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I n  the  Northeast,  eas te rn  wh i t e  p i n e   inus us s t robus  L . )  cannot be 
r e l i e d  upon t o  c o n s i s t e n t l y  regenerate n a t u r a l l y  due t o  the  d e s t r u c t i o n  
o f  the  cone crops by the wh i t e  p i n e  cone b e e t l e  ( ~ o n o p t h o r u s  coniperda 
~ c h w a r z ) .  The w h i t e  p i n e  cone b e e t l e  has been repor ted  t o  have destroyed 
the wh i t e  p i n e  cone crops f o r  n i n e  consecut ive years i n  one area o f  
southern Maine (Graber 1964). A r t i f i c i a l  seeding o r  p l a n t i n g  i s  necessary 
t o  o b t a i n  adequate regenerat ion.  

The o b j e c t i v e  o f  the  s tudy was t o  determine what i n f l u e n c e  seed 
weight has on one- and two-year-old seedl ings grown under two environments. 
The two environments were: ( 1 )  i n  the f i e l d  as a  r e s u l t  o f  d i r ec t - seed ing  
and ( 2 )  i n  po t s  i n  a  greenhouse. 

Pauley e t  a l e  (1955) repor ted  on t he  in f luences  o f  seed weight  on -- 
nursery grown and p o t  c u l  t u r e  seedl ings a n d  Spurr ( 1  944) on some seed 
l o t s  w i t h  seed i n d i v i d u a l l y  weighed and grown under c o n t r o l l e d  c o n d i t i o n s  
i n  a r t i f i c i a l  s o i l  and i n  a hydroponicum, 

METHODS 

Cones were c o l l e c t e d  from f i v e  eas te rn  wh i t e  p i n e  stands i n  New 
Hampshire i n  t he  f a l l  o f  1966. Seed was ex t rac ted  f rom t h e  cones and 
average seed weight per  source determined. Three sources were se lec ted  
f o r  the s tudy because o f  d i f f e r e n c e s  i n  t h e i r  average seed weights  and 
the  number o f  seedl ings produced   able 1 ) . 

.--The d i r ec t - seed ing  experiment was i n i t i a t e d  i n  
and A p r i l ,  1967, ( sp r i ng )  us ing  f i f t y  seeds f rom 

each o f  the t h ree  sources each season. The two p l a n t i n g  seasons a f fo rded  
the o p p o r t u n i t y  t o  determine i f  t he re  was any d i f f e r e n c e  i n  season o f  
seeding on e a r l y  development. 
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U n s t r a t i f i e d  and s t r a t i f i e d  seeds were used f o r  t h e  autumn and 
s p r i n g  phases o f  t h e  exper iment,  r e s p e c t i v e l y ,  S t r a t i f i c a t i o n  c o n s i s t e d  
o f  soak ing t h e  seed f o r  24 hours i n  room temperature  t a p  wa te r ,  d r a i n i n g  
t h e  excess wa te r  o f f ,  and p l a c i n g  t h e  damp seed i n  p l a s t i c  bags i n  a  d a r k  
c o n t r o l  chamber a t  4 0 ' ~  f o r  60 days p r i o r  t o  s p r i n g  seed1 ing .  

D i r e c t - s e e d i n g  c o n s i s t e d  o f  p l a n t i n g  t e n  seeds f rom t h e  a p p r o p r i a t e  
seed source i n  a  spo t  determined by t h e  epxer imen ta l  des ign.  The 
exper imen ta l  des ign  c o n s i s t e d  o f  f i v e  p l a n t i n g  l o c a t i o n s  ( b l o c k s ) ,  where 
each seed source was randomly ass igned a  p l a n t i n g  spot  each season 
(autumn and s p r i n g ) .  The 1 i t t e r  was removed around each spo t  t o  expose 
m i n e r a l  s o i l ,  No chemical  t rea tmen t  o r  p h y s i c a l  p r o t e c t i o n  was used t o  
p r o t e c t  t h e  seed f rom l o s s  due t o  roden ts ,  b i r d s ,  o r  damping o f f .  

I n  September, 1968, a f t e r  two growing seasons t h e  s e e d l i n g s  were 
counted,  l i f t e d ,  and measured. Seedl ings a t  each spo t  o r  exper imen ta l  
u n i t  were l i f t e d  and t h e  s o i l  and seed l ings  p laced  i n  p l a s t i c  bags f o r  
t r a n s p o r t  t o  t h e  l a b o r a t o r y  f o r  a n a l y s i s .  I n  t h e  l a b o r a t o r y  t h e  s o i l  
was washed From t h e  s e e d l i n g s i  r o o t s .  Root and shoot measurements were 
recorded f o r  each s e e d l i n g  t o  t h e  neares t  m i l l i m e t e r .  Each s e e d l i n g  was 
c u t  a t  i t s  r o o t  c o l l a r  and green we igh t  f o r  each segment determined and 
recorded t o  t h e  neares t  ten- thousandth  o f  a  gram. The segments were 
p laced  i n  an oven a t  6 0 ' ~  f o r  48.hours  and reweighed t o  determine d r y  
w e i g h t .  

An a n a l y s i s  o f  v a r i a n c e  was n o t  made on t h e  da ta  because of t h e  
number o f  spo ts  w i t h o u t  seed l ings .  Seed and s e e d l i n g  we igh ts  were 
determined on seed source and seed spot  b a s i s ,  r e s p e c t i v e l y .  

I I ,  Greenhouse.--The seed t o  be used f o r  t h e  greenhouse exper iment  
f rom each o f  t h e  t h r e e  sources was separated i n t o  h i g h  and Isw average 
we igh t  groups.  T h i s  was done by means o f  an a i r  seed separa to r . '  Next ,  
t h e  seed was s t r a t i f i e d  and p l a n t e d  i n  l a t e  May, 1967, i n  v e r m i c u l i t e  
f i l l e d  p l a s t i c  f l a t s .  Comparison o f  we igh t  groups f rom each source would 
t e s t  t h e  i n f l u e n c e  o f  i n t r a - s o u r c e  seed we igh t  on s e e d l i n g  development. 
S t r a t i f i c a t i o n  o f  seed was i d e n t i c a l  t o  t h e  method used f o r  t h e  s p r i n g  
d i r e c t - s e e d i n g  phase o f  t h e  d i r e c t - s e e d l  i n g  exper iment .  

The exper imen ta l  des ign  was a  randomized complete b l o c k  w i t h  s i x  
we igh t -g roup  comparisons, t h r e e  weeks o f  g e r m i n a t i o n  comparisons 
randomly ass igned  t o  each o f  f o u r  b l o c k s  w i t h  two b l o c k s  d i s t r i b u t e d  
on each o f  two greenhouse benches. 

---- - ---.- -- 

Model D-Ai r Seed Separator  (Patent  No. 2,579,228) manufactured 
by E. L .  E r i c k s o n  Products ,  B r o o k l i n g ,  N .  D, 

Ment ion o f  p roduc ts  o r  equipment i s  f o r  i n f o r m a t i o n ,  o n l y ,  and 
shou ld  n o t  be cons ide red  an endorsement by t h e  Department o f  
A g r i c u l t u r e  o r  t h e  F o r e s t  Serv i ce ,  



Seedl'ngs t h a t  ge rm ina ted  each week were 1 i f t e d  a n d  t r a n s p l a n t e d  i n  
4iffy-nix3 filled ten-inch ~lastic a z a l e a  p-ts. Each plastic p o t  was 
divided i n t o  f i v e  w e d g e  s h a p e d  p l o t s  w i t h  s i x  seedling loca t ions  per p l o t  
p o s i t i o n e d  so t h a t  each seedl i ng  w o u l d  have equal  growing space and 
h o p e f u l  l y  r i m i  j a r  environmental c o n d i t i o n s .  i n  each black,  twelve 
seedlings from each w e i g h t - g r c b i p  were randomly a s s i g n e d  and planxed i n  
two s ix - t ree  p l o t s  each week, Surplus seedlings were planted in seed5ing 
l oca t i ons  t h a t  were  empty d u e  to  I n s u f f i c i e n t  seedlings I n  some 
w e i g h t - g r o u p s ,  S e e d l i n g s  w e r e  f e r t i l i z e d  every two weeks a n d  wate red  
when necessa r y  , 

I n  September, 067, a14 the seedliass were measured f o r  root and  
shoot secjrnent l e n g t h  a n d  h a l f  the seedlings f rom each plot were h a r v e s t e d  
fo r  l a t e r  g reen  and d r y  weight d e t e r m i n a t i o n s .  T h e  r e m a i n i n g  seedlings 
were t r a n s p l a n t e d  i n d i v i d u a l l y  i n  No. 6 s t a n d a r d  p l a s t i c  pots f i l l e d  w i t h  
Jiffy-mix. P r i o r  to measurement t h e  planting rnedlurn w a s  washed f r om each 
seedling's root system a n d  i t s  root a n d  shoot measured a n d  r e c ~ r d e d  tc 
the nearest millimetero The s e e d l i n g s  from each p l o t  t h a t  w e r e  harvested 
were sealed individually i n  p l a s t i c  b a g s  a n d  q u i c k  f rozen  f o r  subsequent  
green a n d  dry weight determinations, 

Green and dry weight determinations were made i n  October a n d  November, 
1967. Seedlings were t h a ~ ~ e d ,  c u t  a t  t h e i r  r o o t  coiiar, and each  segment 
we igh ted  sepa ra t e ly  before and a f t e r  drying i n  an o v e n  a t  60'~ f o r  48 
hours to f u r n i s h  green and d r y  v ~ e i g h t s ,  r e s p e c t i v e l y .  Each segment was 
weighed to the nearest  ten- thousandth  of a gram, 

I n  F e b r u a r y ,  1968. t i e  r e p l a n t e d  seedlings were placed i n  a cold 
room a t  40'~ for s i x  weeks to  g i v e  t h e  b u d s  a dormant p e r i o d  n r i o r  to 
growth i n i t i a t i o n .  k f r e r  t h e  dormant  p e r i o d ,  the seed! i n g s  i e r e  r e t u r n e d  
to t h e  greenhouse ,  fert i l i zed e v e r y  tivo weeks, and watered &en necessary ,  

The two-year s e e d l i n g s  lder-e measured a n d  h a r v e s t e d  i n  S e p t e m b e r ,  
1968, u s i n g  t h e  sane procedures as in 1967. Green and d r y  w e i g h t  
d e t e r m i n a t i o n s  were made i n  October and Novenber, u63, u s i n g  the same 
procedure a s  i n  1967, 

The one and two-year green and d r y  w e i g h t  a n d  l e n g t h  d a t a  were 
analyzed u s i n g  t he  method of unweighted means, ilt was f e l t  t h a t  w - t b  
t h e  uniform g r o w i n g  medium a n d  space that data w i t h i n  the same block, 
week, and b i e i g h t - g r ~ ~ p  could be pooled w i  t h  l i ttle e r r o r .  

RESULTS AND DlSCUSSION 

A u t u m n  d i rec t - seeding  of u n s t r a t i f i e d  e a s t e r n  white p i n e  was s u p e r i o r  
to  s p r i n g  seeding o f  u n s t r a t i f i e d  seed, Afret -  t w o  growing seasons ,  j7 
percent o f  t h e  7 5  a u t u m n  s p o t s  a n d  43 percent of the 15  s p r i n g  spots h a d  
a t  Beast one s e e d l i n g ,  O f  t he  s p o t s  t h a t  had a t  l e a s t  one s e e d l i n g ,  
a u t u r i n  spots  averaged 5,9 seedlings conpared to 3 , 7  s e e d l i n g s  f o r  s p r i n g  
s p o t s ,  A u t u m n  seedlings from the same seed sou rce  w e r e  larger and 
heavier-  t h a n  spr ing s e e d l i n g s ,  b u t  n o t  nearly a s  large and a s  h e a v y  a s  
s r e e n h o u s e  s e e d l i n g s  ( ~ a h l c  1 ) .  F o r  example ,  g r e e n h o u s e  seed1 ings 
a t  t h e  e n d  o f  t w o  growing seasons had an average shoot dry weight 20 
times that o f  t rees  from a u t u m n  sovjn d i r e c t  seeded seed a n d  36 times t h a t  
of t r e e s  From s p r i n g  sown d i r e c t  seeded seed,  

- - 

Jiffy-mix is  an a r r i f i c i a l  s o i l  made according to t h e  s p e c i f i c a t i o n s  
of "Cornel 1 Un i v e r s i  ty M i x - A . "  
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Fall seeding of unstratified seed is favored over spring seeding of 
stratified seed and confirms the findings of previous studies (Abbott and 
Hilton, 1965, Baldwin 1965). The greater seedling density from fall 
seeding should not be a problem. Evaluations of seeded and planted young 
stands reveals no evidence that seedling density due to direct seeding 
affects growth or yield (Derr and Mann 1971) .  

Seed weight positively influences the size and weight of two-year-old 
direct-seeded seedlings, with few exceptions (Table 1). Two-year data 
indicated that seed sources with larger seeds can be selected for direct-seeding 
to furnish larger seedlings, It is unknown from this study how long this 
relationship w i l l  hold. 

Greenhouse seedling physical measurements were not correlated with 
seed weight among sources after one and two years, Seed sources were not 
significantly different except for shoot length after one year. Mean 
physical measurements of seed sources were significantly different, but 
not correlated with seed weight, for all measurements except root length 
after two years (Table 2 and 3). After two years the source with the 
lightest average seed weight produced seedlings that were larger and 
heavier than seedlings produced from the source with the heaviest average 
seed weight (Table 1). For example, seed source three had an average 
seed weight of 0,0157 grams and produced seedlings that averaged 194 mm i n  
shoot length and 5-42 grams in shoot dry weight compared to seed source one 
which had an average seed weight of 0.0230 grams but produced seedlings 
which averaged 187 mm in shoot length and 4 . 9 4  grams in shoot- dry weight. 
Seed source two had an average seed weight o f  0.0208 grams but produced 
t h e  largest and heaviest seedlings averaging 203 mrn in shoot length and 
5.81 grams in shoot dry weight (Table 4). 

Within sources greenhouse seedling physical measurements were correlated 
with seed weight after one and two years. Weight groups were significantly 
different for all physical measurements after one and two years, except 
root and shoot lengths after two years  able 2). Larger and heavier 
seedlings within a source were produced from i t s  heavier weight group 
seed (Table 3). 

Seedlings that germinated earlier, even if o n l y  by one week, furnished 
larger seedlings after one year, but the importance decreased after two 
years (Table 2, line 2 ) -  Significant differences were found among weeks 
of germination for all measurements except shoot length after one year 
and only for root green weight and shoot dry weight after two years. The 
effect of week of germination appears to be transient and of very little 
importance after one year under near optimum growing conditions. 

The lack of correlation between seed weight and physical seedling 
measurements among sources grown under near optimum conditions can be 
supported by previous studies. Spurr ( 1944 ) ,  working with seed from 
individual trees, found individual seed weights were correlated with the 
shoot weights of resulting plants, but the mean seed weights of the 
different lots were poorly correlated with their respective shoot v~eights. 
Pauley - et -- a l ,  (1955) showed that various seed sources differed significantly 
in growth both on an unadjusted and on an adjusted (for seed weight 
differences) basis, They further concluded that there can be no question 
that growth differences exist for eastern white pine between collections 
from single trees in a given locality and from trees in different localities. 
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After e i g h t  years, t h e  largest tree was the product of the smallest seed, 
and there was some indication that with a large sample and w i d e r  spac ing,  
the smaller seeds m i g h t  be s h o ~ n  to produce l a r g e r  trees (Pnuley et a l .  - .- 
19551 

Early results sf seed source trials should be interpreted w i t h  
caution. This study revealed that seed sources behave quite differently 
when direct-seeded or grown under near optimum conditions, Pauley et a l .  -- 
(1955) state that growth rates characteristic of a given seed source 
apparent1 y occur under a w i d e  range of so! l ferti l i ty levels. Spurr (1944) 
in a study where competition and soil nutrition were relatively uniform, 
found correlation between seed and plant size less important as the tree 
grows older. He attributed this decrease i n  correlat ion to hereditary, 
physiological, and other internal factors. 

This study indicates that the influence of seed weight on seedling 
development can be minimized by growing seedlings in a greenhouse under 
near optimum conditions for one year before outglanting. This will be a 
great help to forest geneticists because they not o n l y  w i l  l have larger 
seedlings. but will be able to evaluate their plantings at earlier ages. 
We will no longer have to wait e i g h t  to ten years to evaluate plantings 
with the hope that the effect of initial seed weight among sources or 
lots has become m i n i m a l .  
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