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W HEN s tands  of Vi rg in ia  pine (Pinus virginiana   ill.) 
a r e  c u t  according t o  usual p rac t i ces ,  and no s p e c i f i c  

a c t i o n  is taken t o  c o n t r o l  subsequent regenerat ion,  t h e  pine 
o f t e n  f a i l s  t o  reproduce. A common cause f o r  f a i l u r e  is an 
unfavorable seedbed condit ion: logging leaves  much of t h e  
seedbed undisturbed, and some a reas  t h a t  a r e  d i s tu rbed  a r e  
covered with s l a s h .  

Several  i n v e s t i g a t o r s  have demonstrated t h e  i n a b i l i t y  
of Vi rg in ia  pine  t o  germinate and survive  i n  s u b s t a n t i a l  
numbers on undisturbed seedbeds, and have shown f u r t h e r  t h a t  
burning o r  mechanically d i s tu rb ing  t h e  seedbed g r e a t l y  in-  
c reases  germination (Stone, 1933; Bramble, 1947; Slocum and 
Mil ler ,  1953; Sucoff, 1961). However, these  experiments 



were a l l  conducted beneath mature s t ands .  I t  has  been in-  
f e r r e d  t h a t  s i m i l a r  r e l a t i o n s h i p s  p r e v a i l  on logged areas ,  
but t h i s  inference  has been supported only by genera l  obser-  
va t ions .  Therefore a s tudy was made on t h e  B e l t s v i l l e  EX- 
perimental  Fores t ,  near B e l t s v i l l e ,  Md., t o  eva lua te  t h e  
success  of pine regenera t ion  f o r  th ree  seedbed condi t ions  
commonly found a f t e r  logging: (1) undisturbed,  (2) d i s tu rbed  
i n  logging, and (3) burned i n  s l a s h  d i sposa l .  

The seedbeds were on four  s t r i p s  t h a t  had been c l e a r -  
c u t  e a r l y  i n  t h e  summer of 1953 i n  a 65-year-old s t and  t h a t  
va r i ed  from almost pure Vi rg in ia  pine t o  mixed pine-hardwood. 
The c u t  s t r i p s  were 3 chains  wide; they were a l t e r n a t e d  wi th  
uncut s t r i p s  1 chain  wide. There was a we l l  developed under- 
s t o r y  of nea r ly  pure hardwood. The ground cover, genera l ly  
heavy, va r i ed  from g r a s s e s  and o t h e r  herbs t o  dense patches 
of b lueberry .  One t o  two inches of l i t t e r  and an inch of 
humus covered t h e  somewhat poorly dra ined clay-loam s o i l .  

The harves t  removed a l l  merchantable t r e e s  from t h e  
cu t  s t r i p s ,  and t h e  remaining c u l l s  above 4 inches d .b .h .  
were g i r d l e d  and poisoned. Logs were skidded t r ee - l eng th  t o  
roadside  wi th  a TD-6 t r a c t o r  and logging c a r t .  I t  was e s t i -  
mated t h a t  t h i s  opera t ion  exposed mineral  s o i l  on 15 t o  30 
percent of the  a rea .  I n  August 1953 the  s l a s h  was broadcast-  
burned; t h e  f i r e  consumed a l l  of the  l i g h t  s l a s h  and, on 
about 60 percent of t h e  area,  at l e a s t  some of t h e  l i t t e r .  
Green brush and compact pine l i t t e r  d i d  not  c a r r y  t h e  f i r e .  

During t h e  next 2 years,  germination was t e s t e d  on 
seedbeds c rea ted  by t h e  1953 logging and slash-burning.  The 
four  s t r i p s  were each divided lengthwise i n t o  t h r e e  equa l  
por t ions  f o r  separa te  sampling t o  determine whether shade o r  
r o o t  competi t ion from t h e  uncut s t r i p  would inf luence germi- 
na t ion  and seed l ing  s u r v i v a l .  On each por t ion  of each s t r i p ,  
t h r e e  p l o t s  were e s t a b l i s h e d  i n  November 1953, one each on 
undisturbed, d is turbed,  and burned seedbeds. This i n s t a l l a -  
t i o n  thus  t o t a l e d  36 p l o t s .  I n  January 1955 a second s e t  of 
36 p l o t s  w a s  e s t a b l i s h e d  according t o  t h e  same d i s t r i b u t i o n ,  
each p l o t  being loca ted  wi th in  25 f e e t  of i ts  1953 counter-  
p a r t .  



Figure 1. --The und i s turbed  seedbed.  T h i s  area was n o t  
d i s t u r b e d  by e i t h e r  logging or  a f t e r - l o g g i n g  f i r e s .  

Undisturbed p l o t s  were loca ted  on a reas  where, i n  
November 1953, l i t t e r  and ground cover looked j u s t  a s  they 
d i d  before  logging ( f i g .  1); d i s tu rbed  p l o t s  were loca ted  
where mineral  s o i l  had been exposed during the  logging 
( f i g .  2) ; and burned p l o t s  were loca ted  where t h e  f i r e  had 
consumed most of t h e  l i t t e r  and had k i l l e d  the  competing 
vege ta t ion  ( f i g .  3 ) .  The p l o t s  were 2 x 3 f e e t .  They were 
p ro tec ted  from animals and b i r d s  by $-inch mesh hardware 
c l o t h .  



One hundred V i r g i n i a  p ine  seeds  were sown on each of 
t h e  1953 p l o t s  when they  were e s t a b l i s h e d  i n  November. The 
number of s eeds  t h a t  f e l l  n a t u r a l l y  i n t o  t h e  p l o t s  was e s t i -  
mated from t h e  c a t c h  i n  nearby s e e d t r a p s .  Germination was 
t a l l i e d  p e r i o d i c a l l y  from A p r i l  through June 1954, t h e  seed- 
l i n g s  be ing  pinned s o  t h a t  i n t e r i m  m o r t a l i t y  would not  i n -  
t e r f e r e  w i th  a count  of t o t a l  germinat ion .  I n  October 1954 
t h e  l i v i n g  s e e d l i n g s  were counted and t h e  percentage  of  s u r -  
v i v a l  was c a l c u l a t e d ,  based on t o t a l  germinat ion .  Second- 
year  s u r v i v a l  was checked t h e  fo l lowing  October;  and i n  
September 1956--at t h e  end of  t h e  t h i r d  growing season-- 
h e i g h t s  of t h e  t h r e e  t a l l e s t  s e e d l i n g s  on each  p l o t  were 
measured. 

Figure 2. --The disturbed seedbed. Here the mineral 
soil was exposed by the logging operations. 



Figure 3. --The burned seedbed.  The 1 i g h t e r  s l a s h ,  
u n d e r s t o r y  v e g e t a t i o n ,  and Ei t t e r  were a lmos t  com- 
p l e t e l y  e l i m i n a t e d  here  b y  t h e  a f t e r - l o g g i n g  f i r e s .  

One hundred seeds a l s o  were sown on each of the  sec-  
ond s e t  of p l o t s  when e s t a b l i s h e d  i n  January 1955, and ger-  
mination was observed p e r i o d i c a l l y  from Apri l  through June,  
AS wi th  the  1953 p l o t s ,  percentage of su rv iva l ,  based on 
t o t a l  germination, was determined a f t e r  one and two growing 
seasons.  Two-year growth of the  th ree  t a l l e s t  seedl ings  on 
each p l o t  was measured i n  September 1956. 

The germination and s u r v i v a l  d a t a  were converted t o  
the  a r c s i n  d i s t r i b u t i o n  and evaluated by a n a l y s i s  of v a r i -  
ance. Dif ferences  among t rea tment  means were compared ac- 
cording t o  Duncanf s mul t ip le  range t e s t  (Duncan 1955) . 



Neither seed l ing  germinat ion nor s u r v i v a l  and growth 
were s i g n i f i c a n t l y  a f f e c t e d  by p l o t  pos i t ions  wi th in  the  
logged s t r i p s .  Therefore p l o t  p o s i t i o n s  a r e  combined i n  
present ing the  data ,  and r e s u l t s  a r e  d iscussed only i n  r e -  
l a t i o n  t o  seedbed cond i t ions .  

Germination was s i g n i f i c a n t l y  b e t t e r  i n  both sowings 
o n  t h e  d i s tu rbed  and t h e  burned seedbeds than on t h e  undis-  
t urbed ones ( t a b l e  1) . However, germination was s i g n i f  i- 
c a n t l y  higher on d i s tu rbed  seedbeds than on burned seedbeds 
i n  the  f i r s t  sowing, and s i g n i f i c a n t l y  higher on burned than 

Table 1 . - - G e r m i n a t i o n  and s e e d l i n g  s u r v i v a l  of V i r g i n i a  p i n e ,  
by s e e d b e d  c o n d i t i o n  

Survival  of germinated 

Date of Seedbed Germin- seedl ings  af ter - -  

sowing condi t ion  a t  ion  
1 growing 2 growing 

season seasons 

P e r c e n t  P e r c e n t  P e r c e n t  
November 1953 Undisturbed 10 a* 59 a 55 a 

Disturbed 40 c 68 a 64 a 
Burned 24 b 76 a 65 a 

January 1955 Undisturbed 16 a 43 a 39 a 
Disturbed 35 b 76 b 68 b 
Burned 53 c 83 b 65 b 

* 
Within each sowing date  i n  each column, means followed by t h e  same 

l e t t e r  do not d i f f e r  s i g n i f i c a n t l y ,  and those  followed by d i f f e r e n t  l e t t e r s  
do d i f f e r  s i g n i f i c a n t l y  from each o the r  a t  t he  5-percent l e v e l .  Each f i g -  
ure  is a mean f o r  12 p lo t s .  

on d i s tu rbed  ones i n  the  second. The cause of t h i s  incon- 
s i s t e n c y  between sowings is uncer ta in .  Poss ibly  unfavorable 
cond i t ions  assoc ia ted  wi th  blackened s o i l  o r  with ashes were 
present  on t h e  burned seedbeds a t  t h e  time of t h e  . f i r s t  SOW- 

ing, but had d i s s i p a t e d  by t h e  t i m e  of t h e  second sowing. 

Surv iva l s  a f t e r  two growing seasons, i n  percentage of 
t o t a l  germination, a l s o  were h igher  i n  both sowings on t h e  
two a l t e r e d  seedbeds than on t h e  undisturbed ones, but  t h e  



d i f f e r e n c e s  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  on ly  f o r  t h e  sec -  
ond sowing ( t a b l e  1). I n  numbers, mean s u r v i v a l s  pe r  p l o t  
f o r  bo th  sowings combined were about 4 t imes  a s  many on t h e  
a l t e r e d  seedbeds as on t h e  und i s tu rbed  ones, as shown below: 

S e e d l i n g s  p e r  p l o t  
S e e d b e d  a f t e r  2 y e a r s  

C o n d i t i o n  ( n u m b e r )  

Undisturbed 
Dis turbed  
Burned 

Growth, a s  w e l l  a s  germinat ion  and s u r v i v a l ,  was a f -  
f e c t e d  by seedbed c o n d i t i o n s  ( t a b l e  2 ) .  Seed l ings  grew t a l l -  
est on burned seedbeds and least where seedbeds had no t  been 
d i s t u r b e d .  

Table 2.--Mean h e z g h t s  of s e e d l i n g s ,  b y  s e e d b e d  c o n d i t i o n  
.and s o w i n g  d a t e ,  based u p o n  t h e  t h r e e  t a l l e s t  

s e e d l i n g s  o n  e a c h  plot 

Seedbed 
Height i n  1956 

condi t ion  
Seed sown i n  Seed sown i n  
November 1953 January 1955 

I n c h e s  I n c h e s  

Undisturbed 23 a 6 a* 
Disturbed 28 b 9 ab 
Burned 35 c 12 b 

* 
Signif icance  of d i f f e r ences  wi th in  columns i s  

designated as i n  t a b l e  1 ;  where a 2 - l e t t e r  des ignat ion  
appears, means followed by any letters i n  common do not 
d i f f e r  s i g n i f i c a n t l y  from each o the r .  Each f igu re  i s  a 
mean f o r  12 p l o t s .  

Seedbed c o n d i t i o n s  a f f e c t e d  t h e  subsequent  develop- 
ment of  competing vege ta t ion :  2 yea r s  a f t e r  logging,  t h e  
burned p l o t s  s t i l l  suppor ted  o n l y  g r a s s e s  and a few annua l s ;  
t h e  d i s t u r b e d  p l o t s ,  i n  c o n t r a s t ,  looked much l i k e  t h e  un- 
d i s t u r b e d  ones.  Both of  t h e  l a t t e r  had many herbs ,  many 
woody shrubs ,  and numerous s e e d l i n g s  and s e e d l i n g  s p r o u t s  of 
oak and maple. 



The s tudy r e s u l t s  confirmed t h e  common general  obser-  
v a t i o n  t h a t  both t h e  mechanical d is turbance of seedbeds t h a t  
occurs  during logging, and s l a s h  burning a f t e r  logging, f a -  
vor t h e  es tabl ishment  of V i r g i n i a  pine regenera t ion .  The 
r e s u l t s  a l s o  agree wi th  f ind ings  i n  comparable experiments 
wi th  l o b l o l l y  pine (Wenger and Trousdell ,  1958) . 

Of t h e  two means f o r  a l t e r i n g  the  seedbed cond i t ions  
- - f i r e  and mechanical disturbance--f i r e  is the  more e f  f ec -  
t ive  i n  s e v e r a l  r e s p e c t s .  (1) ~t removes s l a sh ,  which not 
only is  a f i r e  hazard but a l s o  tends  t o  exclude pine regen- 
e r a t i o n .  (2) F i r e  k i l l s  many of t h e  e s t a b l i s h e d  shrubs and 
undesi rable  hardwood s p e c i e s ;  t h i s  prolongs t h e  period i n  
which minera l -soi l  seedbeds axe a v a i l a b l e  and competi t ion is  
reduced. I t  a l s o  reduces t h e  hardwood component of the  next 
s t and .  (3) F i r e  inc reases  t h e  e a r l y  growth r a t e  of the  
pines,  poss ibly  by r e l e a s i n g  t h e  n u t r i e n t s  i n  t h e  consumed 
l i t t e r ,  s l a sh ,  and vegeta t ion.  

F i r e  t ends  t o  be followed f o r  s e v e r a l  years  by herba- 
ceous p lan t  covers  composed l a r g e l y  of g rasses .  This could 
have adverse e f f e c t s  i f  it l e d  t o  excess ive  build-ups of 
rodent populations,  s i n c e  Vi rg in ia  pine is known t o  be sus- 
c e p t i b l e  t o  g i r d l i n g  damage by mice dur ing the  seed l ing  and 
smal l -sapl ing s t a g e s  (Church, 1954). These r e l a t i o n s h i p s  
of seedbed treatment,  p lan t  cover, and rodents  were not  ex- 
amined i n  t h e  present  s tudy ;  they a r e  mentioned i n  recogni-  
t i o n  of t h e  p o s s i b i l i t y  t h a t  f i r e  can l ead  i n d i r e c t l y  t o  
rodent damage. 

The r e s u l t s  i n  t h i s  study--about 4 t imes a s  many pine 
seedl ings  present  a f t e r  2 years  on burned o r  d i s tu rbed  p l o t s  
as on undisturbed ones--suggest t h e  p r a c t i c a b i l i t y  of axea- 
wide t rea tments  t o  o b t a i n  f u l l  s tock ing  of V i r g i n i a  pine 
a f t e r  logging.  

Treatment, of course,  presumes a seed source, and ab- 
sence o r  inadequacy of advance reproduct ion.  E i t h e r  a broad- 
c a s t  burn o r  o v e r a l l  s c a r i f i c a t i o n  wi th  s u i t a b l e  machinery, 
such a s  a heavy disk ,  is a poss ib le  t rea tment .  Since f i r e  
consumes logging s l a sh ,  and genera l ly  reduces small  hardwood 
competi t ion t o  a g r e a t e r  degree than s c a r i f i c a t i o n  does, it 
would seem i n  most p laces  t o  be t h e  p re fe rab le  t rea tment .  
However, s c a r i f i c a t i o n  would be an e f f e c t i v e  a l t e r n a t i v e  



where burning is  not f e a s i b l e .  P a r t i c u l a r l y  when timed t o  
t ake  advantage of good pine seed crops,  e i t h e r  treatment--  
b a r r i n g  i n t e r f e r e n c e  .by wildlife--should r e s u l t  i n  s a t i s -  
f a c t o r y  pine regenera t ion .  

The e f f e c t  of t h r e e  seedbed condi t ions  on Vi rg in ia  
pine regenera t ion  was s tud ied .  The seedbeds were those  
commonly found a f t e r  logging--undisturbed, d i s tu rbed  by 
logging, burned i n  s l a s h  d i sposa l .  Four t imes a s  many seed- 
l i n g s  were present  a f t e r  2 years  on the  burned and d i s tu rbed  
seedbeds as on t h e  undisturbed ones. The d i f f e r e n c e s  i n  
numbers stemmed from d i f fe rences  i n  both germination and 
s u r v i v a l .  Growth of the  seed l ings  was most r a p i d  on burned 
seedbeds and slowest  on undisturbed ones.  I t  is  suggested 
t h a t  e i t h e r  broadcast  burning o r  o v e r a l l  mechanical s c a r i f i -  
c a t i o n  would be p r a c t i c a b l e  t rea tments  t o  apply f o r  the  
purpose of regenerat ing f u l l y  stocked s t ands  of V i r g i n i a  
pine a f t e r  logging.  
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