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Abstract.--Direct seeding,  an a t t r a c t i v e  a l t e r n a t i v e  t o  
p l an t ing ,  is  not  a  simple method of f o r e s t a t i o n .  Pas t  expe- 
r i ences  show f a r  more f a i l u r e s  than successes.  Well documented 
procedures must be  followed t o  i n su re  any degree of success.  
I n  genera l ,  con i f e r s  have given t h e  b e s t  r e s u l t s .  Black walnut 
and b lack  locus t  a r e  notable  exceptions.  Current research  sug- 
ges ts t h a t  o the r  hardwoods may be success f u l l y  direct-  seeded. 

INTRODUCTION 

Di rec t  seeding is  an a t t r a c t i v e  a l t e rna -  
t i v e  t o  p l an t ing  seedl ings .  Large acreages 
can be seeded i n  a r e l a t i v e l y  s h o r t  time, l e s s  
manpower i s  needed, and seedings can be made 
a t  times when p l an t ing  is  not  f e a s i b l e .  Direc t  
seeding,  however, is  not  a  simple method of 
f o r e s t a t i o n  and i t s  succes s fu l  app l i ca t ion  re- 
qu i r e s  t echn ica l  knowledge and s k i l l s .  Regard- 
l e s s  of t he  p o t e n t i a l s  of d i r e c t  seeding,  i f  
seeding techniques a r e  f a u l t y  o r  miscalcula- 
t i o n s  a r e  made, only f a i l u r e  w i l l  r e s u l t .  It 
is t h e  i n t e n t  of t h i s  paper t o  present  t h e  
s t a t e  of t he  a r t  of d i r e c t  seeding a s  a rec la-  
mation t o o l ,  t o  present  guide l ines  f o r  r ec l a -  
mation seeding,  and suggest  research  needs t o  
more e f f i c i e n t l y  develop seeding techniques.  

PAST EXPERIENCE 

Early r e p o r t s  of reclamation f o r  fo re s t a -  
t i o n  i n d i c a t e  t h a t  d i r e c t  seeding was attempted 
i n  many regions a s  an a l t e r n a t i v e  t o  t r e e  
p lant ing .  Among the  e a r l i e s t  a t t m p t s  was 
d i r e c t  seeding of b lack  walnut made i n  1939 i n  
I l l i n o i s  (Schavi l je  1941) . He repor ted  good 
f i r s t  year  germination and s u r v i v a l  wi th  aver- 
age seed l ing  he igh t  of 12 inches.  Limstrom 
(1960), however, discourages t he  use of d i r e c t  
seeding due t o  i ncons i s t en t  r e s u l t s  and f a i l - ,  
u res  of e a r l i e r  t r i a l s .  A seeding of b lack  
walnut, b lack  cherry,  and bur oak on 13 s i t e s  
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i n  Missouri ,  Kansas, and Oklahoma, r e su l t ed  
i n  complete f a i l u r e  of t h e  b lack  cherry.  Af- 
t e r  6 years  b lack  walnut s u r v i v a l  was 15 per- 
cent  and bur  oak was 24 percent .  Other seed- 
i n g ~  of b lack  walnut r e su l t ed  i n  su rv iva l s  
ranging from 6 t o  82 percent .  Additfonal  
t e s t i n g  included more spec i e s ,  both con i f e r s  
and hardwoods, bu t  aga in  t h e  r e s u l t s  can only 
be  c lassed  a s  f a i r  t o  poor. He a t t r i b u t e d  
the  f a i l u r e s  t o ,  "(1) drying out  of germina- 
t i n g  seed l ings ,  (2) mice and o the r  rodents 
p i l f e r i n g  the  seed ,  and (3) e ros ion  and s i l t a -  
t ion1' . 

Rodents were c i t e d  a s  the  major l i m i t i n g  
f a c t o r  t o  e a r l y  d i r e c t  seeding t r i a l s  i n  cen- 
t r a l  Pennsylvania (Bramble and Sharp 1949). 
However, t r i a l s  i n  t he  a n t h r a c i t e  region of 
Pennsylvania shared sp r ing  seeding of red oak, 
V i rg in i a  p ine ,  p i t c h  p ine ,  and red p ine  gave 
s a t i s f a c t o r y  germination. White oak, Norway 
spruce ,  whi te  p ine ,  and Japanese l a r ch  e i t h e r  
f a i l e d  completely o r  gave very poor germi- 
na t ion .  3 

Loblolly p ine  was succes s fu l ly  seeded an 
s t e e p  s p o i l  banks i n  a 1961 experiment i n  Ten- 
nessee  (Thor and Kring 1964). This s tudy of 
seeding versus p l an t ing  showed t h a t  p lanted  
seedl ings  .produced h igher  s u r v i v a l  r a t e s ,  bu t  
cos t  of p l an t ing  exceeded t h a t  of seeding.  
The major disadvantage of d i r e c t  seeding was 
poor d i s t r i b u t i o n  of s tocked seed spo t s .  

Between 1930 and 1940, b lack  walnut seed 
was a v a i l a b l e  f o r  reclamation seeding i n  In- 
d iana  (Medvick 1973) . Apparently t he  r e s u l t s  
were unsa t i s f ac to ry  and seedl ings  were p lanted  
---- 
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i n  t h e  per iod  1941 t o  1950. D i r e c t  seed ing  
was t r i e d  aga in  i n  1950. About 1960, accept-  
a b l e  walnut  p l a n t i n g  s t ock  was developed and 
t h e r e  is  no record  of f u r t h e r  d i r e c t  seed ing  
t r i a l s .  

Thir ty-year  eva lua t i ons  of p l a n t a t i o n s  
i n  I l l i n o i s  i n d i c a t e  t h a t  t he  performance of 
seeded b l ack  walnut  is  comparable t o  p l an t ed  
s e e d l i ngs  (Ashby e t  a l .  1978). I n  a d d i t i o n ,  
seed ing  of b l ack  walnut  is  recommended on 
sandy, unvegetated a r e a s .  

D i r e c t  seed ing  of b l ack  l o c u s t  was a  
common rec lamat ion  p r a c t i c e  i n  West V i r g i n i a  
dur ing  t h e  1940s and 1950s. An eva lua t i on  of 
about  20,000 ac r e s  of t he se  seed ings  showed 
only  about  20 percent  had s u c c e s s f u l  es tab-  
l ishment  of t r e e s  (Brown and Tryon 1960). 
About 50 percent  of t h e  s t ands  were r a t e d  a s  
complete f a i l u r e s .  I n  a n  a t tempt  t o  determine 
t h e  causes of f a i l u r e ,  a  s e r i e s  of experiments  
were e s t a b l i s h e d  i n  1958 t o  1960. The e f f e c t s  
of s i t e  f a c t o r s  and seeding  methods on germi- 
n a t i o n  and s u r v i v a l  of b l ack  l o c u s t ,  V i rg in i a  
p ine ,  p i t c h  p ine ,  and wh i t e  p ine  were i n v e s t i -  
ga ted  (Brown 1973) . Black l o c u s t  and p i t c h  
p ine  gave t h e  b e s t  r e s u l t s .  S p o i l  mois ture ,  
seed bed cond i t i on ,  seed  t rea tment ,  seed cov- 
e r a ge ,  and competi t ion from herbaceous p l a n t s ,  
were l i s t e d  a s  f a c t o r s  a f f e c t i n g  germinat ion 
and i n i t i a l  s u r v i v a l .  

Other  r e cen t  experimentat ion i nc ludes  
t e s t s  wi th  l o b l o l l y ,  s h o r t l e a f ,  V i rg in i a ,  and 
whi te  p ine  by t he  Tennessee Valley Author i ty  
(Zarger  e t  a l .  1973) . I n  t he se  1966 t r i a l s ,  
s t r a t i f i e d  seed t r e a t e d  w i th  b i r d  and rodent  
r e p e l l a n t s  was used. Seed was broadcas t  by 
hand o r  cyclone seeder  and a l s o  by h e l i c o p t e r .  
F i r s t  year  r e s u l t s  showed V i rg in i a  p ine  gave 
t h e  b e s t  and most c o n s i s t e n t  r e s u l t s ;  wh i t e  
p ine  was t h e  poores t .  

F i e l d  t e s t s  i n  West V i rg in i a  have ind ica-  
t e d  t h a t  b i c o l o r  lespedeza ,  f a l s e  i nu igo ,  
b l a c k  l o c u s t ,  green a sh ,  V i rg in i a  p ine ,  
s h o r t l e a f  p ine ,  and l o b l o l l y  p ine  can be  rec-  
commended f o r  d i r e c t  seed ing  i n  t h e  southern  
reg ion  of t h e  s t a t e  (P l a s s  1976). Sho r t l e a f  
and l o b l o l l y  p ine  have a l s o  shown g r e a t e r  
t o l e r a n c e  t o  a  range of s p o i l  condi t ions  i n  
a  greenhouse t e s t  ( P l a s s  19 74) . I d e n t i f  i c a -  
t i o n  of t h e  promising spec i e s  r e s u l t e d  from 
a spec i e s  eva lua t i on  t r i a l  i n  which 34 spe- 
c i e s  of t r e e s  and shrubs  were hydroseeded on 
f i v e  s i t e s .  The s i t e s  were c l a s s i f i e d  by 
e l e v a t i o n  and spec i e s  were s e l e c t e d  f o r  t e s t -  
i ng  on t he  b a s i s  of p l an t i ng  recommendations 
f o r  t he  s i t e  c l a s s .  Resu l t s  a t  h ighe r  eleva-  
t i o n s  and i n  t he  no r the rn  reg ion  of t h e  s t a t e  
were v a r i a b l e .  Some spec i e s  show promise b u t  
none can be  recommended except  f o r  a d d i t i o n a l  
t e s t i n g .  

D i r ec t  seed ing  a s  a  r e f o r e s t a t i o n  tech- 
n ique  has  been ex t ens ive ly  p r ac t i c ed  i n  t h e  
South. Never the less ,  i n  a  survey of d i r e c t  
seed ing  i n  t he  South (Mann 1968) , t h e  only 
r e f e r ence  t o  rec lamat ion  seeding  is  f o r  lob- 
l o l l y  p ine  on Alabama s p o i l s .  

At a  d i r e c t  seed ing  symposium i n  1973, 
Abbott reviewed d i r e c t  seed ing  programs i n  
t h e  United S t a t e s .  Only West V i rg in i a  was 
mentioned f o r  d i r e c t  seed ing  a s i z e a b l e  acre-  
age of s u r f a c e  mined lands .  Reference was 
made t o  d i r e c t  seed ing  b l ack  l o c u s t  which ac- 
counted f o r  62 percent  of t h e  S t a t e ' s  ac reage  
r e f o r e s t e d  i n  1972. 

I n  a  pub l i c a t i on  on p l a n t  performance on 
s u r f a c e  mines ( S o i l  Conservat ion Se rv i ce  
1978),  V i rg in i a  p ine ,  l o b l o l l y  p ine ,  and 
b lack  l o c u s t  a r e  l i s t e d  a s  t r e e  spec i e s  most 
l i k e l y  t o  produce accep t ab l e  s t ands  from 
d i r e c t  seeding.  

Reviewing t h e  p a s t  exper iences  w i th  
d i r e c t  seed ing  f o r  rec lamat ion  i l l u s t r a t e s  
t h e  need f o r  s e l e c t i n g  t h e  r i g h t  s p e c i e s ,  
p repar ing  a s u i t a b l e  seed  bed,  p rovid ing  
p r o t e c t i o n  t o  t h e  seed ,  and seeding  a t  t h e  
proper  time. 

CURRENT RESEARCH 

I n  s p i t e  of t h e  problem a s soc i a t ed  w i th  
d i r e c t  seed ing ,  many ope ra to r s  a r e  a t tempt ing  
t o  e s t a b l i s h  t r e e s  from seed  and r e sea r ch  t o  
f i n d  accep t ab l e  spec i e s  and dependable seed- 
i n g  techniques is  continuing.  I i n s t a l l e d  a  
s e r i e s  of s tudy  p l o t s  i n  l a t e  A p r i l  and e a r l y  
May us ing  a v a r i e t y  of spec i e s .  Grass spe- 
c i e s  were seeded a t  t h e  same time i n  an  a t -  
tempt t o  meet rec lamat ion  requirements  f o r  
e ro s ion  c o n t r o l  and s i t e  p ro t ec t i on .  Because 
of t h e  l a t e  t iming of t h e  t r i a l s ,  e a r l y  re-  
s u l t s  a r e  no t  promising. 

Another cu r r en t  s tudy  on d i r e c t  seed ing  
is be ing  done by Clark A ~ h b y . ~  This  work in-  
vo lves  s t u d i e s  us ing  t h e  spo t  seed ing  tech-  
nique wi th  a  v a r i e t y  of spec i e s .  Ear ly  re--  
s u l t s  a r e  encouraging f o r  b l ack  walnut ,  sev- 
e r a l  oak and h ickory  s p e c i e s ,  and s i l v e r  
maple. Black l o c u s t  is  accep t ab l e  b u t  is  
poorer  than  some of t he  o t h e r  spec i e s .  Black 
cher ry  and hackberry have performed poor ly .  

Undoubtedly more r e sea r ch  is  be ing  con- 
duc t ed  throughout t h e  reg ion .  New regula-  
t i o n s  and s t anda rds  f o r  rec lamat ion  have be-- 
come more s t r i n g e n t  and d i r e c t  seed ing  must 

4 ~ s h b y ,  W. Clark. 1980. Persona l  com- 
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b e  demonstrated t o  be  a  r e l i a b l e  t echnique  
f o r  f o r e s t a t i o n .  

GUIDELINES FOR DIRECT SEEDING 

Many guides have been publ i shed  on d i r e c t  
seed ing  f o r  r e f o r e s t a t i o n .  The p r i n c i p l e s  of 
d i r e c t  seed ing  apply bo th  t o  r e f o r e s t a t i o n  and 
f o r e s t a t i o n  of s u r f a c e  mined lands .  However, 
t h e r e  a r e  d i f f e r e n c e s  t h a t  must b e  recognized 
when t h e  seed ing  is f o r  rec lamat ion .  A sur -  
f a c e  mine is n o t  t h e  same a s  a  logged a r e a  
o r  o l d  f i e l d .  S o i l  c o n d i t i o n s  may be consid-  
e r a b l y  d i f f e r e n t .  Erosion p o t e n t i a l  i s  h i g h  
and must be cons idered .  I n  a d d i t i o n ,  a  de- 
f i n e d  measure of success  must be  achieved 
w i t h i n  a  s e t  t ime frame. 

The fo l lowing  g u i d e l i n e s  a r e  g e n e r a l  
r u l e s  which must be considered t o  i n s u r e  
t h e  h i g h e s t  chance of s u c c e s s  when d i r e c t  
seeding.  

Time of seed ing  

Ear ly  s p r i n g  is  u s u a l l y  t h e  b e s t  t ime t o  
seed.  F a l l  seed ing  is a c c e p t a b l e  i f  t h e  s o i l  
c o n d i t i o n s  a r e  such t h a t  t h e  seed w i l l  n o t  be  
washed away o r  covered t o o  deeply by s i l t a -  
t i o n .  F a l l  seed ing  can prov ide  n a t u r a l  s t r a t -  
i f i c a t i o n .  

Seeding method 

Broadcast  seed ing  is t h e  e a s i e s t  method 
t o  use.  It can be by hand, cyclone s e e d e r ,  
hydroseeder ,  h e l i c o p t e r ,  o r  fixed-wing a i r -  
c r a f t .  However, l a r g e  q u a n t i t i e s  of seed  a r e  
r e q u i r e d  and u n l e s s  d i s c i n g  o r  some o t h e r  
t rea tment  i s  a p p l i e d ,  t h e  seed  may n o t  be  
covered proper ly .  Spot s e e d i n g  o r  d r i l l i n g  
uses  l e s s  seed  and prov ides  b e t t e r  seed cov- 
e r a g e  ensur ing  b e t t e r  germinat ion and more 
uniform spac ing .  This  can be an important  
f a c t o r  i f  seed is  s c a r c e  o r  h igh  p r i c e d  seed 
is  used. 

Spec ies  s e l e c t i o n  
Liming and f e r t i l i z i n g  

Native s p e c i e s  u s u a l l y  have t h e  h i g h e s t  
p o t e n t i a l  f o r  success .  P r i o r i t y  should be  
given t o  s p e c i e s  t h a t  a r e  s u c c e s s f u l l y  p l a n t -  
ed i n  t h e  reg ion .  Some s p e c i e s ,  such  a s  
b l a c k  c h e r r y ,  a r e  d i f f i c u l t  t o  seed success-  
f u l l y .  Use of such s p e c i e s  should  be l i m i t e d  
t o  s m a l l  t r i a l s  u n t i l  seed ing   techniques a r e  
per fec ted .  

Seed q u a l i t y  

Only good q u a l i t y  seed should  be  used.  
C e r t i f i e d  seed is recommended. Geographic 

, s o u r c e  of t h e  seed may a l s o  i n f l u e n c e  i ts  
q u a l i t y  (Belcher  1976). 

Seed t rea tment  

Seed having i n t e r n a l  o r  seed  coa t  dor- 
mancy should be s c a r i f i e d  and/or  s t r a t i f i e d  
t o  i n s u r e  prompt germinat ion.  Treatment t o  
p r o t e c t  t h e  seed  from b i r d s  and mammals 
should a l s o  b e  a p p l i e d .  There a r e  r e s t r i c -  
t i o n s  on chemicals  used f o r  seed  p r o t e c t i o n  
which r e q u i r e  s t a t e  c e r t i f i c a t i o n  of t h e  u s e r .  
Many seed  companies can provided t r e a t e d  seed .  

Seedbed p r e p a r a t i o n  

A f r e s h l y  prepared seedbed w i l l  g i v e  t h e  
b e s t  c o n d i t i o n s  f o r  germinat ion and e s t a b l i s h -  
men t . 

Lining and f e r t i l i z i n g  can improve ger- 
mina t ion  and s e e d l i n g  growth (Vogel and Berg 
1973).  However, invading herbaceous p l a n t s  
w i l l  be  encouraged and t h e  compet i t ion  could 
be  d e t r i m e n t a l  t o  t h e  t r e e  s e e d l i n g s .  

Combination seed ings  

Herbaceous p l a n t s  a r e  needed f o r  cover  
and e r o s i o n  c o n t r o l .  However, compet i t ion  
from herbaceous p l a n t s  w i l l  reduce t h e  suc- 
c e s s  of t r e e  seed ings .  At t h i s  t ime ,  t h e  op- 
t i o n s  a r e  t o  seed  t h e  herbaceous s p e c i e s  one 
y e a r  and s p o t  seed  t h e  fo l lowing  y e a r  i n  
s p o t s  prepared by s c a l p i n g  o r  us ing  herb i -  
c i d e s .  Another p o s s i b i l i t y  is  t o  s p r i n g  seed 
t rees ,  then  over-seed w i t h  g r a s s e s  i n  t h e  
f a l l .  There has  been l i m i t e d  s u c c e s s  seed ing  
bo th  herbaceous s p e c i e s  and t r e e s  a t  t h e  same 
time. I f  t h i s  t echnique  is  used s p e c i e s  se-  
l e c t i o n  is c r i t i c a l  and f e r t i l i z a t i o n  should 
be minimal t o  i n h i b i t  r a p i d  development of 
t h e  g r a s s e s .  

These g u i d e l i n e s  show t h a t  d i r e c t  seed- 
i n g  is  n o t  an easy  a l t e r n a t i v e  t o  p l a n t i n g .  
Any landowner wishing t o  o b t a i n  t r e e s  by d i -  
r e c t  s e e d i n g  must be prepared t o  fo l low t h e  
gu ides  and must be  w i l l i n g  t o  accep t  f a i l u r e s  
i f  weather  c o n d i t i o n s  o r  o t h e r  f a c t o r s  occur  
which cause poor germinat ion,  seed  l o s s e s ,  o r  
s e e d l i n g  m o r t a l i t y .  



RESEARCH NEEDS 

Much is known about  d i r e c t  seeding.  How- 
e v e r ,  when seed ing  f o r  rec lamat ion ,  t h e r e  a r e  
a r e a s  which need t o  be  i n v e s t i g a t e d  t o  d e t e r -  
mine more p r a c t i c a l  t echniques  t o  i n s u r e  suc- 
c e s s f u l  seeding.  

Among t h e  primary needs a r e  e v a l u a t i o n s  
of v a r i o u s  t r e e  and herbaceous combinat ions 
t o  a l low f o r  one t i m e  seed ing  o p e r a t i o n s .  
A d d i t i o n a l  t e s t i n g  of hardwood seed ing  is 
needed. Timing of l ime  and f e r t i l i z e r  ap- 
p l i c a t i o n s  needs t o  b e  s t u d i e d  t o  m a i n t a i n  a 
herbaceous cover t h a t  w i l l  n o t  compete t o o  
s t r o n g l y  w i t h  s e e d l i n g s .  

Continued s p e c i e s  e v a l u a t i o n s  and t e s t -  
i n g  new s p e c i e s  is  needed t o  g i v e  t h e  land- 
owner a g r e a t e r  s e l e c t i o n  of s p e c i e s  which 
can be seeded. Seeding r a t e s  f o r  hydroseed- 
i n g  need t o  be  eva lua ted .  

Economic s t u d i e s  a r e  a l s o  needed t o  
determine i f  t h e  c o s t s  of seed ing  j u s t i f y  
t h e  end r e s u l t .  

SUMMARY 

P a s t  exper iences  have shown t h a t  i n  some 
i n s t a n c e s  d i r e c t  seed ing  has  g iven  s a t i s f a c -  
t o r y  s t a n d s  of t r e e s  on s u r f a c e  mined lands .  
I n  many i n s t a n c e s ,  t h e  r e s u l t s  were l e s s  than  
d e s i r a b l e .  However, t h e  procedure has  a p p e a l  
f o r  rec lamat ion  i n  t h a t  i t  may be  p o s s i b l e  t o  
o b t a i n  a mixed cover  of herbaceous and woody 
s p e c i e s  on a s i t e  i n  a s i n g l e  o p e r a t i o n .  

Current  seed ing  o p e r a t i o n s  should use  
s p e c i e s  and techniques  t h a t  have g iven  t h e  
b e s t  r e s u l t s  i n  t h e  p a s t .  

Research is needed t o  i d e n t i f y  s p e c i e s  
combinations f o r  one s t e p  o p e r a t i o n s  and t o  
develop procedures which w i l l  g i v e  t h e  
h i g h e s t  chances f o r  success .  
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