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Abs ' t ract  
\ 

Two d i r e c t - s e e d i n g  exper iments  were e s t a b l i s h e d  t o  
de te rmine  t h e  e f f e c t  of  t ime  of  s eed ing  ( s p r i n g  1962 
v e r s u s  f a l l  1962) ,  t y p e  o f  seedbed (p repared  v e r s u s  un- 
p r e p a r e d ) ,  and s p e c i e s  ( r e d  p i n e  (P inus  r e s i n o s a  A i t . )  
v e r su s  wh i t e  sp ruce  ( P i c e a  g l a u c a  (Moench) Voss ) )  upon 
t h e  succe s s  a t t a i n e d  i n  t h e  r e f o r e s t a t i o n  of  a p ine -  
b a r r e n  s i t e  and a  r e c e n t l y  burned-over f o r e s t  s i t e  i n  
e a s t e r n  Maine. A s p l i t - s p l i t - p l o t  experiment  w i t h  
0.75-acre t r e a t m e n t  p l o t s  was r e p l i c a t e d  t h r e e  t imes  on 
each s i t e .  Seedbeds on t h e  p i n e  b a r r e n  were p repared  
by d i s k i n g  w i t h  a Rome d i s k  harrow and seedbeds on t h e  
burn ,  by s c a r i f y i n g  w i t h  a b u l l d o z e r .  Treatment p l o t s  
were b roadcas t  sown by hand a t  a s eed ing  r a t e  of 
50,000 v i a b l e  seed p e r  a c r e .  A l l  t r e a t m e n t s  on t h e  
p i n e  b a r r e n  except  t h o s e  e s t a b l i s h e d  on unprepared 
seedbeds ,  a l l  of  which were f a i l u r e s ,  r e s u l t e d  i n  t h e  
e s t ab l i shmen t  of modera te ly-s tocked t o  over-s tocked 
s t a n d s  f i v e  y e a r s  a f t e r  seed ing .  A l l  t r e a t m e n t s  on 
t h e  burn  produced adequa t e ly  s t ocked  s t a n d s  i n i t i a l l y ,  
however, by t h e  f i f t h  growing season  competing v e g e t a t -  
i o n  had reduced t h e  average  m i l a c r e  s t o c k i n g  pe r cen t  
of most t r e a t m e n t s  t o  l e s s  t h a n  50 p e r c e n t .  

P u b l i c a t i o n  of  g u i d e l i n e s  f o r  d i  
l o l l s  ~ i n e  (P inus  t a e d a  L. b s  Mann 
l o n g i e i f  p i r F ( T T n G l u s t r i i  M ~ u . .  
(1961) ,  and a paper  on t h e  d i r e c t  s e  

r e c t  seed  
and Der r  
) by Derr  
ed ing  o f  

and 
c o n i  

lob-  
9,  
Mann 

f e r s  
p r e s e n t e d  a t  t he -  Winter  Meeting of  t h e  New England 
S e c t i o n  of  t h e  S o a i e t y  of American F o r e s t e r s  i n  March 
1961 by Abbott (1961) r e s u l t e d  i n  s t i m u l a t i n g  anew an  
i n t e r e s t  i n  d i r e c t  s eed ing  among f o r e s t  l and  managers 
i n  Maine. S u f f i c i e n t  i n t e r e s t  was gene ra t ed  f o r  t h e  
Maine A g r i c u l t u r a l  Experiment S t a t i o n ,  Bureau of 
F o r e s t r y ,  Bureau of Spor t  F i s h e r i e s  and W i l d l i f e ,  S t .  
Regis  Paper Company, S tandard  Packaging Corpora t ion ,  
and Georg ia -Pac i f i c  Corpora t ion  t o  c o l l a b o r a t e  i n  t h e  
e s t ab l i shmen t  o f  two exper iments  i n  t h e  s p r i n g  of 1962 



t o  s t udy  t h e  a p p l i c a b i l i t y  o f  d i r e c t  s eed ing  i n  
n o r t h e r n  f o r e s t  t y p e s .  The exper iments  were e s t a b l i s h -  
ed s p e c i f i c a l l y  t o  de te rmine  t h e  r e s p e c t i v e  e f f e c t s  o f  
t ime  o f  s eed ing  ( s p r i n g  1962 v e r s u s  f a l l  1962) ,  t y p e  
of  seedbed (p r epa red  v e r s u s  unprepared) ,  and t r e e  
s p e c i e s  ( r e d  p i n e  (Pin'u-s r ' e s inosa  A i t .  ) v e r s u s  whi te  
sp ruce  ( P i c e a  g l a u c a e n c h )  Voss ) )  upon t h e  succe s s  
a t t a i n e d  i n  t h e  r e f o r e s t a t i o n  o f  a  p ine -bar ren  s i t e  and 
a r e c e n t l y  burned-over f o r e s t  s i t e .  E a r l y  r e s u l t s  of  
bo th  exper iments  have been r e p o r t e d  by G r i f f i n ,  
DeCoster,  and Co11om(1965 and Collom(1965). Th i s  paper  
summarizes t h e  r e s u l t s  of  t h e  experiment  on t h e  p ine-  
b a r r e n  s i t e  th rough  t h e  1967 growing season and t h e  
r e s u l t s  o f  t h e  experiment  l o c a t e d  on t h e  burned-over 
f o r e s t  s i t e  th rough  t h e  1966 growing season .  

LOCATION AND DESCRIPTION OF EXPERIMENTAL AREAS 

The experiment  on t h e  p i n e  b a r r e n  was l o c a t e d  i n  
t h e  n o r t h e a s t  c o r n e r  of  Township 30 M.D. ,  Washington 
County, Maine. The s o i l ,  a  wel l -  t o  exce s s ive ly -d r a ined  
Col ton sandy loam suppor ted  a dense  s t a n d  o f  v e g e t a t i o n  
composed p r i n c i p a l l y  of  lowbush b luebe r ry  ( ~ a c c i n i u m  
an u s t i f o l i u m  A i t . ) ,  l a m b k i l l  (Kalmia a n g u s t i f o l i a  L . ) ,  
'*Gaultheria rocumbens L. ) , sweet f e r n  
(Comptonia p e r e g r i n a  (L.7- and r e i n d e e r  moss 
(Cladon ia  r a n g i f e r i n a  (L . )  Web.) 

The experiment  on t h e  burned-over a r e a  was l o c a t e d  
n e a r  t h e  s o u t h e a s t  s i d e  of  Duck ~ a k e  i n  Township 
4 N . D . ,  Hancock County, Maine. The s o i l  was a  we l l -  
d r a i n e d  Hermon very  s t ony  loam. Prev ious  t o  a  wild-  
f i r e  i n  t h e  summer o f  1960, t h e  a r e a  suppor ted  a  
f o r e s t  s t a n d  composed p r i n c i p a l l y  o f  e a s t e r n  hemlock 
(Tsu a  c anadens i s  ( L . )  Carp.) r e d  sp ruce  ( P i c e a  rubens  
S'& and balsam fir  (Abies balsaniea (L .  ) PIill.)-- 
T r ee s  of merchantable  s i z e  were be ing  ha rve s t ed  when 
t h e  f i r e  occu r r ed .  The f i r e ,  cove r ing  approximate ly  
s i x t y  a c r e s ,  burned t o  t h e  mine ra l  s o i l .  Vege t a t i on  
was s t i l l  q u i t e  s p a r s e  i n  t h e  s p r i n g  of 1962. Many 
of t h e  f i r e - k i l l e d  t r e e s  had been blown down and o t h e r s  
were i n  t h e  p roce s s  o f  f a l l i n g .  S a r s a p a r i l l a ,  (Aralia 
h i s p i d a  Ven t . ) ,  bracken f e r n  (P t e r i d ium a u i l i num v a r .  
l a t i u s c u l u m  (Desv. )  UnBerw.), r a s p b e r r y  * Rubus i daeus  
v a r .  a c u l e a t i s s i m u s  Regel  and T i l i n g ) ,  f i r eweed  
Epilobium a n g u s t i f o l i u m  L . )  and numerous g r a s s e s  began 
t o  appear  on t h e  burn i n  t h e  summer of  1962. Tree  
s p e c i e s  c o n s i s t e d  p r i n c i p a l l y  of quaking aspen (Populus 
t r emu lo ide s  Michx.) ,  b i g t o o t h  aspen  (Populus 

r a n d i d e n t a t a  Michx.) ,  p i n  c h e r r y  (Prunus pens l v a n i c a  'w b i r c h  (Be tu l a  p a p y r i f e r a  Mars* 



yel low b i r c h  (Be tu l a  a l . l e p h a n i e n s i s  B r i t t o n ) .  Sprout  
clumps of  American beech '('Fagus ~ r a n d i f o l i a  Ehrh. and 
r e d  maple (Acer rubrum L.) occu r r ed  s p o r a d i c a l l y .  

PROCEDURE 

Exper imenta l  Design 

A s p l i t - s p l i t - p l o t  experiment  was r e p l i c a t e d  t h r e e  
t imes  on each  expe r imen t a l  a r e a .  Each major  b lock  was 
d i v i d e d  i n t o  two +ac re  main p l o t s ;  each  main p l o t ,  
i n t o  two 1 .5-acre  s u b p l o t s ;  and each  s u b p l o t ,  i n t o  two 
0.75-acre minor p l o t s .  Within  a major  b lock ,  t imes  of  
s eed ing  were a s s i g n e d  a t  random t o  t h e  main p l o t s ;  
t y p e s  o f  seedbed,  t o  t h e  s u b p l o t s ;  and t r e e  s p e c i e s ,  
t o  t h e  minor p l o t s .  

While t h e  r e s p e c t i v e  t r e a t m e n t s  were a p p l i e d  as 
uniformly a s  p o s s i b l e  over  t h e  e n t i r e  a c r eage  of  each 
minor p l o t ,  measurements of r e s u l t s  were conf ined  t o  
a 0.5-acre a r e a  i n  t h e  c e n t e r  of  t h e  minor p l o t .  
Thus, each t r e a t m e n t  was surrounded by a 0.25-chain 
b u f f e r  s t r i p .  

P r e p a r a t i o n  of  Seedbeds 

Seedbeds on t h e  p i n e  b a r r e n  were p repared  w i t h  a 
Rome d i s k  harrow p u l l e d  by a D-7 C a t e r p i l l a r .  The 
p l o t s  were d i s k e d  tw ice .  The second d i s k i n g  accom- 
p l i s h e d  an  a lmost  complete break-up o f  t h e  t h i c k  r o o t  
mass t u rned  up by t h e  f i r s t  d i s k i n g .  P l o t s  sown i n  
t h e  s p r i n g  were d i s k e d  i n  May and t h o s e  sown i n  t h e  
f a l l ,  i n  September. 

Seedbeds on t h e  Duck Lake Burn were p repared  by 
working a  b u l l d o z e r  th rough  t h e  p l o t s  i n  a z igzag  
p a t t e r n  by a l t e r n a t e l y  l ock ing  t h e  t r a c k s .  The p a r t i a l  
t u r n i n g  of t h e  b u l l d o z e r  chewed up much o f  t h e  d e b r i s  
and exposed some mine ra l  s o i l .  However, l a r g e  bou lde r s  
and down t imbe r  p rec luded  t h e  a t t a i n m e n t  of  a  uni formly 
p repared  seedbed similar t o  t h a t  ob t a ined  w i t h  t h e  Rome 
d i s k  harrow on t h e  p i n e  b a r r e n .  P l o t s  seeded i n  t h e  
s p r i n g  were p r epa red  i n  June  1962 and t h o s e  seeded i n  
t h e  f a l l ,  i n  September 1962. 

Treatment of  Seed . 
Seed from r e d  p i n e  and wh i t e  sp ruce  seed  l o t s  co l -  

l e c t e d  i n  t h e  Lake S t a t e s  was used i n  bo th  s p r i n g  and 
f a l l  s eed ings .  Germination p e r c e n t s  of  t h e  r e d  p i n e  



and white spruce seed sown in the spring were 78 per- 
cent and 70 percent and of those sown in the fall, 85 
percent and 51 percent respectively. 

The seeds were coated for protection against losses 
to mammals and birds with 50 percent wettable endrin 
powder (2 percent to weight of seed), 75 percent wet- 
table Arasan powder (1 percentAto weight of seed), Dow 
Latex 512-R (1 part latex to 9 parts water) and enough 
aluminum paint flakes to cover the seed uniformly. 

Seeding of Minor Plots 

Within each minor plot, twenty square milacre ob- 
servational plots were established at one-half chain 
intervals. While the observational milacres on the 
pine barren could be located systematically, some of 
those on the Duck Lake Burn had to be located irregu- 
larly to avoid heavy accumulations of debris. 

Within each observational milacre, twenty seed 
spots were located systematically and marked with 
wooden dowels. The seed spots were seeded by dropping 
five seeds around each dowel. Thus, the seeding rate 
on the observational milacres in terms of viable seed 
per milacre was the same as the germination percent of 
the seed sown as given above. 

The remaining 730 milacres in each minor plot was 
broadcast sown at the rate of 50 viable seeds per mil- 
acre. To obtain an even distribution of seed, the 
minor plots were divided into four strips of equal size 
and each strip was broadcast sown by hand with one- 
fourth of the total- amount of seed sown on the plot. 
On the pine barren,.spring-sown plots were sown May 
30-June 5, and fall-sown plots, October 1-2. On the 
Duck Lake Burn spring-sown plots were sown June 12-14, 
and the fall-sown plots, October 10-13. 

Small Mammal Populations 

Small mammal census plots were established on an 
undisturbed site in each experimental area in May 
1962. The census plot on the pine barren measured 
100 by 125 feet and the one on the Duck Lake Burn, 
125 by 175 feet. Sherman live traps were stationed 
at the intersections of a 25 by 25-foot grid system. 
Population censuses were conducted during the spring 
and fall of 1962, 1963, and 1964 (Ladd 1965). 



No animals  were t r apped  on e i t h e r  t h e  census  p l o t  
o r  a d d i t i o n a l  spot-check t r a p p i n g  s i t e s  l o c a t e d  on t h e  
p i n e  b a r r e n .  The absence  of 'small mammals on t h e  p i n e  
b a r r e n  was a t t r i b u t e d  t o  a l a c k  of s u i t a b l e  cover .  

The small mammal popu l a t i on  on t h e  Duck Lake Burn 
i n c r e a s e d  as t h e  d e n s i t y  o f  t h e  herbaceous  v e g e t a t i o n  
i n c r e a s e d .  The censuses  i n d i c a t e d  a  p o p u l a t i o n  p e r  
census  p l o t  o f  one d e e r  mouse man icu l a tu s )  
i n  May 1962, t h r e e  red-backed 
g a p p e r i )  i n  October 1962, no an imals  i n  June  1963, 
s i x t e e n  d e e r  mice p l u s  f o u r  red-backed v o l e s  i n  October 
1963, and t h i r t e e n  d e e r  mice i n  August 1964 (Ladd 1965).  

Weather 

S ince  bo th  expe r imen t a l  a r e a s  were w i t h i n  a 
twenty-mile r a d i u s  of  t h e  F i r e  Danger Weather S t a t i o n  
main ta ined  by t h e  Bureau of F o r e s t r y  a t  Beddington, 
Maine, t h e  weather  was probably  q u i t e  similar t o  t h a t  
r ecorded  a t  t h e  S t a t i o n .  The weather  d u r i n g  t h e  1962 
and 1963 growing seasons  was n o t i c e a b l y  d i f f e r e n t  i n  
two r e s p e c t s .  R a i n f a l l  i n  May 1963 (6.44 i n c h e s )  
t o t a l e d  4.74 i nches  more t h a n  t h a t  i n  May 1962 (1.70 
i n c h e s ) .  The average  a i r  t empe ra tu r e  i n  J u l y  1963 
( 6 9 ' ~ )  averaged e i g h t  deg ree s  h i g h e r  t h a n  that  i n  J u l y  
1962 ( 6 1 ° ~ ) .  Thus, t h e  weather  was probably  more 
f a v o r a b l e  f o r  prompt ge rmina t ion  and e a r l y  e s t a b l i s h -  
ment of s e e d l i n g s  i n  1963 t h a n  i n  1962. 

I n v e n t o r i e s  

~ n v e n t o r i e s  were made o f  ge rmina t ion ,  s e e d l i n g  
s u r v i v a l ,  and s e e d l i n g  m o r t a l i t y  on t h e  o b s e r v a t i o n a l  
m i l a c r e s  of  bo th  exper iments  i n  t h e  s p r i n g  and f a l l  of 
1962, 1963, and 1964 (Collom 1965).  The f i n a l  i nven to ry  
of t h e  o b s e r v a t i o n a l  m i l a c r e s  on t h e  p i n e  b a r r e n  was 
made i n  l a t e  J u l y  1967 when t h e  spring-sown and f a l l -  
sown p l o t s  were i n  t h e i r  s i x t h  and f i f t h  growing season 
r e s p e c t i v e l y .  The f i n a l  i nven to ry  o f  t h e  o b s e r v a t i o n a l  
m i l a c r e s  on t h e  Duck Lake Burn was made i n  l a t e  August 
1966 when t h e  spring-sown and fa l l -sown p l o t s  were i n  
t h e i r  f i f t h  and f o u r t h  growing season  r e s p e c t i v e l y .  
Concur ren t ly  w i th  t h e  l a s t  i nven to ry  of  t h e  observa-  
t i o n a l  m i l a c r e s ,  i n v e n t o r i e s  were made of  an  a d d i t i o n a l  
100 c i r c u l a r  m i l a c r e  p l o t s  ( h e r e i n a f t e r  r e f e r r e d  t o  as 
i n v e n t o r i a l  m i l a c r e s )  l o c a t e d  s y s t e m a t i c a l l y  i n  each of 
t h e  0.5-acre minor p l o t s .  When a n  i n v e n t o r i a l  m i l a c r e  
over lapped an  o b s e r v a t i o n a l  m i l a c r e ,  t h e  l o c a t i o n  of 
t h e  i n v e n t o r i a l  m i l a c r e  c e n t e r  was moved e i g h t  f e e t  
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Table 1. - Average number of s eed l ines  D e r  observa t ional  
- - -- - - 

milacre  and percent  of observa t ional  mi lacres  
stocked wi th  a minimum of one. two. f i v e  and 

- - 

t e n  seedl ings  r e spec t ive ly  f o r  each t reatment  
on t h e  p ine  ba r ren  i n  August 1963, September 
1964, and J u l y  1967. 

Seeded spr ing  1962 Seeded f a l l  1962 

Time of Prepared Unprepared Prepared Unprepared 
observa t ion  seedbed seedbed seedbed seedbed 

and 
stocking l e v e l  pa sb P S P S P S 

Oct. 1962 
Aug. 1963 
Sept. 1964 
J u l y  1967 

Percent  d 

Aug. 1963 
One seedl ing  
Two seedl ings  
Five seedl ings  
Ten seedl ings i  

Sept. 1964 
One seed l ing  100 87' 90 33 100 95 85 50 
Two seed l ings  100 72 75 13  100 90 78 33 
Five seed l ings  100 25 38 0 98 73 37 7 
Ten seed l ings  87 5 1 3  0 93 48 5 0 

J u l y  1967 
One seedl ing  100 68 72 7 95 85 55 12  
Two seed l ings  98 48 53 0 95 72 37 3 
Five seedl ings  83 12  1 5  0 92 45 7 0 
Ten seedl ings  58 0 3 0 75 1 8  0 0 

a ~ e d  pine. 
b ~ i t e  spruce. 
C Average of s i x t y  observa t ional  mi l ac res  (twenty mi lacres  

i n  each of t h r e e  r e p l i c a t i o n s )  pe r  t reatment .  
d ~ e r c e n t  of t h e  s i x t y  observa t ional  mi lacres  stocked 
wi th  t h e  spec i f i ed  minimum number of seedl ings.  



t h e  s i x t h  and f i f t h  growing season  f o r  t h e  spring-sown 
and fa l l -sown p l o t s  r e s p e c t i v e l y  - t h e  number of  whi te  
sp ruce  s e e d l i n g s  on t h e  spring-sown and fa l l -sown pre-  
pa red  seedbeds combined averaged 4.7 s e e d l i n g s  p e r  
o b s e r v a t i o n a l  m i l a c r e  w i t h  77 p e r c e n t  and 60 pe r cen t  of  
t h e  m i l a c r e s  be ing  s tocked  w i t h  a  minimum of one seed- 
l i n g  and two s e e d l i n g s  r e s p e c t l v e l y .  

I n  J u l y  1967, t h e  number of r e d  p i n e  s e e d l l n g s  on 
t h e  spring-sown and fa l l - sown unprepared seedbeds com- 
bined averaged 2.0 s e e d l i n g s  p e r  o b s e r v a t i o n a l  m i l a c r e  
w i t h  64 pe r cen t  and 45 p e r c e n t  of  t h e  m i l a c r e s  b e i n g  
s tocked  w i th  a minimum of  one s e e d l i n g  and two s e e d l i n g s  
r e s p e c t i v e l y .  I n  c o n t r a s t ,  t h e  number of  r e d  p i n e  
s e e d l i n g s  on t h e  combined spring-sown and fa l l -sown 
prepared  seedbeds averaged 13.8  s e e d l i n g s  p e r  observa-  
t i o n a l  m i l a c r e  w i t h  88 p e r c e n t  and 67 pe r cen t  of t h e  
m i l a c r e s  be ing  s t ocked  w i t h  a  minimum of f i v e  and t e n  
s e e d l i n g s  r e s p e c t i v e l y  . 

Regard less  o f  s p e c i e s ,  t h e  growth i n - h e i g h t  of  seed- 
l i n g s  on p repared  seedbeds was g r e a t e r  t h a n  t h a t  of  
s e e d l i n g s  on unprepared seedbeds .  I n  October 1964, t h e  
average  maximum h e i g h t  (based on measurements of t h e  
t a l l e s t  s e e d l i n g  on each  o b s e r v a t i o n a l  m i l a c r e )  of  
s e e d l i n g s  on p repared  seedbeds (0 .18 f e e t  ) was s i g n i f i -  
c a n t l y  g r e a t e r  t h a n  t h a t  o f  s e e d l i n g s  on unprepared 
seedbeds (0 .11  f e e t )  and t h e  average  maximum h e i g h t  of  
r e d  p i n e  s e e d l i n g s  was s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  
of sp ruce  s e e d l i n g s  (Collom 1965) .  I n  J u l y  1967, t h e  
average  maximum h e i g h t s  of r e d  p i n e  s e e d l i n g s  on pre-  
pa red  and unprepared seedbeds were 1 .36 f e e t  and 0.28 
f e e t  r e s p e c t i v e l y .  A t  t h a t  t ime  t h e  average  maximum 
h e i g h t s  o f  wh i t e  sp ruce  s e e d l i n g s  on p repared  and un- 
p repared  seedbeds  were 0.66 f e e t  and 0.35 f e e t  r e spec-  
t i v e l y .  By. June  1976, r e d  p i n e  on t h e  p repared  seed- 
beds had reached  a maximum h e i g h t  of  around 15  f e e t  
whi le  most of  t h e  wh i t e  sp ruce  on p repared  seedbeds and 
most of t h e  r e d  p i n e  on unprepared seedbeds were \ s t i l l  
l e s s  t h a n  5 f e e t  t a l l .  

The average  number of  s e e d l i n g s  p e r  i n v e n t o r i a l  
m i l a c r e  and pe r cen t  o f  i n v e n t o r i a l  m i l a c r e s  s t ocked  
w i t h  a minimum of  one, two, f i v e ,  and t e n  s e e d l i n g s  
r e s p e c t i v e l y  i n  J u l y  1967 a r e  recorded  f o r  each  t r e a t -  
ment on t h e  p i n e  b a r r e n  i n  Table  2 .  While t h e  e f f e c t s  
of bo th  t y p e  of  seedbed and s p e c i e s  were h i g h l y  s i g -  
n i f i c a n t ,  t h e  e f f e c t  of  t ime  of  s eed ing  was n o n s i g n i f i -  
c a n t .  



Table 2. - Average number of seedlings per inventor ia l  milacre 
stocked with a minimum o f  one, two, f i v e  and t en  
seedlings respect ively  f o r  each treatment on the  
p ine  barren i n  July 1967. 

Seeded s ~ r i n e  1962 Seeded f a l l  1962 

Prepared Unprepared Prepared Unprepared 
seedbed seedbed seedbed seedbed 

One seedling 85 50 32 3 81 61 5 3 
Two seedlings 78 32 17 0 77 50 2 1 
Five seedlings 59 7 6 0 59 28 1 0 
Ten seedlings 24 2 2 0 39 13 0 0 

aRed pine. 
b ~ i t e  spruce. 
C~verage of 300 inventorial milacres (100 milacres i n  each 
of three replications) per treatment. 

d~ercent  of the 300 inventorial milacree etocked with the 
specified minimum number of seedlings. 

The number of red pine seedlings on spring-sown 
and fall-sown unprepared seedbeds combined averaged only 
0.5 seedlings per inventorial milacre with only 19 per- 
cent and 10 percent of the milacres being stocked at 
the one- and two-seedling level respectively. On 
spring-sown and fall-sown prepared seedbeds, the number 
of red pine seedlings averaged 10.6 seedlings per in- 
ventorial milacre with 83 percent and 78 percent of the 
milacres being stocked at the one- and two-seedling 
level respectively. 



Duck Lake Burn 

On t h e  Duck Lake Burn, ge rmina t ion  on p r epa red  and 
unprepared seedbeds began a p p a r e n t l y  a t  about  t h e  same 
t ime .  The spring-sown seed  began germina t ion  soon 
a f t e r  June  29, 1962 and t h e  fa l l -sown seed sometime 
p r i o r  t o  May 26, 1962. 

By t h e  f a l l  o f  1964, s e e d l i n g  m o r t a l i t y  expressed  
as a  pe r cen t age  ~f s t o c k i n g  ranged from a low of 28 
pe r cen t  f o r r e d  p i n e  on b o t h  p repared  and unprepared 
seedbeds r e s p e c t i v e l y  t o  a h i g h  o f  53 p e r c e n t  f o r  whi te  
sp ruce  on p repared  seedbeds .  Thir ty-one p e r c e n t  of t h e  
t o t a l  s e e d l i n g  m o r t a l i t y  on p repared  seedbeds and 46 
pe r cen t  of t h e  t o t a l  s e e d l i n g  m o r t a l i t y  on unprepared 
seedbeds were a t t r i b u t e d  t o  unknown causes .  F i f t y - f o u r  
pe r cen t  of t h e  t o t a l  s e e d l i n g  m o r t a l i t y  on p repared  
seedbeds was a t t r i b u t e d  t o  drought  (22 p e r c e n t ) ,  f r o s t  
heave (20 p e r c e n t )  and h e a t  i n j u r y  ( 1 2  p e r c e n t ) .  
Forty-two p e r c e n t  of  t h e  t o t a l  s e e d l i n g  m o r t a l i t y  on 
unprepared seedbeds was a t t r i b u t e d  t o  drought  (27 pe r -  
c e n t ) ,  h ea t  i n j u r y  (11 p e r c e n t )  and f r o s t  heave (4  pe r -  
c e n t ) .  I n  September 1964, r e d  p i n e  t r e e  pe r cen t ages  
averaged 13 .6  on unprepared seedbeds and 24.8 on 
p repared  seedbeds .  White sp ruce  t r e e  pe r cen t ages  
averaged 11 .8  on unprepared seedbeds and 12.7 on p re -  
pa red  seedbeds (Collom 1965) .  

The average  number of  s e e d l i n g s  ,per  o b s e r v a t i o n a l  
m i l a c r e  and p e r c e n t  of  o b s e r v a t i o n a l  m i l a c r e s  s tocked  
w i t h  a minimum o f  one, two, f i v e ,  and t e n  s e e d l i n g s  
r e s p e c t i v e l y  i n  September 1963, September 1964, and 
August 1966 a r e  g iven  f o r  e ach  t r e a t m e n t  on t h e  Duck 
Lake Burn i n  Table  3. Ana lys i s  o f  v a r i a n c e  of t h e  1966 
d a t a  showed t h e  e f f e c t  of t y p e  of  seedbed t o  be s i g n i f i -  
c a n t  and t h e  e f f e c t  o f  s p e c i e s  t o  be h igh ly  s i g n i f i c a n t .  
The e f f e c t  of t ime  o f  s eed ing  was no t  significant. 

I n  August 1966, - t h e  f i f t h  and f o u r t h  growing 
season f o r  t h e  spring-sown and fa l l -sown p l o t s  r espe-  
c t i v e l y  - t h e  number o f  whi te  sp ruce  s e e d l i n g s  on 
spring-sown and fa l l -sown unprepared seedbeds  combined 
averaged 3 . 1  s e e d l i n g s  p e r  o b s e r v a t i o n a l  m i l a c r e  w i t h  
63 p e r c e n t  and 55 p e r c e n t  of  t h e  m i l a c r e s  be ing  s t ocked  
w i t h  a minimum of one s e e d l i n g  and two s e e d l i n g s  r e -  
s p e c t i v e l y .  I n  c o n t r a s t ,  t h e  number of  whi te  sp ruce  
s e e d l i n g s  on spring-sown and fa l l -sown prepared  seedbeds 
combined averaged 3.9 s e e d l i n g s  p e r  o b s e r v a t i o n a l  m i l -  
a c r e  w i t h  83 p e r c e n t  and 63 p e r c e n t  of  t h e  m i l a c r e s  
be ing  s tocked  w i th  a minimum of one s e e d l i n g  and two 
s e e d l i n g s  r e s p e c t i v e l y .  
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Table 3. - Average number of s eed l ings  per  observa t ional  
mi lacre  and percent  of observa t ional  mi lacres  
stocked wi th  a minimum of one, two, f i v e ,  and 
t e n  seedl ings  r e spec t ive ly  f o r  each t reatment  
on t h e  Duck Lake Burn i n  September 1963, 
September 1964, and August 1966. 

Seeded sp r ing  1962 Seeded f a l l  1962 

Time of Prepared Unprepared Prepared Unprepared 
observat ion seedbed seedbed seedbed seedbed 

and 
stocking l e v e l  pa sb P S P S P S 

Oct. 1962 17.8 3.7 19.1 6.9 - - - - 
Sept. 1963 16.2 4.1 15.0 5.8 33.5 14.3 10.4 8.9 
Sept. 1964 13.8 3.2 12.0 4.9 27.1 10.6 9.6 8.4 
Aug. 1966 10.1 2.0 4.9 2.7 14.1 5.8 2.7 3.5 

Sept. 1963 
One seedl ing  98 88 98 82 97 100 95 87 
Two seedl ings  98 73 98 70 97 98 80 83 
Five seedl ings  88 32 88 47 97 83 57 62 
Ten seedl ings  70 12  73 23 95 62 40 40 

Sept. 1964 
One seed l ing  
Two seedl ings  
Five seed l ings  
Ten seed l ings  

Aug. 1966 
One seedl ing  
Two seed l ings  
Five seed l ings  
Ten seed l ings  

a ~ e d  pine.  
b ~ i t e  spruce. 
C Average of s i x t y  observa t ional  mi lacres  (twenty mi lacres  

i n  each of t h r e e  r e p l i c a t i o n s )  per  t reatment .  
d ~ e r c e n t  of t h e  s i x t y  observa t ional  mi lacres  stocked wi th  

t h e  s p e c i f i e d  minimum number of seedl ings .  



In August 1966, the number of red pine seedlings 
on spring-sown and fall-sown unprepared seedbeds com- 
bined averaged 3.8 seedlings per observational milacre 
with 71 percent and 62 percent o f  the milacres being 
stocked with a minimum of one seedling and two seed- 
lings respectively. In contrast, the number of red 
pine seedlings on spring-sown and fall-sown prepared 
seedbeds combined averaged 12.1 seedlings per obser- 
vational milacre with 98 percent and 67 percent of the 
milacres being stocked with a minimum of two and five 
seedlings respectively. 

The average number of seedlings per inventorial 
milacre and percent of inventorial milacres stocked 
with a minimum of one, two, five and ten seedlings 
respectively in August 1966 are recorded for each 
treatment on the Duck Lake Burn in Table 4. Analysis 
of variance indicated the effect of type of seedbed 
to be significant. The effects of time of seeding and 
species were norlsignifiaant. 

The number of white spruce seedlings on spring- 
sown and fall-sown unprepared seedbeds combined aver- 
aged 1.25 seedlings per inventorial milacre with 37 
percent and 22 percent of the milacres being stocked at 
the one- and two-seedling level respectively. On 
spring-sown and fall-sown prepared seedbeds combined, 
the number of white spruce seedlings averaged 1.71 
seedlings per inventorial milacre with 41 percent and 
27 percent of the milacres being stocked at the one- and 
two-seedling level respectively. 

The number of red pine seedlings on spring-sown and 
fall-sown unprepared seedbeds combined averaged 1.54 
seedlings per inventorial milacre with 35 percent and 
27 percent of the milacres being stocked at the one- and 
two-seedling level respectively. On spring-sown and 
fall-sown prepared seedbeds combined, the number of red 
pine seedlings averaged 3.43 seedlings per inventorial 
milacre with 59 percent and 44 percent of the milacres 
being stocked at the one- and two-seedling level respec- 
t ively . 



Table 4. - Average number of seedl ings  per  i n v e n t o r i a l  
mi lacre  and Dercent of i n v e n t o r i a l  mi lacres  
stocked wi th  a minirhum of one, two, f i v e ,  
and t e n  seedl ings  respec t ive ly  for. each treatment 
on t h e  Duck Lake Burn i n  August 1966. 

Seeded spr ing 1962 Seeded f a l l  1962 

Prepared Unprepared Prepared Unprepared 
seedbed seedbed seedbed seedbed 

Stocking l e v e l  pa sb P S P S P S 

Percent d 

Oneseed l ing  63 40 43 41 54 41 27 32 
Two seedl ings  53 25 33 25 45 28 20 1 9  
Five seedl ings  29 7 16 9 22 15  5 4 
Ten seedl ings  1 5  3 5 3 8 7 2 1 

a ~ e d  pine. 
b ~ i t e  spruce. 
' ~ v e r a ~ e  of 300 i n v e n t o r i a l  mi lacres  (100 milacres  i n  each of 

t h r e e  r e p l i c a t i o n s )  per  treatment.  
d ~ e r c e n t  of t h e  300 inven to r ia l  mi lacres  stocked with t h e  

spec i f i ed  minimum number of seedl ings .  

DISCUSSION 

The exper iments  were e s t a b l i s h e d  i n  t h e  s p r i n g  and 
f a l l  o f  t h e  same y e a r  because  o f  c i rcumstances  r a t h e r  
t h a n  by cho ice .  Seeding i n  t h e  f a l l  and i n  t h e  s p r i n g  
of  t h e  fo l l owing  y e a r ,  inasmuch a s  t h e  germina t ion  of 
bo th  s eed ings  would have t h e n  occu r r ed  under t h e  same 
env i ronmenta l  cond%t ions ,  would have provided a more 
v a l i d  t e s t  o f  t h e  e f f e c t  of  season  o f  sowing. Never- 
t h e l e s s ,  t h e  r e s u l t s  o f  bo th  exper iments  i n d i c a t e  
s t r o n g l y  t h a t  t h e  season  of  sowing h a s  l i t t l e ,  if any,  
e f f e c t  upon t h e  succe s s  a t t a i n e d  i n  t h e  r e f o r e s t a t i o n  
of  p ine-bar ren  s i t e s  and r e c e n t l y  burned-over f o r e s t  
s i t e s .  On s i t e s  where exce s s ive  l o s s e s  o f  seed  t o  small 
mammals and b i r d s  might occur ,  which a p p a r e n t l y  was no t  
t h e  ca se  on t h e  a r e a s  d i r e c t s e e d e d  i n  t h i s  s t udy ,  f a l l  
s e ed ing  of  u n t r e a t e d  seed  would be q u i t e  l i k e l y  t o  



r e s u l t  i n  f a i l u r e .  F a l l  s eed ing  exposes  seed  t o  depre-  
d a t i o n  by d e s t r u c t i v e  agenc i e s  f o r  l o n g e r  p e r i o d s  of  
t ime t h a n  s p r i n g  s eed ing .  On t h e  o t h e r  hand, f a l l  
s eed ing  no t  on ly  e l i m i n a t e s  t h e  need t o  s t r a t i f y  s eed  
p r i o r  t o  sowing b u t  a l s o  e n s u r e s  t h a t  s eed  w i l l  be i n  
p l a c e  on t h e  s i t e  and ready  t o  ge rmina te  a s  soon as 
c o n d i t i o n s  a r e  f a v o r a b l e ,  t he r eby  p r o v i d i n g  t h e  r e s u l t a n t  
s e e d l i n g s  w i t h  t h e  f u l l  l e n g t h  of  t h e  growing season  
i n  which t o  become f i r m l y  e s t a b l i s h e d .  I n  p r a c t i c e ,  
s p r i n g  s eed ing  may be  accomplished t o o  l a te ,  as happened 
i n  t h i s  s t u d y ,  t o  enab l e  s e e d l i n g s  t o  make f u l l  use  of 
t h e  f i r s t  growing season .  

Pine  b a r r e n s  r e f o r e s t  s o  slow n a t u r a l l y  t h a t  t h e  
p roce s s  i s  a lmost  i m p e r c e p t i b l e  y e t  b roadcas t  sowing 
whi te  sp ruce  and r e d  p i n e  s eeds  on d i sked  seedbeds 
i n  t h e  s p r i n g  and f a l l  a t  r a t e s  of  50,000 v i a b l e  s eeds  
p e r  a c r e  r e s u l t e d  i n  t h e  e s t ab l i shmen t  of  moderately-  
t o  we l l - s tocked  s t a n d s  o f  wh i t e  sp ruce  and over-s tocked 
s t a n d s  o f  r e d  p i n e  i n  t h e  f i f t h  and s i x t h  growing sea-  
son f o r  spring-and fa l l -sown p l o t s  r e s p e c t i v e l y .  Red 
p i n e  h a s  t h e  i n h e r e n t  a b i l i t y  t o  become e s t a b l i s h e d  and 
t o  grow reasonab ly  w e l l  on d i s k e d  seedbeds .  A su r -  
p r i s i n g  number o f  r e d  p i n e  s e e d l i n g s  was a b l e  t o  become 
e s t a b l i s h e d  on unprepared seedbeds .  On t h e  o t h e r  hand, 
whi te  sp ruce ,  be ing  much l e s s  drought  r e s i s t a n t  t h a n  
r e d  p i n e ,  f a i l e d  t o  become e s t a b l i s h e d  on unprepared 
seedbeds and whi te  sp ruce  s e e d l i n g s  on p r epa red  seedbeds 
grew much more s lowly  i n  h e i g h t  t h a n  r e d  p i n e  s e e d l i n g s  
on comparable seedbeds .  Thus, wh i t e  sp ruce  cannot  be  
recommended as be ing  a s p e c i e s  s u i t a b l e  f o r  use  i n  t h e  
r e f o r e s t a t i o n  of  p i n e  b a r r e n s .  

The s t r i k i n g  s u c c e s s  ob t a ined  w i t h  r e d  p i n e  i n d i -  
c a t e s  s t r o n g l y  t h a t  p i n e  b a r r e n s  can probably  be  r e -  
f o r e s t e d  s u c c e s s f u l l y  by b r o a d c a s t  sowing r e d  p i n e  s eed  
a t  r a t e s  less t h a n  50,000 v i a b l e  seed  p e r  a c r e  on seed- 
beds p repared  l e s s  thoroughly  t h a n  t h e  seedbeds  were i n  
t h i s  s t u d y .  

On t h e  Duck Lake Burn, t h e  average  number o f  seed- 
l i n g s  p e r  m i l a c r e  was s i g n i f i c a n t l y  g r e a t e r  on p r epa red  
seedbeds t h a n  on unprepared seedbeds ,  however, t h e  d i f -  
f e r e n c e  was no t  as g r e a t  as tha t  on t h e  p i n e  b a r r e n .  
Fur thermore ,both  p r epa red  and unprepared seedbeds  were 
a p p a r e n t l y  s u i t a b l e  f o r  t h e  ge rmina t ion  and e s t a b l i s h -  
ment of  bo th  s p e c i e s  f o r  a l l  t r e a t m e n t  p l o t s  were ade- 
q u a t e l y  s t ocked  w i t h  s e e d l i n g s  a t  t h e  end of  t h e  t h i r d  
and second growing season  f o r  t h e  spr ing-and fa l l -sown 
p l o t s  r e s p e c t i v e l y .  However, by t h e  f i f t h  growing sea-  



son,  s e v e r e  compe t i t i on  o f  over topp ing  hardwood growth 
had reduced t h e  s e e d l i n g  m i l a c r e  s t o c k i n g  p e r c e n t s  on 
t h e  b r o a d c a s t  sown p o r t i o n s  o f  a l l  t r e a t m e n t  p l o t s ,  ex- 
c e p t  t h e  r e d  p i n e  on p r epa red  seedbed p l o t s ,  t o  below 
50 p e r c e n t .  An adequa te  s t o c k i n g  o f  e s t a b l i s h e d  seed- 
l i n g s  could  probably  have been main ta ined  on a l l  t r e a t -  
ment p l o t s  had t h e  s e e d l i n g s  been r e l e a s e d  promptly 
by e i t h e r  c u t t i n g  o r  deadening t h e  over topp ing  vegeta-  
t i o n  w i t h  a h e r b i c i d e .  Such c u l t u r a l  t r e a t m e n t s  w i l l  
u s u a l l y  be  r e q u i r e d  t o  ma in t a in  a n  adequa te  s t o c k i n g  
of a d i r ec t - s eeded  s p e c i e s  on s i t e s  f a v o r a b l e  t o  t h e  
n a t u r a l  e s t a b l i s h m e n t  of  o t h e r  f a s t e r  growing s p e c i e s .  

S u c c e s s f u l  t e chn iques  f o r  d i r e c t  s e e d i n g  t h e  south-  
e r n  p i n e s  were developed on ly  a f t e r  many y e a r s  of s t udy  
i n v o l v i n g  expe r imen t a t i on  fo l lowed by numerous f i e l d  
t r i a l s .  The r e s u l t s  of  t h i s  s t udy  g i v e  no r ea son  t o  
doubt  t h a t  an  e f f o r t  i n  t h e  Nor theas t  similar t o  t h a t  
i n  t h e  South would r e s u l t  i n  t h e  development o f  r e l i a b l e  
t e chn iques  f o r  d i r e c t  s eed ing  t h e  n o r t h e r n  c o n i f e r s .  
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