnagec a r e a  (Wntershei ? j were 
cs;-pletrL> 6 e - Y ~ P J  ;C i e t c - ~ L o n ,  c x c c p t  Cur b1;: r ; l  

t5az  was 3usL- d i n t o  tcindraws a t  a p 2 r a x i r n t e l ~ -  
50 3 i n t e r v a l s  a f t e r  t h e  s i t e  was Scrned. 

Eight  t r a n s e c t s  of l e n g t h s  c a r - ~ i l -  f r c ~  
270 t o  932 n were e s t a b l i s h e d  a t  Least  200 IP 

, 2 a r t  i n  t h e  t h r e e  watersheds.  PApproxisatcly 45:: 
cf t h e  t r a n r e c t  i n t e r s e c t e d  p i n e  and 53% i n t e r -  
i p c t e d  cypress  fbav h a b i  t a c s  i n  Watershed 1 ,  62" 
i l t r r s e c t c d  p i n e  and 387 i n t e r s e c t e d  c y p r c - s s / h y  
"labitats i n  \Catershed 2 ,  and 8rJ" i n t e r s e c t e d  
pine and 207 i n t e r s e c t e d  cypress fbay  h i l h i t z t s  i n  
Watershed 3 ( t h e  C o n t r c l ) .  

The t r a n s e c t s  were t r a v e r s e d  6 t o  15 times per  
season ,  with t h e  excep t ion  of t h e  Autumn of 1978, 
xhrn Watersheds 1 and 2 were h a r v e s t e d .  n a t a  
b e r e  c o l l e c t e d  between s u n r i s e  and 1200 EST on 
days wi th  f a v o r a b l e  environment,il  con3i t ion ;  
(She i lds  1979). The o r d e r  i n  which t h e  t r m s e c t s  
  re t r a v e r s e d  was r o t a t e d  s o  t h a t  each a r e a  
would be  monitored a s  o f t e n  a s  p o s s i b l e  i~ the  e a r l p  
morning hours  when b i r d s  were most a c t i v e  (Robbins 
1978). Seasons were des igna ted  a s  w i n t e r  (Dec- 
m b e r  through February) ,  s p r i n g  (March through 
Xny) , summer (June through August j , and autumn 
(September through November). For t h e  purposes 
of t h i s  paper ,  b i r d s  p r e s e n t  dur ing  t h e  s p r i n g  
, ~ n d  summer c o n s t i t u t e d  t h e  breed ing  community, 
whereas those  p r e s e n t  i n  t h e  autumn and w i n t e r  
comprised t h e  w i n t e r i n g  community. 

Bi rds  seen  o r  heard w i t h i n  10 m of t h e  
t r a n s e c t  l i n e  werz recorded and from t h e s e  d a t a ,  
d t t ~ s i t y  (birds/kmL and d i v e r s i t y  were determined. 
i n  a d d i t i o n ,  b i r d s  seen  o r  heard  from 10 r o  100 m 
;ram t h e  t r n n s e c t  l i n e  were recorded t o  augment 
t h c s  s p e c i e s  composition l i s t .  

A n d y s e s  of v a r i a n c e  us ing  a  s p l i t - p l o t  model 
( S t e e l  and T o r r i e  1960) were used t o  determine 
d i f f e r e n c e s  i n  d e n s i t y  of b i r d s  by season  and 

v 7  ++,A , +. , ~ , r s h e d ,  bef o r e  and a f t e r  harves t i n g .  Bird 

- p c c i e s  d i v e r s i t y  was c le te rmi~ed  us ing  t h e  
Ska~nnoa-!$icner Index (Shannon and Weaver 1949) . 
Tnt- index i s  def ined 21s: 

xI;ert?: HI = d i v e r s i t y  index  
s = t 0 t d  number of s p e c i e s  
-' = specfcs  n u m b ~ r  

pi 
= p r o p c r t i o n  of  t h e  community t h a t  

belongs t o  t h e  i th s p e c i s s  

Table 1. --Fares t Trcntments a p p l i e d  t o  f l a ~ ~ ? o o b s  
W d t e r ~ h c d s  1 and 2 ,  Bra?ford County, F l o r i d a .  

Fcres  tr;: P r a c t i c e s  Applied 
7, ' .  

T 7  i~;iters31ed 1 ::atershed 2 
lid CL (Yin, Treat-  (\fax. Trea t -  

~ e n t  Area) ment Area) 

Y ~ v - D E C  1976 Hames t 'rfarves t 
(Stiort~cood) (Shcrtrr;ood) 

Jan-Feb 1979 -- i i g h  twood 
S t ump R e ~ o v a l  

A p r i l  ;??9 Chop - - 

?fay 1979 - - Burn 

.June 1979 - - Windrow 
(KG-B lade)  

August 19 79 Chop Harrow 

Sept-Oct 1979 Bed Bed 

November 1979 P l a n t  P l a n t  
(Mechanical) (Mechanical) 

Minimum d i v e r s i t y  (H' = 0 )  is a t t a i n e d  when o n l y  
one s p e c i e s  i s  p r e s e n t .  Maximum d i v e r s i t y  (Hf 
= Rn s )  is achieved when a l l  i n d i v i d u a l s  a r e  
e q u a l l y  apport ioned among t h e  s p e c i e s  p r e s e n t .  

Data c o l l e c t e d  on t h e  watersheds from June 
1977 t o  August 1978 were considered t o  be  base- 
l i n e  information.  When r e f e r r i n g  t o  t r e n d s  i n  
t h e  t rea tment  watersheds a f t e r  h a r v e s t ,  i t  should  
be noted t h a t  t h e  number of s p e c i e s ,  d e n s i t y ,  
and d i v e r s i t y  were determined from d a t a  c o l l e c t e d  
i n  i n t a c t  cypress/hay h a b i t a t s  a s  w e l l  a s  c l e a r e d  
a r e a s .  Most t r a c t s  t h a t  a r e  h a r v e s t e d  i n  t h e  
North F l o r i d a  f latwoods c o n t a i n  cypress  /bay a r e a s  
t h a t  a r e  l e f t  i n t a c t .  Homogeneous c l e a r c u t s  
probxbly would n o t  e x h i b i t  s i m i l a r  popula t ion  
t rends .  

R e s u l t s  and Discussion 

O v e r a l l  d e n s i t y  of b i r d s  i n  t h e  l e s s  i n t e n -  
s i v e l y  managed t r a c t  (Watershed 1 )  i n c r e a s e d  i n  
a l l  seasons a f t e r  h a r v e s t  (Figure 2 ) .  This  
t r a c t  r e t a i n e d  s u b s t a n t i a l  cypressfbay h a b i t a t  
a f t e r  t h e  h a r v e s t .  The i n c r e a s e  i n  av ian  d e n s i t y  
was apparen t ly  due t o  r e t e n t i o n  of f la twoods 
s p e c i e s  i n  t h e  i n t a c t  cypress fbap  h a b i t a t s  and 
t h e  a d d i t i o n  of s p e c i e s  a t t r a c t e d  t o  t h e  c l e a r i n g s .  
Also ,edges c r e a t e d  between cypress/bay a r e a s  and 
c l e a r c u t s  nay have cont r ibu ted  t o  h i g h e r  b i r d  
d e n s i t i e s  on Watershed 1. McElveen (1375) found 
breed ing  b i r d  d e n s i t i e s  were g r e a t e r  i n  edges 
between cypress/bay a r e a s  and c l e a r c u t s  than i n  
cypresslbay and p ine  ecotones i n  North F l o r i d a  
f la twoods.  
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2 Figure 2.--Seasonal v a r i a t i o n  i n  dens i ty  (birdslkm ) on the  3 study areas  before  
and a f t e r  harves t  i n  Bradford Forest, Bradford County, F lor ida ,  June 1977 - 
February 1980. 

No obvious trends ex i s t ed  ir, overall 
avian  dens i ty  f o r  Watershed 2 (Figure 2) o r  f o r  
b i r d  species  d i v e r s i t y  (Figure 3) and number of 
species  (Figure 4)  f o r  both Watersheds 1 and 2. 

-------- less Intonsivo - - more intenrlvo - control 

PRE-HARVEST POST- HARVEST 

Figure 3.--Seasonal va r i a t ion  i n  d ive r s i ty  (H') on the 3 study a reas  before and 
a f t e r  harves t  i n  Bradford Forest ,  Bradford County, Florida,  June 1977 - 
February 1980. 
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Figure  4.--Seasonal v a r i a t i o n  i n  number of s p e c i e s  on t h e  3 s t u d y  a r e a s  b e f o r e  and 
a f t e r  h a r v e s t  i n  Bradford F o r e s t ,  Bradford County, F l o r i d a ,  June 1977 - February 
19 80. 

Analyses of v a r i a n c e  showed no s i g n i f i c a n t  
d i f f e r e n c e s  i n  pre-harvest  d a t a  w i t h i n  o r  between 
seasons.  A f t e r  h a r v e s t ,  t h e  w i n t e r  of 1979 
had s i g n i f i c a n t l y  g r e a t e r  avian d e n s i t i e s  than 
the  o t h e r  seasons  (E < 0.05, LS Means T e s t ) .  
However, b i r d  d e n s i t y  i n  t h e  t rea tment  a r e a s  did 
no t  d i f f e r  s i g n i f i c a n t l y  from t h e  c o n t r o l  i n  t h e  
w i n t e r  of 1979. The i n c r e a s e  i n  d e n s i t i e s  was 
a p p a r e n t l y  due t o  normal popula t ion  f l u c t u a t i o n s  
r a t h e r  than  t h e  s i l v i c u l t u r a l  t rea tments .  

O v e r a l l ,  t h e  c o n t r o l  a r e a  had a high number 
of s p e c i e s ,  d e n s i t y ,  and d i v e r s i t y  i n  t h e  s p r i n g  
and summer j u s t  p r i o r  t o  h a r v e s t .  Avian com- 
p o s i t i o n  may have been a f f e c t e d  by t h e  c o n s t r u c t i o n  
of a powerl ine c o r r i d o r  through t h e  s i t e  i n  t h e  
autumn of 1977 and t h e  w i n t e r  of 1978. Borrow 
p i t s  dug along t h e  s i d e  of t h e  c o r r i d o r  i n  t h e  
w i n t e r  of 1978 were p e r i o d i c a l l y  inundated wi th  
wate r ,  a t t r a c t i n g  s e v e r a l  s p e c i e s  of wading 
b i r d s  t o  t h e  s i t e  i n  t h e  s p r i n g  and summer of 
1978(  Table 2) .  A s  v e g e t a t i o n  regenera ted  along 
t h e  c o r r i d o r ,  i t  became l e s s  a t t r a c t i v e  t o  t h e s e  
s p e c i e s ,  r e s u l t i n g  i n  a lower number of s p e c i e s ,  
d e n s i t y ,  and d i v e r s i t y  t h e  fo l lowing  s p r i n g  and 
summer. The powerl ine c o r r i d o r  a l s o  b i s e c t e d  
Watershed 2 ,  b u t  we were unable t o  segrega te  
responses  of b i r d s  t o  powerl ine c o n s t r u c t i o n  
from t h o s e  a s s o c i a t e d  w i t h  on-s i t e  s i l v i c u l t u r a l  
p r a c t i c e s .  

A s  unders to ry  v e g e t a t i o n  began t o  regenera te ,  
s e v e r a l  b i r d  s p e c i e s  began t o  u t i l i z e  t h e  c l e a r e d  
a r e a s  i n  both Watersheds 1 and 2. These s p e c i e s  
inc luded  t h e  American k e s t r e l  (Falco s p a r v e r i u s ) ,  
k i l l d e e r  (Charadrius  v o c i f e r u s ) ,  common s n i p e  
(Capel la  g a l l i n a g o ) ,  ground dove (Columbina 

p a s s e r i n a ) ,  red-headed woodpecker (Melanerpes 
e ry throcepha lus )  , e a s t e r n  phoebe (Sayornis  

phoebe), loggerhead s h r i k e  (Lanius ludovic ianus) ,  
e a s t e r n  meadowlark ( S t u r n e l l a  magna), and red- 
winged blackbird(Age1aius phoeniceus) .  

The c r e a t i o n  of windrows a p p a r e n t l y  f u r t h e r  
a t t r a c t e d  av ian  s p e c i e s  t o  Watershed 2. House 
wrens (Troglodytes  aeden) ,  mockingbirds (Mimus 
p o l y g l o t t o s ) ,  and e a s t e r n  b l u e b i r d s  ( S i a l i a  s i a l i s )  
were commonly seen  u t i l i z i n g  t h e  windrows. 

D e n s i t i e s  of s e v e r a l  indigenous f la twoods 
a v i a n  s p e c i e s  i n c r e a s e d  on t h e  harves ted  t r a c t s .  
Large f l o c k s  of American r o b i n s  (Turdus migrat-  
o r i u s )  and mourning doves (Zenaida macroura) 
were observed feed ing  i n  t h e  c l e a r e d  a r e a s  of 
Watershed 2.  The reduc t ion  of ground v e g e t a t i o n  
and l i t t e r  i n  t h i s  a r e a  probably exposed some 
f o r a g e  i tems t h a t  o therwise  would n o t  have been 
a v a i l a b l e  (Wood and N i l e s  1978). Thick s t a n d s  
of g r a s s  t h a t  regenera ted  a long  t h e  sou thern  edge 
of Watershed 2 a t t r a c t e d  whi te - th roa ted  (Zono- 
t r i c h i a  a l b i c o l l i s )  and swamp sparrows (Melospiza 
georg iana) ,  r e s u l t i n g  i n  increased  d e n s i t i e s  of 
t h e s e  b i r d s  i n  t h i s  a r e a  (Table 2) .  F i n a l l y ,  t h e  
i n t e r f a c e  between the  c l e a r c u t s  and cypress lbay  
h a b i t a t s  i n  Watershed 1 a t t r a c t e d  l a r g e  f l o c k s  
of yellow-rumped warb le rs  (Dendroica corona ta )  , 
palm warb le rs  (Dendroica palmarum), and red- 
winged b l a c k b i r d s ,  i n c r e a s i n g  t h e  d e n s i t y  of 
these  s p e c i e s  i n  Watershed 1 (Table 2 ) .  

Most of t h e  s p e c i e s  t h a t  made use of t h e  
c l e a r c u t s  were open land s p e c i e s  p rev ious ly  un- 
recorded i n  t h e  a r e a ,  o r  indigenous f la twoods 
b i r d s  t h a t  overwintered i n  t h e  a r e a .  Very few 
b i r d s  were observed i n  t h e  c l e a r c u t s  dur ing  t h e  
breeding season. E a s t e r n  meadowlarks were 
heard s i n g i n g  i n  t h e  c l e a r c u t s  of Watershed 1 in 
the  summer of 1979. ~ a c h m a n ' s  sparrows were heard 



Table 2.  --Density (birds/km2) of 89 b i rd  species  recorded i n  Watershed 1 ( l e s s  i n t ens ive  p rac t i ces ) ,  
Watershed 2 (more in t ens ive  p rac t i ces ) ,  and Watershed 3 (nondisturbed) i n  Bradford County, Florida,  
June 1977 - February 1980, 

78 Winter 79 Spring 79 S-r 79 h t m n n  79 iilncarr 80 
~ p e d e s i ~  3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3  

W d  Duct 
(& a ~ p m )  R &! X 

0-.crePIcnn Fgrt t 
(Citsmerwdiw m) R X 

Cat t le  Egret 
(llubulcw i b i s )  

L i t t l e  Blur Heron 
(P lrar l r l  s czzerulesl B 

Green Reron 
(Burorid* s vtreecensf L( 

Black Vul t ~ ~ r e  
( C ~ ~ J ~ C S  ~ t r ~ t ~ t i )  11 x 

Turkey Vulture 
Irathmrrr r aura) R X 

Cociprr'e H. wk 
(Accipi t c r  s o o p e r i i )  R 

Sharp-Shins ed Raw& 
t h c c i n i w  s t r f a t u s )  W 

Red-Tailed Xwk 
(-0 Jamicenais )  R 

Bcd-Shouldered Hawk 
(Buten l+neatus) R 

American Kestrel 
(Falco spawer iu . ,  1 

lkrbwhite 
( C ~ l i n u s  &rginiaaus) P X 6 1 3  55 

Ki lldoer 
(Chzradrius v o c i f e r w ?  R 

Spot cod Sandpiper 
(Act i t i s  macularia) 'r 

Common Snipr 
(Capella ga l l inago) V 

Hoiirning Dove 
(Zenaida mcroltra) R X 1 0 X  

Ground Dova 
(Colmbind pnseerina) R 

Ysllm-Rifled Cuckoo 
[Coecyew a i % c r i e a e ~ >  S X 

Great ficrned Oul 
(M vlrginiiinus) R X 

Screech Owl  
(Eta as io)  R 

ClrucP-Kill' s Widow 
f t ? p r i 3 u i %  is carolir ,ensis) S 17 

C o m n  8igt1 thawk 
(C ordr i le9  pinor) S 8 X 

Ruby-Thraated Humatingbird 
(&r rFtflochus colubria) S 

Belted Klngf friher 
(fie~eeacerple slvcon) k' 5 X X X 

Comma Fl icker  
(G7lsvtes a u r a t w  f R X 6 X  X 3 7 X X X X  7 X 16 X 22 

Pi lea ted  Voodpecker 
(Dryclcopus p i lea tus)  R 8 6 X  X X 6 X X  X X X X 1 4 X X 9  X X  

Red-Be1 li ed Woodpecker 
(?lslaneruas carolinus) U 2 1 1 2  X 1 9  X X 6 X X X 1 6  X 2 3 1 3 1 6 2 0  8 1 1 1 2 1 8  X 7 4 8 4 2 2  X X 2 2  

Red-keaded Woodpecker 
(Rclanerper e ry throcephale)  R 

Yellow-Bellied Sapsucker 
x 7  

(Sphrapicui W U ~ )  W X 6  X X X 3  X X  
Uairy Wodpecker 

11 X 

(Picofdon v i l  lo+us) R 12 X 7 

m y  ~ U ~ ~ ~ ~ L L C K  

(Pieoides vubescena) .U X X 1 0  X 10 X X 5 X 2 0  X X  3 1 3 8 7 9 2 2 3  
Great Crested Flycatcher 

(bjf arcnus c r i n t t u s )  S 14 12 59 
Esstern Pbueba 

5 9 14 6 19 11 6 2 1  8 3 2 5  7 

(Sayornts p?~oebe) W 
Eastern Wood Pewee 

13 X 9 X 22 

(Conitopus m) S X 
Tree Svallou 

( I r idoprocm b- W 
Biue Jay 

X X 

(Cyanocftta cristata) R 4 1 9 1 7  X X  
G~ms~r Crmt 

X 2 0 1 4 5 X X X X  3 2 2 i 4 X X 1 O X j X X X  

(m k r a c b m  R X X K X X X X B  X x x x : o x  
A/ S c i e n t i f i c  n a e s  from Check-list of h r t h  Aserican Birds ( k r l c r u r  & - t m 9 5 7 f  and i t s  supplemare ( k e r i c a n  Or,ti+ho;ogists' 'Jnicn 

-- 
1973, 1976). 
2/ Seasonsl s t a t u s  detemdned from a local. check-list  (Austin 1975), R - r ra idcnt ,  V = winter resident.  S - sunaer res ident ,  T - t ransfea t .  
2/ X denotes b i rd  van preaent oa the  s i t e ,  but vaa not observed on the t rensec ts  being m i t o r e d  f o r  deneitp es t inutes .  
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s inging  i n  t he  c l ea rcu t s  and along t h e  cypress/  
baylc learcut  i n t e r f a c e  i n  both harvested t r a c t s  
i n  the  sp r ing  and s e r  of 1979. Qn occasion, 
Carolina wrens (Thryothorus l u d o v i c i a ~ )  and 
rufous-s ided towhees (P fp i lo  erythropthalmus) were 
observed s inging  i n  t he  k%ndrows I n  Watershed 2, 
However, while most of t he  breeding indigenous 
flatwoods b i rd  spec ies  s t i l l  occurred i n  Water- 
sheds 1 and 2 a f t e r  harves t ,  they res ided  pr imar i ly  
i n  t he  i n t a c t  cypress/bay h a b i t a t s .  &st of t he  
b i rd  spec i e s  t h a t  breed i n  t he  flatwoods assoc- 
i a t e  with t he  understory o r  a r e  g e n e r a l i s t s  t h a t  
w i l l  breed i n  t h e  canopy of more than one f o r e s t  
type. The brown-headed nuthatch ( S i t t a  p u s i l l a )  
and the  pine warbler (Dendroica plnus) a r e  t he  
only two species  s p e c i f i c a l l y  adapted t o  breed i n  
t he  canopy of t he  southeas tern  flatwoods (Johnston 
and Odum 1956). Cavity n e s t e r s  comprised 29 percent  
of the  breeding spec i e s  i n  t h e  s tudy a rea  p r i o r  
t o  harves t  (Rowse 1980). Approdmately ha l f  of 
the  cav i ty  nes t ing  spec ies  i n  t h e  a r e a  a r e  primary 
(excavate t h e i r  own cav i ty )  cav i ty  nes t e r s .  
Since primary cav i ty  n e s t e r s  u sua l ly  excavate 
t h e i r  holes  i n  dead t r e e s ,  snags a r e  an inrportant 
f ea tu re  of t he  f o r e s t  t o  the  indigenous cav i ty  
nes t e r  (Conner 1978). The most common breeding 
spec ies  of the flatwoods, Carolina wrens, c o m n  
yellowthroats  (Geothylpis t r f c h a s ) ,  and rufoue- 
sided towhees, breed i n  t he  understory.  

When avian spec ies  s e l e c t  a h a b i t a t  type, 
they seek condi t ions  t h a t  w i l l  be s t  enable them 
t o  f u l f i l l  t h e i r  needs f o r  s u r v i v a l  and reproduc- 
t i o n  inc luding  a c e r t a i n  type of landscape and 
t e r r a i n ,  an ample food source,  and adequate nes t -  
ing,  s inging ,  and dr inking  s i t e s  (Hilden 1965). 
T t  has  been wel l  documented t h a t  d i f f e r e n t  spec ies  
a r e  a t t r a c t e d  t o  c e r t a f n  f e a t u r e s  of t he  landscape 
and t e r r a i n  unique t o  t h e i r  needs (James 1971, 
Shugart and Batten 1972). Even though breeding 
spec ies  d id  not decrease on t h e  treatment s i t e s  a f t e r  
harves t  (Table 2), they occurred pr imar i ly  i n  t he  
i n t a c t  cypress/bay h a b i t a t s  and made l i t t l e  use 
of t he  c l ea rcu t  areas.  Therefore, breeding 
indigenous flatwoods b i r d s  could only s a t i s f y  
t h e i r  h a b i t a t  requirements i n  t he  i n t a c t  cypress/  
bay a r eas  of the  harvested t r a c t s .  

There w i l l  always be t rade-offs  between 
managing an area  f o r  economic gains and managing 
i t  f o r  w i l d l i f e  h a b i t a t ,  bu t  i f  i t  is i n  t he  
i n t e r e s t  of f o r e s t  i ndus t ry  t o  manage an  a r ea  
t o  inc lude  a v a r i e t y  of resource va lues ,  the  
fol lowing recornendations a r e  appl icable :  

1 )  Continue t o  maintain cypresslbay 
h a b i t a t  i n  harvested t r a c t s .  These 
a r eas  serve  a s  a refuge f o r  indigenous 
flatwoods avian spec ies  t h a t  could 
p o t e n t i a l l y  repopulate ad jacent  plant-  
a t i o n  a r eas  as they mature. 

i n  add i t i on  t o  s e rv ing  a s  perch s i t e s  tor 
hawks and owls, and a s  food sources f o r  
many types of passer ine  b i rd s .  

3) Allow some development of understory 
vegeta t ion  i n  p l a n t a t i o n s ,  Many of 
the indigenous avifauna of t he  flatwoods 
use the  understory f o r  breeding and feeding, 

4)  Push s l a s h  i n t o  windrows. Windrows add 
he terogenei ty  t o  c l e a r c u t s  and provide 
food and cover f o r  some of t he  flatwoods 
spec ies  a s  we l l  a s  open land spec i e s  t h a t  
may be a t t r a c t e d  t o  t he  s i t e .  

2 )  Leave snags s tanding  wherever poss ib le .  
These t r e e s  provide s p e c i a l  h a b i t a t  
requirements f o r  cav i ty  nes t ing  spec ies ,  
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RE-ESTABLISHING YELLOW PINE 
WITAT FOR THE RE23 COCXaTlEff 

bpT&10DPEWR OH THE p u m d /  

2 1 3 .  Daniel  Thomas and Edward B u c k n e ~  

Abstract.--Developing inexpensive s i l v i c u l t u r a l  systems 
f o r  i nc reas ing  t h e  p ine  component of f o r e s t s  on t h e  Cumber- 
land Pla teau  is  e s s e n t i a l  f o r  maintaining a populat ion of red 
cockaded woodpeckers i n  t h a t  a rea .  S i t e  prepara t ion  and 
hardwood c o n t r o l  techniques considered f e a s i b l e  and accept- 
a b l e  on t h e  Catoosa Wild l i fe  *nagement Area were t e s t ed ;  
t he se  included: (1) burning, (2) f i r e  plowing, (3) drum 
chopping, and (4) a ve lpar  t reatment.  Both d i r e c t  seeding 
and p l an t ing  were t e s t e d  f o r  e s t ab l i sh ing  sho r t l ea f  p ine ,  
and deer  exc losures  were cons t ruc ted  t o  determine t h e  i n f l u -  
ence of deer  browsing on s tand composition. 

F i r s t  year  su rv iva l  was bes t  i n  t h e  fireplowed rows f o r  
both d i r e c t  seeding and p lanted  seedl ings .  However, t o t a l  
he ight  was g r e a t e s t  f o r  planted seedl ings  i n  t h e  drum- 
chopped area .  Burning had no s i g n i f i c a n t  e f f e c t .  

The e f f ec t ivenes s  of t h e  hardwood con t ro l  t rea tments  
was evaluated by recording f o r  each p l an t ing  "spot" t h e  
l i ke l ihood  t h a t  an e s t ab l i shed  p ine  seedl ing  (whether present  
o r  no t )  would outgrow hardwood competition. Both f i r e  plow- 
ing  and drum chopping s i g n i f i c a n t l y  reduced hardwood compe- 
t i t i o n .  

INTRODUCTION 

Once common i n  t h e  southeas t ,  t h e  red cocka- 
ded woodpecker (Picoides b o r e a l i s )  is cu r r en t ly  
l i s t e d  a s  an  endangered spec i e s ,  pr imar i ly  due t o  
l o s s  of s u i t a b l e  h a b i t a t  (Jackson e t  a l ,  1979). 

A remnant populat ion (2-3 p a i r s )  s t i l l  remains 
on a marginal  h a b i t a t  on t h e  Catoosa Wi ld l i f e  
Management Area (CWMA) on t h e  Cumberland Pla teau  
i n  Tennessee. This is t h e  only populat ion on 
publ ic  lands  i n  t h e  S t a t e  where management goals  
w i l l  a l low r e s t o r a t i o n  of t h e  h a b i t a t .  The 
s i n g l e  most important h a b i t a t  requirement is a 
mature o r  decadent s tand  of yellow pine  f o r  nes t ing .  

l / ~ u n d e d  th ru  t h e  endangered spec i e s  fund by 
U. S. F i sh  and Wi ld l i f e  Service and t h e  Tennessee 
Wi ld l i f e  Resources Agency. 

' ~ r a d u a t e  Research Ass is tan t  and Associate 
Professor ,  respect ive ly ,  Department of Fores t ry ,  
Wi ld l i f e  and F i she r i e s ,  Univers i ty  of Tennessee, 
Knoxville, TN 37901. 

Natural  succession i n  t h i s  region is t o  
hardwoods and t h e  few remaining o ld  p ine  s tands  
a r e  being replaced wi th  hardwoods. S i lv i cu l -  
t u r a l  systems used on t h e  a r e  not  i n t e n s i v e  
and genera l ly  r e s u l t  i n  r e l e a s e  of hardwood 
competition, f u r t h e r  reducing t h e  p ine  acreage. 

The in t ens ive  s i t e  prepara t ion  methods 
used by indus t ry  a r e  n e i t h e r  economically 
f e a s i b l e  nor compatible with management objec- 
t i v e s  f o r  t h e  area .  Developing inexpensive 
s i l v i c u l t u r a l  systems f o r  favor ing  p ine  is  
e s s e n t i a l  f o r  maintaining a populat ion of red 
cockaded woodpeckers on the  CWMA ( the  l a r g e s t  - 
80,000 ac re s  - w i l d l i f e  management u n i t  i n  
~ e n n e s s e e )  

Attempts over t h e  l a s t  s e v e r a l  years  t o  
manipulate h a b i t a t s  t o  favor  t h e  red  cockaded 
woodpecker on t h e  C W l U  have been unsuccessful .  
H i s t o r i c a l  accounts i n d i c a t e  t h a t  f i r e  played a 
key r o l e  i n  t he  e s t a b l i s h e n t  of t he  remnant 
pine s tands  t h a t  provide t h e i r  present  h a b i t a t .  

This s tudy was designed t o  t e s t  economically 
f e a s i b l e  s i l v i c u l t u r a l  systems f o r  i nc reas ing  
the  pine component on t h e  CWMA. 



I 

METHODS 

Study Area. The s tudy  l o c a t i o n s  were on a  
broad r i d g e  i n  an a r e a  des igna ted  f o r  management 
a s  red  cockaded woodpecker h a b i t a t .  Two s tudy  
p l o t s  (900" 990' = 18.4 a c r e s  each)  were 
e s t a b l i s h e d  where s o i l s  and f o r e s t  cover  appeared 
uniform. 

To s i m u l a t e  c o n d i t i o n s  fo l lowing  logging (an 
a c t i v i t y  t h a t  w i l l  u s u a l l y  precede any e f f o r t  
t o  conver t  t o  p i n e ) ,  hardwoods l a r g e r  than  3" 
diameter  were removed and/or  poisoned (a  s t i p u l a -  
t i o n  i n  a l l  logging c o n t r a c t s  on t h e  CW4.A). 

The o r i g i n a l  f o r e s t  cover was c h a r a c t e r i z e d  
through f o u r  sample p l o t s  i n  an  a d j a c e n t  a r e a  
t h a t  was n o t  d i s t u r b e d .  Trees g r e a t e r  than 
11 i n c h e s  d.b.h,  were t a l l i e d  on 115 a c r e  p l o t s ;  
c o n c e n t r i c  p l o t s  of 1/20,  1 /40 ,  and 1/100-acres 
were e s t a b l i s h e d  on which, r e s p e c t i v e l y ,  pulpwood 
( 3  inches  t o  11 inches  d .b .h . ) ,  s a p l i n g s  (6 '  t a l l  
t o  3 i n c h e s  d.b.h.) ,  and r e g e n e r a t i o n  ( t r e e s  
less than  6 f e e t  t a l l )  were measured. 

Treatments t e s t e d  f o r  e s t a b l i s h i n g  s h o r t l e a f  
p i n e  (Pinus e c h i n a t a  M i l l . )  were: 

A) S i t e  p r e p a r a t i o n  t o  c o n t r o l  competing 
v e g e t a t i o n .  

1. Burn types:  

a )  s p r i n g  burn 
b) summer burn 
c )  both s p r i n g  and summer burns 
d )  c o n t r o l  

2. Mechanical t rea tments :  

a )  f i r e  plowing 
b )  drum chopping 
c )  c o n t r o l  

3.  A v e l p a r  " g r i d b a l l "  a p p l i c a t i o n  

B) P l a n t i n g  methods 

1, d i r e c t  seeding 

2, p l a n t i n g  s e e d l i n g s  

C) Deer exe losure  ( t o  determine t h e  i n f l u -  
ence of d e e r  browsing on t h e  es tab l i shment  
and growth of s h o r t l e a f  p i n e  and on t h e  
unwanted hardwood compet i t ion . )  

The l a r g e  s tudy  p l o t s  were d iv ided  i n t o  f o u r  
e q u a l  s u b p l o t s  f o r  t e s t i n g  t h e  burn and c o n t r o l  
t rea tments .  Summer burning was done i n  J u l y  1978 
and s p r i n g  burning i n  March, 1979. One subplo t  i n  
each a r e a  was burned on both d a t e s  (F igure  1) .  

F igure  1. Arrangement of burn t r e a t m e n t s ,  deer  
e x c l o s u r e s ,  and v e l p a r  t rea tments .  

Two methods of mechanical s i t e  p r e p a r a t i o n  
were t e s t e d  a g a i n s t  a  c o n t r o l  i n  each of t h e  4 
main t rea tment  p l o t s .  A s p l i t  b lock  arrangement 
was used i n  which f i r e  plow and drum chopper rows 
(15 f e e t  wide) r a n  i n  a  north-south d i r e c t i o n  t h e  
e n t i r e  l e n g t h  of t h e  s tudy  p l o t s .  These mechanical  
t rea tment  sub-uni t s  c o n s i s t e d  of t h e  random ass ign-  
ment of t h e  3 t r e a t m e n t s  (app l ied  t o  t h e  1 5  f o o t  
s t r i p s )  t o  t h e  45-foot wide mechanical  t r e a t m e n t  
u n i t  (See F i g u r e  1 ) .  S o i l  samples (40 a t  each 
l o c a t i o n )  were taken ,  h a l f  from t h e  bottom of 
t h e  f i r e p l o w  t r e n c h  and t h e  o t h e r  h a l f  from 
undisturbed s o i l .  

Regeneration methods were t e s t e d  by a l t e r n a -  
t i n g  between d i r e c t  seed ing  i n  one mechanica l ly  
prepared u n i t  t o  p l a n t i n g  1-0 s e e d l i n g s  i n  t h e  
n e x t  u n i t .  Seed l ings  were from t h e  Tennessee 
Div is ion  of F o r e s t r y  n u r s e r y  i n  Pinson,  Tennessee; 
t h e  seeds  used i n  d i r e c t  seed ing  were o b t a i n e d  
from t h e  Div is ion  of F o r e s t r y ,  F i s h e r i e s  and 
W i l d l i f e ,  Tennessee Valley Author i ty ,  and were 
from s o u t h e a s t e r n  Kentucky ( source  64,  l o t  2) . 
The germinat ion percen tage  f o r  t h e s e  s e e d s  was 
approximately 80 percen t .  

P l a n t i n g s  were a t  7 f o o t  i n t e r v a l s  i n  rows 
t h a t  were 15  f e e t  a p a r t ;  p l a n t i n g  rows were 
cen te red  i n  t h e  mechanical ly prepared s t r i p .  Seeds 
were t r e a t e d  wi th  b i r d  and rodent  r e p e l l e n t  p r i o r  
t o  d i r e c t  seeding.  P l a s t i c  f l a g g i n g  was used t o  
mark t h e  d i r e c t  seed ing  l o c a t i o n s ,  which were 
s c a r i f i e d  p r i o r  t o  p l a c i n g  1-3 s e e d s  a t  each 
p o i n t  of a  t r i a n g u l a r  arrangement having approxi-  
mately 1-foot  s i d e s .  

Following p l a n t i n g ,  Velpar " g r i d b a l l s "  were 
placed on a  6 '  x  6 '  g r i d .  Approximately 1 .25  
a c r e s  were t r e a t e d  a t  each l o c a t i o n  t o  g i v e  
equa l  p o r t i o n s  of a l l  t r ea tments  (F igure  1 ) .  The 
s i z e  of both t h e  d e e r  exc losures  (375 f t .  x 145 f t )  



and t h e  Velpar t rea tments  were d i c t a t e d  by the  
requirement t h a t  a t  l e a s t  2 r e p l i c a t i o n s  of each 
mechanical t reatment and p l an t ing  method be 
included i n  each of t h e  burn types.  

Construction de lays  r e s u l t e d  i n  deer  exclo- 
su re s  not  being ope ra t iona l  t h e  f i r s t  growing 
season, t he re fo re  negating any f u r t h e r  inferences  
a t  t h i s  t h e ,  

Survival ,  he ight ,  and hardwood encroachment 
on p l an t ing  pos i t i ons  were measured i n  t h e  spr ing  
of 1980, one year a f t e r  p l an t ing ,  r e s idua l  hard- 
wood competition a t  each p l an t ing  pos i t i on  was 
measured on a s c a l e  of increas ing  competition 
where 1 represented no competition t o  5 represent-  
ing  complete over topping t h a t  w i l l  l i k e l y  r e s u l t  
i n  t he  death of an e s t ab l i shed  p ine  seedl ing .  
These measurements were made a f t e r  hardwoods were 
i n  f u l l  l e a f  t o  accura te ly  judge t h e  degree of 
competition. 

RESULTS AND DISCUSSION 

Differences between t h e  two study a reas  
t h a t  became apparent  during the  inventory include:  
(1) t h e  south a r e a  had more l a r g e  r e s idua l  pines 
(not  removed s i n c e  conversion was t o  p ine) ,  
(2) t h e r e  was a dense ground cover of grass  on 
t h e  south  area .  

D i sp i t e  g rea t e r  competition from l a r g e  
p ines  and grass ,  hardwood competi t ion was 
g r e a t e r  i n  t he  south a r ea  (3.3) than i n  t h e  
no r th  (2.9) (Table 1). More seedl ings  were 
e s t ab l i shed  from d i r e c t  seeding on t h e  nor th  
area ,  probably due t o  l e s s  g ra s s  and hardwood 
competition. Survival  of planted seedl ings  was 
approximately equal  f o r  t h e  two a reas ,  a s  was 
t h e i r  t o t a l  he ight .  

Treatments. The t h r e e  burn types had no 
s i g n i f i c a n t  e f f e c t  on any of t h e  parameters 
measured . 

b o n g  mechanical t reatments,  p l an t ing  i n  
f i rep low trenches r e su l t ed  i n  much higher 
su rv iva l ,  both f o r  t r e e  p lant ing  and d i r e c t  
seeding (70 and 74 percent  respect ive ly ,  
compared t o  50 and 27 percent  f o r  t h e  o ther  
mechanical t reatment) .  These g rea t ly  improved 
su rv iva l  and establishment percentages f o r  
planted seedl ings  and d i r e c t  seeding can probably 
be a t t r i b u t e d  t o  decreased root  competition and 
g rea t e r  a v a i l a b l e  s o i l  moisture i n  t h e  f i rep low 
trench;  exposing mineral  s o i l  provided a f u r t h e r  
establishment advantage f o r  d i r e c t  seeding. 

Survival  and establishment were not  s i g n i f i -  
c an t ly  improved by drum chopping; however, t he  
he ight  of planted seedl ings  was 9 percent  g r e a t e r  
( P L  0.05) (Table 1 ) .  This ga in  over con t ro l  l i k e l y  
r e su l t ed  from reduced hardwood competition. The 
absence of a height-growth response t o  reduced 
competition i n  t he  f i rep low rows can be a t t r i b u t e d  
t o  poor phys ica l  and chemical s o i l  p rope r t i e s  

Table 1. Least squares means f o r  
t reatment e f f e c t s  on t h e  two areas .  
~n a s t e r i s k  i nd i ca t e s  mean(s) s ign i f  i- 
can t ly  d i f f e r e n t  a t  t h e  0.05 l e v e l ,  

AREAS AND 
TRmWNTS 

AREA 
North 2.9 13.9 5 5 4 4 
South 3 ,3*  14.2* 57 38" 

rnCWICAL TREATMENT 
None 3.7* 13.7 49 2 1 
Fireplow 2.8 13.7 70* 74* 
D r u m  Chop 2.9 14.9* 5 0 2 7 

VELPAR GRIDBALLS 
Untreated 3.3 13.6 5 6 3 8 
Treated 2.9* 14.5* 57 4 3* 

(P and K were s i g n i f i c a n t l y  lower - P20 .05  - 
i n  f i rep low rows). 

I n  ve lpar - t rea ted  p l o t s :  (1) hardwood 
competi t ion was reduced, (2 )  t h e  he ight  growth 
of planted seedl ings  was g r e a t e r ,  and (3) estab- 
lishment from d i r e c t  seeding was g r e a t e r  (PL 
0.05 f o r  a l l ) .  The 12 percent  reduction i n  
r e s i d u a l  hardwood competition probably accounts 
f o r  t h e  7 percent  i nc rease  i n  t he  he ight  of 
p lanted  seedl ings  and a 13 percent  i nc rease  i n  
establishment from d i r e c t  seeding,  suggest ing t h a t  
ve lpa r  had a p o s i t i v e  e f f e c t  i n  e s t ab l i sh ing  pine.  

SUMMARY AND CONCLUSIONS 

These prel iminary r e s u l t s  i n d i c a t e  t h a t  t h e  
p ine  component of f o r e s t  s tands  on t h e  CWMA can 
be increased using equipment and systems t h a t  a r e  
f e a s i b l e  under guide l ines   establish^^ by the  
Tennessee Wild l i fe  Resources Agency- . 

While burning is  convenient and inexpensive 
and is commonly used on t h e  CWW, i t  was not  
e f f e c t i v e  a s  used i n  t h i s  study. Williamson 
(1964) found t h a t  con t ro l l ed  burning of oak- 
p ine  s tands  on the  Cumberland Pla teau  decreased 

Z'Personal communication. 



the  he ight  of t he  hardwood understory but 
increased the  number of stems making i t  almost 
impossible t o  regenera te  sho r t l ea f  pine. 
However, s i n c e  burning condi t ions  on both d a t e s  
used i n  t h i s  s tudy were l e s s  than favorable ,  
f u r t h e r  i nves t iga t ion  is suggested. 

Atthough mechanical t reatments a r e  more 
expensive than burning, those  t e s t ed  appear t o  
be more e f f e c t i v e  f o r  e s t ab l i sh ing  p ine  on the  
Cumberland Plateau.  P lant ing  i n  f i rep low 
trenches r e su l t ed  i n  over 70 percent  e s t ab l i sh -  
ment with both t r e e  p l an t ing  and d i r e c t  seeding, 
while e s t a b l i s h e n t  i n  o the r  t reatments was 
50 percent  o r  l e s s .  This e s t a b l i s h e n t  gain 
o f f s e t s  t h e  small  he ight  growth advantage of 
planted seedl ings  i n  t he  drum chopped p l o t s ,  a  
condi t ion  t h a t  may change when roo t s  grow i n t o  
t he  undisturbed s o i l  ou t s ide  t h e  zone a f f ec t ed  
by f ireplowing.  Disadvantages of p a r a l l e l  
f i rep low rows 15 f e e t  a p a r t  is t h e  s o i l - s i t e  
d is turbance  and r e d u c e d a e s t h e t i c q u a l i t y  f o r  
most u se r s  of t he  area .  

Fireplowing, drum chopping and ve lpar  
apparently reduced hardwood competition f o r  
es tabl i shed  pine seedl ings  and drum chopping 
and ve lpar  appeared t o  improve growth. 

These r e s u l t s  suggest t h a t  mechanical 
t reatments s u f f i c i e n t  t o  expose mineral  s o i l  
a r e  needed t o  adequately e s t a b l i s h  p ine  but  t he  
bes t  growth w i l l  r e s u l t  i f  s o i l  d is turbance  is 
minimal. Hardwood competition ind i ces  below 
3.0 a r e  probably needed t o  ge t  e s t ab l i shed  p ine  
i n t o  t he  overstory;  both chemical and mechanical 
s i t e  prepara t ion  methods accomplished t h i s  
(Table 1 ) .  

Further t e s t s  should be  made t o  i d e n t i f y  
s i t e  prepara t ion  techniques l e s s  d r a s t i c  than 
f ireplowing t h a t  w i l l  enable t he  establishment 
of p ine  and reduce hardwood competition. 
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FOEST S7X.m S W U T I E i N  MODEL FOR 

TKE CATOOSA WImLIFE 
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Abst rac t .  --The assumptions and implementation of a 
f o r e s t  s tand  model a r e  presented. The model simulates t he  
dynamics of  up t o  700 indiv idual  t r e e s  on a small  c i r c u l a r  
p lo t .  Preliminary r e s u l t s  from the  app l i ca t ion  of t he  
model t o  a n  upland f o r e s t  a r e  presented. 

INTRODUCTION 

Fores t ry  and w r l d l i f e  managers a r e  o f t en  
confronted wi th  c o n f l i c t i n g  demands f o r  resource 
u t i l i z a t i o n .  The c o n f l i c t s  may be temporal, 
s p a t i a l ,  o r  some combination of  both. Iagnediate 
and in t ens ive  management versus  long term and 
sus ta ined  y i e l d  harves t ing  of  timber may r e s u l t  
i n  a temporal con f l i c t .  Concurrent use  of a n  a r ea  
f o r  w i l d l i f e  management and timber harves t  may 
c r e a t e  a s p a t i a l  c o n f l i c t .  As t h e  temporal and 
s p a t i a l  s c a l e s  increase ,  t h e  formulat ion of  s a t i s -  
f ac to ry  management s t r a t e g i e s  becomes increas ingly  
d i f f i c u l t ,  Simulation models a r e  one poss ib le  a i d  
t o  dec i s ion  makers, Models can a s s i s t  t he  resource 
manager i n  a s se s s ing  t h e  impact of  d i f f e r e n t  
management s t r a t e g i e s  i n  such a r e a s  a s  resource 
harves t  and regenerat ion.  The development of a 
f o r e s  t stand simulat ion model fo r  t h e  Ca toosa 
Wi ld l i f e  Management Area (FORCAT) is  described,  
One intended use of  t h i s  model w i l l  be t o  i nves t i -  
g a t e  t he  i n t e r r e l a t i o n s h i p  of deer  browsing and 
f o r e s t  s tand  development fol lowing cut t ing .  

&/Paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l an t a ,  GA, November 6-7,1980. 
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APPROACH 

Shugart and West (1980) have categorized 
f o r e s t  s imulat ion models i n t o  t h ree  groups: 
indiv idual  t r e e  models, gap models, and whole 
stand models. Individua 1 t r e e  models consider 
t he  growth of s i n g l e  t r ee s .  Such models a r e  o f t en  
used t o  simulate development of managed, commercial 
fo re s t s .  Gap models simulate indiv idual  t r e e s  on 
a small  s p a t i a l  sca le .  Models of  t h i s  type a r e  
genera 1 l y  used t o  i nves t iga t e  eco logica 1 succession. 
Whole stand models consider t he  dynamics of a 
l a r g e  f o r e s t  or  stand. Generally, these  models 
do not  consider t he  dynamics of  indiv idual  t r ee s .  

The model described here  is patterned a f t e r  
t h e  gap models of Shugart and West (1977) and 
Botkin, e t  a l .  (1972). These models consider t h e  
dynamics of up t o  700 t r e e s  on a small  c i r c u l a r  
p lo t .  The models u t i l i z e  the  s i l v i c u l t u r a l  
c h a r a c t e r i s t i c s  of each spec ies  on t h e  p l o t  t o  
con t ro l  t he  growth and development of  indiv idual  
t r ee s .  Monthly temperature and p r e c i p i t a t i o n  on 
the  p l o t  a r e  used a s  t he  .forcing environmental 
f ac to r s .  The models assume t h a t  many of the  
f a c t o r s  inf luencing  p lo t  development a r e  s t o c h a s t i c  
i n  both frequency and magnitude. Consequently, 
these  models must be run a number of  times and 
the  r e s u l t s  averaged. 

A gap model was chosen f o r  t h r ee  major reasons. 
F i r s t ,  t he  s i z e  of  t he  openings crea ted  by the  
proposed t r e e  harves t ing  s t r a t egy  on Catoosa i s  
f a i r l y  small. A model which was capable of con- 
s ide r ing  the  regenera t i o n  dynamics of  indiv idual  
t r e e s  following harves t  was considered important . 
Secondly, t h e  impact of deer  browsing on a t r e e  
i s  genera l ly  a funct ion  of t h e  t r e e  he ight ,  The 
t a l l e r  a t r e e  is,  t h e  l e s s  severe  i s  the impact 
of deer  browsing. The gap model of Shugart and 
West (1977) generate t h e  height  and fo l i age  



p r o f i l e  of each i n d i v i d u a l  on t h e  s imulated p l o t .  
Th is  in format ion  can s e r v e  a s  i n p u t  t o  a d e e r  
popula t ion  model such a s  ONEPOPS/. L a s t l y ,  t h e  
long term consequences of d e e r  browsing on f o r e s t  
development can  be  i n v e s t i g a t e d  w i t h  gap models. 

The i n t e r f a c e  between t h e  gap model and a  
d e e r  popula t ion  model i s  n o t  d i scussed  i n  t h i s  
paper .  Our f i r s t  concern was t o  develop a  model 
capable  of s i m u l a t i n g  t h e  long  term dynamics of a  
f o r e s t  on Catoosa. The impact of herb ivory  i s  
c u r r e n t l y  modeled by c l a s s i f y i n g  each t r e e  s p e c i e s  
a s  e i t h e r  p r e f e r r e d  o r  non-preferred food. I f  a 
s p e c i e s  is  a p r e f e r r e d  food f o r  w i l d l i f e ,  t h e  
seed ing  and s p r o u t i n g  r a t e s  f o r  t h a t  s p e c i e s  a r e  
reduced. Eventual ly,  we hope t o  c r e a t e  more re-  
f i n e d  p a l a t a b i l i t y  i n d i c e s  f o r  t h e  t r e e  s p e c i e s .  
These i n d i c e s  a l o n g  wi th  t h e  amount of v e g e t a t i o n  
of each s p e c i e s  on t h e  p l o t  w i l l  be i n p u t  t o  a  
d e e r  popula t ion  model which w i l l  a l l o w  more d e t a i l e d  
s i m u l a t i o n  of t h e  impact of herb ivores .  

DESCRIPTION OF THE FORCAT MODEL 

FORCAT s i m u l a t e s  t h e  growth of each t r e e  on 
a  1/12 ha c i r c u l a r  p l o t .  Tree growth i s  modeled 
a s  a f u n c t i o n  of p r e s e n t  tree s i z e ,  c l i m a t e ,  
shad ing ,  and crowding from o t h e r  t r e e s .  As i n  
FORET (Shugart  and West, 1977), t r e e  growth under 
op t imal  c o n d i t i o n s  is  c a l c u l a t e d  by 

D V ( ~ )  = d ( o ( t l L ~ ( t ) )  = (R)  LA(^)) ( l - ~ ( t ) ~ ( t ) )  
d t  d t  H 

Dmax max 

where V ( t ) ,  D ( t ) ,  H ( t ) ,  and LA(t) a r e  t h e  volume, 
d iameter  a t  b r e a s t  h e i g h t ,  h e i g h t  and l e a f  a r e a ,  
r e s p e c t i v e l y ,  of a  t r e e  a t  t ime  t .  R, Dmax, and 

:yax 
a r e  t h e  s p e c i e s  s p e c i f i c  growth r a t e ,  maximum 

ameter ,  and maximum h e i g h t ,  r e s p e c t i v e l y .  This  
equa t ion  c o n s i d e r s  t h e  t r e e  t o  b e  a  c y l i n d e r  w i t h  
t h e  change i n  t r e e  volume p r o p o r t i o n a l  t o  t h e  
amount of s u r f a c e  a r e a  a v a i l a b l e  f o r  photosynthes i s  
m u l t i p l i e d  by a  maintenance f a c t o r  f o r  t h e  biomass 
p r e s e n t  (Botkin, e t  a l . ,  1972). 

Tree h e i g h t ,  H(t) ,  is assumed t o  be a  q u a d r a t i c  
f u n c t i o n  of diameter  a t  b r e a s t  h e i g h t ,  D( t )  (Ker 
and Smith, 1955) 

b and b a r e  s p e c i e s  s p e c i f i c  parameters  and a r e  
2 3 

c a l c u l a t e d  by assuming t h a t  H ( t )  = Hmax and d ~ ( t ) /  
dD(t) = 0 when D( t )  = D . Maximum recorded h e i g h t  
and diameter  a t  b r e a s t  REfght f o r  each s p e c i e s  a r e  
used a s  v a l u e s  f o r  H and Dmax. max 

Leaf a r e a ,  LA(t),  i s  c a l c u l a t e d  from t h e  
e m p i r i c a l  r e l a t i o n s h i p  ( S o l l i n s  e t  a l . ,  1973) 

i / ~ o e l l e ,  James E., and John M. Bartholow. 
1977.  Univers i ty  of Colorado, F o r t  C o l l i n s ,  CO. 

FORCAT decreases  t h e  optimum growth of a  t r e e  
by f a c t o r s  t o  r e f l e c t  t h e  impact of shading,  
c l i m a t e ,  compet i t ion ,  and herb ivory .  Avai lab le  
l i g h t  f o r  a g iven  t r e e  is  modeled a s  an  i n v e r s e  
e x p o n e n t i a l  f u n c t i o n  of t h e  l e a f  a r e a  above t h e  
t r ee .  Two d i f f e r e n t  equa t ions ,  one f o r  shade 
t o l e r a n t  s p e c i e s  and one f o r  shade i n t o l e r a n t  
s p e c i e s ,  a r e  used t o  r e l a t e  a v a i l a b l e  l i g h t  t o  a  
photosynthe t ic  r a t e  f a c t o r ,  r(AL). The v a l u e  of 
r(AL) can range from 0 r e p r e s e n t i n g  poor l i g h t  
c o n d i t i o n s  t o  1 which r e p r e s e n t s  op t imal  l i g h t .  
The op t imal  growth equa t ion  is  m u l t i p l i e d  by r(AL) 
t o  i n c o r p o r a t e  t h e  e f f e c t s  of shading t r e e  growth. 

Cl imat ic  i n f l u e n c e s  on t r e e  growth a r e  of two 
types :  t empera ture  e f f e c t s  and mois ture  e f f e c t s .  
The model assumes t h a t  each s p e c i e s  has  an opt imal  
t empera ture  f o r  photosynthes i s  and t h a t  n e t  photo- 
s y n t h e s i s  decreases  symmetr ical ly  a s  temperatures  
vary  from t h i s  optimum. Crowing degree  days above 
a  42' F base  f o r  t h e  s i te  is  used t o  c a l c u l a t e  a  
temperature f a c t o r ,  T(DEGD), a s  fo l lows  

T(DEGD) = 4 (DEGD - DMIN) ( D M  - DEGD) 
(DM - DMIN)L 

This  f u n c t i o n  i s  a  parabola  wi th  a  maximum va lue  
of 1 a t  (DMAX + DMIN)/2 and a  minimum v a l u e  of 0 
a t  DMIN and DMAX. The parameters  DPlAX and DMIN 
a r e  s p e c i e s  s p e c i f i c  v a l u e s  taken t o  be  t h e  
extremes of growing degree-days, DECD, w i t h i n  t h e  
s p e c i e s  range.  The op t imal  growth equa t ion  i s  
m u l t i p l i e d  by T(DEGD) t o  i n c o r p o r a t e  t h e  e f f e c t  
of temperature.  

Decrease i n  t r e e  growth a s  a  r e s u l t  of mois- 
t u r e  s t r e s s  is  modeled a s  t h e  r a t i o  between a  
s p e c i e s  s p e c i f i c  drought  t o l e r a n c e  and t h e  number 
of d r y  days on t h e  s i t e .  S i t e  d ry  days (DD) i s  
def ined  a s  t h e  number of days d u r i n g  t h e  growing 
season  on which t h e  s o i l  wa te r  was below w i l t i n g  
p o i n t .  The f i e l d  c a p a c i t y  and w i l t i n g  p o i n t  a r e  
s i t e  s p e c i f i c  parameters .  The model c a l c u l a t e s  
monthly p r e c i p i t a t i o n  based on monthly means and 
v a r i a n c e s  f o r  t h e  s i t e .  Evapot ransp i ra t ion  based 
on t h e  Thronthwaite  equa t ion  is  used t o  model l o s s  
of s o i l  wa te r .  The s p e c i e s - s p e c i f i c  drought  
t o l e r a n c e s  a r e  based on t h e  extremes of mois tu re  
c o n d i t i o n s  w i t h i n  t h e  s p e c i e s '  range.  

The f i n a l  growth reducing e f f e c t  considered 
i n  t h e  model is  r e l a t e d  t o  i n c r e a s e d  biomass on 
t h e  s tand .  This  f a c t o r  is c a l c u l a t e d  a s  

S (BAR) = 1 - BAR 
SOILQ 

where BAR i s  t h e  t o t a l  biomass on t h e  p l o t  and 
SOfLQ i s  t h e  maximum biomass recorded f o r  f o r e s t s  
i n  t h e  a r e a .  This f a c t o r  l i m i t s  t r e e  growth due 
t o  r o o t  compet i t ion .  

FORCAT t r e a t s  i n d i v i d u a l  t r e e  d e a t h  a s  a  
s t o c h a s t i c  p rocess .  The model assumes t h a t  only 
one percen t  of a l l  s e e d l i n g s  of a  s p e c i e s  s u r v i v e  
t o  reach  t h e  maximum age of t h a t  s p e c i e s .  Trees 
which add l e s s  than  1 mm i n  d iameter  growth per  



Basal Area year have an increased mor t a l i t y  r a t e .  

Two forms of regenera t ion  a r e  considered i n  
t he  model: seedl ing  establishment and sprouting.  
For each, year of t h e  s imula t ion ,  t h e  model de ter -  
mines which spec ies  a r e  e l i g i b l e  t o  e s t a b l i s h  
seedl ings .  E l i g i b i l i t y  is based on the  compati- 
b i l i t y  between the  cu r r en t  p l o t  condi t ions  and 
the  spec i e s '  ecologica l  r e q u i r a e n t s  f o r  success- 
f u l  seedl ing  establishment.  From the  s e t  of 
e l i g i b l e  spec ies  t h e  model randomly chooses frcrrt 
one t o  t h r e e  spec ies .  A random number of seed- 
l i n g s  is added t o  t he  p l o t  f o r  each of t he  
spec ies  s e l ec t ed .  

Trees which have d ied  dur ing  t h e  previous 
year a r e  checked t o  determine i f  they a r e  
e l i g i b l e  t o  sprout .  E l i g i b i l i t y  is based on the  
sprout ing  tendency of t he  spec i e s  and a proper 
diameter of t h e  dead t r e e .  From t h e  list of 
e l i g i b l e  t r e e s ,  one t r e e  is  randomly se l ec t ed  
and a random number of sprouts  is added t o  t h e  
p l o t .  

RESULTS AND DISCUSSION 

The FORCAT model is s t i l l  under development. 
The f i r s t  vers ion  of FORCAT contained a l l  t h e  
funct ions  and f a c t o r s  discussed above except f o r  
t h e  s o i l  moisture growth reduct ion  f a c t o r .  This 
vers ion  of t he  model generated f o r e s t  s tands  
dominated by l a r g e  t u l i p  poplar  (Liriodendron 
t u l i p i f e r a ) .  

The second vers ion  of FORCAT included t h e  
s o i l  moisture growth reduct ion  f a c t o r .  The 
r e s u l t s  of t h i s  ve r s ion  showed b a s a l  a r e a  
dominance by t h e  more x e r i c  oaks. The model 
r e s u l t s  were compared aga ins t  a pre-harves 

6 f f o r e s t  inventory co l l ec t ed  by J. A. Muncy- 
and presented elsewhere i n  t h i s  conference. 

The f i e l d  d a t a  was co l l ec t ed  on a s tand  
(Table 1 )  between 50 and 75 yea r s  o ld .  There is 

Table 1,--Basal a r ea  percent  composition of 
Catoosa f i e l d  d a t a  and FORCAT model r e s u l t s  
a t  50 and 75 years.  

- 
Basal h a  

Percent Composition 
FIELD MODEL-- MODEL-- 

SPECIES DATA 50 YRS 75 YRS -- - 
Red maple 

(Acer rubrum) 1 12 11 
Sugar maple 

(Acer saccharum) 7 6 

' ~ u n c ~ ,  J. A * ,  and E. Buckner. 1980. Stand 
development fol lowing c l e a r c u t t i n g  on t h e  Cumber- 
land Pla teau  i n  East Tennessee. Southern S i l v i -  
c u l t u r a l  Research Conference. 

Percent Composition 
FIELD MODEL-- MODEL-- 

SPECIES DATA 50YRS 75YRS -- - 
Pignut hickory 

(Carya g labra)  3 
Mockernut hickory 

(Carya tomentosa) 1 
Dogwood 

(Cornus f l o r i d a )  1 1 
66hite ash 

(Fraxinus americana) 1 
Sourwood 

(Oxydendrum 
arboreum) 4 

Virg in ia  pine 
(Pinus v i rg in i ana )  6 

Black cherry  
(Prunus s e ro t ina )  2 

White oak 
(Quercus a lba )  4 3 

Sca r l e t  oak 
(Quercus eoccinea) 27 7 

Southern red oak 
(Quercus f a l c a t a )  14 

Blackj ack oak 
(Quercus 
mari landica)  1 

P 
s t e l l a t a )  28 

B 
(Quercus ve lu t ina )  11 6 0 76 

Sassaf ras  
(Sassaf ras  
albidum) 4 1 

f a i r l y  good agreement between model and f i e l d  da t a  
where t he  oaks a r e  considered a s  a s i n g l e  group. 
However, t h e  spec ies  composition wi th in  t he  oaks 
d i f f e r s  i n  t he  model and f i e l d  da ta .  

Modeling is  an i t e r a t i v e  learn ing  process. 
Models a r e  run and the  r e s u l t s  a r e  compared 
aga ins t  a c t u a l  d a t a  and experience. I f  model 
r e s u l t s  and data do not  match, i t  is an ind i ca t ion  
t h a t  c e r t a i n  c r i t i c a l  f a c t o r s  may be missing from 
the  model. Such is t h e  case  with t he  current  
vers ion  of FORCAT. 

The f o r e s t s  of t h e  Cumberland Pla teau  have 
been subjected t o  a long h i s t o r y  of man induced 
d is turbances  such a s  f i r e  and logging. The next 
s t e p  is  t o  include these  d is turbances  a s  p a r t  of 
t he  model. It is, however, somewhat encouraging 
t h a t  t h e  vers ion  of FORGAT described i n  t h i s  
paper generates r e s u l t s  which a r e  not  too d i s s imi l a r  
from t h e  f o r e s t s  found on Catoosa. With t h e  
inc lus ion  of f i r e ,  logging, and a more de t a i l ed  
browsing model we a r e  hopeful t h a t  t he  model w i l l  
genera te  even more r e a l i s t i c  r e s u l t s .  
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EUTIONSLIIP OP FJSIFORY RUST I N Z G T I O N  TO ZNTmSIVE 

1 / C V L T W  OF SLASH PIHE- 

2 1 P. Y. Burns, S. C. Wu, and J. B. Awanc 

Abstract.--Growth was increased greatly by intensive 
culture in a southeastern Louisiana slash pine (Pinus 
elliottii Engelm.) plantation, At age 10, fusiform rust 
infection was 56 percent on stems in the intensive treat- 
ment compared to 18 percent in the control. The correla- 
tion between cankering and tree size was weak. 

INTRODUCTION METHODS 

Fusiform rust of southern pines, caused by 
the fungus Cronartium quercuum (Berk.) ex Shirai 
f, sp. fusiforme (formerly known as Cronartium 
fusiforme Hedgc. and Hunt ex Cum.), is recognized 
as the most damaging disease of forest trees in 
the South. The incidence, distribution, and im- 
pact of fusiform rust have increased dramatically 
in much of the planted slash pine ecosystem since 
1960 (Dinus and Schmidt 1977). The disease is 
particularly severe in young pine plantations be- 
cause of the rust susceptibility of the two most 
widely planted species, slash (Pinus elliotii 
Engelm.) and loblolly pine (Pinus taeda L.). 

A survey of economic damage due to fusiform 
rust in the South showed that stumpage losses 
amounted to $30 million annually, a loss of $750 
million in finished wood products (Phelps 1974). 
Current losses in some areas of the South are 
serious, and there is a potential for greater 
future losses. 

There is a trend in southern pine plantation 
management toward more intensive cultural prac- 
tices in order to increase wood growth. The ob- 
jective of this study was to evaluate the serious- 
ness of fusiform rust on intensively cultured 
slash pine in southeastern Louisiana and to relate 
its incidence to diameter and height growth, 
mortality, and silvicultural practices. 

I/ Paper presented at Southern Silvicultural 
ReseaTch Conference, Atlanta, Georgia, November 
6-7, 1980. 

21 Professor, Associate Professor, and 
~raduate Assistant, respectively, Louisiana State 
University School of Forestry and Wildlife Planage- 
ment, Baton Rouge, Louisiana 70803. 

A study of intensive cultural management of 
slash pine was established in southeastern 
Louisiana. Four plots, each 0.30 ha in area, were 
established on a stream terrace site where a 40- 
year-old natural loblolly stand was making excel- 
lent growth. Oaks which are highly susceptible 
to fusfform rust are abundant in the forest sur- 
rounding the plots. 

The soil of the study area is Kalmia very fine 
sandy loam, moderately well drained and moderately 
permeable. The climate is warm and humid during 
the summer and mild during the winter. 

In the spring of 1970 one-year-old slash pine 
seedlings were planted on the plots at a spacing of 
2.74 m x 3.66 m (997 trees per ha). The seed source 
was fast-growing high-quality trees in the same gen- 
eral area. A total of 299 trees were planted on 
each of the four plots. The site had been prepared 
several months earlier. The following cultural 
treatments were applied: Plot A--plowed before 
planting, irrigated, fertilized, brush control, and 
mowed; Plot B--same as Plot A except for irrigation; 
Plot C--fertilized and brush control; Plot D--con- 
trol (no treatment). 

Irrigation water was supplied to Plot A when- 
ever available soil moisture dropped to 40 percent 
of field capacity. Fertilizers were applied to 
Plots A, B, and C one month after planting (7-40-6, 
57 g per tree), at age 5 (ammonium nitrate and 
treble superphosphate, 224 kg per ha each chemical), 
and at age 8% (8-8-8, 168 kg per ha). Plots A and 
B were mowed several times each year to control 
weed and grass competition, Brush on Plot C was 
controlled by cutting and by spraying with 2,4,5-T. 

Trees were measured and stand characteristics 
calculated annually through 10 growing seasons on 
the interior 0.1716 ha of each plot. 



Pusiform cankering on each standing tree 
was tallied during the ninth growing season 
(referred to for convenience as at age 8) and 
again at age 10. Each tree was classified into 
one of four classes: (1) no cankers; (2) one or 
more cankers on stem, none on limbs; (3) no 
canker on stem, one or nore cankers on limbs; and 
(4) one or more cankers on stem and one or mare 
cankers on limbs. 

In statistical analysis, Chi square was used 
to test canker data, and correlation analyses 
were made to correlate cankering with tree dbh 
and height. 

RESULTS 

Stand characteristics, including percentages 
of stem- and limb-cankered trees, are shown in 
Table 1. 

m e  more intensive the treatment, the 
greater was the average dbh, average height, and 
wlume. Growth was apparently increased greatly 
by ifitensive culture. At age 10 the two plots (A 
and B) receiving the most intensive culture 
(plowing the site before planting, weed control, 
and fertilization) had four times as much cubic 
volume as the control. 

The most intensively managed trees had the 
highest rate of stem cankering. At age 10, 56 
percent of the trees on Plots A and B were stem- . 
infected, while only 18 percent of the trees on 
control Plot D had stem galls. The percentage of 
trees on Plot C with stem cankers was twice the 
percentage found on Plot D. The geographic 
spread of stem infection was fairly uniform across 
each plot. 

Limb cankers are potentially lethal if the 
canker is close enough to grow into the stem 
before the limb dies. Limb cankering in this 
study was more common on all plots than stem 
cankering. The relationship of intensive culture 
to limb cankering was weak or nonexistent. 

The infection level at age 10 was signifi- 
cantly higher than at age 8, apparently due to 
new infections. By age 10, only 10 percent of 
the trees on Plots A and B had no cankers. Plot 
C had only 13 percent "clean"trees, and the 
control plot had 23 percent uninfected trees, 

Mortality through age 10 was about 17 percent; 
it was nearly the same on each plot regardless of 
treatment. Recent mortality, between ages 8 and 
10, was associated with stem cankering; every 
tree that died during this period had a stem 
canker at age 8. Mortality was apparently dis- 
tributed at random throughout each plot. 

varied from -0,11 to 8-16 kar --. 
and height f r m  -0.19 to 0.15, The 2 -- 
and height of stern-cankered trees -ye a 

mtely the same as that of - - -  
cankers, Stern infectfuns were tifell distrfk 
through the range of dbh classes. 

DISCUSSION 

The findings in this study are generally in 
agreement with those of earlier investigators. 
Intensive cultural mnagement of slash pine by 
use of such practices as intensive site prepara- 
tion, fertilization, and weed control increases 
fusifonn rust infection (Gilmore and Livingston 
1958, Dinus and Schmidtling 1971, Miller 1972, 
Malac and Brightwell 1973, B y  and others 1973, 
Hollis and others 1975, Powers and others 1975, 
Rowan 1977). 

The progress of the disease during the past 
two years has been more rapid in all four plots 
than would have been predicted by using the age- 
eight percentages of trees with rust in the model 
developed by Schmidt and others (1979) for slash 
and loblolly pine plantations. Even on the con- 
trol plot, rust incidence at age 10 is very high 
--78 percent. The study area is in a region of 
high rust-infection hazard for slash pine planta- 
tions (Squillace 1976). 

Two adjacent loblolly pine plantation plots, 
established seven years before the slash pine 
plantation and treated similarly to Plots A and 
B, had only 8 percent stem infection at age 7 and 
10 percent at age 17, much less than Plots A and 
B of the slash pine experiment at ages 8 and 10. 
Although exact comparison is not possible because 
of the different ages of the two plantations, on 
this site slash pine appears to be more susceptible 
than loblolly to rust infection, which is in gen- 
eral agreement with other research (Czabator 1971, 
Powers 1975). 

The weak correlation between growth of indi- 
vidual trees and stem infection is generally in 
agreement with results of other investigations. 
Although Powers and others (1974) and Sluder (1977) 
found that stem growth of infected trees was re- 
duced, others reported that rust does not affect 
growth significantly (Dell and Driver 1963, Dinus 
and Schmidtling 1971, Jones 1972). Perhaps, as 
thought by Holley and Veal (1977), the different 
results in the literature would be at least par- 
tially explained if investigators would rate 
severity of infection by measuring the percentage 
of the stem which is girdled. 



Table 1.--Stand characteristics and fusffom rust infectlon in a slash pine plantation in 
southeastern Louisiana 

Trees Ave . Ave . Tot f nf ec ted trees 
Plot Treatment per ha dbh ht. v01.i~ Stem Limb None 

No. ctll m 
3 

- m /ha ------ - - Percent ------ 
Aee 8 

Intensive culture, 
incl. irrigation 

Intensive culture, 
without irrigation 

Brush control and 
fertilized 

Control, no treat- 
ment 

Intensive culture, 
incl. irrigation 

Intensive culture, 
without irrigation 

Brush control and 
fertilized 

Control, no treat- 
ment 

13.4 9.01 

13.2 8.94 

11.5 7.90 

7.0 6.20 

Age 10 

15.9 11.49 

15.8 11.55 

14.1 10.21 

9.4 7.96 

L/ Volume is total entire stem inside bark. 

It is questionable whether losses to in- 
creased rust infection negate the increased 
growth from intensive culture. In our intensively 
cultured plots rust infection has not as yet 
(through age 10) caused extensive mortality. 
Although losses due to rust may exceed the bene- 
fits due to increased growth from intensive cul- 
ture, data from Brunswick Pulp Land Company's 
slash pine plantations in Georgia showed that 
intensive site preparation was economically justi- 
fied in spite of associated increases of rust in- 
fection up to 50 percent (Anderson 1977). 

Forest managers need help in deciding whether 
to abandon an infected plantation, to thin out 
infected stems, or to leave the plantation undis- 
turbed until the end of a normal of a shortened 
rotation. Wells and Dinus (1978) showed that 
stem infection five years after planting was a 
reliable predictor of rust-associated mortality 
in loblolly and slash pine plantations at age 
10 years. Belcher and others (1977) presented 
guidelines for choosing between removing or 
thinning rust-infected slash pine stands in 

Florida, based on number of trees per acre and 
percentage of stems infected. Application of 
these guidelines to our slash pine plots shows 
that Plots A and B would be reproduced, Plot C 
would be cleaned by thinning at age 16 to 20 and 
grown to rotation age, and Plot D would be held 
until the end of the rotation. 

Although direct control of fusiform rust in 
pine plantations is now impossible, useful recom- 
mendations for a regional control strategy have 
been made by Schmidt and others (1977). They 
include such practices as suppression of suscep- 
tible oaks; delayed fertilization; planting rust- 
resistant species such as longleaf, shortleaf, 
or sand pines on high-hazard sites; planting 
rust-resistant hybrids or seed sources; consi- 
deration of a shelterwood regeneration system; 
having an unevenaged distribution among stands; 
planting uninfected seedlings; sanitation 
thinnings; pruning of infected branches when 
basidiospores are not present; careful controlled 
burning to avoid igniting resinous stem cankers; 
and utilization of infected portions of trees 



for tall oil, turpentine, and certain kinds of 
pulp * 
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Remarks about p e s t i c i d e s  appear i n  some technica l  papers contained 

i n  these  Proceedings. Publ ica t ion  o f  these  s ta tements  does not  

c o n s t i t u t e  endorsement o r  recornendation of  them. by the  Conference sponsors,  

nor does i t  imply t h a t  uses discussed have been r eg i s t e r ed .  Use of most 

p e s t i c i d e s  is regula ted  by S t a t e  o r  Federal  law. Applicable r egu la t ions  

must be obtained from appropr ia te  regula tory  agencies.  

CAUTION: Pes t i c ides  can be i n ju r ious  t o  humans, domestic animals, 

de s i r ab l e  p l a n t s ,  and f i s h  o r  o t h e r  w i ld l i f e - - i f  they a r e  not  handled o r  

appl ied  proper ly .  Use a l l  pe s t i c ides  s e l e c t i v e l y  and ca re fu l ly .  Follow 

recommended p r a c t i c e s  given on the  l a b e l  f o r  use and d i sposa l  of  p e s t i c i d e s  

and p e s t i c i d e  conta iners .  

The use o f  t r ade  o r  company names of  products  o r  s e rv i ces  i n  these  

Proceedings is f o r  t he  bene f i t  of  the reader .  Such use does no t  c o n s t i t u t e  

an endorsement o r  approval of any se rv i ce  o r  product by the  Conference sponsors 

t o  the exclusion of  o t h e r s  t h a t  may be s u i t a b l e .  
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