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Legumes are important  i n  c rop  product ion due t o  t h e i r  c a p a b i l i t y  of  
f i x i n g  atmospheric n i t rogen .  I n  a d d i t i o n  t o  supplying b i o l o g i c a l l y  f i x e d  N 
t o  t h e  corn,  they  add organic  matter, affect t h e  supply of  a v a i l a b l e  water 
and p l a n t  n u t r i e n t s ,  improve t h e  phys ica l  p r o p e r t i e s  of  t h e  s o i l ,  and 
provide e ros ion  c o n t r o l  (3).  

I n  Kentucky, research conducted from 1977 through 1983 (1,  3 )  showed 
t h a t  w in te r  annual legumes could be grown as cover  crops i n  a continuous 
n o- t i l l  corn  system. Hairy ve tch  r e s u l t e d  i n  t h e  greatest y i e l d s  of corn 
g r a i n ,  because it produced more d ry  matter, t h u s  more mulch, and higher 
n i t rogen  content  than  t h e  o t h e r  cover  crops. The p l o t s  used f o r  t h e  above 
experiment were s p l i t  i n  1984, and one-half of each p l o t  was convent ional ly 
t i l l e d .  The o b j e c t i v e s  of t h i s  were t o  (a) determine t h e  effects of  legume 
cover  crops i n  both convent ional  till and n o- t i l l  systems, ( b )  compare the  
effects of  cont inuous n o- t i l l  w i t h  t h a t  of  pe r iod ic  convent ional  t i llage 
fol lowing s e v e r a l  y e a r s  of  n o- t i l l ,  and (c)  eva lua t e  t h e  system under higher  
rates of  f e r t i l i z e r  N than  was used previously.  

MATERIAL AND METHODS 

The experiment was conducted a t  Lexington, Kentucky on a Maury s o i l  
( f i n e- s i l t y ,  mixed, mesic, Typic Pa l euda l f ) .  The p l o t s  were es tabl i shed i n  
1976 and maintained through 1983 under a system of  cont inuous n o- t i l l  corn 
w i t h  annual legumes as cover  crops ( 1 ) .  I n  1984 t h e  p l o t s  were s p l i t  i n t o  
convent ional  till and n o- t i l l  t rea tments .  The win te r  cover  c rops  were 
overseeded i n  mid-September 1983 i n t o  t h e  s tanding  n o- t i l l  corn. Cover 
t r ea tmen t s  were h a i r y  ve t ch  a lone ,  h a i r y  ve t ch  mixed w i t h  annual ryegrass ,  
b i g  f lower  ve tch ,  rye, and corn  r e s idue  alone.  The annual ryegrass
win te r- k i l l ed  l e a v i n g  a pure s tand  of  h a i r y  ve tch ,  therefore, r e s u l t s  from 
t h a t  t rea tment  were omitted from t h i s  paper. Each of  t h e  cover t rea tments  
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were combined w i t h  0 ,  85 and 170 kg/ha N from NH NO f e r t i l i z e r ,  broadcasted 
a t  corn  p l a n t i n g  time. Cover c rop  samples were tak n on f o u r  0.25-m2 areas 
from each p l o t  b e f o r e  p l a n t i n g  and N f e r t i l i z a t i o n .  Dry matter y i e l d  and N 
con ten t  were determined from t h o s e  samples. On 18 May 1984, corn  was 
p lan ted  a t  a rate of 50,000 p l a n t s  pe r  ha u s ing  a n o- t i l l  corn  p l a n t e r .
Following p l a n t i n g ,  t h e  p l o t s  were sprayed w i t h  1.17 L/ha paraqua t  mixed 
w i t h  3.36 kg/ha cyanazine.  S o i l  samples were t aken  a t  monthly i n t e r v a l s  
from depths  of 0 t o  7.5 cm and 7.5 t o  15 cm and analyzed fo r  NH4 and NO3 and 
t o t a l  s o i l  N. S o i l  samples f o r  mois ture  de t e rmina t i on  were taken  week1y a t  
t h e  0- t o  15-cm depth  i n  each p l o t .  Dai ly  maximum and minimum s o i l  
t empera tures  were measured a t  5-cm depth  i n  t h e  rows and between t h e  rows 
f o r  t h e  first 30 days a f t e r  corn  p l an t i ng .  Corn g r a i n  was harves ted  i n  
e a r l y  October 1984. 

RESULTS AND DISCUSSION 

Legumes as  Ni t rogen  Source 

Hairy ve t ch  produced more d r y  matter and had greater N c o n t e n t  t h a n  b i g  
f lower  ve tch  o r  r ye  a t  any N f e r t i l i z e r  l e v e l  (Table 1 ) .  With no N 
f e r t i l i z e r ,  h a i r y  ve t ch  conta ined  117 kg/ha N compared t o  47 and 27 f o r  b i g  
flower ve tch  and rye ,  r e s p e c t i v e l y .  With 170 kg/ha N ,  h a i r y  ve t ch  produced 
131 kg/ha N compared t o  46 and 56, r e s p e c t i v e l y ,  fo r  b ig  f l ower  ve t ch  and 
rye.  B i g  flower ve t ch  conta ined  s i g n i f i c a n t l y  h i g h e r  N percen tage  t h a n  rye ,  
bu t  produced t h e  lowes t  amount of d ry  matter, and t h a t  low dry matter 
product ion was reflected i n  t h e  unusua l ly  low l e v e l  o f  N con t en t  of t h e  b i g  
f lower  ve t ch  a t  t h e  17O-kg/ha N t rea tment .  

Table 1. 	 Dry matter produc t ion  and N con t en t  o f  cover  c r o p s  ( t o p  growth) ,
1904. 

F e r t i l i z e r  N 

to)+ 50 (85) 100 (170) 
Cover DM+ N DM N DM N 

rates 1977 -83 (kg/ha) 

Rye 1.7 27 3.0 45 3.5 56 
B i g  flower ve tch  1.5 47 2.2 75 1.6 46 
Hairy ve t ch  3.0 117 3.1 119 3.3 131 

+ 
+ Numbers i n  paren theses  are 1984 f e r t i l i z e r  N rates. 
+ DM = dry  matter, Mg/ha; N = N con ten t ,  kg/ha. 

A t  p l a n t i n g  and before N f e r t i l i z e r  was app l i ed ,  t o t a l  N of t h e  0- t o  
7.5-cm depth o f  s o i l  was c o n s i s t e n t l y  higher  under n o- t i l l  t han  convent iona l  
till f o r  a l l  cover  t r e a t m e n t s  (Table 2) .  The r a t i o s  of t o t a l  N o f  n o - t i l l  
t o  t ha t  of convent iona l  till ranged from 1.15 t o  1.30. I n  the  7.5- t o  15-cm 
dep th ,  however, t o t a l  N tended t o  be h igher  under convent iona l  till, and t h e  
r a t i o s  were from 0.88 t o  1.07. T h i s  r e s u l t e d  from i n v e r t i n g  t h e  s u r f a c e  15 
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cm of s o i l  by moldboard plowing, s o  t h a t  t h e  h i g h e r  o rgan i c  matter con t en t  
was i n  t h e  7.5- t o  15-cm depth.  

Table  2. 	 Effects o f  t i l l age ,  cover  t r ea tmen t ,  and N f e r t i l i z e r  rate on 
t o t a l  s o i l  N be fo re  N f e r t i l i z a t i o n ,  1984. 

Corn r e s i d u e  

Rye

Hairy ve t ch  


Corn r e s i d u e  

Rye

Hairy v e t c h  


0.165 0.189 0.202 
0.164 0.196 0.161 0.210 
0.174 0.212 0.169 0.217 

- - m 

0.166 0.160 0.153 0.164 
0.157 0.156 0.168 0.158 
0.182 0.160 0.179 0.161 

+ 

+
+ 


Numbers i n  pa ren thase s  are 1984 f e r t i l i z e r  rates. 
CT = convent iona l  t i l l age  (plowed one week be fo re  sampling);  
NT = no- ti l lage.  

A t  p l a n t i n g ,  p r e f e r t i l i z a t i o n  v a l u e s  of a v a i l a b l e  N (KCl e x t r a c t a b l e  
p l u s  under n o- t i l l  tended t o  be h ighe r  i n  t h e  0- t o  7.5-cm depth  
lower  t h e  7.5- t o  15-cm depth  t han  under convent iona l  t i l l ,  a l though  

d i f f e r e n c e s  were small (F ig .  1 ) .  Regardless  of f e r t i l i z e r  t r e a tmen t s ,  h a i r y  
ve t ch  r e s u l t e d  i n  more a v a i l a b l e  N i n  t h e  a t  0- t o  7.5-cm depth f o r  both 
n o - t i l l  and convent iona l  t i l l .  Soi l  samples t aken  June 28 (one month after  
N f e r t i l i z a t i o n )  showed t h a t  a v a i l a b l e  N inc rea sed  s i g n i f i c a n t l y  both i n  
n o- t i l l  and convent iona l  t i l l ,  a t  both sampling dep ths  and w i th  and wi thout  N 
f e r t i l i z e r ;  t h e  increase was much g r e a t e r  w i th  convent iona l  t i l l ,  t han  w i t h  
n o- t i l l .  With convent iona  t i l l ,  and no N f e r t i l i z e r ,  a v a i l a b l e  N under 
h a i r y  ve t ch  i nc r ea sed  by 99% over  t h e  month be fo re ,  whi le  t h e  i n c r e a s e  was 
only  13% wi th  n o- t i l l .  Th i s  i n d i c a t e s  t h a t  a s u b s t a n t i a l  amount o f  o rgan i c  
N was minera l ized  du r ing  t h e  f i r s t  month o f  t h e  corn season  and more 
m i n e r a l i z a t i o n  occurred w i th  convent iona l  t i l l ,  t h a n  n o- t i l l .  Th i s  is  
c o n s i s t e n t  w i th  r e s u l t s  r epo r t ed  by Smith and Rice (5 ) .  

If we assume t h a t  50% of t h e  N o f  t h e  t o p  growth was minera l ized  du r ing  
t h e  co rn  growing season ,  t h e  h a i r y  ve t ch  would have provided about  60 t o  65 
kg/ha N from t o p  growth a lone  (50% of  t h e  N v a l u e s  from Table 1) .  If we 
assume f u r t h e r  t h a t  t h e  r a t i o  of N i n  t o p  growth t o  N i n  r o o t s  was 4:1, an 
a d d i t i o n a l  15 t o  16 kg/ha N would have been suppl ied  by t h e  r o o t s  assuming 
a l s o  50% m i n e a l i z a t i o n  from t h e  r o o t s .  Th i s  is s l i g h t l y  less t h a n  t h e  90 t o  
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F ig .  1. Ava i lab le  s o i l  n i t r o g e n  (NH;
= 

+ of  n o- t i l l a g e  and convent iona l  
t i llage, 1984. h a i r y  ve tch?  CR = corn  r e s i d u e ;  and 0 

o f  f e r t i l i z e r ;  Before  N f e r t i l i z e r  a p p l i e d ) .  
= 

100 kg/ha/yr  N estimated by Ebelhar  e t  al. (1) from g r a i n  y i e l d s  and based 
on f e r t i l i z e r  N e q u i v a l e n t ,  b u t  i t  does  n o t  take i n t o  account  m i n e r a l i z a t i o n  
of  s t o r e d  s o i l  o rgan i c  N. We p r e s e n t l y  do n o t  have a re l iab le  estimate of 
t h a t .  

Legumes as Mulch 

The mulch from k i l l e d  w i n t e r  cover  c rops  affects  s o i l  t empera ture ,  s o i l  
mois tu re ,  and s o i l  e ro s ion .  Maximum and minimum s o i l  t empera tures  were 
measured d a i l y  a t  5-cm dep th  du r ing  t h e  first month after  p l a n t i n g  t h e  corn.  
The average maximum s o i l  t empera tures ,  measured both i n  row and between row, 
were c o n s i s t e n t l y  lower  under  n o- t i l l  t h an  convent iona l  till. However, 
n o - t i l l  m a x i m u m  so i l  t empe ra tu r e s  under  co rn  r e s i d u e ,  r ye ,  and h a i r y  ve t ch  
were 1.9, 1.8, and 3.6 C, r e s p e c t i v e l y ,  h ighe r  when measured i n  t h e  row 
slits than  when measured between t h e  rows and on ly  0.7, 0.3 and 1.2 C lower  
t han  i n  t h e  row of the  r e s p e c t i v e  cover  t r e a t m e n t s  w i t h  convent iona l  
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tillage. Apparent ly ,  t h e  microc l imate  o f  t h e  slit o f  t h e  corn  row i n  
n o- t i l l  is f a i r l y  similar t o  convent iona l  till. The average  minirnum s o i l  
t empe ra tu r e s  under  n o - t i l l  were g e n e r a l l y  n o t  s i g n i f i c a n t l y  d i f f e r e n t  t han  
under  convent iona l  till. 

The mulch cover  w i t h  n o - t i l l  was e f f e c t i v e  i n  conserv ing  s o i l  water, 
r e s u l t i n g  i n  more a v a i l a b l e  water t han  w i t h  convent iona l  till. Hairy  ve t ch ,  
r ye ,  and corn  r e s i d u e  t r e a t m e n t s  w i t h  n o - t i l l  averaged 3.6, 3.1, and 1.8%, 
r e s p e c t i v e l y ,  h igher  i n  g r av i rne t r i c  s o i l  mo i s tu r e  c o n t e n t  t han  wi th  
convent iona l  till du r ing  t h e  first 7 weeks of  t h e  season.  

Effect on Corn Gra in  Yield 

Corn g r a i n  y i e l d  w i thou t  N f e r t i l i z e r  was greater w i t h  t h e  legume cover  
c r o p s  t h a n  wi th  r y e  or co rn  r e s i d u e ,  bo th  i n  n o - t i l l  and convent iona l  till 
(Table 3 ) .  Yield w i t h  ha i ry  v e t c h  was greater t h a n  w i t h  b i g  f l ower  ve tch .  
The familiar r e l a t i o n s h i p  between corn  y i e l d ,  t i l lage system, and N 
f e r t i l i z e r  rate d i s cus sed  by P h i l l i p s  e t  al .  ( 4 )  was appa ren t  i n  these da t a .  
Corn y i e l d  was greater w i t h  convent iona l  till t h a n  n o - t i l l  where no 
f e r t i l i z e r  N was a p p l i e d ,  b u t  w i t h  N f e r t i l i z e r ,  n o - t i l l  corn  tended t o  
o u t y i e l d  convent iona l  till corn .  The greater y i e l d  under  convent iona l  
t i l l age  w i t h  no N f e r t i l i z e r  was thought  t o  be due t o  t h e  greater N 
m i n e r a l i z a t i o n  i n d i c a t e d  by F ig .  1. The tendency f o r  greater y i e l d  under 
n o - t i l l  w i t h  N f e r t i l i z e r  a p p l i e d  was probab ly  because s o i l  water was higher  
under  n o - t i l l ,  r e s u l t i n g  i n  more e f f i c i e n t  u se  o f  t h e  f e r t i l i z e r  N by t h e  
co rn  p l a n t s .  

Table 3.	 Effects of  cover  t r e a tmen t ,  N f e r t i l i z e r  rate, and t i l lage  on corn  
g r a i n  y i e l d ,  1984. 

F e r t i l i z e r  N rates, 1984 (kg/ha) 

0 85 170 

_ _ - - - ~  NT CT NT CT 
----------Yield of co rn  (Mg/ha)-----------

Corn r e s i d u e  4.9 3.1 5.9 5.5 6.2 6.2 
Rye
B i g  f l o w e r  v e t c h  

5.1 3.3 6.3 6.4 
6.0 4.0 7.0 7.6 

6.8 7.0 
5.6 5.7 

Hairy v e t c h  6.8 6.0 6.3 6.8 7.2 7.6 

+ 

+
+ 


CT = convent iona l  t i l lage;  NT = n o- t i l l a g e .  

Based on 15.5% mois ture .  

Corn appeared t o  respond well t o  N fe r t i l i ze r  up t o  170 kg/ha N w i t h  
a l l  t i l lage and cove r  t r e a t m e n t s  excep t  b i g  f l o w e r  ve t ch  a t  170 kg/ha N 
(Table 3 ) .  The decrease i n  c o r n  y i e l d  between 85 and 170 kg/ha f e r t i l i z e r  N 
on t he  b i g  flower v e t c h  p l o t s  has been shown t o  be a r e s u l t  of d i f f e r e n t i a l  
e r o s i o n  of t h e  s o i l  o f  the  exper imenta l  area (2).  
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CONCLUSIONS 

When t h e  p l o t s  of  an 8- year o l d  con t inuous  n o- t i l l  corn  exper iment  were 
s p l i t  i n t o  n o - t i l l  and convent ional  t ill ,  t h e  first y e a r ' s  d a t a  showed: 

1 )  

2 )  

3 )  

4 )  

With no N f e r t i l i z a t i o n ,  n o - t i l l  r e s u l t e d  i n  lower  corn  g r a i n  
y i e l d s  t h a n  convent iona l  till, however, w i t h  t h e  170 kg/ha N 
rate ,  g r a i n  y i e l d s  w i t h  n o- t i l l  were g e n e r a l l y  higher .  I n  
both t i l l age  systems,  h a i r y  v e t c h  had t h e  greatest i n f l u e n c e  
on corn  g r a i n  y i e l d s  compared t o  o t h e r  cover  t r e a tmen t s .  

Because o f  i n v e r s i o n  t h e  plow l a y e r ,  t o t a l  s o i l  N under  
convent iona l  till was less than  n o - t i l l  i n  t h e  0- t o  7.5-cm 
dep th ,  bu t  was greater n o- t i l l  i n  t he  7.5- t o  15-cm 
depth.  Ava i lab le  N and was g e n e r a l l y  greater under  
convent iona l  till. T h i s  was t o  g r e a t e r  N 
m i n e r a l i z a t i o n .  

The maximum s o i l  t empera ture  a t  5-cm dep th  measured i n  t h e  row 
under  n o- t i l l  w i t h  co rn  r e s i d u e ,  r ye ,  and h a i r y  ve t ch  cover ,  
r e s p e c t i v e l y ,  were 1.9, 1.8 and 3.6 C higher  t han  between rows 
and on ly  0.7, 0.3 and 1.2 C lower  t han  where measured i n  t h e  
row of convent iona l  till. 

Soil  water c o n t e n t  i n  t h e  0- t o  15-cm dep th  under corn  
r e s i d u e ,  r y e ,  and h a i r y  ve t ch  was 1.80, 3.1 and 3.68, 
r e s p e c t i v e l y ,  higher  w i t h  n o- t i l l  t h an  w i t h  convent iona l  till. 

REFERENCES 

Ebe lhar ,  S.A., W. W .  Frye ,  and R. L. F l e v i n s .  1981. N i t rogen  from legume 
cover  c rops  f o r  n o- t i l l a g e  corn. Agron. J. 76:51-55. 

Frye,  W. W . ,  S. A. Ebelhar ,  L. W. Murdock, and R. L. R lev ins .  1982. S o i l  
e r o s i o n  effects on p r o p e r t i e s  and p r o d u c t i v i t y  of two Kentucky s o i l s .  
S o i l  Sci. Soc. Amer. J. 46:1051-1055. 

Frye,  W.W., J.F. Berbek, and R.L. R lev ins .  1983. Legume cover  c r o p s  i n  
p roduc t ion  of no- t i l age  corn.  pp. 179-191. W.  Lockere tz  (ed. )  
Environmental ly  sound a g r i c u l t u r e .  Praeger Pub l i she r s .  New York, N.Y. 

P h i l l i p s ,  R.E., R.L. B l ev in s ,  G.W. Thomas, W.H. Frye,  and S.A. P h i l l i p s .  
1980. No- t i l l age  a g r i c u l t u r e .  Sc ience  208:1108-1113. 

Smith, M.S. ,  and C.W. Rice. 1983. S o i l  b io logy  and biochemical  n i t r o g e n  
t r an s fo rma t ions  i n  n o- t i l l e d  soi ls .  pp. 215-226. W.  Lockeretz  
(ed.)  Environmental ly  sound a g r i c u l t u r e .  P raeger  Pub l i she r s .  New 
York, N.Y. 




