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MUCH of t h e  s i l v i c a l  informat ion on our f o r -  
e s t  t r e e s  i s  wide ly  s c a t t e r e d  and some- 

t imes  df f f i c u l t  t o  f i n d .  To make t h i s  m a t e r i a l  
more r e a d i l y  a v a i l a b l e ,  t h e  F o r e s t  S e r v i c e  i s  
assembl ing in fo rmat ion  on t h e  s i l v i c a l  c h a r a c -  
t e r i s t l c s  o f  a l l  t h e  i m p o r t a n t  n a t i v e  f o r e s t  
t r e e  s p e c i e s  o f  t h e  U n i t e d  S t a t e s .  I t  is  e x -  
pec ted  t h a t  t h i s  in fo rmat ion  w i l l  be pub l i shed  
a s  a comprehensive s i l v i c s  manual. 

T h i s  r e p o r t  p resen t s  t h e  s i l v i c a l  charac-  
t e r i s t i c s  of one spec ies .  It con ta ins  the  e s sen-  
t i a l  information t h a t  w i l l  appear i n  t h e  gene ra l  
manudl but has been w r i t t e n  w i t h  p a r t i c u l a r  r e f -  
erence  t o  the  spec ies  i n  t h e  Nor theas t .  S i m i l a r  
r e k ) o r t s  on o t h e r  s p e c i e s  a r e  b e i n g  prepared by 
t h i s  Experiment S t a t i o n ,  and by s e v e r a l  o f  t h e  
o t h e r  r ep iona  1 f o r e s t  exper iment  s t a t i o n s .  
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V I R G I N I A  
among 

PINE has f i n a l l y  a t t a ined  i t s  r i g h t f u l  place 
t r e e s  of commercial importance. I t  has done so 

i n  s p i t e  of  being ca l l ed  "scrub pine" and "poverty pinew-- 
and i n  s p i t e  of  t he  term " fo re s t  weed", which has l ingered  
long i n  t h e  speech of o ld t imers  who remember t h e  days of  
timber-plenty . 

Virgin ia  p ine  (Pinus virginiana Mill . ) ,  which i s  
known a l s o  a s  Jersey  pine, North Caro l ina  pine, and spruce 
pine, does so  well  a t  taking over abandoned lands t h a t  i t  
now covers  over ha l f  a mi l l ion  acres  i n  Pennsylvania and 
Maryland alone. I t  is  assuming a commercial importance t h a t  
it has not had before, and f o r e s t e r s  have begun t o  t r e a t  i t  
with a degree of respec t .  

This s t a t u s  of respec t  has been st imulated by profes- 
s iona l  f o r e s t e r s  and many production men i n  t h e  wood-using 
indus t r i e s .  They have found t h a t  Vi rg in ia  p ine  now has a 
d e f i n i t e  p lace  i n  f u l f i l l i n g  the  requirements of a l a rge  and 
steady market f o r  pulpwood, with l e s s e r  amounts going i n t o  
lumber, s t r u c t u r a l  timbers, poles, and p i l i n g .  I t  is t h e  
p r inc ipa l  p ine  spec ies  i n  t h e  pulpsheds of severa l  l a rge  
pulp m i l l s .  

Vi rg in ia  p ine  occurs  genera l ly  throughout t he  north- 
e rn  p a r t s  of t h e  Piedmont and f o o t h i l l s  of t h e  mountains 
from c e n t r a l  Pennsylvania southwestward t o  nor theas te rn  
Mississippi ,  Alabama, and northern Georgia ( f i g .  1 ) .  I t  is  
a l s o  found on the  western edges of  t he  Coastal P l a i n  a s  f a r  
nor th  a s  New Jersey  and New York, and extends westward i n  
s ca t t e r ed  a reas  i n t o  Ohio, southern Indiana, and Tennessee 
(39 1 



C L I M A T E  

The average annual p r e c i p i t a t i o n  i n  t h e  commercial 
range of  V i r g i n i a  p i n e  v a r i e s  from 35 t o  45 inches,  and i s  
f a i r l y  wel l  d i s t r i b u t e d  throughout t h e  year  (2, 71).. The 
o n l y  except ion i s  t h e  sou thern  p o r t i o n  of t h e  Piedmont, 
where average r a i n f a l l  may exceed 50 inches  (69, 71).  I n  
genera l  t h e  c l i m a t e  o f  t h i s  range i s  c l a s s e d  a s  humid (66) .  

Average summer temperatures  range from 70' t o  75' F.;  
win te r  temperatures  range from 25" t o  40' F. (2, 69, 71) . 
The average number o f  f r o s t - f r e e  days v a r i e s  from over  225 
on t h e  e a s t e r n  and southern edge o f  t h e  Piedmont t o  160 days 
i n  t h e  more mountainous p a r t s  t o  t h e  west and nor th  (69). 

S O I L S  & P H Y S I O G R A P H Y  

V i r g i n i a  p i n e  grows w e l l  on a wide v a r i e t y  of s o i l s  
de r ived  from c r y s t a l l i n e  rocks, sandstones,  and sha les ,  and, 
t o  a l e s s e r  ex ten t ,  from l imestone (2 ,  4 3 ) .  A f t e r  removal 
o f  t h e  f o r e s t  by c u t t i n g  o r  f i r e ,  t h e s e  s o i l s  a r e  s u b j e c t  t o  
moderate s h e e t  and g u l l y  erosion,  which may become severe  on 
s h a l e  s o i l s .  On many a r e a s  t h a t  now support  V i r g i n i a  pine, 
much of  t h e  A horizon i s  gone because o f  p a s t  e r o s i o n  under 
i n t e n s i v e  a g r i c u l t u r a l  use  (45, 68).  

However, when s t a n d s  o f  V i r g i n i a  p i n e  become estab-  
l i s h e d ,  they p r o t e c t  t h e  s o i l  about a s  w e l l  a s  s t a n d s  of t h e  
oak-hickory type. I n  one s tudy  of  water i n f i l t r a t i o n ,  run- 
o f f  from 30- and 60-year-old V i r g i n i a  p ine  s t a n d s  averaged 
about 4 percen t  a t  a r a i n f a l l  i n t e n s i t y  of 14  inches  p e r  
hour (I ) . 

The s p e c i e s  grows b e s t  on c lay ,  loam, o r  sandy loam; 
i t  g e n e r a l l y  does poorly  on s h a l y  s o i l s  and on very sandy 
s o i l s ,  such a s  dune sands along t h e  c o a s t  (62). I t  w i l l  
t h r i v e  only i n  moderately wel l -drained t o  well-drained 
s o i l s ,  and is d i s t i n c t l y  l e s s  t o l e r a n t  of wet s i t e s  and i m -  
peded dra inage  than  p i t c h  and l o b l o l l y  p ines .  V i r g i n i a  p i n e  
g e n e r a l l y  t o l e r a t e s  s o i l  a c i d i t i e s  ranging from a pH of  4.6 
(59) t o  7.9 (54) .  I t  comes i n  f r e e l y  on abandoned farm 
lands  throughout i t s  range. 

The b e s t  development o f  V i r g i n i a  p i n e  i s  a t  e leva-  
t i o n s  o f  100 t o  2,500 f e e t .  I n  Pennsylvania  i t  occurs  most- 
l y  on impoverished s o i l s  and t h e  tops  o f  h i l l s  and r i d g e s  
l e s s  than 1,000 f e e t  i n  e l e v a t i o n  (62), b u t  i s  found up t o  
2,000 f e e t  (43). 



B I O T I C  

Vi rg in i a  p ine  grows o f t e n  i n  pure s tands,  most o f t e n  
a s  a pioneer  spec i e s  f i l l i n g  i n  on o l d  f i e l d s .  I n  t h e  
Soc ie ty  of American F o r e s t e r s f  c l a s s i f i c a t i o n  of f o r e s t  
cover typesr ( 6 0 ) ,  t h i s  is  l i s t e d  a s  Type 79. V i rg in i a  p ine  
a l s o  grows i n  mixture  with sho r t l e a f  p ine  (SAF Type 77) and 
i n  a t r a n s i t i o n  f o r e s t  c l a s s ed  a s  V i r g i n i a  pine-southern red 
oak (SAF Type 78). The spec ies  i s  a l s o  found a s  a component 
i n  11 o t h e r  f o r e s t  cover types.  

The p r i n c i p a l  tree a s s o c i a t e s  of V i rg in i a  p ine  a r e  
sho r t l e a f  p ine  (Pinus echinata), white  oak (Quercus alba), 
ches tnu t  oak (Quercus prinus), southern red oak (Quercus 
falcata), black oak (Quercus ve lutina), s c a r l e t  oak (Quercus 
coccinea) , sweetgum (Liquidambar styraci f lua), red maple 
(Acer rubrua), and black gum (Nyssa sy lvatica). P i t c h  p ine  
(Pinus rigida), l o b l o l l y  p ine  (Pinus taeda), o r  e a s t e r n  red  
cedar  (Juniperus virginiana) may a l s o  be presen t  (60) .  Other 
common a s soc i a t e s  a t  t he  h igher  e l eva t i ons  ( 4 3 )  a r e  t a b l e  
mountain p ine  (Pinus pungens) and white  p ine  (Pinus s trobus) . 

I n  c e n t r a l  Pennsylvania two ground-cover types have 
been found t o  be  i n d i c a t o r s  of  s i t e  q u a l i t y  f o r  V i r g i n i a  

Figure 1. 
The natural  
range of 
V i r g i n i a  
p ine .  

D I S T R I B U T I O N  H A P  B Y  

E L B E R T  L .  L I T T L E .  J R .  
U . S .  F O R E S T  S E R V I C E  



pine  ( 6 ) .  The flowering dogwood-clubmoss (Cornus f l o r ida -  
(Lycopodium)type ind i ca t e s  t he  b e t t e r  s i t e s  with a  s i t e  in- 
dex between 50 and 70, and the  bear  oak-reindeer moss 
(Quercus i l i c i fo l i a -C ladon ia )  type ind i ca t e s  average and 
poorer-than-average s i t e s  with a  s i t e  index between 30 and 
50. 

S E E D I N G  H A B I T S  

F l o w e r i n g  & F r u i t i n g  

Male flowers occur i n  c l u s t e r s  a t  t he  base of new 
growth, genera l ly  i n  the  lower por t ion  of the  crown. Female 
flowers appear s ingly,  i n  pa i r s ,  o r  i n  whorls along the  
basal  p s r t s  of new shoots.  Unlike many o ther  pines, Vi rg in ia  
p ine  produces cones i n  a l l  por t ions  of the  crown ( 1 4 ) .  

Pollen-shedding and female cone r ecep t iv i t y  s t a r t  
about t he  middle of March i n  t h e  southern por t ion  of the  
spec ies '  r a n g e ' ( l 8 ) ,  and as l a t e  a s  the  l a t t e r  p a r t  of May 
i n  the  northern p a r t .  F e r t i l i z a t i o n  occurs  i n  ea r ly  June i n  
ovules po l l i na t ed  13 months e a r l i e r  (65) .  The cones mature 
between September and November of the  second year a f t e r  
formation. 

Mature cones a r e  reddish-brown, with prominent umbos 
ending i n  a  s lender  p e r s i s t e n t  p r i ck l e .  Cone s i z e  va r i e s  
considerably among t r e e s ;  t h e  average i s  about 4 t o  6 cent i -  
meters long ( f i g .  2 ) .  Empty cones may remain on a  t r e e  f o r  
15 years,  and usua l ly  p e r s i s t  f o r  a t  l e a s t  5  years .  About 3 
pounds of seed may be expected from 100 pounds of f r e sh  
cones ( 7 0 ) .  

S e e d  P r o d u c t i o n  & D i s s e m i n a t i o n  

The most important f a c t o r  t h a t  inf luences cone and 
seed production i s  growing space. Open-grown t r e e s  o f t e n  
produce cones as  ea r ly  as  5 years  of age. I n  dense s tands  
cone production is  delayed, o f t en  as long as  50 years .  A s  
s tands become more open, cone production i s  acce lera ted  (54, 
59, 62). 

Although, some cones a r e  produced each year  (59), re- 
cent  evidence suggests heavy seed crops a t  i n t e r v a l s  of 
t h r ee  o r  more years  (9, 1 4 ) .  However, good cone crops a r e  
sometimes produced i n  two successive years .  Our cur ren t  
s tud i e s  i nd i ca t e  t h a t  peak seed years  do not  necessar i ly  



coinc ide  throughout t he  range of t he  spec ies .  

The number of seeds pe r  cone, and t h e i r  v i a b i l i t y ,  
vary g r ea t l y  from year  t o  year  (2, 59,  6 3 ) .  Germinative 
capac i ty  v a r i e s  from 30 t o  90 percent  ( 7 0 ) .  No d i f f e r ences  
i n  germinative capac i ty  of seeds from d i f f e r e n t  p a r t s  of t he  
cone have been found (63)  . Seed s i z e  i s  a l s o  var iab le :  t he  
number per  pound ranges from 40,000 t o  78,000 (59,  7 0 ) .  

Seeds s t a r t  t o  f a l l  by t he  end of October, and over  
80 percent  a r e  on the  ground wi th in  2 months. Most of t he  
seeds f a l l  within 100 f e e t  of t r e e s  averaging 60 f e e t  i n  
height  ( f i g .  3 ) .  Adequate s tocking i s  o f t e n  found a t  g rea t -  
e r  d i s tances ,  p a r t i c u l a r l y  on t he  l e e  s i d e  of a seed source 
( 6 2 ) .  

V E G E T A T I V E  R E P R O D U C T I O N  

Sprout growth on V i rg in i a  p ine  is r a r e .  Occasional 
cu t  s tubs  produce a few shor t - l ived  sprouts  from dormant 
buds. I n  t he  seed l ing  s t a g e  a few a x i l l a r y  buds occurr ing 
immediately above t he  cotyledons commonly elongate  during 

Figure 2.  - -V i rg in ia  pine cones from d i f f e r e n t  t r e e s  
vary considerably  i n  s i z e .  



the  second year and produce shoots.  Fasc ic le  buds may de- 
velop and produce shoots  when terminal stem o r  branch buds 
a r e  destroyed. Thus, there  a r e  severa l  poss ib le  o r i g i n s  f o r  
shoots from the  lower stem. A l l  such shoots  o r i g i n a t e  from 
previously e x i s t i n g  buds; no advent i t ious  shoots  a r e  produc- 
ed ( 6 4 ) .  

Figure 3.  --Mature V i r g i n i a  pine l e f t  as a  seed t r e e .  
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Figure 4 .  
Rooted c u t t i n g  
of V i r g i n i a  
p ine .  

The poss ib i l i ty  of propagation from cut t ings  has been 
demonstrated (50) .  U p  to 30 percent of cut t ings  made i n  the 
winter from the previous season's growth were rooted i n  mist 
chambers. The cut t ings  were t rea ted w i t h  hormones and grown 
under long-day conditions with supplemental a r t i f i c i a l  l i g h t  
( f i g .  4) .  

S E E D L I N G  D E V E L O P M E N T  

G e r m i n a t i o n  & E a r l y  S u r v i v a l  

Maximum germination and ear ly  survival occur when 
seeds f a l l  on mineral s o i l  (7, 62 ) .  Even a th in  layer of 
leaves o r  undecomposed needle l i t t e r  reduces the chances fo r  
establishment (7, 6 2 ) .  When the fo res t  l i t t e r  i s  disturbed 
during logging, o r  l i g h t  surface f i r e s  precede seedfal l  
(401, density of seedling stocking increases. Burning slash 
a f t e r  logging a lso  a s s i s t s  i n  regeneration of Virginia pine 
( f ig .  5). Collected seed remains viable fo r  long periods 
when stored dry a t  35' F. 



Figure 5.--Abundant reproduction (foreground) often 
follows slash-burning after a stand is cut. 

Exposure o f  wet seed of  V i r g i n i a  p i n e  t o  a r t i f i c i a l  
l i g h t  p r i o r  t o  sowing has  r e s u l t e d  i n  g r e a t l y  inc reased  
germinat ion (67, 50). Maximum response a f t e r  24 hours  o f  
water imbib i t ion  i s  obtained with  about 30 minutes of ex- 
posure  i n  t h e  r e d  p o r t i o n  of  t h e  l i g h t  spectrum. The stimu- 
l u s  given t o  germinat ion by t h i s  l i g h t  t reatment  can be re- 
versed completely by t reatment  with  fa r - red  l i g h t .  

E s t a b l i s h m e n t  & E a r l y  G r o w t h  

Seedl ings  of  V i r g i n i a  p i n e  r e q u i r e  d i r e c t  s u n l i g h t  
f o r  good growth ( f i g .  6), and d i e  when h e a v i l y  shaded (62) .  
Th is  i n t o l e r a n c e  t o  shade i s  t h e  most important f a c t o r  i n  
t h e  e a r l y  growth of t h i s  s p e c i e s  (54, 5 6 ;  58). 

The i n t o l e r a n c e  of V i r g i n i a  p i n e  may wel l  b e  t h e  d i -  
r e c t  r e s u l t  of i t s  b a s i c  pho tosyn the t ic  l i m i t a t i o n s :  under a 
f o r e s t  canopy s e e d l i n g s  apparent ly  a r e  incapab le  o f  main- 
t a i n i n g  a p o s i t i v e  balance of  pho tosyn thes i s  over  r e s p i r a -  
t i o n  and consequently f a i l  t o  become e s t a b l i s h e d .  

8 



Figure 6. - -V i rg in ia  pine reproduces w e l l  i n  the open, 
and i s  p a r t i c u l a r l y  ev ident  along roads ides .  

I n  s tud i e s  of l ob lo l ly  pine--a s l i g h t l y  more t o l e r an t  
species--apparent photosynthesis of seedl ings,  with juveni le  
needles only, decreased rap id ly  when l i g h t  i n t e n s i t i e s  f e l l  
below about 3,000 foot-candles (5 ) .  Secondary needles of  
l o b l o l l y  exh ib i t  even l e s s  photo-synthetic e f f i c i ency  than 
juveni le  needles ( 3 6 ) .  There a r e  no comparable d a t a  f o r  
Vi rg in ia  pine.  However, t he  average l i g h t  i n t ens i ty  under a 
well-stocked s tand  of Vi rg in ia  pine a t  mid-day may be as  low 
as 400 foot-candles. Obviously seedl ings of Vi rg in ia  pine, 
being even l e s s  t o l e r an t  than those of  lob lo l ly ,  could not 
survive a t  such l i g h t  i n t e n s i t i e s  under well-stocked s tands .  

Another aspect  of t he  e f f e c t  of  l i g h t  on the  growth 
of Vi rg in ia  pine is  of importance i n  growing p lan t ing  s tock 
i n  the  nursery. Ext ra  l i g h t  from an incandescent source can 
double height  growth ( f i g .  7) i n  one season (50,  51).  A high 
l eve l  of  n u t r i t i o n ,  coupled with t h e  photoperiodic e f f e c t  of 
long days, can quadruple growth. Long days a l so  induce 
o the r  e f f e c t s  i n  Virg in ia  p ine  such as  increasing in te rnodal  
length, acce l e r a t i ng  cycles  of  bud formation, and breaking 



o f  bud dormancy ( 20, 21 ) . 
The ba lance  and r e l a t i v e  abundance of  inorgan ic  e l e -  

ments i n  t h e  s o i l  s o l u t i o n  i s  a l s o  important  t o  e s t a b l i s h -  
ment and growth of V i r g i n i a  p ine .  Bas ic  n u t r i t i o n  s t u d i e s  
i n  i r r i g a t e d  sand c u l t u r e s  show t h a t  when e i t h e r  potassium 
o r  magnesium i s  supp l ied  a t  0.01 m i l l e q u i v a l e n t s  (rneq.) pe r  
l i t e r ,  d e f i c i e n c y  symptoms appear (51) .  Amounts adequate 
f o r  h e a l t h y  h e i g h t  growth a r e  0.35 meq. o f  calcium and 2 . 0  
meq. of  magnesium p e r  l i t e r .  The adequacy l e v e l  f o r  potas-  
sium may l i e  somewhere between 0 .1  and 1 . 0 .  The minimum 
l e v e l s  f o r  n i t r o g e n  and phosphorous a r e  1 .78  and 0 .03 meq. 
p e r  l i t e r ,  r e s p e c t i v e l y  (26) .  

Mycorrhizae, wi th  t h e i r  g r e a t e r  absorbing sur face ,  
a r e  important  i n  t h e  movement o f  n u t r i t i v e  m a t e r i a l s  from 
t h e  s o i l  t o  t h e  t r a n s l o c a t i o n  system i n  V i r g i n i a  p i n e  (46) .  
One such e c t o t r o p h i c  mycorrhizae i s  R h i z o p o g o n  r o s e o l u s  
(Corda) Th. Fr. ( 4 9 ) .  Three Hymenomycetes a l s o  form mycor- 
r h i z a e  on V i r g i n i a  p i n e  (29 ,  30) .  

Although methyl bromide t r ea tment  o f  nurse ry  s o i l s  t o  
c o n t r o l  d e t r i m e n t a l  s o i l  organisms i n c r e a s e s  growth of V i r -  
g i n i a  p i n e  s e e d l i n g s  (31),  mycorrhizal  development is sup- 
pressed  dur ing  t h e  f i r s t  yea r .  Under t h i s  c o n d i t i o n  mycor- 
r h i z a e  become abundant again  t h e  fo l lowing  season (5 2). 

V i r g i n i a  p i n e  s e e d l i n g s  show v a r i e d  responses  t o  an 
a p p l i e d  growth subs tance  such a s  G i b b e r e l l i c  a c i d  ( 4 2 ,  72). 
I t  seems t h a t  a p o s i t i v e  growth response might b e  induced 
on ly  under s p e c i a l ,  and as y e t  unknown environments.  

V i r g i n i a  p i n e  s e e d l i n g s  a r e  more t o l e r a n t  o f  low 
mois tu re  i n  t h e  s o i l  than most p ines ,  and remain a l i v e  and 

Figure 7 .  - -V i rg in ia  pine seed 1 ings grow fas ter  when 
g iven  supplemental 1 i gh t  i n  the  middle o f  the n igh t  
(ID) o r  by ex tending the natural  l eng th  o f  day (ED).  



Figure 8 . - - A  t y p i c a l  o l d - f i e l d  stand of  V i r g i n i a  pine,  
showing how the  branches of  the  spec ies  p e r s i s t .  

grow under q u i t e  d ry  c o n d i t i o n s  ( 5 4 ) .  Although they s u r v i v e  
when mois tu re  is  low, t h e i r  r a t e  o f  growth i s  slow. T h i s  
r a t e  i s  c o r r e l a t e d  with  r a i n f a l l  ( 4 3 ) .  

Seed l ings  reach a  h e i g h t  of 4 t o  8 inches  t h e  f i r s t  
y e a r  when growth c o n d i t i o n s  a r e  f a v o r a b l e .  A t  t h e  end of  10 
y e a r s  they may average 17 f e e t  i n  h e i g h t  on t h e  b e t t e r  s i t e s  
( 5 9 ,  6 2 )  . 

S A P L I N G  S T A G E  T O  M A T U R I T Y  

G r o w t h  & Y i e l d  

Diameter growth i s  f a s t e r  i n  open than i n  dense 
s t a n d s  ( 6 2 )  . Slow n a t u r a l  pruning r e s u l t s  i n  p e r s i s t e n t  
branch s t u b s  ( 5 4 )  t h a t  remain on t h e  t r e e  f o r  many y e a r s  
( f i g .  8) .  Th i s  c h a r a c t e r i s t i c  accounts  f o r  t h e  l a r g e  pro- 



p o r t i o n  of kno t ty  lumber sawed from t h i s  s p e c i e s  ( 2 4 ,  4 3 ) .  

V i r g i n i a  p i n e  w i l l  no t  respond t o  t h i n n i n g  u n l e s s  t h e  
s t a n d s  a r e  l e s s  than about 15 y e a r s  o l d  (8, 4 7 ,  7 4 ,  7 5 ) .  
Opening up o l d e r  s t a n d s  is n o t  adv i sab le  because t h i s  spe- 
c i e s  i s  s u b j e c t  t o  windthrow and breakage by wind, i ce ,  and 
s l e e t ;  r e s i d u a l  t r e e s  exposed by p a r t i a l  c u t t i n g s  a r e  es-  
p e c i a l l y  v u l n e r a b l e  ( 2 3 ,  4 3 ,  5 9 ,  6 2 ) .  Because of  i t s  very 
shal low r o o t  system, V i r g i n i a  p ine  i s  l e s s  windfirm than 
most sou thern  p ines .  

V i r g i n i a  p ine  p lan ted  on o l d  f i e l d s  does w e l l .  One 
p l a n t a t i o n  i n  Iowa ( 3 3 )  showed a  mean annual h e i g h t  growth 
of  1.86 f e e t  a f t e r  15 years ,  wi th  an average b a s a l  a r e a  of  
111.2 f e e t  p e r  a c r e  ( 3 2 ) .  This  growth was b e t t e r  than t h a t  
of  f i v e  o t h e r  p i n e  s p e c i e s  p l a n t e d  on t h e  same s i t e s .  The 
mean annual d iameter  growth was 0.34 inches  dur ing  t h e  same 
per iod .  

I t  a l s o  d i d  we l l  on some s i t e s  when p l a n t e d  i n  I l l i -  
n o i s  ( 3 8 )  . However, p l a n t a t i o n s  i n  Missouri ,  Kansas, and 
Oklahoma were s e v e r e l y  i n f e s t e d  by Nantucket p i n e  t i p  moth, 
and s u r v i v a l  and growth were poor ( 1 3 ) .  

The s p e c i e s  i s  very s u s c e p t i b l e  t o  f i r e  damage be- 
cause  of  i t s  t h i n  ba rk ;  young t r e e s  a r e  p a r t i c u l a r l y  vulner-  
a b l e  ( 5 3 ,  5 9 ,  6 2 ) . .  S u r f a c e  f i r e s  may cause  cons ide rab le  
damage even To  o l d e r  s t a n d s .  

Bark th ickness  a t  9  inches'  above t h e  ground v a r i e s  
from 0.3  inches  f o r  stems 4 inchee i n  diameter?  t o  0.9 in-  
ches  f o r  18-inch s t e m s  ( 5 9 ) .  A t  a  h e i g h t  o f  20 o r  more f e e t  
above t h e  ground, t h e  bark t h i c k n e s s  o f  t r e e s  l a r g e r  than 5  
inches  d.b.h.  ranged from 0.05 t o  0 .1  inches .  Fas t  growth 
i s  i n d i c a t e d  by t h i n ,  smooth bark ( 7 8 ) .  

On average s i t e s  wel l -s tocked s t a n d s  may have a s  many 
a s  1,600 stems p e r  a c r e  a t  20 y e a r s  of  age ( 4 3 )  The number 
drops  t o  about 200 i n  70-year-old s t a n d s  ( 1 2 ,  4 3 ,  5 9 ) .  The 
average merchantable volume p e r  a c r e  i n  North Caro l ina  f o r  
s i t e  index 60 averages  1,600 cub ic  f e e t  a t  20 y e a r s  and 
5,050 cub ic  f e e t  a t  70 y e a r s  ( 5 9 )  . Publ i shed  volume f i g u r e s  
f o r  Maryland (10, 1 2 )  a r e  i n t e r m e d i a t e  between t h e  h igher  
va lues  f o r  North C a r o l i n a  ( 4 8 ,  5 9 1 ,  and t h e  lower va lues  f o r  
Pennsylvania  ( 4 3 ) .  On b e s t  s i t e s  t h e  t r e e s  reach  a  h e i g h t  
of  120 f e e t  a t  m a t u r i t y  ( 5 7 ,  6 2 ) ,  b u t  t h e  average h e i g h t  
v a r i e s  from 50 t o  75 f e e t  ( 4 3 ,  4 8 ,  5 9 ,  6 2 )  a t  50 y e a r s  of  
age.  Repor t s  from widel; s c a t t e r e d  l o c a t i o n s  i n d i c a t e  a  
growth-ra te  c a p a b i l i t y  of a  cord  pe r  a c r e  p e r  y e a r  ( 1 6 ,  19,  
5 9 ,  6 2 ) .  

The mean annual growth r a t e  f o r  merchantable  s t a n d s  
reaches  i t s  maximum a t  40 t o  50 y e a r s  f o r  pulpwood ( 7 4 )  and 
70 y e a r s  f o r  sawtimber i n  Pennsylvania  ( 4 3 ) .  Here optimum 



merchantable growth r a t e  i s  r e p o r t e d  t o  occur  when t h e  dom- 
i n a n t  ( l a r g e s t )  t r e e s  a r e  spaced about D + 6  (44)  (average  
t r e e  diameter  i n  inches  p l u s  6 equa l s  spac ing  i n  f e e t ) .  

D i s e a s e  P e s t s  

Hear t  r o t  due t o  Fomes p i n i  is o f t e n  p r e s e n t  i n  
s t a n d s  o l d e r  than 60 y e a r s  ( f i g .  9), but  r a r e l y  i n  s t a n d s  
under 50 y e a r s  o f  age (25, 59) .  I n  s e v e r e  c a s e s  a s  high a s  
34 p e r c e n t  o f  t h e  t r e e s  have been i n f e c t e d  i n  a  59-year-old 
s t a n d  (59) .  Other d i s e a s e s  of l e s s e r  importance t o  V i r g i n i a  

Figure 9 .  
F r u i t i n g  body 
o f  Fomes p i n i  
on t runk  o f  a  
65-year-o ld  
V i r g i n i a  p ine .  

pine  i n c l u d e  t h e  globose g a l l  r u s t  (Cronartium cerebrum) (3,  
771, a  stem r u s t  (Cronartium appalachianum) (34), a  need le  
r u s t  (Co leosporium p i n i c o l a )  (28 ,  32) ,  t h e  A t r o p e l l i s  canker 
( A t r o p e l l i s  t i n g e n s )  ( 1 7 ) ,  t h e  p i t c h  canker  (Fusarium l a t e r -  
i t  ium) (35) ,  soo ty  mould (77),  and witches1-broom ( 2 7 ) .  A 
r o o t  r o t  (Fornes annosus) and a  b u t t  r o t  (Polyporus Schwein- 
i t z i i )  a r e  r e p o r t e d  t o  i n f e c t  V i r g i n i a  p ine  o c c a s i o n a l l y .  

I n s e c t  P e s t s  

The p r i n c i p a l  f o r e s t  i n s e c t s  t h a t  cause  s i g n i f i c a n t  
damage t o  V i r g i n i a  p ine  a r e  t h e  sou thern  p i n e  b e e t l e  (Dend- 
roctonus f r o n t a  1 i s ) ,  I p s  spec ies ,  t h e  Nantucket t i p  moth 
(Rhyacionia f rus t  rana) ,  and t h e  p i n e  sawfly (Neodiprion 
p r a t t i  p r a t t i )  ( f i g .  1 0 ) .  Damage i s  c y c l i c ,  wi th  bui ld-ups  
from i n f e s t a t i o n  f o c i ,  which sp read  and reach a  peak, f o l -  
lowed by a  d e c l i n e  (59, 62) .  Trees  damaged by l i g h t n i n g ,  



Figure 10. 
S a w f l y  damage 
and larvae 
(Neodiprion 
pratti pratti) 
fpeding  on  
pine n e e d l e s .  

f i r e ,  o r  l o g g i n g  i n j u r y  a r e  more s u s c e p t i b l e  t o  i n s e c t  a t -  
t a c k  t h a n  sound h e a l t h y  t r e e s .  

A t  t i m e s  i n s e c t s  damage cones  s e v e r e l y  and t h u s  re- 
duce  s e e d  y i e l d s .  The cone  i n s e c t  t h a t  does  most damage is  
a  b e e t l e  ( C o n o p t h o r u s  v i r g i n i a n a e )  s p e c i f i c  t o  V i r g i n i a  p i n e  
( 1 5 ) .  The l e s s  damaging cone  moth ( L a s p e y r e s i a  t o r e u t a )  
a t t a c k s  V i r g i n i a  p ine ,  b u t  u s u a l l y  d e s t r o y s  o n l y  a  few s e e d s  
i n  each  cone  ( 4 ) .  C h a l c i d  f l i e s ,  a s  y e t  u n i d e n t i f i e d ,  a l s o  
do some damage. These  i n s e c t s  l a y  t h e i r  eggs  i n  t h e  i m -  
n a t u r e  s e e d s  o f  young cones  w h i l e  t h e  s c a l e s  s t i l l  a r e  s o f t ;  
such  s e e d s  s u b s e q u e n t l y  a r e  consumed by t h e  l a r v a e .  

The P a l e s  w e e v i l  (H.y l o b i u s  p a l e s  ), which f e e d s  on  and 
o f t e n  k i l l s  sma l l  s e e d l i n g s  o f  s e v e r a l  p i n e  s p e c i e s ,  may 
g r e a t l y  r e d u c e  t h e  r e g e n e r a t i o n  o f  V i r g i n i a  p i n e  when t h e  
a t t a c k  i s  s e v e r e  (59). S e v e r e  a t t a c k s  a r e  most l i k e l y  on  
r e c e n t l y  c u t - o v e r  a r e a s  and on r e c e n t  b u r n s .  



O t h e r  P e s t s  

Many animals and b i rd s  r e t a r d  regenerat ion by ea t i ng  
seed and destroying cones, but  t he r e  is no measure of t h i s  
l o s s .  Under some condit ions meadow mice g i r d l e  young t r ee s ,  
causing considerable  l oca l  damage ( 1 1 ) .  I n  one ins tance  
f i e l d  mice prefer red  Vi rg in ia  pine over  white, red, and 
ponderosa pine ( 4 2 ) .  Mouse damage i s  usua l ly  assoc ia ted  
with a  heavy g ra s s  cover ( 5 9 ) .  

R e a c t i o n  t o  C o m p e t i t i o n  

Being i n t o l e r a n t  of shade, Vi rg in ia  pine i s  a  t r a n s i -  
t i o n a l  type t h a t  i s  eventual ly replaced by the  climax hard- 
wood f o r e s t  (43, 55, 5 9 ,  6 2 ) .  I t  i s  a  d i s a s t e r  species ,  
coming i n  a f t e r  f i r e ,  and on badly eroded a reas  o r  worn-out 
o l d  f i e l d s .  . Compared t o  o t h e r  assoc ia ted  pines, i t  i s  gen- 
e r a l l y  more aggressive on t he  poorer s i t e s  ( 1 6 ) .  A s  envi- 
ronmental condi t ions  improve, hardwoods become a  d e f i n i t e  
p a r t  of t he  understory (37 ,  4 5 ) .  These become the  dominants 
and gradua l ly  take over  t he  a r ea  i n  succeeding ro t a t i ons ,  
un less  s e t  back by such f ac to r s  as  f i r e  and o the r  means of 
r e t a rd ing  hardwoods ( 4 5 ,  5 4 ,  55, 6 1 ) .  

Few d a t a  a r e  ava i l ab l e  on ind iv idua l  t r e e  o r  r a c i a l  
va r i a t i on .  Recent seed-source s t u d i e s  f o r  Vi rg in ia  pine a r e  
showing considerable  va r i a t i ons  between l o t s  t he  f i r s t  year  
i n  t he  seedbed ( 7 3 ) .  

No authent ica ted  hybrids  have been produced and re- 
ported i n  t he  l i t e r a t u r e .  Negative r e s u l t s  were obtained i n  
spec ies  hybr id iza t ion  work ( 2 2 ,  7 6 ) .  The cross  P. virginiana 
x riRida and r ec ip roca l  f a i l e d  t o  mature seed. The c ross  P. 
virginiana x banksiana and r ec ip roca l  matured some f i l l e d  
seeds, but  no s igns  of hybr id i ty  were de tec ted  i n  the  re- 
s u l t a n t  2-year-old seed l ings .  V i rg in i a  pine po l len  used on 
female cones of knobcone pine (Pinus attenuata) f a i l e d  t o  
produce seed ( 2 2 ) .  
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