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To Director, Timber Management St.aff, R-8 

Accompanying i s  the subject report  which detai 1s a problem of considerable 
magnitude and economic importance on a t  l ea s t  three R-8 Nttional Forests 
found in  spring 1983. Unopened seedling bags stored under optimum conditions 
were found t o  contain a high proportion of deteriorating seedlings. Outplant- 
ings established with these seedling lo t s  were showing poor survival, even 
when planted a f t e r  minimum storage per1 ods. 

Results cf evaluations of the problem showed deterioration i n  l a t e  December- 
and ear ly  January-li f ted seed1 ings i n  storage and plantation survival rates 
as low as  0 t o  20 percent on some Distr ic ts .  Over 441,000 seedlings had to 
be discarded and replanting or  substantial interplanting will be required on 
2,200 acres of regeneration originally scheduled f o r  FY 83. Economic losses 
are  estimated a t  $220,000. The cause was determined t o  be lack of fu l l  phys- 
iological dormancy in  seedlings a t  the time of l i f t i n g .  

i 

Recommendations include: 

1 .  In i t i a t ion  of research in to  dormancy rela t ions  in  loblolly pine 
seed sources used in  R-8 National Forests. 

2. Establishing more biologically sensi t ive  l i f t i n g  and storage 
s t ra teg ies  for  the Ashe Nursery. 

3. Establishing a Federal nursery in  the southern Appalachian area 
t.o provide seedlings for  nearby National Fc,rests or  contract with s t a t e -  
owned nurseries in  the subject  area to  grow seed lcgs .  

4. I n i t i a t e  practices a t  Ashe Nursery t o  induce dormancy ea r l i e r ,  
i . e . ,  induce l a t e  season water s t r e s s ,  eliminate late-season N f e r t i l i z a t ion .  

5. I n s t i t u t e  consistent systems of record keeping and seedling i n -  
ventory control a t  the Dis t r ic t  level to  ensure tha t  date pertinent t o  prob- 
lem reforestation s i t e s  can be obtained. 

6 .  Ashe Nursery so i l  should be fumigated with registered rates of 
MC-33 t o  avoid potentially serious charcoal r o t  losses in  the future. 

Director 

Enclosure 



EVALllATIONS OF A  LOBLULLY PINt  5 t tDLINl i  
SUKVIVAL ANU STOKAGt PKUBLtM ON THt SUMltK, 
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Steven W. Oak, P l a n t  P a t h o l o g i s t ,  Southern Region, 
t o r e s t  P e s t  Management, P.O. Box 5895, A s h e v i l l e ,  N.C. 28813 

ABSTRACT 

D e t e r i o r a t i o n  o f  l o b  lo1 ly p i n e  seed l ings  a f t e r  s h o r t  pe r iods  o f  c o l d  
s to rage  and e a r l y  p l a n t a t i o n  s u r v i v a l  problems on t h e  Sumter, Chattahoochee, 
and Oconee N a t i o n a l  F o r e s t s  i n  t h e  s p r i n g  o f  1983 were eva luated.  The causes 
o f  s e e d l i n g  d e t e r i o r a t i o n  and death  were determined t o  be p h y s i o l o g i c a l  i n  
o r i g i n ,  because seed l ings  were l a r g e l y  f r e e  o f  pest-caused i n j u r y .  The l i k e l y  
cause o t  t h e  problem i s  determined t o  be lack  o f  f u l l  p h y s i o l o g i c a l  dormancy 
due t o  la te-season n i t r o g e n  f e r t i l i z a t i o n  and m i l d  w i n t e r  temperatures w i t h  
heavy r a i n s  a t  W. W. Ashe Nursery, Brooklyn,  Miss.  Lack o f  dormancy r e s u l t e d  
i n  r a p i d  r o o t  d e t e r i o r a t i o n  o f  December- and J a n u a r y - l i f t e d  seed l ings  a f t e r  
s h o r t  s to rage  p e r i o d s .  Plantation t a i l u r e s  and damaged, s t o r e d  seed l ings  were 
r e p o r t e d  on a l l  Ranger D i s t r i c t s  p l a n t i n g  Georg ia  and South C a r o l i n a  piedmont 
lob  lo l ly p i n e  seed sources. Economic l o s s  due t o  d i sca rded  seed l ings,  p l a n t a -  
t i o n  t a i  iu res ,  and i n t e r p l a n t l n g  needs are es t ima ted  a t  about 16220,000. 
Recommendations f o r  a v o l d i n g  f u t u r e  losses are g iven.  

Acknowledgement i s  made o f  t h e  h e l p f u l  ass i s tance  o f  personnel  o f  the Sumter 
N a t i o n a l  Fo res t  i n  c o l l e c t i n g  and p r o v i d i n g  f i e l d  s u r v i v a l  data .  
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INTRODUCTION 

A l o b l o l l y  p i n e  s e e d l i n g  s u r v i v a l  problem of widespread d i s t r i b u t i o n  and 
c o n s i d e r a b l e  magni tude was r e p o r t e d  i n  e a r l y  s p r i n g  1983 on the  Sumter, 
Chattahoochee, and Oconee N a t i o n a l  Fo res ts  i n  South C a r o l i n a  and Georgia. A 
combined t o t a l  o f  approx ima te ly  6,400 acres was scheduled f o r  p l a n t i n g  w i t h  
lob101 ly p i n e  i n  1983, which r e q u i r e d  approximate1 y 3.6 mi  11 i o n  seed l ings .  
T h i s  makes the  p o t e n t i a l  impact  o f  poor p l a n t a t i o n  s u r v i v a l  g r e a t .  

E v a l u a t i o n s  o f  s t o r e d  and newly p l a n t e d  l o b l o l l y  p i n e  seed l ings  were 
needed t o  determine t h e  causes, d i s t r i b u t i o n ,  and p o t e n t i a l  economic losses on 
10 Ranger D i s t r i c t s  p l a n t i n g  l o b l o l l y  p i n e  on these 3  N a t i o n a l  Fo res ts .  

The Problem 

Damaged l o b l o l l y  p i n e  seed l ings  were f i r s t  de tec ted  i n  e a r l y  February  1983 
b y  personnel  on t h e  Long Cane Ranger D i s t r i c t ,  Sumter N a t i o n a l  Forest ,  South 
C a r o l i n a .  P r e v i o u s l y  unopened bags c o n t a i n i n g  s e e d l i n g s  l i f t e d  on December 29, 
1982 had been removed f rom c o l d  s to rage  f o r  o u t p l a n t i n g .  Seedl ings were found 
t o  have e x t e n s i v e l y  damaged r o o t s .  A d d i t i o n a l  bags f rom t h i s  l i f t i n g  d a t e  and 
f rom l i f t i n g s  on January  13, 1983 were removed and found t o  c o n t a i n  seed l ings  
s i m i l a r l y  damaged. V i s i t s  t o  p l a n t a t i o n s  e s t a b l i s h e d  w i t h  these seed l ings  
d u r i n g  t h e  p r e v i o u s  month showed t h a t  s u b s t a n t i a l  m o r t a l i t y  had a l r e a d y  
occur red .  Subsequent i n q u i r i e s  o f  o t h e r  Ranger D i s t r i c t s  and N a t i o n a l  Fo res ts  
revea led  t h e  prob lem was p resen t  elsewhere. 

L o b l o l l y  p i n e  seed l ings  used i n  r e g e n e r a t i o n  e f f o r t s  on the  Sumter, 
Chattahoochee, and Oconee N a t i o n a l  Fo res ts  are o f  two seed sources--South 
C a r o l i n a  piedmont (number 39-1-131-1-81-01) and Georg ia  piedmont (number 
10-1-131-1-80-01). Seedl ings are grown b y  t h e  U.S. F o r e s t  Serv i ce  a t  t h e  W. W. 
Ashe Nursery,  Brook lyn,  Miss., packed i n  K-P bags a f t e r  c o a t i n g  r o o t s  w i t h  c l a y  
s l u r r y  t o  p r e v e n t  d e s i c c a t i o n ,  shipped i n  r e f r i g e r a t e d  vans, and s t o r e d  
r e f r i g e r a t e d  a t  the  Ranger D i s t r i c t  u n t i l  needed. 

On t h e  Long Cane D i s t r i c t ,  seed l ings  l i f t e d  f rom t h e  Ashe Nursery  and 
s t o r e d  r e f r i g e r a t e d  f o r  3  t o  5 weeks were d e t e r i o r a t i n g ,  and p l a n t a t i o n s  
e s t a b l i s h e d  w i t h  seed l ings  s t o r e d  f o r  s h o r t e r  p e r i o d s  were e x p e r i e n c i n g  poor  
s u r v i v a l .  

The r e s u l t s  of t h e  l a b o r a t o r y  d iagnoses and e v a l u a t i o n s  o f  s to red  
seed l ings  and newly  e s t a b l i s h e d  o u t p l a n t i n g s  are presented here .  

LABORATORY DIAGNOSES 

Methods 

Damage was desc r ibed  a f t e r  washing s o i l ,  c l a y  s l u r r y  pack ing m a t e r i a l ,  and 
o t h e r  d e b r i s  from t r e e  r o o t s  and c a r e f u l l y  examining damaged and h e a l t h y -  
appear ing seed l ings  f rom c o l d  s to rage  and newly e s t a b l i s h e d  p l a n t a t i o n s  on the  
Tyger, Enoree, Long Cane, and E d g e f i e l d  Ranger D i s t r i c t s ,  Sumter N a t i o n a l  



F o r e s t .  Seedl ings had been l i f t e d  f rom the  W. W. Ashe Nursery  on December 29, 
1982 and January  13, 1983. Storage p e r i o d s  were 5 and 3  weeks f o r  s t o r e d  seed- 
l i n g s ,  b u t  l e s s  f o r  p l a n t e d  t r e e s .  Some p l a n t a t i o n s  were examined t h a t  were 
p l a n t e d  w i t h  seed l ings  on t h e  day o f  t h e i r  r e c e i p t .  

Diagnoses were cen te red  on r o o t  d isease,  because gross mechanical and 
hand1 i n g  damage, i n s e c t  i n j u r y ,  and seedl  i n g  t o p  d i s o r d e r s  were absent. 
Damaged r o o t s  were c u l t u r e d  on two media. PARP medi um (Kannwi scher and 
M i t c h e l l ,  1981) was used as a  s e l e c t i v e  medium t o  d e t e c t  Pythium and 
Phytophthora  spp., and a c i d i f i e d  PDA medium ( e x t r a c t  o f  2009 o f  po ta toes  b o i l e d  
i n  500 m l  o f  d i s t i l l e d  water and squeezed through double cheesec lo th  + 
d i s t i l  l e d  water  t o  1,000 ml  + 209 dex t rose  + 179 agar; ad jus ted  t o  pH 4.7 w i t h  
50% l a c t i c  a c i d )  was used as a  broad spectrum medium t o  d e t e c t  o t h e r  p o t e n t i a l  
fungus pathogens. Damaged r o o t  p i e c e s  were c u l t u r e d  on PARP medium a f t e r  
washing i n  r u n n i n g  tap  water  and b l o t t i n g .  Root p ieces c u l t u r e d  on a c i d i f i e d  
PDA were s u r f a c e  d i s i n f e c t e d  w i t h  a  10% c l o r o x  soak f o r  2  minutes ,  f o l l o w e d  by 
b l o t t i n g .  

Resu I t s  

The predominant symptom on damaged seed l ings  was a  water-soaked, mushy 
d e t e r i o r a t i o n  o f  the  r o o t  c o r t e x .  P u l l i n g  r o o t s  r e s u l t e d  i n  a  s l o u g h i n g  o f  t h e  
c o r t e x ,  l e a v i n g  t h e  bare, woody t i s s u e s .  The lower 112 t o  1 / 3  o f  t h e  tap  r o o t  
and t h e  end p o r t i o n s  o f  l a r g e r  l a t e r a l s  were most o f t e n  a f fec ted ,  b u t  some 
r o o t s  had patches o f  mushy r o o t  c o r t e x  surrounded by  a p p a r e n t l y  h e a l t h y  t i s s u e .  
Excep t ing  t h i s  symptom, s e e d l i n g s  had a  good o v e r a l l  appearance. Tops were 
green and v igorous,  most had a  firm " w i n t e r "  bud, and the  r o o t  system was w e l l  
developed, i f  somewhat d e f i c i e n t  i n  feeder  r o o t s  and mycorrh izae.  I n  some 
cases, t h e  s e e d l i n g  t o p s  were judged t o o  la rge  f o r  t h e  r o o t  system. 

A  few seed l ings  ( l e s s  than  5% o f  a l l  seed l ings  examined) had c o r k y  
p r o l i f e r a t i o n  o f  t h e  c o r t e x  o f  t h e  main upper l a t e r a l s  and upper t a p  r o o t ,  
c h a r a c t e r i s t i c  o f  i n f e c t i o n  b y  the charcoa l  r o o t  r o t  fungus, Macrophomina 
phaseo l ina .  Some o f  these s e e d l i n g s  a l s o  had t h e  mushy r o o t  symptom, b u t  
cha rcoa l  r o o t  symptoms alone were v e r y  i n f r e q u e n t l y  found. 

I s o l a t i o n s  onto  PARP medium y i e l d e d  no pathogenic  f u n g i .  Macrophomina 
p h a s e o l i n a  was recovered  f rom r o o t  c o r t e x  w i t h  t h e  c o r k y  p r o l i f e r a t i o n ,  b u t  no 
pathogenic  f u n g i  were recovered f rom mushy r o o t s .  

The e x t r e m e l y  low i n c i d e n c e  o f  cha rcoa l  r o t  symptoms and the  l a c k  of 
pathogens assoc ia ted  w i t h  t h e  mushy r o o t  symptom i n d i c a t e d  t h a t  the  r o o t  
problem was n o t  due t o  i n f e c t i o n  b y  r o o t  d i sease  f u n g i .  

EVALUATION OF STORED SEEDLINGS 

E v a l u a t i o n s  o f  s t o r e d  s e e d l i n g s  were conducted t o  determine the  c o n d i t i o n  
o f  s e e d l i n g s  l i f t e d  a t  d i f f e r e n t  t imes  and kep t  i n  s torage,  t h e  i n f l u e n c e  o f  
con t inued  s to rage  on t h e  c o n d i t i o n  o f  seed l ings,  and t h e  s u r v i v a l  p o t e n t i a l  o f  
damaged seed 1  i ngs . 



Methods 

Seed l ing  c o n d i t i o n  i n  s t o r a g e . - - P r e v i o u s l y  unopened s e e d l i n g  bags s to red  
a t  t h e  Lona Cane Ranaer District. Sumter N a t i o n a l  Forest ,  were t r a n s p o r t e d  i n  a  
covered v e h i c l e  t o  a - l a b o r a t o r y  and c a r e f u l  l y  examined. The t ime f rom removal 
f rom tne D i s t r i c t  t o  l a b o r a t o r y  c o l d  s torage was 3  hours, and o u t s i d e  tempera- 
t u r e s  were about 40°F. The seed l ings  had been l i f t e d  f rom t h e  n u r s e r y  on 
December 29, 1982 and January  13, 1983, and were examined on February  9, 1983 - 
a  s to rage  p e r i o d  o f  6 weeks f o r  December 29, 1 9 8 2 - l i f t e d  t r e e s  and about 4 
weeks f o r  January  13, 1 9 8 3 - l i f t e d  t r e e s .  

Bags were sampled by  r e m o v i n g ~ b u n d l e s  o f  approx ima te ly  50 t r e e s  f rom 
d i f f e r e n t  p a r t s  o f  t h e  bag. A minimum o f  250 t r e e s  were eva lua ted  f rom each 
bag. Exposure o f  seed l ings  t o  room temperature was kep t  t o  a  minimum. Seed- 
l i n g s  were c a r e f u l l y  examined a f t e r  washing t o  remove s o i l  and c l a y  s l u r r y  
pack ing  m a t e r i a l .  They were t a l l i e d  accord ing  t o  f o u r  c lasses:  

1. H e a l t h y  - no apparent  damage. 
2. Grea te r  than 50 pe rcen t  o f  r o o t  system damaged - cause unknown 
3. Less than 50 pe rcen t  o f  r o o t  system damaged - cause unknown. 
4 .  Other diagnosed damage. 

Additional damage assessment was done on seed l ings  f rom these and l a t e r  
l i f t i n g  da tes  f rom a  number o f  o t h e r  s to rage  l o c a t i o n s  (Ranger D i s t r i c t s ) .  
These are presented i n  Tab le  1. The approximate p r o p o r t i o n  o f  damaged t r e e s  
was es t ima ted  a f t e r  sampl ing s i m i l a r  t o  t h a t  desc r ibed  e a r l i e r .  

I n f l u e n c e  o f  a d d i t i o n a l  s t o r a g e  on s e e d l i n g  cond i t i on . - -The  i n f l u e n c e  o f  
l onaer  s to raae  was eva lua ted  on January 13. 1 9 8 3 - l i f t e d  seed l inqs  by  r e u e a t i n q  
t h e d r o o t  system damage d i s t r ~ b u t i o n  o n - ~ a r i h  10, 1983. T h i s  made <he t o t a l  

- 

s to rage  p e r i o d  8 weeks f o r  these seed l ings .  Dur ing  t h e  extended s to rage  
p e r i o d ,  the  s e e d l i n q  bag was opened and t h e  seed l ings  m i s t e n e d  p e r i o d i c a l l y  t o  
p r e v e n t  excess ive d r y i n g .  

S u r v i v a l  p o t e n t i a l  o f  damaged seed l ings . - -Seed l ings  w i t h  m r e  than 50 
pe rcen t  o f  t h e l r  r o o t  system damaged were judged t o  have no chance of s u r v i v -  
i n q .  However, many seed l ings  were n o t  damaged t o  t h a t  e x t e n t .  An e v a l u a t i o n  
o f  the  s u r v i v a l  p o t e n t i a l  o f  s e e d l i n g s  w i t h  l e s s  than  50 pe rcen t  o f  t h e i r  r o o t  
system damaged ( c l a s s  3  seed l ings ;  see Methods - Seed l ing  c o n d i t i o n  i n  s to rage)  
was needed. 

S e v e n t y - f i v e  c l a s s  3 s e e d l i n g s  f rom t h e  January 13, 1 9 8 3 - l i f t e d  bags were 
p l a n t e d  i n  8" x  10" p l a s t i c  p o t s  ( 3  seed l ings  per p o t )  immed ia te l y  a f t e r  the 
February  9, 1983 s e e d l i n g - c o n d i t i o n - i n - s t o r a g e  e v a l u a t i o n .  The p o t t i n g  medium 
(1:l m i x t u r e  o f  pea t  moss and v e r m i c u l i t e )  was k e p t  m o i s t  and the  seed l ings  
grown i n  a  heated greenhouse under temperatures  f a v o r a b l e  f o r  growth. Twelve 
s e e d l i n g s  w i t h o u t  any apparent  r o o t  damage were s i m i l a r l y  p o t t e d  and served as 
c o n t r o  I s .  

R e s u l t s  

Seed l ing  c o n d i t i o n  i n  s t o r a g e  .--The number o f  s e e d l i n g s  f rom s torage a t  
t h e  Long Cane Ranger D i s t r i c t ,  Sumter N a t i o n a l  Forest ,  w i t h  d i f f e r e n t  l e v e l s  of 
r o o t  damage f o r  two d i f f e r e n t  n u r s e r y  l i f t i n g  dates  ( s t o r a g e  p e r i o d s ) ,  i s  



Table 1.--Storage p e r i o d s  f o r  seed l ings  examined f o r  r o o t  damage, b y  N a t i o n a l  
Fo res t  and Ranger D i s t r i c t .  

Approximate 
Storage P e r i o d  

L o c a t i o n  Nursery  L i f t i n g  Date Observat ion Date (weeks) 

Sumter N.F. 

Tyger R.D. 12/29/82 2/8/83 6 

Enoree R.D. 12/29/82 2/8/83 6 

1/13/83 21 8/83 4 

Long Cane R.D. 12/29/83 2/8/83 6* 

1/13/83 2/8/83 4* 

1/13/83 3110183 8* 

E d g e f i e l d  R.D. 12/29/82 3 /4 /83 7 

1/13/83 3/4/83 5 

2/18/83 3/4/83 2 

3/1/83 3/4/83 0.5 

Chattahoochee N.F. 

Brasstown R.D. 12/29/82 3/16/83 9 

* Q u a n t i t a t i v e l y  eva lua ted  f o r  s e e d l i n g  c o n d i t i o n  i n  s to rage  and i n f l u e n c e  o f  
a d d i t i o n a l  s to rage  on s e e d l i n g  c o n d i t i o n .  



summarized i n  Tab le  2. N e a r l y  a1 1  o f  t h e  seed l ings  s to red  f o r  6 weeks were 
damaged, w i t h  90 pe rcen t  showing t h e  mushy r o o t  symptom. Two- th i rds  o f  these 
were i n  t h e  most h e a v i l y  damaged c l a s s .  Only 7 pe rcen t  were w i t h o u t  r o o t  
damage. The seed l ings  l i f t e d  l a t e r  ( s t o r e d  4 weeks) were i n  much b e t t e r  
c o n d i t i o n ,  b u t  n e a r l y  o n e - t h i r d  o f  these showed the  mushy r o o t  symptom. 

The r e s u l t s  o f  e v a l u a t i o n s  o f  seed l ings  s t o r e d  a t  o t h e r  l o c a t i o n s  f o r  
v a r y i n g  pe r iods  were s i m i l a r .  Seed l ing  bags s to red  f rom e a r l i e r  l i f t i n g s  (more 
than 2 weeks o f  s t o r a g e )  had t h e  h i g h e s t  l e v e l s  o f  r o o t  damage and d i d  n o t  
c o n t a i n  enough h e a l t h y  s e e d l i n g s  t o  a t tempt  o u t p l a n t i n g .  Seedl ings l i f t e d  i n  
mid-February  ( 2  weeks o f  s t o r a g e )  and e a r l y  March ( l e s s  than 1 week o f  s to rage)  
were f ree  o f  t h e  mushy r o o t  symptom. Three t o  5 pe rcen t  o f  the  seed l ings  from 
each l i f t i n g  d a t e  had damage resemb l ing  t h a t  caused b y  t h e  charcoa l  r o t  
fungus.  

I n f l u e n c e  o f  a d d i t i o n a l  s t o r a g e  on s e e d l i n g  c o n d i t i o n  .--An a d d i t i o n a l  4 
weeks o f  c o l d  s to rage  r e s u l t e d  i n  marked d e t e r i o r a t i o n  o f  seed l ings  l i f t e d  on 
January 13, 1983 (Tab le  3 ) .  The percentage o f  seed l ings  w i t h  the mushy r o o t  
symptom more than doubled i n  t h e  a d d i t i o n a l  s to rage  per iod,  w i t h  the most 
s e v e r e l y  damaged c l a s s  i n c r e a s i n g  6 - f o l d .  

Even though seed l ings  l i f t e d  i n  mid-January d e t e r i o r a t e d  d u r i n g  8  weeks o f  
c o l d  s torage,  t h e y  were i n  b e t t e r  c o n d i t i o n  than seed1 i n g s  1 i f t e d  i n  l a t e  
December and s t o r e d  f o r  a  s h o r t e r  p e r i o d  o f  t ime. January l i f t i n g s  s t o r e d  f o r  
8  weeks had t w i c e  as many h e a l t h y  seed l ings  and 17 pe rcen t  fewer seed l ings  i n  
t h e  s e v e r e l y  damaged c a t e g o r y  as D e c e m b e r - l i f t i n g s  s t o r e d  f o r  6 weeks (Tab le  3 ) .  

No r e p o r t s  o f  r o o t  d e t e r i o r a t i o n  i n  seed l ings  l i f t e d  i n  February  o r  March 
and s t o r e d  were made by personnel  o f  t h e  Chattahoochee, Oconee, o r  Sumter 
N a t i o n a l  Fo res ts  a f t e r  these e v a l u a t i o n s  were conducted. 

S u r v i v a l  p o t e n t i a l  o f  damaged seed1 i n g s  .--Greenhouse s u r v i v a l  o f  seed l i n g s  
w i t h  l e s s  than 50 pecent o f  t h e  r o o t  system damaqed a f t e r  one  non nth was 87 
pe rcen t ,  w i t h  no m o r t a l i t y  i n  t h e  contFo1 seed l ings .  No m o r t a l i t y  occur red 
a f t e r  t h i s  pe r iod ,  b u t  t h e r e  were d i f f e r e n c e s  i n  t h e  t i m e  r e q u i r e d  f o r  i n i t i a -  
t i o n  o f  shoot e l o n g a t i o n .  O f  t h e  seed l ings  remain ing a l i v e ,  10 p e r c e n t  had 
e l o n g a t i n g  shoots 4 weeks a f t e r  p l a n t i n g ,  89 pe rcen t  a f t e r  6  weeks, and 96 
p e r c e n t  a f t e r  10 weeks. Three s e e d l i n g s  had n o t  i n i t i a t e d  shoot growth 12 
weeks a f t e r  p l a n t i n g  under c o n d i t i o n s  f a v o r a b l e  f o r  growth.  

Examinat ion of r o o t  systems o f  some growing seed l ings  1 0  weeks a f t e r  
p l a n t i n g  revea led  t h a t  t h e  mushy r o o t  symptom had n o t  progressed and t h a t  new 
r o o t s  had p r o l i f e r a t e d  f r o m  t h e  t a p  r o o t  above t h e  a f f e c t e d  areas.  

EVALUATIONS OF OUTPLANTINGS 

Methods 

O u t p l a n t i n g s  e s t a b l i s h e d  w i t h  s e e d l i n g s  l i f t e d  a t  d i f f e r e n t  t imes and 
s t o r e d  f o r  v a r y i n g  p e r i o d s  o f  t ime were eva lua ted  t o  determine s u r v i v a l ,  
p a t t e r n s  o f  m o r t a l i t y ,  t h e  c o n d i t i o n  o f  r o o t s  o f  l i v i n g  t rees ,  and the p o s s i b l e  
i n f l u e n c e  o f  o t h e r  f a c t o r s  ( s i t e  q u a l i t y ,  s i t e  p r e p a r a t i o n  methods, p l a n t i n g  
crews)  on t h e  problem. 



Table 2.--Percentage d i s t r i b u t i o n  o f  seed l ings  by  damage c l a s s  and n u r s e r y  
l i f t i n g  date ,  Long Cane Ranger D i s t r i c t ,  Sumter N a t i o n a l  Forest ,  South 
Caro l i na ,  February  1983. Seedlo t  #39-1-131-1-81-01, South C a r o l i n a  piedmont 
l o b l o l l y .  

11 21 
Storage <50% o f  >50% of-  3 1  T o t a l  No. o f  

L i f t i n g  Per iod  Root System Root System Charcoal- Seedl ings 
Date (weeks) H e a l t h y  Synptornatic Symptomatic Rot Eva1 uated 

11 L i g h t l y  damaged seed l ings ;  f i e l d  s u r v i v a l  p o t e n t i a l  unknown - 
21 S e v e r e l y  damaged seed1 ings ;  f i e l d  s u r v i v a l  imposs ib le .  - 
3/ Root d isease caused b y  Macrophomina phaseo l ina .  Most i n f e c t i o n s  severe - 
enough t o  depress growth o r  k i l l  s e e d l i n g  when o u t p l a n t e d .  



Table 3.--Percentage d i s t r i b u t i o n  of seed l ings  by damage c l a s s  f o r  d i f f e r e n t  l i f t i n g  da tes  
and s to rage  per iods,  Long Cane Ranger D i s t r i c t ,  Sumter N a t i o n a l  Forest ,  South C a r o l i n a ,  
1983. Seedlo t  #39-1-131-1-81-01, South C a r o l i n a  piedmont l o b l o l l y .  

C o n d i t i o n  

11 21 
Storage (50% o f  >50% o f  31 T o t a l  No. o f  

L i f t i n g  Observat ion P e r i o d  Root System Root System Charcoal- Seedl ings 
Date Date (weeks) H e a l t h y  Symptomatic Symptomatic Rot Eva luated 

11 L i g h t l y  damaged seed l ings .  - 

21 Severe ly  damaged seed l ings ;  f i e l d  s u r v i v a l  imposs ib le .  - 

31 Root d isease caused b y  Macrophomina phaseo l ina.  Most i n f e c t i o n s  severe enough t o  
Xepress growth o r  k i  1 l s e e d l i n g  when o u t p l a n t e d .  

4/ Same s e e d l i n g  bag k e p t  a t  33°F i n  w a l k - i n  c o o l e r  and l i g h t l y  moistened p e r i o d i c a l l y .  - 



P l a n t a t i o n s  e s t a b l i s h e d  i n  March and A p r i l  1983 were examined 1 t o  3 
months a f t e r  es tab l i shment  . The f o l  lowing v a r i a b l e s  were cons idered when 
choos ing stands f o r  e v a l u a t i o n :  

l i f t i n g  da te  o f  seed l ings  
s t o r a g e  c o n d i t i o n s  
l e n g t h  o f  s to rage  o f  s e e d l i n g s  
l o c a t i o n  o f  p l a n t a t i o n  
s i t e  p r e p a r a t i o n  method 
s i t e  p r e p a r a t i o n  success 
harshness o f  s i t e  (env i ronmenta l  extremes) 
p l a n t i n g  crew ( c o n t r a c t  o r  USFS) 

E f f o r t s  were made t o  eva lua te  w i d e l y  separated p l a n t a t i o n s  e s t a b l i s h e d  w i t h  
s e e d l i n g s  s tored,  handled, and p l a n t e d  under t h e  f u l l  range o f  c o n d i t i o n s  p r e -  
v a i l i n g  on d i f f e r e n t  Ranger D i s t r i c t s .  The l o c a t i o n s  and number o f  p l a n t a t i o n s  
examined, and t h e  month o f  l i f t i n g  o f  t h e  seed l ings  used are summarized i n  
Tab le  4. Some u n c e r t a i n t y  over  l i f t i n g  dates  o f  seed l ings  e x i s t s .  T h i s  i s  due 
t o  d i f f e r e n c e s  i n  reco rdkeep ing  between D i s t r i c t s ,  use o f  seed l ings  f rom 
severa l  l i f t i n g  da tes  i n  many p l a n t a t i o n s ,  and t r a d i n g  o f  seed l ings between 
D i s t r i c t s .  

The p l a n t a t i o n  was t l i o r o u g h l y  t rave rsed ,  c o v e r i n g  the  range o f  e n v i r o n -  
mental  c o n d i t i o n s  p resen t .  P e r i o d i c a l l y ,  h e a l t h y  appear ing and d y i n g  seed l ings  
were dug up and c a r e f u l l y  examined f o r  pes t -  o r  man-caused damage, improper 
p l a n t i n g ,  an3 o t h e r  d i s o r d e r s .  S u r v i v a l  was c h a r a c t e r i z e d  genera l l y ,  and 
p e r t i n e n t  d a t a  were recorded ( s e e d l i n g  l i f t i n g  date,  p l a n t i n g  date, s i t e  
p r e p a r a t i o n ,  p l a n t i n g  c rew) .  A d d i t i o n a l l y ,  a  q u a n t i t a t i v e  e v a l u a t i o n  o f  
s u r v i v a l  was done by  D i s t r i c t  personnel  on the Tyger, Enoree, Long Cane, and 
E d g e f i e l d  Ranger D i s t r i c t s  o f  t h e  Sumter N a t i o n a l  F o r e s t .  Resu l t s  o f  June 
s u r v i v a l  counts  are d iscussed.  

R e s u l t s  

M o r t a l i t y  occur red on a l l  D i s t r i c t s ,  on v a r i o u s  s i t e s  prepared w i t h  
d i f f e r e n t  methods, and i n  o u t p l a n t i n g s  e s t a b l i s h e d  w i t h  seed l ings  hav ing  
d i f f e r e n t  l i f t i n g  dates  and p l a n t e d  b y  d i f f e r e n t  c o n t r a c t o r s  and U.S. Forest  
Serv i ce  p l a n t i n g  crews. However, damage was n o t  u n i f o r m l y  severe w i t h i n  o r  
between p l a n t a t i o n s .  Dead seed l ings  occur red i n  groups, b u t  p a t t e r n s  were no t  
e v i d e n t  w i t h  respec t  t o  m i c r o s i t e  (dead seed l ings  were n o t  con f ined  t o  burned, 
bare ,  d ry ,  o r  compacted s o i l ) .  

I s o l a t e d  ins tances  o f  severe r o o t  p r u n i n g  o r  poor s e e d l i n g  h a n d l i n g  prac- 
t i c e s  by  some p l a n t i n g  crews d i d  occur, b u t  i n  n e a r l y  a l l  cases, s e e d l i n g  
h a n d l i n g  by  f i e l d  crews was p roper .  F u r t h e r ,  s i t e  c o n d i t i o n s  were e x c e p t i o n a l -  
l y  good f o r  t r e e  p l a n t i n g  i n  t h e  s p r i n g  o f  1983, w i t h  abundant s o i l  m o i s t u r e  
and we1 1 - d i s t r i b u t e d  r a i n f a l l .  It was apparent  t h a t  m r t a l i t y  was due p r i m a r i -  
l y  t o  t h e  r o o t  d e t e r i o r a t i o n  seen i n  e a r l i e r  e v a l u a t i o n s  o f  s t o r e d  seed l ings .  

General o b s e r v a t i o n s  o f  s u r v i v a l ,  w i t h  r e s p e c t  t o  l i f t i n g  da te  and s torage 
pe r iod ,  p a r a l l e l e d  t h e  r e s u l t s  o f  e a r l i e r  s t o r e d  s e e d l i n g  e v a l u a t i o n s ;  i . e . ,  
t h e  e a r l i e r  t h e  seed l ings  were l i f t e d  and the  longer  t h e y  were s to red  (> 2 
weeks), t h e  more r o o t  d e t e r i o r a t i o n  was p resen t  and t h e  lower t h e  p l a n t a t i o n  



Table 4 . - -Locat ion and number o f  p l a n t a t i o n s  eva luated f o r  s u r v i v a l  problems on 
t h e  Sumter N.F., South Caro l i na ,  and t h e  Chattahoochee N.F., Georgia, 1983. 
- - 

Number o f  Months o f  
L o c a t i o n  P l a n t a t i o n s  Eva luated L i f t i n g  Represented 

Sumter N.F. 

E d g e f i e l d  R.D. 

Long Cane R.D. 

Enoree R.D. 

Chattahoochee N.F. 

Armuchee R.D. 

Brasstown R.D. 

Chattooga R.D. 

T a l l u l a h ,  R.D. 

5 

1 

4 

3 - 
T o t a l  22 

Dec., Jan. 

,I 

Dec., p r o b a b l y  Jan., Feb. 

Jan. 

Dec., p r o b a b l y  Jan., Feb. 

Dec.. Jan., Feb. 



s u r v i v a l .  Though no e v a l u a t i o n s  were conducted on the  Oconee N a t i o n a l  Fo res t ,  
Georgia, s i m i l a r  s u r v i v a l  problems and observa t ions  o f  r o o t  d e t e r i o r a t i o n  and 
l a c k  o f  pes t  damage were made by  o t h e r s  (S. #I.  Rowan, personal  communicat ion).  

Data  on June s u r v i v a l  o f  stands p l a n t e d  w i t h  t r e e s  o f  v a r i o u s  l i f t i n g  
da tes  are d i f f i c u l t  t o  i n t e r p r e t .  S u r v i v a l  on the  E d g e f i e l d  Ranger D i s t r i c t ,  
Sumter N a t i o n a l  Forest ,  was g e n e r a l l y  i n  keep ing w i t h  t h e  f i e l d  o b s e r v a t i o n s  
made by t h e  author e a r l i e r  i n  t h e  s p r i n g  ( F i g u r e  1). S u r v i v a l  of December 29, 
1 9 8 2 - l i f t e d  t r e e s  p r e c i p i t o u s l y  d e c l i n e d  a f t e r  r e l a t i v e l y  s h o r t  s to rage  
p e r i o d s .  No J a n u a r y - l i f t e d  t r e e s  were p lanted,  b u t  February-  and M a r c h - l i f t e d  
t r e e s  s u r v i v e d  b e t t e r ,  even a f t e r  extended s torage.  Lower s u r v i v a l  i n  March- 
l i f t e d  t r e e s  s to red  f o r  2  weeks r e p r e s e n t s  observa t ions  made i n  o n l y  one 
p l a n t a t i o n .  

S u r v i v a l  o f  l o b l o l l y  seed l ings  p l a n t e d  Forest -w ide were g e n e r a l l y  i n  
keep ing w i t h  t h e  a u t h o r ' s  s to rage  and f i e l d  observat ions,  b u t  t h e  d e c l i n e  i n  
f i e l d  s u r v i v a l  o f  December - l i f t ed  seed l ings  seemed t o  cease a f t e r  4 weeks of 
s torage,  r a t h e r  than d e c l i n i n g  f u r t h e r  ( F i g u r e  2 ) .  P l a n t i n g s  are e s t a b l i s h e d  
o v e r  pe r iods  r a n g i n g  f rom a  few days t o  severa l  weeks. Th is  r e s u l t s  i n  some 
p l a n t a t i o n s  c o n t a i n i n g  s e e d l i n g s  s t o r e d  f o r  v a r i a b l e  p e r i o d s  o f  time, o r  even 
w i t h  seed l ings  o f  two o r  more l i f t i n g  dates .  S u r v i v a l  r e p o r t s  o f  e n t i r e  
p l a n t a t i o n s  would, i n  those s i t u a t i o n s ,  r e p r e s e n t  a  composi te o r  poo led 
s u r v i v a l  o f  p o t e n t i a l l y  h i g h l y  v a r i a b l e  p l o t s .  

Fu r the r ,  sampl ing methods c o u l d  i n f l u e n c e  s u r v i v a l  r e p o r t s .  These d a t a  
were f rom c i r c u l a r  m i c r o p l o t s  o f  10-20 s e e d l i n g s  spaced along a  compass l i n e .  
Whi le  t h i s  des ign e f f e c t i v e l y  samples f o r  stocked p l o t s  i n  t h e  p l a n t a t i o n ,  i t  
i s  n o t  as e f f e c t i v e  f o r  sampl ing t h e  pa tchy  and h i g h l y  v a r i a b l e  s u r v i v a l  
observed b y  t h e  au tho r .  A s e r i e s  o f  cont inuous t ransec ts ,  where a  c o r r i d o r  o f  
s e e d l i n g s  are eva luated,  may be b e t t e r  f o r  d e t e r m i n i n g  losses sere t h e y  have 
pa tchy  d i s t r i b u t i o n .  

ECONOMIC LOSS 

Methods 

Several  components are i n c l u d e d  i n  c a l c u l a t i o n  o f  economic l o s s  due t o  
s e e d l i n g  d e t e r i o r a t i o n .  These i n c l u d e  the va lue  o f  seed l ings  d i sca rded  because 
o f  poor q u a l i t y ,  v a l u e  o f  s i t e  p r e p a r a t i o n  and seed l ing  p l a n t i n g  l o s s  due t o  
complete p l a n t a t i o n  f a i l u r e ,  and v a l u e  o f  s i t e  p r e p a r a t i o n  and s e e d l i n g  
p l a n t i n g  loss  due t o  p a r t i a l  p l a n t a t i o n  f a i l u r e .  The assumptions inc luded  i n  
each c a t e g o r y  o f  l oss  and t h e  computat ions are :  

Seed1 i n g s  d i sca rded :  

Value o f  seed l ings  = $50/1,000 
Loss = va lue  o f  seed l ings  x number d i sca rded  

Complete and p a r t i a l  p l a n t a t i o n  f a i l u r e :  

Value o f  s i t e  p r e p a r a t i o n  = $100/acre 
Value o f  s e e d l i n g s  + p l a n t i n g  = $50/acre 
Value o f  p l a n t a t i o n  e s t a b l i s h m e n t  = 8150 lacre  



Figure 1. June survival for seedlings lifted on different dates and 
stored for varying periods. Edgefield RD, Sumter NF. 1983. 

Figure 2. June survival for seedlings lifted on different dates and 
stored for varying periods. All RD combined, Sumter NF, 1983. 



Data f rom Sumter N a t i o n a l  F o r e s t  Ranger D i s t r i c t s  show t h a t  o n l y  December- 
and J a n u a r y - l i f t e d  t r e e s  had severe s u r v i v a l  problems. S u r v i v a l  ranged f rom 88 
t o  0  p e r c e n t  f o r  29 p l a n t a t i o n s  e s t a b l i s h e d  w i t h  these seed l ings.  Twenty-one 
(72%) had l e s s  than  50 pe rcen t  s u r v i v a l .  Assumptions used f o r  c a l c u l a t i o n  are 
t h a t  h a l f  o f  a1 l acres p l a n t e d  w i t h  December- and J a n u a r y - l i f t e d  t r e e s  w i l l  
r e q u i r e  complete rep1 a n t i n g  ( l o s s  o f  $15D/acre es tab l i shment  c o s t )  and an 
a d d i t i o n a l  25 pe rcen t  o f  a l l  acres w i l l  r e q u i r e  s i g n i f i c a n t  i n t e r p l a n t i n g  
e f f o r t s  ( l o s s  o f  675 lac re  es tab l i shment  c o s t ) .  The rema in ing  acres have 
adequate s u r v i v a l  and s t o c k i n g .  

Acres p l a n t e d  w i t h  December- and J a n u a r y - l i f t e d  s e e d l i n g s :  

Sumter N a t i o n a l  F o r e s t  - 1,000 acres 
Chattahoochee-Oconee N a t i o n a l  F o r e s t s  - 1,100 acres 

'2,100 acres 

R e s u l t s  

Seed l ings  discarded.--The Sumter and Chattahoochee-Oconee N a t i o n a l  F o r e s t s  
d i sca rded  a  t o t a l  o f  441,000 seed l ings .  D o l l a r s  l o s t  equa l  $22,050. 

Complete and p a r t i a l  p l a n t a t i o n  f a i  lure.--About 1,100 acres wi l l r e q u i r e  
complete r e p l a n t i n g .  D o l l a r s  l o s t  equa l  $157,500. About 525 acres w i l l  
r e q u i r e  s i g n i f i c a n t  i n t e r p l a n t i n g .  D o l l a r s  l o s t  equal $39,375. 

The t o t a l  d o l l a r s  l o s t  t o  t h e  s e e d l i n g  d e t e r i o r a t i o n  problem on t h e  Sumter 
and Chattahoochee-Oconee N a t i o n a l  F o r e s t s  i s  es t ima ted  a t  $218,925. 

DISCUSSION AND SUMMARY 

It i s  c l e a r  t h a t  the mushy r o o t  symptom was no t  due to pathogenic f u n g i  o r  
o t h e r  commonly o c c u r r i n g  r o o t  p e s t s .  I t s  cause i s  p h y s i o l o g i c a l ,  b u t  t h e  
s p e c i f i c  f a c t o r s  r e s p o n s i b l e  cannot be determined w i t h  c e r t a i n t y .  However, 
most o f  t h e  r e s u l t s  o f  e v a l u a t i o n s  r e p o r t e d  here  are c o n s i s t e n t  w i t h  those made 
b y  o t h e r s  i n v e s t i g a t i n g  s e e d l i n g  performance when seed l ings  are l i f t e d  w i t h o u t  
a c h i e v i n g  f u l l  p h y s i o l o g i c a l  dormancy. 

Dormancy r e l a t i o n s h i p s  have o n l y  r e c e n t l y  been i n v e s t i g a t e d  f o r  l o b l o l l y  
p ine .  I n i t i a t i o n  o f  r o o t  growth i s  though t  t o  be c l o s e l y  l i n k e d  w i t h  phys io -  
l o g i c a l  dormancy i n  f o r e s t  seed l ings .  I n  a  r e v i e w  o f  r o o t  growth p o t e n t i a l  ( a  
measure o f  dormancy f u l f i  1  lment ) ,  R i  t c h i e  and Dunlap (1980) i d e n t i f y  a  dormancy 
c y c l e  c o n s i s t i n g  o f  dormancy i n d u c t i o n ,  deepening, t r u e  dormancy, and 
quiescence. Th is  c y c l e  i s  i n i t i a t e d  i n  response t o  s h o r t e n i n g  pho toper iod  and, 
t o  some degree, d e c l i n i n g  temperature .  

Before seed l ings  may resume normal r o o t  and shoot growth, a  minimum 
c h i  1  l i n g  requ i rement  must be met ( R i  t c h i e  and Dun1 ap, 1980). Garber and Mexal 
(1980) s t a t e  t h a t  about 7  weeks exposure t o  n a t u r a l  c o n d i t i o n s  p r e v a i l i n g  
d u r i n g  November and December i s  needed t o  f u l l y  s a t i s f y  the  c h i l l i n g  r e q u i r e -  
ment o f  l o b l o l  ly p ine .  T h i s  p e r i o d  may v a r y  w i t h  genotype (seed sources 
[Beineke and Per ry ,  19651) and t h e  l o c a t i o n  where seed l ings  are grown 
( c l i m a t e ) .  Garber and Mexal p r o b a b l y  conducted s t u d i e s  i n  Arkansas, where 
t h e i r  companies' research  f a c i l i t i e s  and n u r s e r y  are l o c a t e d .  



Once c h i l l i n g  requ i rements  are met, seed l ings  may be s to red  f o r  long 
p e r i o d s  ( 2  months) w i t h o u t  marked decrease i n  s u r v i v a l  (Garber and Mexal, 1980; 
Rhea, 1977; R i  t c h i e  and Dunlap, 1980).  However, accumulat ing c h i 1  1  i n g  hours 
and i n f e r r i n g  dormancy may n o t  be,an accura te  r e f l e c t i o n  o f  dormancy, because 
i n t e r r u p t i o n  o f  coo l ,  dormancy- inducing weather by  pe r iods  o f  h i g h e r  
temperature  can negate the  c h i l l i n g  response i n  some c o n i f e r s .  Some workers 
have suggested t h a t  n u r s e r i e s  l o c a t e d  i n  areas where w i n t e r s  have p e r i o d i c  
unseasonably warm s p e l l s  may n o t  be ab le  t o  produce f u l l y  dormant, s t o r a b l e  
s e e d l i n g s  ( R i t c h i e  and Dunlap, 1980) .  

R e s u l t s  o f  s t u d i e s  i n  V i r g i n i a  l o b l o l  l y  n u r s e r i e s  caused D i e r a u f  t o  specu- 
a t e  t h a t  d i f f e r e n c e s  i n  dormancy f rom year  t o  year  may i n f l u e n c e  t h e  s t o r a b i l -  
t y  o f  e a r l y - l i f t e d  s e e d l i n g s  (1978).  I n  one o f  two t e s t  years,  s u r v i v a l  was 

, a t i s f a c t o r y  f o r  bo th  e a r l y - 1  i f t e d  seed1 i n g s  p l a n t e d  immedia te ly  and those 
s t o r e d  f o r  two weeks. I n  the  o t h e r  t e s t  year ,  s u b s t a n t i a l  d i f f e r e n c e s  i n  
s u r v i v a l  were seen, w i t h  s t o r e d  s e e d l i n g s  s u r v i v i n g  much more p o o r l y  than  
immed ia te l y  p l a n t e d  seed l ings  ( D i e r a u f ,  1976) .  

Nursery  c u l t u r a l  p r a c t i c e s  may a f f e c t  t h e  l e n g t h  o f  c h i l l i n g  requ i rements .  
Root p r u n i n g  s e e d l i n g s  d u r i n g  dormancy i n d u c t i o n  and deepening a f f e c t s  p l a n t -  
water r e l a t i o n s  and the  d u r a t i o n  o f  c h i l l i n g  requirements,  as does w i t h h o l d i n g  
i r r i g a t i o n  i n  l a t e  summer ( R i t c h i e  and Dunlap, 1980). F e r t i l i z a t i o n  w i t h  
n i t r o g e n  l a t e  i n  t h e  growing season has been observed t o  r e s u l t  i n  s e e d l i n g  
s t o r a g e  and s u r v i v a l  problems i n  some southern n u r s e r i e s  (D. South, personal  
communicat ion).  

Conversat ions w i t h  tine W.  W.  Ashe Nurse ry  manager r e v e a l e d  t h a t  n i t r o g e n  
f e r t i l i z e r  had been a p p l i e d  as l a t e  as October 1982, and t h a t  the  f a l l  and 
w i n t e r  a t  the n u r s e r y  were u n c h a r a c t e r i s t i c a l l y  warm and wet, w i t h  f r e q u e n t  
heavy r a i n s .  

Several  f a c t o r s  cons idered toge the r  suggest t h a t  dormancy r e l a t i o n s  had a  
s i g n i f i c a n t  r o l e  i n  the  s to rage  and s u r v i v a l  problems exper ienced on t h e  
Sumter, Chattahoochee, and Oconee N a t i o n a l  F o r e s t s  i n  1983. Those f a c t o r s  are; 

1. t h e  lack  o f  pest-caused damage on s t o r e d  and newly p l a n t e d  seed l ings;  

2. t h e  presence o f  the c o n d i t i o n  on seed l ings  a t  w i d e l y  separated loca- 
t i o n s  i n  s to rage  and the  f i e l d ,  i n  s p i t e  o f  p roper  h a n d l i n g  and s to rage  a t  a l l  
l e v e l s ;  

3. t h e  p a t t e r n  o f  m o r t a l i t y ,  w i t h  r e s p e c t  t o  seed l ing  l i f t i n g  da te  and 
s to rage  p e r i o d ;  

4. t h e  absence o f  the problem from t h e  c o a s t a l  l o b l o l  l y  seed source 
i n s p i t e  o f  b e i n g  grown i n  the  same l o c a l i t y  i n  the  n u r s e r y  and r e c e i v i n g  
i d e n t i c a l  c u l t u r a l  t rea tmen ts  as the  a f f e c t e d  piedmont source; 

5. c l i m a t i c  c o n d i t i o n s  and c u l t u r a l  p r a c t i c e s  a t  t h e  W. W. Ashe Nursery;  
and 

6. known dormancy r e l a t i o n s h i p s  f o r  l o b l o l l y  p i n e  and o t h e r  c o n i f e r s .  



RECOMMENDATIONS 

I n  t h e  absence o f  research  d a t a  d e l i n e a t i n g  dormancy r e l a t i o n s h i p s  f o r  
d i f f e r e n t  lob101 l y  p i n e  seed sources grown a t  t h e  W. W. Ashe Nursery, t h e  
f o l l o w i n g  a re  suggested f o r  a v o i d i n g  and managing f u t u r e  occurrences o f  t h i s  
problem. 

1. Consider c o n t r a c t i n g  w i t h  state-owned f o r e s t  t r e e  n u r s e r i e s  i n  c l o s e  
p r o x i m i t y  t o  N a t i o n a l  Fo res ts  i n  the  eas te rn  and n o r t h e r n  p a r t s  o f  R-8 t o  
m i n i m i z e  s h i p p i n g  and s to rage  t ime, - o r  

2. Consider e s t a b l i s h i n g  a  f e d e r a l  n u r s e r y  i n  t h e  southern  Appalachian 
area t o  p r o v i d e  seed l ings  f o r  N a t i o n a l  F o r e s t s  nearby. 

3. Avo id  la te-season n i t r o g e n  f e r t i l i z a t i o n  o f  Georg ia  and South C a r o l i n a  
piedmont l o b l o l l y  s e e d l i n g s  a t  t h e  W. W. Ashe Nursery .  

4. Consider methods t o  induce water s t r e s s  i n  seedbeds a t  the W. W. Ashe 
Nurse ry  ( e . g . ,  u n d e r c u t t i n g ,  managing i r r i g a t i o n )  t o  promote i n d u c t i o n  o f  
s e e d l i n g  dormancy. 

5 .  Consider i n s t i t u t i n g  a  c o n s i s t e n t  system o f  recordkeeping and seed l ing  
i n v e n t o r y  c o n t r o l  a t  t h e  D i s t r i c t  l e v e l  t o  ensure t h a t  l i f t i n g  and s to rage  
i n f o r m a t i o n  can be t i e d  t o  a  s p e c i f i c  p l a n t i n g  s i t e .  

6. Consider i m p r i n t i n g  s e e d l i n g  bags w i t h  "PLANT B Y  ( d a t e )  " a t  t h e  
n u r s e r y  t o  ensure minimum storage a t  the D i s t r i c t .  

7. Whi le t h e  low l e v e l  o f  cha rcoa l  r o t  found i n  these seed l ings  w i l l  n o t ,  
b y  i t s e l f ,  cause p l a n t a t i o n  f a i l u r e s ,  i t  does i n d i c a t e  infestation o f  W. W. 
Ashe Nursery  s o i  1. These symptoms developed even though c l i m a t i c  c o n d i t i o n s  
d u r i n g  t h e  growing season were v e r y  un favorab le  f o r  cha rcoa l  r o t  t o  develop. 
T h i s  i n d i c a t e s  f u t u r e ,  more severe charcoa l  r o t  may occur,  i f  c o r r e c t i v e  
measures are n o t  taken.  S o i l  f um iga t ion  w i t h  r e g i s t e r e d  r a t e s  o f  MC-33 i s  
recommended b e f o r e  p i n e  c rops  are grown i n  i n f e c t e d  areas. 

Recommendations f o r  f u t u r e  research  shou ld  focus  on de te rm in ing  t h e  
f a c t o r s  c o n t r o l l i n g  dormancy a t  t h e  W. W. Ashe Nursery  w i t h  the  goal  o f  
r e p l a c i n g  c u r r e n t  ca lendar  d a t e  l i f t i n g  g u i d e l i n e s  w i t h  m r e  b i o l o g i c a l l y  
s e n s i t i v e  and f l e x i b l e  g u i d e l i n e s .  Ques t ions  t o  be cons idered may i n c l u d e :  

1. I s  t h e r e  a  dormancy requ i rement  f o r  l o b l o l l y  p i n e  seed sources used by  
t h e  N a t i o n a l  Fo res ts  i n  R-8? 

2. I f I. e x i s t s ,  how i s  i t  a l t e r e d  by  d i f f e r e n t  c u l t u r a l  p r a c t i c e s ;  e.g., 
u n d e r c u t t i n g ,  i r r i g a t i o n  management, and f e r t i l i z a t i o n ?  

3. I f 1. e x i s t s ,  how do d i f f e r e n t  c l i m a t i c  c o n d i t i o n s  i n f l u e n c e  i t ?  

4. I s  t h e r e  a  method b y  which e f f e c t i v e  s to rage  p e r i o d s  can be determined 
f o r  d i f f e r e n t  l i f t i n g  dates  f rom year  t o  year?  

5. Can dormancy be induced th rough  the a p p l i c a t i o n  o f  g r o w t h - i n h i b i  t i n g  
substances a t  a  s p e c ~ f i e d  t ime p r i o r  t o  l i f t i n g ?  
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