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A b s t r a c t . - - ~ e r b a c e o u s  cover  is  r e q u i r e d  f o r e r o s i o n  con- 
t r o l  on surface-mined l a n d s  even where f o r e s t s  a r e  t o  be  es- 
t a b l i s h e d .  Where p l a n t e d  w i t h  t r e e s ,  herbaceous s p e c i e s  
u s u a l l y  cause  an  i n c r e a s e  i n  t r e e  s e e d l i n g  m o r t a l i t y  and re -  
t a r d  t r e e  growth, e s p e c i a l l y  i n  t h e  f i r s t  few y e a r s  a f t e r  
p l a n t i n g .  Trees  seem t o  be  a f f e c t e d  most by compet i t ion  f o r  
mois tu re  because  t h e i r  s u r v i v a l  is  l e a s t  a f f e c t e d  where 
s p r i n g  and summer p r e c i p i t a t i o n  is abundant. Tree  s u r v i v a l  
o f t e n  i s  reduced most by dense s t a n d s  of some legumes, es- 
p e c i a l l y  crownvetch, f l a t p e a ,  and s e r i c e a  lespedeza ;  b u t  i n  
some p l a n t i n g s ,  growth of s u r v i v i n g  t r e e s  was l a t e r  increas -  
ed i n  t h e  legumes. P l a n t i n g  t r e e s  i n  e x i s t i n g  s t a n d s  of 
herbaceous cover u s u a l l y  r e s u l t e d  i n  poor s u r v i v a l .  Herbi- 
c i d e s  o r  s c a l p i n g  t o  c o n t r o l  competing cover i s  sugges ted ,  
b u t  t h e r e  is l i t t l e  s u p p o r t i n g  d a t a  from r e s e a r c h  and ex- 
p e r i e n c e .  P l a n t i n g  t r e e s  and seed ing  herbaceous s p e c i e s  i n  
a l t e r n a t e  s t r i p s  appear  f e a s i b l e  f o r  combination p l a n t i n g s  
on a r e a s  where t h e  a p p r o p r i a t e  seed ing  and f e r t i l i z i n g  
equipment can b e  used. 

INTRODUCTION 

Much of t h e  e a r l y  e f f o r t  t o  r e v e g e t a t e  
s u r f  ace-mined l a n d s  i n  t h e  e a s t e r n  United 
S t a t e s  was w i t h  trees p l a n t e d  on s p o i l  banks 
t h a t  were ungraded, unamended, and n o t  seed- 
ed t o  herbaceous v e g e t a t i o n .  The e s t a b l i s h -  
ment of herbaceous v e g e t a t i o n  f o r  e r o s i o n  
c o n t r o l  u s u a l l y  was n o t  emphasized, espe- 
c i a l l y  on a rea- type  s t r i p p i n g  i n  t h e  i n t e -  
r i o r  c o a l  p rov inces  where much of t h e  s e d i -  
ment from t h e  e r o s i o n  t h a t  d i d  occur  was 
t rapped  i n  t h e  v a l l e y s  between t h e  r i d g e s  
of ungraded s p o i l .  Besides,  f o r e s t e r s  had 
l e a r n e d  from exper ience  and r e s e a r c h  t h a t  
p l a n t i n g  trees w i t h  herbaceous cover ,  such 
a s  i n  o l d  f i e l d s ,  u s u a l l y  h indered  t r e e  es- 
tab l i shment  and growth. 

'paper p r e s e n t e d  a t  t h e  "Trees f o r  Rec- 
lamation i n  t h e  E a s t e r n  U.S." symposium, 
Lexington,  Kentucky. October 27-29, 1980. 

2 ~ a n g e  S c i e n t i s t ,  USDA F o r e s t  S e r v i c e ,  
Nor theas te rn  F o r e s t  Experiment S t a t i o n ,  204 
Center  S t r e e t ,  Berea,  Kentucky 40403. 

Beginning i n  t h e  1960s more emphasis was 
given t o  t h e  u s e  of herbaceous v e g e t a t i o n .  
Emphasis on i t s  u s e  f o r  e r o s i o n  c o n t r o l  coin- 
c ided  somewhat wi th  t h e  i n c r e a s e d  contour  
s u r f a c e  mining a c t i v i t y  i n  t h e  Appalachian 
r e g i o n  where runoff  and e r o s i o n  from s t e e p  
s l o p e s  caused s e r i o u s  sed imenta t ion  problems 
i n  s t reams.  Grea te r  use  of herbaceous spe- 
c i e s  was a l s o  induced by l e g a l  requirements  
f o r  g rad ing  and t h e  development of l and  u s e s  
such a s  p a s t u r e .  At t h e  same time i n t e r e s t  
i n  t r e e  p l a n t i n g  was discouraged by l e g a l ,  
s o c i a l ,  and economic p r e s s u r e s .  

Within t h e  p a s t  few y e a r s ,  i n t e r e s t  i n  
p l a n t i n g  t r e e s  h a s  been renewed p a r t l y  i n  re -  
sponse t o  F e d e r a l  r e g u l a t i o n s  t h a t  encourage,  
imply, o r  r e q u i r e  p l a n t i n g  of woody s p e c i e s .  
At t h e  same t ime herbaceous s p e c i e s  must be 
sown t o  p r o t e c t  t h e  mined land  from e r o s i o n ,  
b u t  where p l a n t e d  w i t h  herbaceous v e g e t a t i o n ,  
t h e  s u r v i v a l  and growth of t r e e  and shrub  
s e e d l i n g s  may be jeopard ized  by i n t e r f e r e n c e  
from t h e  herbaceous cover. This  i n t e r f e r e n c e  
o f t e n  is  a t t r i b u t e d  t o  compet i t ion  f o r  n u t r i -  
e n t s ,  m o i s t u r e ,  and l i g h t ;  i t  a l s o  may be due 
t o  a l l e l o p a t h i c  e f f e c t s ,  o r  combinations of 
a l l  t h e s e  f a c t o r s .  



Obviously, where t r e e  p l a n t i n g  is de- 
s i r e d  o r  r e q u i r e d  a s  a post-mining land  u s e ,  
t h e  mine o p e r a t o r  o r  rec lamat ion  c o n t r a c t o r  
would l i k e  t o  e s t a b l i s h  herbaceous cover  and 
t r e e s  a s  qu ick ly  a s  p o s s i b l e  and o b t a i n  bond 
r e l e a s e  i n  t h e  minimum p e r m i s s i b l e  t i m e .  
Thus t h e r e  is need f o r  in format ion  on t h e  
probable  success  of e s t a b l i s h i n g  woody p l a n t s  
and herbaceous cover  t o g e t h e r .  I n  t h i s  paper  
I w i l l  d i s c u s s  some r e c e n t  exper imenta t ion  
and o b s e r v a t i o n s  of p l a n t i n g  bo th  t y p e s  of 
v e g e t a t i o n  t o g e t h e r .  

PLANTING METHODS AND RESULTS 

Methods used f o r  e s t a b l i s h i n g  woody 
p l a n t s  i n  a s s o c i a t i o n  w i t h  herbaceous cover 
inc lude :  (1)  p l a n t i n g  o r  seed ing  t r e e s ,  and 
a t  t h e  same t ime seed ing  herbaceous cover  
e i t h e r  (a )  on t h e  e n t i r e  a r e a  o r  (b)  i n  
s t r i p s  between t r e e  rows, (2) seed ing  herba- 
ceous cover  f i r s t  and p l a n t i n g  o r  seed ing  
t r e e s  l a t e r ,  and (3)  p l a n t i n g  o r  seed ing  
t r e e s  f i r s t  and seed ing  herbaceous cover  
l a t e r .  Each method h a s  advantages and d i s -  
advantages depending on c l i m a t i c  and weather  
c o n d i t i o n s ,  p l a n t  s p e c i e s  s e l e c t e d ,  season  
t h a t  a r e a  is ready f o r  p l a n t i n g ,  t e r r a i n  o r  
o t h e r  m i n e s o i l  c h a r a c t e r i s t i c s ,  a v a i l a b l e  
l a b o r ,  a v a i l a b l e  seed ing  and p l a n t i n g  equip- 
ment, and approva l  by r e g u l a t o r y  agenc ies .  

Experiments w i t h  t h e s e  methods have been 
o r  a r e  be ing  conducted by t h e  U.  S. F o r e s t  
S e r v i c e ,  U.  S .  S o i l  Conservat ion S e r v i c e ,  
Tennessee Valley Author i ty ,  Southern I l l i n o i s  
U n i v e r s i t y ,  U n i v e r s i t y  of Kentucky, and Uni- 
v e r s i t y  of Tennessee. Undoubtedly, s i m i l a r  
work is being done by o t h e r  a g e n c i e s ,  uni-  
v e r s i t i e s ,  and some mining companies, b u t  I 
am n o t  f a m i l i a r  w i t h  i t .  

P l a n t i n g  t r e e s  and seed ing  herbaceous s p e c i e s  
a t  t h e  same t ime 

Seeding of herbaceous s p e c i e s  w i t h  t h i s  
method may be (1)  a s o l i d  s e e d i n g ,  i . e . ,  done 
on t h e  e n t i r e  a r e a  t o  be  p l a n t e d  w i t h  trees 
o r  (2)  i n  s t r i p s  t h a t  a l t e r n a t e  w i t h  s t r i p s  
l e f t  unseeded and p l a n t e d  t o  t r e e s .  

S o l i d  seeding-- 

I n  1968, a f i e l d  s tudy  was begun by t h e  
F o r e s t  S e r v i c e  on two n e a r l y  l e v e l  s t r ip -mine  
s i t e s  i n  s o u t h e a s t e r n  Kentucky ( B e l l  County) 
t o  measure t h e  e f f e c t  of herbaceous cover  on 
t r e e  s u r v i v a l  and growth. We found t h a t ,  
a f t e r  1 0  y e a r s ,  t h e  legumes seeded concur- 
r e n t l y  w i t h  t r e e  p l a n t i n g  a c t u a l l y  favored 
t r e e  growth. Grass  a l o n e ,  however, suppres-  
ed t r e e  growth. I n  t h i s  s t u d y ,  1-0 seed- 

l i n g s  of cottonwood, sycamore, l o b l o l l y  p i n e ,  
and V i r g i n i a  p i n e  were p l a n t e d  c o n c u r r e n t l y  
w i t h  f o u r  cover  t rea tments :  (1) a c o n t r o l  
(no t  seeded t o  herbaceous s p e c i e s  o r  f e r t i -  
l i z e d ) ;  (2)  n o t  seeded,  b u t  f e r t i l i z e d  w i t h  
N a t  60 l b / a c r e  and P a t  43 l b / a c r e ;  ( 3 )  f e r -  
t i l i z e d  and broadcas t  seeded t o  g r a s s  (weep- 
i n g  l o v e g r a s s  a t  4 l b l a c r e ,  Ky-31 t a l l  f e s c u e  
a t  16 l b l a c r e )  ; and (4)  f e r t i l i z e d  and broad- 
c a s t  seeded t o  a grass-legume mix ture  (weep- 
i n g  l o v e g r a s s  a t  2 l b l a c r e ,  Ky-31 f e s c u e  a t  
12 l b / a c r e ,  common s e r i c e a  lespedeza  a t  20 
l b  / a c r e ,  and Korean lespedeza  a t  10 l b  / a c r e )  . 
Simazine 4G a t  100 l b / a c r e  was a p p l i e d  t o  
t r e a t m e n t s  1 and 2 t o  p revent  i n i t i a l  es tab-  
l i shment  of herbaceous cover .  The m i n e s o i l s  
( s p o i l s )  i n  t h i s  s tudy  were mixed s h a l e  and 
sandstone overburden m a t e r i a l s  t h a t  v a r i e d  i n  
pH from about 5.0 t o  8.0. Lime and mulch 
were n o t  a p p l i e d  on any t rea tment  (Vogel 
1973). P r e c i p i t a t i o n  i n  most y e a r s  of t h i s  
s tudy  has  been near  normal, wi th  g e n e r a l l y  
f a v o r a b l e  mois ture  c o n d i t i o n s  dur ing  t h e  
growing season.  

The herbaceous v e g e t a t i v e  cover  i n  t h e  
two seeded t r e a t m e n t s  ( 3  and 4) averaged 
about 70 p e r c e n t  a f t e r  t h e  f i r s t  year .  Cover 
was 95 p e r c e n t  by t h e  t h i r d  year  and c o n s i s t -  
ed mainly of Ky-31 f e s c u e  i n  t rea tment  3 and 
s e r i c e a  lespedeza  i n  t rea tment  4. I n  t h e  two 
unseeded t r e a t m e n t s  herbaceous cover  ranged 
from 10 t o  25 percen t  a f t e r  3 y e a r s  and con- 
s i s t e d  of n a t i v e  and seeded s p e c i e s .  Herba- 
ceous cover  h a s  g r a d u a l l y  i n c r e a s e d  i n  den- 
s i t y  i n  t h e  unseeded p l o t s  and a f t e r  1 0  y e a r s  
c o n s i s t e d  mainly of s e r i c e a  lespedeza  t h a t  
has  seeded-in from a d j a c e n t  p l o t s .  

Except f o r  sycamore, s u r v i v a l  of t h e  
t r e e s  was n o t  s e r i o u s l y  a f f e c t e d  by e i t h e r  
type  of seeded v e g e t a t i v e  cover .  F i f t h  y e a r  
s u r v i v a l  of a l l  t r e e  s p e c i e s  was l e a s t  i n  t h e  
grass-legume seed ing  ( t rea tment  4) where it 
averaged 65 p e r c e n t  f o r  cottonwood, 4 1  per-  
c e n t  f o r  sycamore, 86 p e r c e n t  f o r  V i r g i n i a  
p i n e ,  and 8 1  percen t  f o r  l o b l o l l y  p i n e  
(Table 1 ) .  Apparent ly,  s e r i c e a  lespedeza  

3 ~ h i s  p u b l i c a t i o n  r e p o r t s  r e s e a r c h  in-  
vo lv ing  p e s t i c i d e s .  It does n o t  c o n t a i n  rec-  
ommendations f o r  t h e i r  use ,  n o r  does i t  imply 
t h a t  t h e  u s e s  d i scussed  h e r e  have been r e g i s -  
t e r e d .  A l l  u s e s  of p e s t i c i d e s  must be r e g i s -  
t e r e d  by t h e  a p p r o p r i a t e  S t a t e  and /or  Federa l  
agenc ies  b e f o r e  they  can be  recommended. 

CAUTION: P e s t i c i d e s  can be i n j u r i o u s  t o  
humans, domest ic  animals ,  d e s i r a b l e  p l a n t s ,  
and f i s h  o r  o t h e r  w i l d l i f e - - i f  they  a r e  n o t  
handled o r  a p p l i e d  proper ly .  Use a l l  p e s t i -  
c i d e s  s e l e c t i v e l y  and c a r e f u l l y .  Follow rec-  
ommended p r a c t i c e s  f o r  t h e  d i s p o s a l  of s u r -  
p l u s  p e s t i c i d e s  and p e s t i c i d e  c o n t a i n e r s .  



c o n t r i b u t e d  t o  t h e  g r e a t e r  m o r t a l i t y  of t r e e s  
by over topping  and smothering t h e  s m a l l e r  and 
weaker s e e d l i n g s .  

Table 1 . - -F i f th  year surv iva l  o f  t r e e s .  

Tree 
Spec ies  

cove& 
Treatment 

~ e r c e n t u  
Survival 

Cottonwood 

Sycamore 

Virg in ia  pine 

Loblo l ly  p ine  

~ ' 1  = None, 2 - f e r t i l i z e r ,  3 = f e r t i l i z e r  + grass .  
4 - f e r t i l i z e r  + grass  + legume 

b f h s e d  on 288 t r e e s  (6 reps .  48 t r e e s f r e p )  

I n  t h e  f i r s t  t h r e e  y e a r s ,  t h e  growth of 
t r e e s ,  e s p e c i a l l y  hardwoods, was suppressed 
by t h e  herbaceous cover  i n  b o t h  seeded t r e a t -  
ments. By t h e  end of t h e  f i f t h  y e a r ,  t h e  
growth of t r e e s  s t i l l  was suppressed i n  t h e  
seed ing  w i t h  g r a s s  only.  But, i n  t h e  cover 
t rea tment  seeded t o  b o t h  g r a s s e s  and legumes 
( t rea tment  4 ) ,  t h e  growth r a t e  of t r e e s  was 
exceeding t h a t  i n  a l l  o t h e r  t r e a t m e n t s ,  a l -  
though t h e  t r e e s  s t i l l  were n o t  a s  t a l l  a s  
those  i n  t h e  unseeded t r e a t m e n t s  (Table 2 ) .  

Table 2.--Average height o f  t r e e s  planted v i t h  and 

without herbaceous ground covers .  

Cover Height a f t e r :  
Spec ies  ~ r e a t m e n t d  ------- 

3 yr 5 yr 10 yrbl -- 
-------------feet------------- 

Cottonwood 

Sycamore 

Virg in ia  p ine  1 2 . 7  4.8 10.5 
2 2 . 9  5 . 6  14 .2  
3 2 . 1  4 . 1  12 .4  
4 2 . 2  5 . 1  1 4 . 9  

t o b l o l l y  pine 1 3 . 0  5 . 6  12 .3  
2 3 . 3  5 . 8  1 5 . 3  
3 2 . 1  4 . 1  13 .5  
4 1 . 8  4 .7  15 .8  

no treatment; 2 = f e r t i l i z e r  appl ied  (60 lb lacre  N and 43 lbfacre  
3 f e r t i l i z e r  and grass  ('Ky-31' fescue  and veeping lovegrass ) ;  
f e r t i l i z e r ,  grass ,  and legumes ( s e r i c e a  and Korean lespedezas) .  

u ~ i n e  years f o r  the  p ine  s p e c i e s .  

By t h e  t e n t h  y e a r  a f t e r  p l a n t i n g  (9 
y e a r s  f o r  t h e  p i n e )  t r e e s  i n  t h e  cover  
t rea tment  t h a t  had been seeded t o  t h e  g rass -  
legume mix ture  ( t r e a t m e n t  4) were growing 
a t  a  f a s t e r  r a t e  and were t a l l e r  than  t r e e s  

i n  any o t h e r  t rea tment .  I n  p l o t s  seeded only 
t o  g r a s s  ( t rea tment  3) t h e  growth r a t e  and 
h e i g h t  of t r e e s ,  e s p e c i a l l y  hardwoods, s t i l l  
lagged behind t r e e s  i n  t h e  o t h e r  cover  t r e a t -  
ments. P ine  t r e e s  p l a n t e d  i n  t h e  c o n t r o l  
p l o t s  had made t h e  l e a s t  growth. This  may be 
p a r t l y  due t o  m i n e s o i l  n u t r i e n t  d e f i c i e n c y  a s  
i n d i c a t e d  by t h e  b e t t e r  growth of p i n e  i n  
t rea tment  2 t h a t  was f e r t i l i z e d  w i t h  N and P. 

A p robable  e x p l a n a t i o n  f o r  t h e  growth 
p a t t e r n  of t r e e s  i n  t h e  seeded t r e a t m e n t s  is 
t h a t  dur ing  t h e  f i r s t  2 t o  3 y e a r s  a f t e r  
p l a n t i n g ,  t h e  herbaceous cover  i n  bo th  t r e a t -  
ments 3 and 4 was predominantly g r a s s .  But, 
i n  t h e  t h i r d  y e a r ,  s e r i c e a  lespedeza ,  one of 
t h e  seeded legume s p e c i e s ,  became t h e  domi- 
nan t  cover  p l a n t  i n  t rea tment  4; and t h e r e -  
a f t e r ,  t h e  growth of t r e e s  was a c c e l e r a t e d  by 
n i t r o g e n  t h a t  was f i x e d  by t h e  legume p l a n t s .  
Trees  growing i n  cover  t h a t  remained predomi- 
n a n t l y  g r a s s  ( t r e a t m e n t  3) were suppressed 
because the  g r a s s  was competing w i t h  t h e  
t r e e s  f o r  n i t r o g e n .  

S i m i l a r  r e s u l t s  on s p o i l s  i n  n o r t h e r n  
Alabama were r e p o r t e d  by TVA s c i e n t i s t s  
(Bengtson and Mays 1978). They found t h a t  
l o b l o l l y  p i n e  f e r t i l i z e d  w i t h  n i t r o g e n  f o r  
two o r  t h r e e  y e a r s  a f t e r  p l a n t i n g  grew f a s t e r  
i n i t i a l l y  than  p i n e  t h a t  had been seeded w i t h  
s e r i c e a  lespedeza  b u t  n o t  f e r t i l i z e d  w i t h  n i -  
t rogen  a f t e r  t h e  f i r s t  y e a r .  But a f t e r  6  
y e a r s ,  t h e  p i n e  i n  t h e  l espedeza  were growing 
a s  w e l l  a s  o r  b e t t e r  than  t h e  p i n e  t h a t  re -  
ce ived  t h e  second and t h i r d  a p p l i c a t i o n s  of 
N f e r t i l i z e r .  S u r v i v a l  of p i n e  s e e d l i n g s  was 
e x c e l l e n t  i n  a l l  cover  t r e a t m e n t s .  

I n  a  F o r e s t  S e r v i c e  experiment i n  west- 
e r n  Kentucky, 8 hardwood s p e c i e s  and 4 cover 
t r e a t m e n t s  were p l a n t e d  on a  l e v e l e d  mined 
s i t e  i n  1976. S p o i l s  were predominantly gray 
s h a l e  w i t h  pH about 7.0. The ground cover  
t r e a t m e n t s  were s i m i l a r  t o  those  used i n  our  
e a s t e r n  Kentucky s tudy  b u t  d i f f e r e n t  legume 
s p e c i e s  were used. S u r v i v a l  v a r i e d  g r e a t l y  
f o r  t h e  v a r i o u s  t r e e  s p e c i e s ;  bu t  when aver- 
aged over  a l l  s p e c i e s ,  f i r s t  y e a r  s u r v i v a l  
was b e s t  i n  t h e  c o n t r o l  p l o t s  (43 p e r c e n t ) .  
S u r v i v a l  was 3 1  percen t  on t h e  f e r t i l i z e r  
a l o n e  and t h e  f e r t i l i z e r  p l u s  herbaceous spe- 
c i e s  t rea tments .  There was on ly  a  s p a r s e  
herbaceous cover  e s t a b l i s h e d  i n  t h e  p l o t s ,  
t h u s  t h e  d i f f e r e n c e s  i n  s u r v i v a l  were seem- 
i n g l y  due t o  t h e  f e r t i l i z e r  a p p l i c a t i o n .  I n  
t h e  t h i r d  y e a r ,  s e r i c e a  lespedeza ,  t h a t  ap- 
p a r e n t l y  had been sown by t h e  mining company 
a y e a r  p r i o r  t o  our  p l a n t i n g ,  became s o  dense 
t h a t  i t  was n e a r l y  imposs ib le  t o  walk through 
i t  l e t  a lone  f i n d  any t r e e s .  

I n  an i d e n t i c a l  p l a n t i n g  made t h e  f o l -  
lowing y e a r  (1977) on a  nearby s i t e ,  o v e r a l l  
t r e e  s u r v i v a l  t h e  f i r s t  y e a r  was less than  i n  



t h e  p rev ious  p l a n t i n g .  A moderate t o  good 
ground cover  of red  c l o v e r ,  b i r d s f o o t  t r e f o i l ,  
and annua l  l espedeza  was e s t a b l i s h e d  t h a t  i n -  
c reased  i n  d e n s i t y  f o r  t h e  nex t  couple of 
y e a r s .  S u r v i v a l  i n  t h i s  p l a n t i n g  was a s  f o l -  
lows : 

Percent Survival 
Cover Treatment 1977 1978 1979 

Control 28 20 17 
Fertilizer 2 5 19 18 
Fertilizer and legumes 20 13 8 
Fertilizer, legumes, and grass 18 12 5 

I n  t h i s  l a t t e r  p l a n t i n g  t r e e  s u r v i v a l  
was a f f e c t e d  more by t h e  herbaceous cover 
than  by f e r t i l i z e r .  Other f a c t o r s , t o o ,  prob- 
a b l y  c o n t r i b u t e d  t o  poor t r e e  s u r v i v a l  i n  
t h e  wes te rn  Kentucky p l a n t i n g s ,  e s p e c i a l l y  
p e r i o d s  of h o t  d ry  weather  i n  t h e  summer t h a t  
normally a r e  longer  i n  d u r a t i o n  and more 
i n t e n s e  than  t h o s e  i n  e a s t e r n  Kentucky. Be- 
cause of summer droughts ,  s p r i n g  seed ing  i n  
wes te rn  Kentucky of even herbaceous vegeta-  
t i o n  o f t e n  is  discouraged i n  p r e f e r e n c e  t o  
f a l l  seed ing .  

An experiment i n  Pennsylvania t o  evalu-  
a t e  t h e  e f f e c t  of 6  g r a s s e s  and 3 herbaceous 
legumes on t h e  s u r v i v a l  and growth of r e d  
p i n e  s e e d l i n g s  was begun i n  1976 by person- 
n e l  of t h e  Big F l a t s  P l a n t  M a t e r i a l s  Center 
(PMCj, of t h e  U.  S. S o i l  Conservat ion Serv- 
i c e .  The p l a n t i n g s  were i n  Tioga County 
on (1)  s u b s o i l  ( s p o i l )  m a t e r i a l  on a  s t r i p  
mine b a c k f i l l e d  t o  t h e  o r i g i n a l  contour  and 
on (2) a  s i m i l a r  a r e a  covered 8 t o  10 inches  
deep wi th  t o p s o i l .  One-half of each t e s t  
a r e a  was t r e a t e d  w i t h  l ime a t  2  t o n / a c r e  p l u s  
10-10-10 f e r t i l i z e r  a t  400 l b l a c r e ;  t h e  oth-  
e r  h a l f  was no t  t r e a t e d .  A s i m i l a r  exper i -  
ment was made i n  1977 i n  Ind iana  County where 
r e d  p i n e  and unrooted hybr id  popla r  c u t t i n g s  
were e v a l u a t e d  on a  t o p s o i l e d  s i t e  only.  

R e s u l t s  of t h e s e  s t u d i e s  showed t h a t ,  
a f t e r  2 y e a r s ,  t r e e  s u r v i v a l  and growth d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  due t o  t h e  i n f l u e n c e  
of t h e  d i f f e r e n t  herbaceous s p e c i e s  o r  amounts 
of herbaceous cover  when averaged a c r o s s  a l l  
t r e a t m e n t s  (Table 3 ) .  Tree s u r v i v a l  and 
growth were in f luenced  more by t o p s o i l i n g  and 
by a p p l i c a t i o n  of l ime and f e r t i l i z e r  than  by 
t h e  herbaceous cover .  S u r v i v a l  of r e d  p i n e  
was 74 p e r c e n t  i n  t h e  t o p s o i l  p l o t s  and 60 
percen t  i n  t h e  s u b s o i l  p l o t s .  I n  b o t h  top- 
s o i l  and s u b s o i l  p l o t s ,  t r e e  s u r v i v a l  was 
g r e a t e r  on t h e  a r e a s  t h a t  were n o t  limed and 
f e r t i l i z e d .  

41nterim r e p o r t  by USDA S o i l  Conservat ion 
S e r v i c e ,  P l a n t  M a t e r i a l s  Cente r ,  Big F l a t s ,  
New York. 

Table 3.--Percent clurvival of red pine in herbaceous species; 

second year. (Data from Big Flats PMC, SCS.) 

Herbaceous Species Survival 
X 

A-67 Weeping lovegrass 
Tioga deertongue 
~euben's Canada bluegrass 
Commercial redtop 
Pennlawn red fescue 
Lathco flatpea 
Empire birdsfoot trefoil 
Qlemung cramvetch 
Ky-31 tall fescue 
Control 

Although they d i d  n o t  b e n e f i t  t h e  t r e e s ,  
l ime  and f e r t i l i z e r  were b e n e f i c i a l  f o r  t h e  
es tab l i shment  of herbaceous s p e c i e s ,  espe- 
c i a l l y  on t h e  s u b s o i l .  The herbaceous spe- 
c i e s  produced t h e  most ground cover on limed 
and f e r t i l i z e d  t o p s o i l  p l o t s ;  t h e  cover  var-  
i e d  from 85 t o  100 percen t .  Cover on t h e  un- 
t r e a t e d  s u b s o i l  v a r i e d  from 0 t o  25 percen t .  

I n  t h e  1977 PMC p l a n t i n g ,  f i r s t  y e a r  
s u r v i v a l  of hybr id  popla r  was n o t  s i g n i f i -  
c a n t l y  a f f e c t e d  by t h e  d i f f e r e n t  herbaceous 
s p e c i e s  o r  amount of cover .  S u r v i v a l  of r e d  
p i n e  was reduced by a  d r ie r - than-usua l  s p r i n g  
and may have been a f f e c t e d  by s p e c i e s  w i t h  
t h e  g r e a t e s t  d e n s i t y ,  e s p e c i a l l y  by Lathco 
f l a t p e a  i n  t h e  unlimed and u n f e r t i l i z e d  p l o t s .  

R e s u l t s  of ano ther  Pennsylvania exper i -  
ment i n d i c a t e d  t h a t  f i r s t - y e a r  s u r v i v a l  and 
growth of s e v e r a l  hardwood t r e e  s p e c i e s  were 
n o t  a f f e c t e d  where p l a n t e d  c o n c u r r e n t l y  wi th  
v a r i o u s  herbaceous s p e c i e s  o r  mix tures  of 
s p e c i e s .  I n  most s e e d i n g s ,  t h e  herbaceous 
cover  was cons idered  inadequa te  f o r  e r o s i o n  
c o n t r o l ,  b u t  s u r v i v a l  of t r e e s  was n o t  ad- 
v e r s e l y  a f f e c t e d  even where they  were p l a n t e d  
i n t o  an e s t a b l i s h e d  herbaceous cover .  Abun- 
dan t  p r e c i p i t a t i o n  i n  t h e  es tab l i shment  y e a r  
was c r e d i t e d  a s  t h e  major reason  f o r  t r e e  
success  i n  a l l  v e g e t a t i o n a l  covers  (Carlson 
1979). 

Wheeler (1976) made observa t ions  of sev- 
e r a i  mined a r e a s  i n  Pennsylvania t h a t  had 
been p l a n t e d  wi th  t r e e s  i n  a s s o c i a t i o n  wi th  
seed ing  of g r a s s e s  o r  legumes. On some s i t e s  
t h e  p l a n t i n g  and seed ing  had been done a t  t h e  
same time. On o t h e r s ,  g r a s s e s  such a s  peren- 
n i a l  r y e g r a s s  were sown i n  t h e  f a l l  p rev ious  
t o  p l a n t i n g  of t r e e s .  Wheeler 's  observa t ions  
i n d i c a t e d  t h a t  a  cover of g r a s s  d id  n o t  ad- 
v e r s e l y  a f f e c t  most t r e e s  p l a n t e d  a t  o r  n e a r  
t h e  same t ime t h a t  seed ing  was done. I n  some 
p l a n t i n g s ,  however, some legumes appeared t o  
reduce s u r v i v a l  of most t r e e  s p e c i e s .  Deer 
damage t o  t r e e s  was apparen t  where legumes 
had been sown. 



I n  a  Tennessee s t u d y ,  p i t c h  and Vir- 
g i n i a  p i n e  s e e d l i n g s  r a i s e d  i n  c o n t a i n e r s  
( t u b e l i n g s )  were p l a n t e d  w i t h  and wi thout  a  
g r a s s  cover  on i n t e n s i v e l y  amended s p o t s  
c a l l e d  m i n i s i t e s  and on u n t r e a t e d  m i n e s o i l s .  
The m i n i s i t e s  were prepared by mixing p i n e  
bark,  v e r m i c u l i t e ,  l ime ,  and f e r t i l i z e r  w i t h  
m i n e s o i l  augered from t h e  p l a n t i n g  s p o t s .  
Grass cover  caused an  i n c r e a s e  i n  t h e  f i r s t  
y e a r ' s  m o r t a l i t y  of p i n e  s e e d l i n g s  on b o t h  
u n t r e a t e d  and m i n i s i t e s ,  b u t  m o r t a l i t y  was 
much g r e a t e r  on t h e  c o n t r o l  s i t e s .  During 
t h e  f i r s t  w i n t e r ,  however, f r o s t  heaving of 
t h e  t u b e l i n g s  on t h e  b a r e ,  ungrassed c o n t r o l  
s i t e s  was s o  s e v e r e  t h a t ,  by s p r i n g ,  t r e e  
m o r t a l i t y  was g r e a t e r  on t h e  b a r e  a r e a  than  
on t h e  grassed  a r e a s .  A few t u b e l i n g s  f r o s t  
heaved a l s o  on t h e  b a r e  m i n i s i t e s  b u t  none 
heaved on t h e  grassed  m i n i s i t e s  (Woods e t  
a l .  1978). 

I n  s o u t h e a s t e r n  Kentucky, it was shown 
t h a t  herbaceous ground cover  e s t a b l i s h e d  
w i t h  European a l d e r  caused i n c r e a s e d  mois- 
t u r e  s t r e s s  and thereby  c o n t r i b u t e d  t o  in-  
c reased  m o r t a l i t y  of t h e  a l d e r  s e e d l i n g s  
(Albers  and Carpenter  1979) . 

A l a r g e  experiment was begun i n  1980 by 
Ashby and o t h e r s  a t  Southern I l l i n o i s  Uni- 
v e r s i t y  t o  e v a l u a t e  t echniques  f o r  t h e  es- 
tab l i shment  of woody p l a n t s  i n  a s s o c i a t i o n  
w i t h  herbaceous cover .  F i r s t  y e a r  r e s u l t s  
were n o t  a v a i l a b l e  when t h i s  paper  was pre- 
pared . 

S t r i p  seeding-- 

E s t a b l i s h i n g  woody and herbaceous spe- 
c i e s  t o g e t h e r  is p o s s i b l e  by sowing t h e  her-  
baceous s p e c i e s  i n  s t r i p s  t h a t  a l t e r n a t e  
w i t h  unseeded s t r i p s  p l a n t e d  t o  t r e e s  o r  
shrubs .  I d e a l l y ,  t h e  unseeded s t r i p s  w i l l  
remain f r e e  of herbaceous v e g e t a t i o n  long  
enough t o  permit  t r e e  e s t a b l i s h m e n t ,  y e t  
t h e  ground cover  i n  t h e  i n t e r v e n i n g  seeded 
s t r i p s  w i l l  p rov ide  adequate e r o s i o n  con- 
t r o l .  Also,  on ly  t h e  seeded s t r i p s  need 
t o  b e  f e r t i l i z e d  thus  reduc ing  p o s s i b l e  ad- 
v e r s e  e f f e c t s  of f e r t i l i z e r  on newly p l a n t e d  
t r e e  s e e d l i n g s .  For b e s t  e r o s i o n  c o n t r o l  
t h e  s t r i p s  should  run  on contour .  Estab- 
l i s h i n g  cover  i n  s t r i p s  w i l l  b e  e a s i e s t  t o  
accomplish on land  where a p p r o p r i a t e  equip- 
ment can b e  used t o  till a seedbed and 
p l a c e  f e r t i l i z e r  and seed  i n  s t r i p s  of uni- 
form width. 

I n  a  demons t ra t ion  i n  e a s t e r n  Kentucky, 
we s u c c e s s f u l l y  e s t a b l i s h e d  hybr id  popla r  by 
p l a n t i n g  unrooted c u t t i n g s  i n  3-foot wide 
s t r i p s  t h a t  a l t e r n a t e d  w i t h  5-foot wide 
s t r i p s  t h a t  were t i l l e d ,  f e r t i l i z e d ,  and 
seeded t o  a  grass-legume mix ture  . The 

s t r i p s  were on contour  on a  g e n t l y  s l o p i n g  
s i te .  The seed  mix ture  inc luded  weeping 
l o v e g r a s s ,  Ky-31 f e s c u e ,  b i r d s f o o t  t r e f o i l ,  
Korean and s e r i c e a  lespedezas ,  and r e d  c lover .  
I n  t h e  f i r s t  y e a r  t h e  herbaceous v e g e t a t i o n  
i n  t h e  5-foot s t r i p s  covered 60 t o  70 p e r c e n t  
of t h e  t o t a l  s i t e .  Cover was predominantly 
weeping lovegrass .  The unseeded t r e e  s t r i p s  
were n e a r l y  f r e e  of herbaceous cover .  By t h e  
t h i r d  y e a r ,  t h e  unseeded s t r i p s ,  t o o ,  had be- 
come n e a r l y  covered w i t h  herbaceous vegeta-  
t i o n  t h a t  spread  from a d j o i n i n g  s t r i p s ,  bu t  
t h e  t r e e s  had grown w e l l  above i t .  The her-  
baceous cover  was then  a  mix ture  most ly of 
b i r d s f o o t  t r e f o i l ,  l e spedeza ,  and fescue .  
Unfor tuna te ly ,  comparat ive p l a n t i n g s  were n o t  
made i n  a  s o l i d  seed ing  o r  w i t h  no seed ing .  

A comparison of s t r i p  p l a n t i n g  w i t h  a  
s o l i d  p l a n t i n g  was made i n  Pennsylvania by 
t h e  Big F l a t s  P l a n t  M a t e r i a l s  Center  person- 
n e l .  I n  1976, they p l a n t e d  2-0 red  p i n e  
s e e d l i n g s  w i t h  a  seed  mix ture  of weeping 
l o v e g r a s s ,  Tioga deertongue,  and Lathco f l a t -  
pea.  A l l  p l o t s  were limed and f e r t i l i z e d ;  
some p l o t s  were p l a n t e d  on s u b s o i l  and some 
on a  t o p s o i l e d  a r e a .  

A f t e r  2 y e a r s ,  t r e e  s u r v i v a l  on t h e  top- 
s o i l e d  a r e a  was 58 p e r c e n t  i n  t h e  s t r i p  seed- 
i n g  and 43 p e r c e n t  i n  t h e  s o l i d  seeding.  The 
herbaceous cover  was predominant ly f l a t p e a  
and was prov id ing  adequate e r o s i o n  c o n t r o l  i n  
b o t h  s t r i p  and s o l i d  seed ings .  I n  t h e  s o l i d  
s e e d i n g ,  cover  was n e a r l y  100 percen t  and i t  
was choking o u t  t h e  young t r e e s .  I n  t h e  
s t r i p  seed ing ,  tree s u r v i v a l  had remained t h e  
same f o r  3 y e a r s .  

On t h e  s u b s o i l  a r e a  t r e e  s u r v i v a l  was 
h i g h e r  i n  t h e  s o l i d  seed ing  (74 p e r c e n t )  than  
i n  t h e  s t r i p  seed ing  (64 p e r c e n t ) ,  b u t  t h e  
d i f f e r e n c e  was n o t  r e l a t e d  t o  d e n s i t y  o r  pa t -  
t e r n  of herbaceous cover .  The herbaceous 
cover on bo th  s o l i d  and s t r i p  seed ings  was 
s p a r s e  and n o t  p rov id ing  adequate e r o s i o n  
c o n t r o l  even a f t e r  2 y e a r ' s  growth. 

I n  a  s i m i l a r  experiment begun by t h e  Big 
F l a t s  PMC i n  1977, t h e  s u r v i v a l  of hybr id  
p o p l a r  c u t t i n g s  a f t e r  2 y e a r s  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  between s t r i p  and s o l i d  seeded 
p l o t s  o r  between two herbaceous mix tures .  
Some d i f f e r e n c e s  i n  r e d  p i n e  s u r v i v a l  may 
have been r e l a t e d  t o  t h e  d i f f e r e n t  herbaceous 
m i x t u r e s ,  b u t  p o s i t i v e  r e l a t i o n s h i p s  were n o t  
obvious. 

Seeding t r e e s  and herbaceous s p e c i e s  a t  t h e  
same time 

Direct-seeding of woody s p e c i e s  o f f e r s  
s e v e r a l  advantages over  hand p l a n t i n g  of 
s e e d l i n g s .  It u s u a l l y  is  e a s i e r ,  l e s s  c o s t l y ,  



and circumvents  many of t h e  l a b o r  problems 
a s s o c i a t e d  w i t h  p l a n t i n g  s e e d l i n g s .  But 
t h e r e  a r e  r e l a t i v e l y  few s p e c i e s  of t r e e s  
and s h r u b s  t h a t  have been s u c c e s s f u l l y  es- 
t a b l i s h e d  on s u r f a c e  mines by d i r e c t  seed- 
ing .  Bes ides ,  compet i t ion  from herbaceous 
cover  can be  a problem a l s o  w i t h  t h e  es tab-  
l i shment  of d i rec t - seeded  woody s p e c i e s .  

Seeding of s o u t h e r n  p i n e s  on mine s p o i l s  
i n  Alabama and s o u t h e r n  Tennessee h a s  been a 
common p r a c t i c e  f o r  many y e a r s ,  b u t  u s u a l l y  
wi thout  companion s e e d i n g  of herbaceous spe- 
c i e s .  I n  a TVA s t u d y ,  g r a s s  and f e r t i l i z e r  
a p p l i e d  w i t h  p i n e  seed  were d e t r i m e n t a l  t o  
p i n e  es tab l i shment .  The seed ing  of Bermuda- 
g r a s s ,  a warm-season s p e c i e s ,  was more harm- 
f u l  than  t h e  cool-season Ky-31 f e s c u e .  The 
growth of f e s c u e  u s u a l l y  slows dur ing  t h e  
h o t  summer per iod  and a l lows  some p i n e  seed- 
l i n g s  t o  develop i n  s p o t s  w i t h  s p a r s e  o r  no 
g r a s s .  Bermudagrass, however, grows r a p i d l y  
i n  t h e  summer and chokes o u t  t h e  emerging 
p i n e  s e e d l i n g s .  Those t h a t  s u r v i v e  t h e  
f i r s t  y e a r  i n  Bermudagrass u s u a l l y  a r e  gone 
a f t e r  t h e  second y e a r ;  b u t  m o r t a l i t y  of 
p i n e  s e e d l i n g s  i n  f e s c u e  u s u a l l y  is  low t h e  
second year .  Seeding p i n e  one y e a r  w i t h  
f e r t i l i z e r ,  and apply ing  g r a s s  seed  and ad- 
d i t i o n a l  f e r t i l i z e r  t h e  nex t  y e a r  was rec -  
ommended f o r  e s t a b l i s h i n g  a mixed pine-grass  
cover  on a r e a s  where e r o s i o n  is  n o t  a s e r i -  
ous problem. Where e r o s i o n  is a problem, 
Bermudagrass should be  e s t a b l i s h e d  f i r s t  and 
p i n e  s e e d l i n g s  p l a n t e d  t h e  second o r  t h i r d  
y e a r  when t h e  v i g o r  of t h e  g r a s s  d e c l i n e s  due 
t o  d e p l e t i o n  of n u t r i e n t s  (Bengtson e t  a l .  
1973). 

Di rec t - seed ing  of b l a c k  walnut  and bur  
oak on mine s p o i l s  i n  t h e  midwest produced 
s a t i s f a c t o r y  s t a n d s  i n  some of t h e  e a r l y  ex- 
per imenta l  t r e e  p l a n t i n g s .  Ground cover  of 
v o l u n t e e r  v e g e t a t i o n  v a r i e d  among s i t e s  bu t  
seldom was it cons idered  dense.  

On m i n e s o i l s  i n  e a s t e r n  Kentucky, t h e  
f i r s t  y e a r  s u r v i v a l  of germinated seed  of r e d  
oak, p i n  oak, and bur  oak was reduced by a 
cover  of r y e g r a s s  and swee tc lover .  Average 
s u r v i v a l  of t h e  t h r e e  oak s p e c i e s  f o r  a l l  
t r e a t m e n t s  of mulch and f e r t i l i z e r  was 50 
p e r c e n t  on t h e  c o n t r o l  s i t e  and about  38 
p e r c e n t  on t h e  s i t e s  w i t h  herbaceous cover .  
Height of t h e  s e e d l i n g s  was n o t  a f f e c t e d  by 
t h e  grass-legume cover  (Tacke t t  and Graves 
1979). 

Direct-seeding b l a c k  l o c u s t  w i t h  herba- 
ceous s p e c i e s  has  been p r a c t i c e d  i n  much of 
t h e  Appalachian reg ion .  Establ ishment  of t h e  
l o c u s t  u s u a l l y  is  s u c c e s s f u l  bu t  sometimes 
does n o t  appear  s o  f o r  two o r  t h r e e  years .  
T h i s  was i l l u s t r a t e d  i n  one of our  exper i -  
ments. 

We e v a l u a t e d  t h e  e f f e c t  of s e v e r a l  her-  
baceous s p e c i e s  on t h e  es tab l i shment  of seed- 
ed b l a c k  l o c u s t .  The f e r t i l i z e d  and seeded 
exper imenta l  p l o t s  were l a i d  o u t  on moderate- 
l y  s t e e p  s l o p e s  of s p o i l s  (pH 5.0 t o  7.8) 
t h a t  had rece ived  minimum grading.  The f i r s t  
y e a r ' s  r e s u l t s  showed marked d i f f e r e n c e s  i n  
number and he igh t  of b l a c k  l o c u s t  s e e d l i n g s  
among t h e  v a r i o u s  herbaceous s p e c i e s  (Table 
4 ) .  It appeared t h a t  fast-growing cool-sea- 
son s p e c i e s ,  e s p e c i a l l y  r y e g r a s s ,  were more 
s u p p r e s s i v e  than  warm season and slow-devel- 
oping s p e c i e s  t o  t h e  e a r l y  s u r v i v a l  and 
growth of seeded l o c u s t .  But i n  t h e  second 
y e a r  and t h e r e a f t e r ,  t h e s e  d i f f e r e n c e s  were 
l e s s  pronounced among t h e  g r a s s  and legume 
cover  s p e c i e s .  

Table 4.--Vegetative cover and number and height of 

black locust seedlings i n  p lots  seeded t o  

herbaceous species and black 1 0 c u s c . ~  

Herbaceous Species Seeded 

None (natural seeding) 

Birdsfoot t r e f o i l  (8)b/ 

Kobe and Korean lespedeza (10) 

Weeping lovegrass (5) 

Sericea lespedeza (20) 

Ky-31 t a l l  fescue (15) 

Perennial ryegrass (15) 

Annual ryegrass (15) 

Herbaceous 
Cover 

1969 - 1970 
Z 

15 25 

40 85 

45 70 

80 85 

25 55 

60 75 

70 55 

70 4&' 

Black locust seedlings 
Number Height 

1 9 6 9 7 0  1969 1970 
on .O1 acre cm 

a/Seeded in  March 1969; evaluated i n  October, 1969 and 1970. Fertil ized with 
60 lblacre N and 43 lblacre P. Black locust seeded at 3 lblacre.  

hiseeding rate (Iblacre).  

d ~ o s t l y  plant residue. 

Seeding herbaceous cover f i r s t  and p l a n t i n g  
t r e e s  l a t e r  

This  two-step concept  f o r  a f f o r e s t a t i o n  
i s  of s p e c i a l  i n t e r e s t  mainly because many 
a c r e s  of surface-mined l a n d  have been vege- 
t a t e d  s o l e l y  wi th  herbaceous s p e c i e s  e i t h e r  
f o r  economic reasons  o r  i n  compliance w i t h  
r e g u l a t i o n s  t h a t  r e q u i r e  ground cover f o r  
e r o s i o n  c o n t r o l  and a e s t h e t i c s .  But, now, 
t h e r e  is  i n c r e a s i n g  i n t e r e s t  o r  requirement  
t o  e s t a b l i s h  woody s p e c i e s  on many of t h e  
g rassed  a r e a s .  This  concept  may be t h e  most 
f e a s i b l e  a l s o  f o r  a f f o r e s t i n g  many of t h e  
mined a r e a s  be ing  reclaimed under  p r e s e n t  
r e g u l a t i o n s .  

With t h i s  concept ,  t h e  woody s p e c i e s  may 
be p l a n t e d  (1) d i r e c t l y  i n t o  l i v i n g  herba- 
ceous cover  o r  (2) i n t o  herbaceous cover  k i l -  
l e d  o r  weakened wi th  h e r b i c i d e s ,  s c a l p i n g ,  o r  
c u l t i v a t i o n ,  The second approach seems t o  
h o l d  t h e  b e s t  chance f o r  tree p l a n t i n g  suc- 
c e s s  because l i v i n g  cover  u s u a l l y  is  t h e  most 
c o m p e t i t i v e  w i t h  newly p l a n t e d  t r e e s .  



Plan t i ng  t r e e s  i n  l i v i n g  cover-- 

I n  an experiment i n  e a s t e r n  Kentucky, 
P l a s s  (1968) p l an t ed  s eed l i ngs  of 2 hardwood 
and 2 p ine  spec i e s  i n t o  a 2-year-old s t and  
of Ky-31 t a l l  fescue .  The fescue  had been 
e s t a b l i s h e d  wi thout  a p p l i c a t i o n  of f e r t i l i z e r  
and t h e  ground cover  was descr ibed  a s  l i g h t  
t o  moderate. The e s t a b l i s h e d  ground cover 
was removed from one-half of each p l o t  be fo r e  
p l a n t i n g  t r e e s ,  and t h e  vo lun t ee r  vege t a t i on  
was grubbed out  once o r  twice dur ing  each of 
t h e  next  4 years .  Af t e r  t h e  4 th  growing sea-  
son,  s u r v i v a l  of sycamore and sweetgum was 
no t  a f f e c t e d  by t h e  fescue  cover;  s u r v i v a l  
of whi te  p ine  and l o b l o l l y  p ine  was reduced 
s l i g h t l y .  The he igh t  of sycamore and sweet- 
gum was s i g n i f i c a n t l y  reduced by t h e  f e scue  
cover;  he igh t  of t h e  p ines  was reduced, bu t  
not  s i g n i f i c a n t l y  so .  The r e s u l t s  sugges t  
t h a t  t r e e  s u r v i v a l  and growth would have been 
more adverse ly  a f f e c t e d  i n  a dense vigorous,  
cover of fescue .  

A r evege t a t i on  demonstrat ion was made i n  
1965 on a s u r f a c e  mine a t  about  2800 f e e t  e l -  
e va t i on  i n  B e l l  County, Kentucky. Seve ra l  
hardwoods, c o n i f e r s ,  and shrubs were p l an t ed  
i n  a moderate t o  dense s t and  of Ky-31 fescue  
and Korean lespedeza.  Nitrogen-f ixing t r e e s  
and shrubs--European a l d e r ,  b l ack  l o c u s t ,  
autumn o l i v e ,  and b i c o l o r  lespedeza--had 
reasonably good s u r v i v a l  and grew r ap id ly .  
Other hardwoods--yellow-poplar, sycamore, 
and r ed  oak--and Norway spruce  had poor sur -  
v i v a l  and i n i t i a l l y  grew slowly. Scotch p ine  
had moderate s u r v i v a l  and growth. About 10  
yea r s  l a t e r ,  a few of t h e  su rv iv ing  hardwood 
t r e e s  were making accep t ab l e  growth, bu t  many 
had poor form and were growing slowly. I n  
c o n t r a s t ,  some yellow-poplar t r e e s  t h a t  had 
become e s t a b l i s h e d  by n a t u r a l  seed ing  i n  a 
s t and  of European a l d e r  were growing more 
r ap id ly  than most of t h e  a r t i f i c i a l l y  p lan ted  
t r e e s .  

Verbal r e p o r t s  on r e s u l t s  of p l a n t i n g s  
i n  some a r ea s  i n d i c a t e  complete f a i l u r e  of 
a l l  t r e e  s p e c i e s ,  even t h e  n i t r ogen - f i xe r s ,  
where p lan ted  i n t o  e s t a b l i s h e d  herbaceous 
cover. A few r e p o r t s  i n d i c a t e  vary ing  l e v e l s  
of success ,  bu t  success  is  mostly with b lack  
l o c u s t ,  autumn o l i v e ,  b i c o l o r  lespedeza ,  and 
t o  a l e s s e r  ex t en t  European a l d e r  and pine.  
Developed s t and s  of some herbaceous s p e c i e s  
such a s  crownvetch, s e r i c e a  lespedeza,  and 
f l a t p e a  a r e  e s p e c i a l l y  i n imica l  t o  t h e  es -  
tabl ishment  of t r e e s .  

P l an t i ng  t r e e s  i n  cover k i l l e d  wi th  he rb i c ide  
o r  s c a l ~ i n g - -  

An a l t e r n a t i v e  t o  p l an t i ng  t r e e s  i n  es-  
t a b l i s h e d  herbaceous cover  is  t o  k i l l  o r  

weaken t h e  herbaceous cover  be fo r e  o r  immedi- 
a t e l y  a f t e r  p l an t i ng  t h e  t r e e s .  One l i k e l y  
method is t h e  a p p l i c a t i o n  of a non-residual  
he rb i c ide  be fo r e  p l an t i ng  t r e e s .  This  method 
was u s e f u l  i n  West V i rg in i a  f o r  k i l l i n g  f a l l -  
sown rye  j u s t  p r i o r  t o  s p r i n g  seeding of per- 
e n n i a l  fo rage  spec i e s .  The i n  s i t u  mulch 
produced by k i l l i n g  t h e  rye  was equa l  t o  o r  
more e f f e c t i v e  than app l i ed  mulches f o r  con- 
s e rv ing  s o i l  mois ture  and reducing e ro s ion  
(Jones e t  a l .  1975). 

Carlson (1979) compared Roundup and 
paraquat5 app l i ed  i n  s t r i p s  wi th  no t rea tment  
p r i o r  t o  p l a n t i n g  t r e e s  on a Pennsylvania 
s t r i p  mine. The Roundup was more e f f e c t i v e  
than  paraquat  i n  reducing herbaceous competi- 
t i o n .  But, i n  t h i s  p l a n t i n g ,  t r e e  s u r v i v a l  
was no t  s i g n i f i c a n t l y  increased  by k i l l i n g  
t h e  herbaceous cover. This  was a t t r i b u t e d  t o  
abundant s p r i n g  and summer r a i n f a l l .  

F i r s t  year  r e s u l t s  of an experiment i n  
wes te rn  Kentucky showed t h a t  he rb i c ide  ap- 
p l i e d  t o  a f e s cue -a l f a l f a  cover was responsi-  
b l e  f o r  g r e a t e r  t r e e  s u r v i v a l  than i n  t h e  un- 
t r e a t e d  cover .  The he rb i c ide  was app l i ed  
around t h e  p ine  s eed l i ngs  a f t e r  they were 
p l an t ed  (Barnhise l  1979) . 

This  p a s t  s p r i n g ,  we i n i t i a t e d  an exper- 
iment i n  sou thea s t e rn  Ohio wi th  t h e  use  of 
Roundup he rb i c ide  f o r  k i l l i n g  a grass-legume 
cover i n  s t r i p s  and s p o t s  p r i o r  t o  p l a n t i n g  
s e v e r a l  s p e c i e s  of t r e e s .  The he rb i c ide  was 
app l i ed  about 7 days be fo r e  t h e  t r e e s  were 
p lan ted .  F i r s t - season  eva lua t i ons  of t r e e  
es tab l i shment  have not  y e t  been made. 

Sca lp ing  and s i m i l a r  types  of mechanical 
t i l l a g e  w i l l  a l s o  c o n t r o l  o r  reduce herba- 
ceous competi t ion.  I n  one experiment i n  
sou thea s t e rn  Kentucky, European a l d e r  seed- 
l i n g s  s u f f e r e d  complete m o r t a l i t y  t h e  f i r s t  
yea r  where p lan ted  i n  an un t r ea t ed  2-year-old 
s t and  of Ky-31 fescue ;  bu t  s u r v i v a l  was 43 
percent  where t h e  g r a s s  had been mechanical ly 
sca lped  from around t h e  s eed l i ngs  (Carpenter  
and Albers) .  6 

Annuals f o r  temporary cover be fo r e  p l a n t i n g  
trees--  

Annual s p e c i e s  probably can be e f f ec -  
t i v e l y  used f o r  providing temporary cover and 
i n  s i t u  mulch p r i o r  t o  t r e e  p l an t i ng .  Summer -- 
annual  g r a s se s  such a s  f o x t a i l  m i l l e t ,  Sudan- 
g r a s s  and o the r  sorghums, and p e a r l  m i l l e t  

 enti ti on of brand names does no t  imply 
endorsement o r  recommendation f o r  use. 

%nuscr ip t  i n  p r e s s .  



a r e  e s p e c i a l l y  u s e f u l  f o r  p rov id ing  qu ick  
temporary cover  i n  l a t e  s p r i n g  and e a r l y  sum- 
mer. The r e s i d u e  from t h e s e  c r o p s  can pro- 
v i d e  s i t e  p r o t e c t i o n  over  w i n t e r .  The f o l -  
lowing s p r i n g , t r e e s  can be p l a n t e d  a long  w i t h  
a  seed ing  of p e r e n n i a l  herbaceous s p e c i e s .  A 
m o d i f i c a t i o n  of t h i s  procedure i s  t o  i n c l u d e ,  
where c l i m a t i c a l l y  adap ted ,  Korean o r  Kobe 
lespedeza  i n  t h e  summer-annual seed mix. 
These annua l  legumes normally r e s e e d  and would 
be p r e s e n t  t o  e s t a b l i s h  p l a n t  cover i n  t h e  
s p r i n g  and summer a f t e r  t h e  t r e e s  have been 
p lan ted .  P e r e n n i a l  herbaceous s p e c i e s  would 
t h e n  be  sown i n  t h e  l a t e  summer o r  f a l l  of 
t h e  second y e a r .  

Winter annua ls ,  such a s  rye  o r  wheat ,  
sown i n  l a t e  summer o r  e a r l y  f a l l  w i l l  pro- 
v i d e  ground cover  i n  t h e  w i n t e r .  Trees  may 
be p l a n t e d  d i r e c t l y  i n t o  t h e  cover  t h e  f o l -  
lowing s p r i n g ,  bu t  t h e  herbaceous s p e c i e s  may 
compete s t r o n g l y  w i t h  t h e  t r e e s  ( w i n t e r  p l a n t -  
i n g  of t r e e s  a l s o  is p o s s i b l e ) .  To reduce 
compet i t ion ,  t h e  e n t i r e  cover could. be con- 
t r o l l e d  w i t h  a  non- res idua l  h e r b i c i d e  j u s t  
p r i o r  t o  p l a n t i n g  of t r e e s ,  and t h e  p e r e n n i a l  
herbaceous s p e c i e s  sown. An a l t e r n a t i v e  pro- 
cedure i s  t o  k i l l  s t r i p s  of t h e  w i n t e r  annua l  
crop w i t h  an  h e r b i c i d e  o r  s c a l p i n g .  Korean 
o r  Kobe lespedeza  could be sown on t h e  e n t i r e  
a r e a  o r  only on t h e  s t r i p s  along w i t h  t h e  
p l a n t i n g  of t r e e s .  P e r e n n i a l  herbaceous spe- 
c i e s  could be sown over  t h e  e n t i r e  a r e a  i n  
l a t e  summer. 

Seeding annuals  i n  t h e  s p r i n g  f o r  tem- 
porary  cover  i n  con junc t ion  w i t h  p l a n t i n g  of 
t r e e s  showed no advantage over  seed ing  peren- 
n i a l  g r a s s e s  and legumes a s  determined i n  a  
Pennsylvania s tudy  by t h e  SCS P l a n t  M a t e r i a l s  
Center .  I n  some p l o t s ,  t r e e  s u r v i v a l  was 
lower i n  t h e  annual  v e g e t a t i o n  than i n  peren- 
n i a l  v e g e t a t i o n .  

P l a n t i n g  o r  seed ing  t r e e s  f i r s t  and herbaceous 
s p e c i e s  l a t e r  

This  concept normally should prov ide  t h e  
l e a s t  herbaceous compet i t ion  and t h e  b e s t  
chance f o r  i n i t i a l  s u r v i v a l  of newly p l a n t e d  
o r  seeded t r e e  s e e d l i n g s .  R e s u l t s  of some of 
t h e  p r e v i o u s l y  d e s c r i b e d  experiments  v e r i f y  
t h i s .  For example, Bengtson e t  a l .  (1973) 
showed t h a t  t o  o b t a i n  adequate s t o c k i n g ,  p i n e  
seed  on ly  should be sown w i t h  a p p l i c a t i o n  of 
t h e  r e q u i r e d  amount of f e r t i l i z e r .  Seeding 
herbaceous s p e c i e s  t h e  fo l lowing  y e a r  re-  
s u l t e d  i n  some r e d u c t i o n  i n  p i n e  s t a n d ,  b u t  
much l e s s  s o  than  where p i n e  and herbaceous 
s p e c i e s  were sown a t  t h e  same time. 

Under p r e s e n t  r e g u l a t i o n s ,  however, t h i s  
method of p l a n t i n g  t r e e s  is n o t  l i k e l y  t o  b e  
approved because t h e  qu ick  es tab l i shment  of 

v e g e t a t i v e  cover  is r e q u i r e d  f o r  a l l  l a n d  
uses .  The procedure most n e a r l y  approaching 
t h i s  concept  i s  p l a n t i n g  t r e e s  and sowing 
herbaceous s p e c i e s  i n  a l t e r n a t e  s t r i p s  a s  
p r e v i o u s l y  d i scussed .  

DISCUSSION AND CONCLUSIONS 

R e s u l t s  of r e s e a r c h  and exper ience  w i t h  
p l a n t i n g  t r e e s  and herbaceous s p e c i e s  to -  
g e t h e r  i n d i c a t e  t h a t ,  g e n e r a l l y ,  herbaceous 
cover  causes  an i n c r e a s e  i n  m o r t a l i t y  of t r e e  
s e e d l i n g s  and may r e t a r d  t r e e  growth, a t  
l e a s t  i n  t h e  f i r s t  few y e a r s  a f t e r  p l a n t i n g .  
Competition between t r e e s  and herbs  seems t o  
be p r i m a r i l y  f o r  mois tu re  because s u r v i v a l  of 
t r e e s  was l e a s t  a f f e c t e d  where s p r i n g  and 
summer p r e c i p i t a t i o n  was most abundant. Be- 
s i d e s  t o t a l  p r e c i p i t a t i o n ,  mois tu re  a v a i l a -  
b i l i t y  t o  p l a n t s  can be in f luenced  by t h e  
p h y s i c a l  p r o p e r t i e s  of m i n e s o i l s ,  d u r a t i o n  of 
d r y  p e r i o d s  o r  f requency of p r e c i p i t a t i o n  
e v e n t s ,  a i r  t empera ture ,  wind, e v a p o r a t i o n ,  
l a t i t u d e ,  e l e v a t i o n ,  a s p e c t ,  e t c .  

Competition f o r  n u t r i e n t s  seems t o  a f f e c t  
t r e e  growth more than  t r e e  s u r v i v a l  a s  i n d i -  
c a t e d  by apparen t  n i t r o g e n  d e f i c i e n c y  and re-  
duced t r e e  growth i n  g r a s s  cover .  Tree  
growth u s u a l l y  is b e t t e r  on n i t r o g e n  f e r t i -  
l i z e d  a r e a s  and i n  legume cover once trees 
have grown t a l l e r  than  t h e  herbaceous vegeta-  
t ion .  

Densi ty of herbaceous v e g e t a t i o n  can in -  
f l u e n c e  t h e  degree of compet i t ion  and t h u s  
t h e  s u r v i v a l  and growth of t r e e s .  For ex- 
ample, i n  exper imenta l  p l a n t i n g s  i n  I l l i n o i s ,  
second-year s u r v i v a l  of 17 t r e e  s p e c i e s  av- 
eraged 6 1  p e r c e n t  i n  s p a r s e  l i g h t  ground 
cover  ( l e s s  than  50 percen t  cover)  and 27 
p e r c e n t  i n  a  dense heavy cover  of sweet c lo -  
v e r .  Only two t r e e  s p e c i e s  (white  a s h  and 
e a s t e r n  r e d  cedar )  surv ived  w e l l  i n  t h e  dense 
cover  (Limstrom and Deitschman 1951). 

Competition f o r  l i g h t ,  i . e . ,  shading of 
t r e e  s e e d l i n g s  from s u n l i g h t ,  a f f e c t s  both 
s u r v i v a l  and growth of t r e e  s e e d l i n g s  and may 
occur  more w i t h  dense s t a n d s  of legumes than  
w i t h  g r a s s e s .  The season when t h e  v a r i o u s  
p l a n t  s p e c i e s  make most of t h e i r  growth may 
i n t e r r e l a t e  w i t h  shading and compet i t ion  f o r  
s u n l i g h t .  For example, legumes such a s  
b i r d s f o o t  t r e f o i l  and r e d  c l o v e r  make r a p i d  
growth i n  t h e  s p r i n g  a t  about  t h e  same t ime  
a s  some t r e e  s p e c i e s ,  such a s  p i n e ,  make most 
of t h e i r  growth. Perhaps t h e  dense f o l i a g e  
of t h e s e  legumes c o n t r i b u t e s  t o  t r e e  s e e d l i n g  
m o r t a l i t y  by exc lud ing  l i g h t  from t h e  s m a l l  
s e e d l i n g s  dur ing  t h e  time when l i g h t  is most 
needed f o r  t h e i r  growth. Warm-season legumes, 
such a s  s e r i c e a  lespedeza ,  would n o t  p rov ide  
dense shade u n t i l  e a r l y -  t o  mid-summer, a f t e r  



t h e  p i n e  have made most of t h e i r  season ' s  
growth. However, shade of warm-season l e -  
gumes may b e  d e t r i m e n t a l  t o  t r e e  s p e c i e s  t h a t  
con t inue  growth through t h e  summer. Also,  
warm-season s p e c i e s  probably compete more 
than  cool-season s p e c i e s  f o r  mois tu re  d u r i n g  
p e r i o d s  of summer drought .  Obviously, more 
r e s e a r c h  is  needed t o  e l u c i d a t e  some of t h e s e  
r e l a t i o n s h i p s  among s p e c i e s .  

Herbaceous s p e c i e s  can have i n d i r e c t  e f -  
f e c t s  on t r e e  s u r v i v a l  and growth. For ex- 
ample, herbaceous legumes a r e  more a t t r a c t i v e  
than g r a s s e s  t o  d e e r .  I n  a r e a s  w i t h  l a r g e  
popula t ions  of d e e r ,  t r e e s  p l a n t e d  w i t h  l e -  
gumes, t h e r e f o r e ,  a r e  more s u b j e c t  t o  damage 
by d e e r  browsing. I n  such a r e a s ,  t h e  l e a s t  
p a l a t a b l e  of t h e  adapted g r a s s e s  may be  t h e  
b e s t  cho ice  f o r  combination p l a n t i n g s .  T h i s  
may war ran t  g r e a t e r  u s e  of warm-season grass -  
e s  because they  do n o t  p rov ide  green f o r a g e  
i n  t h e  f a l l ,  w i n t e r ,  and e a r l y  s p r i n g  when i t  
is most a t t r a c t i v e  t o  deer .  

Although i n  some experiments  l i t t l e  d i f -  
f e r e n c e  i n  i n i t i a l  t r e e  s u r v i v a l  was no ted  
among s e v e r a l  herbaceous covers ,  some herba- 
ceous s p e c i e s  u s u a l l y  a r e  more compet i t ive  
than o t h e r s  w i t h  companion t r e e s .  S e v e r a l  
legumes--crownvetch, f l a t p e a ,  s e r i c e a  lespe-  
deza,  and probably r e d  clover--are  e s p e c i a l l y  
s e v e r e  compet i to rs  where they  g e t  a  qu ick  
s t a r t  and over top  t h e  t r e e  s e e d l i n g s .  Com- 
p e t i t i o n  from t h e s e  legumes is  l e s s  s e v e r e  
where t h e  t r e e s  have a  chance t o  become es- 
t a b l i s h e d  f i r s t  . The es tab l i shment  of dense 
s t a n d s  of t h e s e  legumes can be  slowed by sow- 
i n g  them a t  a  reduced seed ing  r a t e .  Another 
o p t i o n  is t o  sow them only i n  s t r i p s  t h a t  a l -  
t e r n a t e  w i t h  unseeded s t r i p s  p l a n t e d  t o  t r e e s .  
Even i n  s t r i p s ,  t h e  s e e d i n g  r a t e  should be  
reduced from t h a t  normally recommended f o r  
ground cover .  I n  f a c t ,  f o r  combination p lan t -  
i n g s ,  seed ing  r a t e s  i n  g e n e r a l  should b e  re-  
duced from t h o s e  o f t e n  recommended f o r  ground 
cover .  

One reason  given i n  f a v o r  of e s t a b l i s h -  
i n g  a  dense legume cover  i n  con junc t ion  w i t h  
a f f o r e s t a t i o n  is t o  keep s u n l i g h t  from t h e  
s o i l  s u r f a c e  and thereby  a i d  development of 
a  r i c h  s o i l  fauna i n  a  s h o r t e r  per iod  of time. 
The legume cover  can s u b s t i t u t e  f o r  t h e  c losed  
canopy t h a t  would develop from c l o s e  spac ing  
of t r e e s .  Grass does n o t  p rov ide  a  f a v o r a b l e  
environment f o r  fo res t -dwel l ing  s o i l  fauna 
(Neumann 19 73) . 

There seems t o  b e  no " idea l"  s p e c i e s  o r  
seed mix ture  f o r  sowing w i t h  t r e e s  i n  a l l  sit- 
u a t i o n s  o r  a l l  r eg ions .  Obviously, s p e c i e s  
should be adapted t o  t h e  season of t h e  y e a r  
when seed ing  must b e  done. For seed ing  i n  t h e  
s p r i n g ,  a  mix ture  of temporary qu ick  cover  and 
p e r e n n i a l  herbaceous s p e c i e s  may be d e s i r a b l e .  

I d e a l l y  t h e  qu ick  cover s p e c i e s  should be  one 
t h a t  is n o t  t o o  compet i t ive  wi th  t r e e s .  Such 
a  s p e c i e s  is  d i f f i c u l t  t o  d e f i n e .  P e r e n n i a l  
r y e g r a s s ,  f o r  example, is  less v igorous  and 
may be p r e f e r a b l e  t o  annua l  r y e g r a s s  a s  a  
qu ick  cover  s p e c i e s  f o r  e a r l y  s p r i n g  seed ing .  
The d e n s i t y  and v i g o r  of cover  can perhaps be 
c o n t r o l l e d  by t h e  a p p l i c a t i o n  r a t e  of f e r t i -  
l i z e r .  Nitrogen a t  no more than  50 t o  60 
pounds per  a c r e  should suppor t  adequa te  
growth of g r a s s  wi thout  e x c e s s i v e  v i g o r .  
Less  n i t r o g e n  may be adequa te  on f e r t i l e  top- 
s o i l .  Phosphorus should be a p p l i e d  a t  r a t e s  
i n d i c a t e d  by s o i l  t e s t ,  o r  i f  n o t  t e s t e d ,  a t  
about  40 t o  50 pounds p e r  a c r e  of P. 

Summer seed ings  can t a k e  advantage of 
summer annua ls  f o r  qu ick  cover .  Also,  Korean 
and Kobe lespedeza  should b e  used wherever 
p o s s i b l e .  These annual  legumes a r e  probably 
some of t h e  most compatible  wi th  t r e e s .  

F a l l  s e e d i n g  p r e s e n t s  a  more d i f f i c u l t  
s i t u a t i o n  f o r  e s t a b l i s h i n g  herbaceous cover  
and t r e e s  because t h e  cover  is a l r e a d y  es -  
t a b l i s h e d  b e f o r e  t r e e  p l a n t i n g  time t h e  f o l -  
lowing s p r i n g .  The u s e  of h e r b i c i d e s  o r  
s c a l p i n g  t o  c o n t r o l  t h e  herbaceous cover  i n  
p l a n t i n g  s p o t s  o r  s t r i p s  may be a  f e a s i b l e  
s o l u t i o n  f o r  p l a n t i n g  t r e e s  i n  fa l l - seeded  
cover .  One problem a s s o c i a t e d  w i t h  t h e  use  
of h e r b i c i d e s  i n  t h e  s p r i n g  is t h a t  t h e  her- 
baceous v e g e t a t i o n  should be a c t i v e l y  growing 
f o r  most e f f e c t i v e  r e s u l t s .  But, by w a i t i n g  
u n t i l  t h e  herbaceous cover is s u f f i c i e n t l y  
advanced f o r  e f f e c t i v e  h e r b i c i d e  k i l l ,  t h e  
i d e a l  per iod  f o r  s p r i n g  p l a n t i n g  of t r e e s  is 
n e a r l y  passed.  F a l l  a p p l i c a t i o n  of h e r b i c i d e  
and w i n t e r  o r  s p r i n g  p l a n t i n g  of t r e e s  is  a 
p o s s i b l e  a l t e r n a t i v e .  

A l a b o r - i n t e n s i v e  method f o r  conserving 
s o i l  mois tu re  and reduc ing  immediate herba- 
ceous compet i t ion  i s  t o  app ly  shredded bark  
mulch about  4 t o  5 i n c h e s  deep around each 
t r e e  s e e d l i n g .  This  method would probably be 
f e a s i b l e  only wi th  h igh  v a l u e  c rops  such a s  
b lack  walnut .  

Al le lopa thy  is another  p rocess  t h a t  may 
h i n d e r  t h e  es tab l i shment  of t r e e s  p l a n t e d  o r  
seeded wi th  herbaceous cover .  The p o s s i b i l -  
i t i e s  f o r  a l l e l o p a t h i c  e f f e c t s  a r e  many, b u t  
few of t h e  p o s s i b l e  combinations have been 
s t u d i e d .  For example, r e s u l t s  of s t u d i e s  a t  
t h e  Ohio A g r i c u l t u r a l  Research and Develop- 
ment Center showed t h a t  d a i l y  wate r ing  wi th  a  
l e a c h a t e  from crownvetch f o l i a g e  was i n h i b i -  
t o r y  t o  t h e  growth of newly g e r m i n a t e d r e d o a k  
seed ,  bu t  had no adverse  e f f e c t  on f u l  y  de- 
veloped s e e d l i n g s  (Dr. Merlyn Larson) .  3 

7 ~ n p u b  l i s h e d  d a t a .  



It i s  apparen t  t h a t  knowledge and ex- 
p e r i e n c e  w i t h  p l a n t i n g  t r e e s  i n  con junc t ion  
w i t h  herbaceous cover  is s t i l l  i n  in fancy .  
Various combinations of t r e e s  and h e r b s  have 
worked from t ime t o  t ime,  b u t  probably more 
have f a i l e d .  We u s u a l l y  can sugges t  reasons  
f o r  f a i l u r e ,  such a s  a d rought ,  b u t  f i n d  i t  
more d i f f i c u l t  t o  unders tand  t h e  successes .  
Continued a p p l i e d  and bas ' ic  r e s e a r c h  i s  nec- 
e s s a r y  t o  f i n d  more answers. 
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