
EFFECT O F  R E S I D U E  DENSITY, STRIP TILLAGE, AND 
STARTER K ON NO-TILL CORN GROWN I N  WHEAT STUBBLE' 

E . C .  Varsa ,  Derek Rovey, and G .  ~ a p u s t a '  

ABSTRACT 

F i e l d  s t u d i e s  were conducted  i n  1 9 9 2  t o  1 9 9 4  a t  2 l o c a t i o n s  i n  
s o u t h e r n  I l l i n o i s  t o  e v a l u a t e  t h e  i n f l u e n c e  of wheat s t r a w  r e s i d u e  
d e n s i t y  and s t l - i p - t i l l a g e  v s  n o - t i l l a g e  on c o r n  growth and y i e l d .  
Corn growth and r e s u l t a n t  y i e l d  i s  f r e q u e n t l y  r e p o r t e d  by p roducers  
t o  Se depressed  i n  t h e  r e s i d u e s  of a  p r e v i o u s  wheat c r o p .  
Al le lopa t l iy  i s  though t  t o  be a t  l e a s t  p a r t i a l l y  invo lved .  The 
o b j e c t i v e  of t h e  r e s e a r c h  was t o  e v a l u a t e  s t r a w  l e v e l  (removed, 
remain non-modif i e d ,  and d o u b l e d ) ,  s t r i p  t i l l a g e ,  and K p resence  
(30-10-30-4s l b / a c )  01- absence  (30-10-0-4s l b / a c )  i n  a  s t a r t e r  
f e r t i l i z e r  on corn  growth,  n u t r i e n t  compos i t ion ,  and y i e l d .  The 
exper iments  were conducted  a t  t h e  B e l l e v i l l e  Research Center  of 
Southern  I l l i n o i s  U n i v e r s i t y  and a t  a  commercial farm (Lou is  Tay lo r  
Farm) about  20 m i l e s  from t h e  Research C e n t e r .  

The non-modified s t r a w  l e v e l  r e s u l t e d  i n  co rn  growth and 
y l e l d s  t h a t  were u s u a l l y  among t h e  h i g h e s t  a t t a i n e d .  Doubled s t r a w  
c o n t r i b u t e d  t o  g r e a t e r  growth and y i e l d s  when r a i n f a l l  was average  
o r  below, which i s  a  r e f l e c t i o n  of t h e  mois tu re -conse rv ing  
c h a r . j c t e r i s t i c s  of t h e  mulch. During a  season  of much above normal 
r a i n f a l l  ( 1 9 9 3 ) ,  t h e  doubled  s t r a w  l e v e l  c o n t r i b u t e d  t o  a p p a r e n t  
h i g h e r  d e n i t r i f i c a t i o n  l o s s e s  and reduced y i e l d s .  S t r i p  t i l l a g e ,  
a s  opposed t o  n o - t i l l a g e ,  was of t h e  g r e a t e s t  b e n e f i t  under  
c o n d i t i o n s  where t h e  s t r a w  was comple te ly  removed. L i t t l e  b e n e f i t  
from s t r i p  t i l l a g e  was obse rved  when t h e  s t r a w  l e v e l  was doubled .  
I n c l u s i o n  of potass ium i n  t h e  s t a r t e r  f e r t i l i z e r  r e s u l t e d  i n  
s i g n i f i c a n t  y i e l d  i n c r e a s e s  i n  3 of t h e  6 exper iments  conducted and 
averaged 3  bu/ac o v e r  a l l  t h e  exper iments .  The potassium i n  t h e  
s t a r t e r  f e r t i l i z e r  had l e s s  impact  on K uptake  by t h e  corn  than  d i d  
removal vs doublirlg t h e  l e v e l  of s t r a w .  I11 g e n e r a l ,  it was 
concluded t h a t  a l l e l o p a t h y  was no t  a  f a c t o r  i n  i n f l u e n c i n g  c o r n  
growth o r  y i e l d  d u r i n g  any of t h e  y e a r s  of t h e  s t u d i e s .  

INTRODUCTION 

Poor growth of n o - t i l l  c o r n  p l a n t e d  i n t o  t h e  r e s i d u e s  of a  
p r e v i o u s  wheat c r o p  has  f r e q u e n t l y  been r e p o r t e d  by c o n s u l t a n t s  and 
p r o d u c e r s .  Usua l ly  t h e r e  i s  l i t t l e  c o n s i s t e n c y  t o  t h e  p a t t e r n  of 
d imin i shed  corn  growth such a s  topography,  p r e v i o u s  t i l l a g e ,  
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f e r t i l i t y  p a t t e r n ,  o r  wheat h a r v e s t  d i r e c t i o n  and a s s o c i a t e d  s t r a w  
and c l ~ a f  f  d i s t r i b u t i o n .  P l a n t  p o p u l a t i o n  i s  sometimes reduced and 
i n  most c a s e s  t h e  s t u n t e d  corn r e c o v e r s  b u t  reduced y i e l d s  a r e  
u s u a l l y  obse rved .  

S o i l  envi ronmenta l  f a c t o r s  d u r i n g  t h e  e a r l y  growth s t a g e s  s u c h  
a s  c o o l  t empera tu res  , e x c e s s i v e  we tness ,  compaction, and r e d u c e d  
n u t r i e n t  a v a i l a b i l i t y  a r e  thought  t o  be  c o n t r i b u t i n g  f a c t o r s .  A l s o  
l i k e l y  invo lved  i s  a l l e l o p a t h y ,  which i s  t h e  n e g a t i v e  e f f e c t  of t h e  
r e s i d u e s  of a  p r e c e d i n g  c rop  on t h e  succeedii lg c r o p .  Work by 
Guenzi and McCalla ( 1 9 6 6 ) ,  Guenzi,  e t  a l .  ( 1 9 6 7 ) ,  P a t r i c k  ( 1 9 7 1 ) ,  
and E l l i o t t ,  e t  a l .  ( 1 9 7 8 )  has shown t h a t  p h y t o t o x i c  compounds a r e  
producsd d u r i n g  e a r l y  s t a g e s  of c r o p  r e s i d u e  decomposi t ion and most 
f r e q u e n t l y  o c c u r  under  anae rob ic  c o n d i t i o n s .  

The o b j e c t i v e s  of t h i s  s t u d y  were a s  f o l l o w s :  

a )  t o  de te rmine  i f  s t r aw removal ,  doub l ing  i t s  d e n s i t y ,  o r  
a  non-modif ied amount. of s t r a w  would have an impact  on 
corn  growth,  n u t r i e n t  compos i t ion ,  and y i e l d .  

b) t o  de te rmine  i f  s t r i p  t i l l a g e  of a narrow, 10- inch band 
ahead of i n t e n d e d  corn  rows would have an e f f e c t  on c o r n  
growth and y i e l d .  

c )  t o  e v a l u a t e  t l le i n f l u e n c e  of potass ium i n c l u s i o n  i n  a 
s t a r t e r  f e r t i l i z e r  a p p l i e d  a t  p l a n t i n g .  

METHODS 

F i e l d  s t u d i e s  were conducted on two s o u t h e r n  I l i i n o i s  s i t e s ,  
t h e  B e l l e v i l l e  Research Center  ( B R C )  of Southern I l l i n o i s  
U n i v e r s i t y  and a t  t h e  Louis  Tay lo r  Farm approximate ly  2 0  m i l e s  
n o r t h e a s t  of t h e  BRC, i n  1992, 1993, and 1 9 9 4 .  The s o i l s  were 
c l a s s i f i e d  a s  I v a  and S toy  s i l t  loams ( A l f i s o l s )  and had an o r g a n i c  
m a t t e r  c o n t e n t  r a n g i n g  from 1 . 7  t o  2 . 0  p e r c e n t .  D i f f e r e n t  a r e a s  a t  
each l o c a t i o n  were u t i l i z e d  f o r  t h e  3-year  s t u d i e s  and t h e  
i n d i v i d u a l  s o i l  t e s t s  by l o c a t i o n  and y e a r s  were a s  f o l l o w s :  

B e l l e v i l l e  Tav lo r  Farm 
Year pH Bray PI Exch. K Year p ~  Bray P: Exch. K 

----- lb /ac - - -  -- -- ----- l b / a c - -  --- -- 
1 9 9 2  6 . 6  102 385 1 9 9 2  6 . 3  4 9  2 1 4  
1993 6 . 3  96 402 1993 6 . 2  1 1 0  3 1 9  
1 9 9 4  6 . 0  9 1  236  1 9 9 4  6 . 4  45 180 

Wheat was grown t h e  p reced ing  y e a r  fo l lowed by doub le -c rop  
soybeans on each s t u d y  a r e a .  I n  1 9 9 2  s t r a w  was removed p r i o r  t o  
co rn  p l a n t i n g  from s e l e c t e d  p l o t s  and added o n t o  o t h e r  p l o t s  t o  
g i v e  0-X and 2-X l e v e l s  of s t r a w  a s  r e s i d u e  c o v e r .  A d d i t i o n a l  
p l o t s  remained non-modif ied t o  g i v e  a  1 - X  s t r a w  l e v e l  t r e a t m e n t .  
I n  1993 and 1 9 9 4  t h i s  r e d i s t r i b u t i o n  of s t r a w  was done b o t h  ( a )  
j u s t  a f t e r  wheat h a r v e s t  and a g a i n  (b) j u s t  b e f o r e  corn  p l a n t i n g  
such t h a t  a  t i m i n g  f a c t o r  of r e d i s t l - i b u t i o n ,  i .  e .  ( a )  a f t e r  h a r v e s t  



and (b) before planting, was also introduced as a treatment 
variable. Amounts of wheat straw redistributed to form the 2-X 
plots were as follows for each of the experimental years: 

April 1992 

1993 July 1992 
April 1993 

1994 July 1993 
April 1994 

In all years straw levels were duplicated to allow each level 
to be either strip-tilled (ST) in the intended corn rows (10 inches 
wide to a depth of 5 inches) with a power roto-tiller or planted 
directly into the straw treatments as no-till (NT). The tillage in 
ST treatments was sufficiently minor to allow the soil surface to 
remain mostly as a no-till environment. 

Phosphorus and potassium was broadcast-applied prior ta 
planting in accordance with soil test recommendations. Nitrogen as 
a 28% UAN solution was applied as a split application: 75 lb N/Ac 
as a broadcast "weed and feed" at planting and 75 lb N/Ac as a 
side-dress application dribbled between corn rows. 

Starter K (30 lb K,O/ac) was either absent or present as a 
treatment variable in two of each four-row corn plot as the 
following grade analysis: 30-10-0-4% S or 30-10-30-4% S. 
Placement of the starter fertilizer was approximately 2 inches 
below and 2 inches to the side of planted seeds. Pioneer brand 
3394 seed corn at 26,000 seeds per acre was planted at both 
locations each year of the study. 

Crop measurements taken included plant height at maturity, 
ear-leaf nutrient composition, and grain yield. Soil samples were 
also taken for available potassium determination in the 0-XI 1-X 
and 2-X straw level plots in the final year (1993-94) of the study. 
Increment samples were collected in the 0-1, 1-2, 2-4, 4-8, and 8- 
12 inch depth in December 1993 and April 1994 from plots that had 
straw redistributed in July 1993. 

RESULTS AND DISCUSSION 

General ComqenLs 

Large differences in seasonal rainfall during each of the 3 
years resulted in varied planting dates and responses to 
treatments. A dry spring in 1992 followed by favorably moist 
conditions in July and August allowed early planting and nearly 
ideal crop development conditions that resulted in corn yields that 
exceeded 200 bu/ac at both locations. In 1993, excessive wetness 



was a problem durlng most all of the growing season. However, good 

yields were still attained, but nitrogen losses cut into the yield 
potential. The 1994 crop season was substantially drier than 
normal but cool temperatures from mid to late summer decreased the 
effects of moisture stress. Above average yields were obtained. 

Crop R ~ s D O ~ S ~ S  in 1992 

tjheat residues had a significant effect on corn height, 
especially in no-till (NT) plots (Figure 1). In the non-tilled 
plots removal of residues resulted in significantly shorter corn 
than if residues were not removed or if the residues were doubled. 
At both Belleville and the Taylor Farm the tallest corn was 
observed where the residue level was doubled. It was apparent that 
wheat residues were not negatively affecting corn in NT and 
actually the added residues were likely contributing to enhance 
soil moisture and improved corn growth. strip-tillage (ST) had a 
modifying effect on corn height across ths levels of wheat 
residues. Essentially, there was no difference in corn height 
regardless of the residue level for ST. Soil loosening and mixing- 
in the residues in the strip tillage process probably nullified the 
beneficial effects of residue cover in reducing moisture losses. 
Adding potassium in the starter at both locations had a positive 
and significant effect on corn height, even though the average 
Increase was only 1 inch. 

significant yield effects due to residues and tillage were 
observed only at the Taylor Fan) (Figure 2) and not at the 
Belleville site. As shown, within no-till or strip-till, the 
lowest yields were measured in plots with residues removed. 
Highest yields were observed with doubled residues in NT plots and 
at the 1 - X  level of residues in ST plots. Removal of straw was not 
beneficial to yields regardless of tillage (NT or ST) used. 
Addition of K in the starter had no effect on yield at the Taylor 
Farm but resulted in a 5 bu /ac  yield increase at Belleville (BRC). 

Crop Responses in 1993 

Corn yields were negatively affected by doubled straw levels, 
regardless if redistribution occurred right after wheat harvest 
(July 1992) or just prior to planting (April 1993) (Figure 3). 
This effect was observed at both locations and was probably a crop 
response to excessive soil wetness caused by the thick residue 
cover. The depressing effect of the high straw level was observed 
both in the NT and ST plots. Overall, higher yields were noted in 
plots that were ST rather than NT. Addition of K in the starter 
resulted in significant yield increases of 6 bu/ac at both 
Belleville and the Taylor Farm. 

The reduced yield observed in the doubled straw treatments was 
probably the result of high denitrification losses associated with 
wet soil conditions under the heavy residue blanket. As seen in 
Figure 4, ear leaf N composition was 0.2 to 0.3 percent lower in 
doubled straw treatments compared to treatments with straw removal. 



Ear l e a f  K concen t r a t i ons  were reduced s i g n i f i c a n t l y  by 
complete s t raw removal ( F i g u r e  5 )  . This e f f e c t  was most pronounced 
when s t raw was removed fol lowing h a r v e s t  r a t h e r  than f o r  s t raw 
removed p r i o r  t o  p l a n t i n g .  Apparently K had become leached from 
t h e  s t r aw  by t h e  l a t e r  r e d i s t r i b u t i o n  d a t e  and s m a l l e r  d i f f e r e n c e s  
I n  l e a f  K r e s u l t e d .  

Crop Responses i n  1 9 9 4  

Corn he igh t  a t  B e l l e v i l l e  was i nc rea sed  a s  a  r e s u l t  of doubled 
wheat s t raw compared t o  corn grown i n  p l o t s  where s t r aw  was removed 
(F igu re  6 ) .  X d i f f e r e n t i a l  of 6 inches  was measured i n  NT p l o t s  
where s t raw 1-edis t l - ibut ion occurred p r i o r  t o  p l a n t i n g .  The e x t r a  
mulch was apparen t ly  b e n e f i c i a l  i n  mois tu re  conserva t ion  a s  t h e  
growing season was much below normal i n  r a i n f a l l .  Added K i n  t h e  
s t a r t e r  r e s u l t e d  i n  corn be ing ,  on average ,  about 1 inch g r e a t e r  i n  
h e i g h t .  

Yields a t  B e l l e v i l l e ,  however, d i d  no t  fo l low a  comparable 
p a t t s r n  i n  response t o  t h e  s t r aw  l e v e l  ( F i g u r e  7 ) .  Some of t h e  
b e s t  y i e l d s  were a t t a i n e d  i n  p l o t s  where s t r aw  was removed and 
where p l a n t s  were s h o r t e r  i n  h e i g h t .  Th is  apparen t  c o n t r a d i c t i o n  
was probably a  p l ~ y s i o l o g i c a l  response of t h e  corn t o  favorab le  
mois tu re  i n  doubled r e s i d u e  p l o t s  fol lowed by prolonged dryness  
t h a t  exhausted a v a i l a b l e  mois ture  before  g r a i n - f i l l  was completed. 
Potassium i n  t h e  s t a r t e r  had no e f f e c t  on g r a i n  y i e l d .  

Ear l e a f  potassium was increased  by doubled s t r aw  compared t o  
concen t r a t i ons  observed i n  l eaves  of corn grown i n  p l o t s  with s t raw 
removed (F igure  8 ) .  Higher l e a f  K composit ion was observed i n  
p l o t s  wi th  NT compared t o  t hose  r e c e i v i n g  ST.  Addi t ion of K i n  t h e  
s t a r t e r  had no e f f e c t  on l e a f  K concen t r a t i on .  Resu l t s  from t h e  
Taylor  Farm c l o s e l y  p a r a l l e l e d  those  of B e l l e v i l l e  and a r e  no t  
p r e sen t ed .  

E f f e c t  of Straw R e d i s t r i b u t i o n  on K i n  t h e  S o i l  

Potasslum l e v e l s  i n  t h e  s o i l  were a f f e c t e d  by s t raw removal 
(F igu re  9 ) .  As s een ,  s o i l  t e s t  K inc reased  a t  bo th  B e l l e v i l l e  and 
t h e  Taylor Farm soon a f t e r  r e d i s t r i b u t i o n  occu r r ed ,  and the  t e s t  
l e v e l s  inc reased  t h e  g r e a t e s t  i n  t h e  s u r f a c e  few inches  of t h e  
s o l l .  Af t e r  9 months fo l lowing  r e d i s t r i b u t i o n ,  s o i l  t e s t  l e v e l s  i n  
t h e  s u r f a c e  inch ( exp re s sed  a s  l b  K/ac) i n c r e a s e d  by 4 5  l b  K/ac a t  
B e l l e v i l l e  and 6 5  l b / a c  a t  t h e  Taylor Farm. Potassium leached from 
t h e  wheat s t raw was t h e  probable  cause f o r  t h e  s o i l  t e s t  i nc rea se .  
The d i s s i m i l a r  K d i s t r i b u t i o n  p a t t e r n s  i n  t h e  s o i l  was probably a  
r e f l e c t i o n  of long-term prev ious  t i l l a g e  i n  t h a t  moldboard plowing 
was p r a c t i c e d  i n  r e c e n t  yea r s  a t  B e l l e v i l l e  whereas n o - t i l l  was t h e  
dominant p r a c t i c e  a t  t h e  Taylor  Farm. 

Ove ra l l  E f f e c t s  of Straw. T i l l a a e  and K .  1992-1994  

When averaged over t h e  6 s i t e - y e a r s  and a c r o s s  both  NT and ST,  
co rn  y i e l d s  were g e n e r a l l y  t h e  h ighes t  ( 1 8 9  bu / ac )  when t h e  s t r aw  



l e v e l  was no t  modif ied  (F igu re  1 0 ) .  For t h e  s t raw l e v e l  t h a t  was 
doubled t h e  average y i s l d  was about 185 bu/ac and when s t r a w  was 
removed t h e  corn y i e l d  averaged about 182 bu/ac .  For most y e a r s  
t h e  doubled l e v e l  was a  b e n e f i t  t o  t h e  cor-n y i e l d  b u t  d u r i n g  
exces s ive ly  wet cond i t i ons  i t  was a  de t r imen t .  Throughout t h e  
s tudy  no appar-ent 311d observable  a l l e l o p a t h y  was manifested by t h e  
corn a s  a  response t o  t h e  wheat s t r aw  r e s i d u e .  

s t r i p  t i l l a g e  had a  p o s i t i v e  e f f e c t  on o v e r a l l  y i e l d s ,  
con t r i bu t ing  t o  an aver-age 5 bu/ac i n c r e a s e  i n  y i e l d  over  no- 
t i l l a g e  (F igu re  1 0 ) .  The b e n e f i t  of ST over N T  was t h e  g r e a t e s t  
where s t raw was removed, i nc rea s ing  y i e l d  by 8 bu/ac .  S t r i p  
t i l l a g e  r e s u l t e d  i n  a  y i e l d  i nc rea se  of 5 bu/ac f o r  n o n - d i s t r i b u t e d  
s t r aw  and 1 bu/ac f o r  t he  doubled s t r aw  l e v e l .  Ovel-all ,  t h e  
i n c l u s i o n  of K i n  t h e  s t a r t e r  r e s u l t e d  i n  a 3  bu/ac y i e l d  i n c r e a s e .  

Straw l e v e l  a f f e c t e d  corn e a r  l e a f  K compositioil more t han  d i d  
a d d i t i o n  of 30 l b  K,O/ac i n  the  s t a r t e r  (F igu re  11 ) .  There was a 
0 . 1 5 %  K i n c r e a s e  i n  l e a f  K from doubl ing s t r aw  compared t o  s t r a w  
removal. Apparent ly ,  t h e  K i n  t h e  s t r aw  and t h e  o rgan ic  m a t t e r  
combined t o  enhance K uptake by t h e  co rn .  I nc lu s ion  of K i n  t h e  
s t a r t e r  i nc rea sed  e a r  l e a f  K by a  n e g l i g i b l e  0 .03  pe rcen t .  

SUMMARY AND CONCLUSIONS 

1 .  I l lcreas ing s t r a w  l e v e l s  genel-al ly enhanced cor-n growth and 
y i e l d .  However, apparent  immobil izat ion of N and 
d e n i t r i f i c a t i o n  due t o  excess ive  s o i l  mois ture  under doubled 
s t raw i n  t h e  wet year  of 1993 l e d  t o  y i e l d  dec rease s .  

2 .  G r e a t e s t  y i e l d  i n c r e a s e s  from s t r i p  t i l l a g e  were ob t a ined  i n  
t h e  straw-removed t rea tment  (up  t o  6 b u / a c ) .  Least  b e n e f i t  
from s t r i p  t i l l a g e  was observed when t h e  s t raw l e v e l  was 
doubled. 

3 .  The t ime of s t raw r e d i s t r i b u t i o n  ( fo l l owing  wheat h a r v e s t  vs  
j u s t  b e f o r e  p l a n t i n g )  d id  not  have any in f luence  on t h e  corn 
growth and y i e l d  t h a t  was ob t a ined .  

4 .  Addit ion of 30 l b  K,O/ac i n  t h e  s t a r t e r  f e r t i l i z e r  r e s u l t e d  i n  
a  s i g n i f i c a n t  y i e l d  incl-ease i n  3  of t h e  6 experiments.  The 
average y i e l d  i n c r e a s e  was 3 bu/ac over  a l l  exper iments .  

5 .  I n  a l l  exper iments ,  removal of t h e  s t r aw  r e s u l t e d  i n  a  lower 
e a r  l e a f  K composit ion be ing  observed.  Doubling of s t r a w  
r e s u l t e d  i n  s i g n i f i c a n t l y  h ighe r  K l e v s l s  i n  corn e a r  l e a v e s  
compared t o  t h e  non-modified s t r a w  l e v e l .  

6 .  D i f fe rences  i n  corn emergence, c o l o r ,  h e i g h t ,  and popu la t i on  
were minimal du r ing  t h e  3 yea r s  of t h e  s tudy ,  sugges t ing  few 
i f  any apparen t  a l l e l o p a t h i c  e f f e c t s  of t h e  wheat s t r a w  a t  
e i t h e r  l o c a t  ion. 
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Figure 1 . Effect of Straw Level, Tillage, and K in the Starter on COI-11 Height in 1992. 
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Figure 3. Effect of Straw Level, Tillage, and K in the Starter 
on Corn Yield in 1993. 
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Figure 4. Effect of Straw Level on Ear Leaf N Composition in 
1993. 
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Figure 5. Effect of Straw Level and K in the Starter on Ear 
Leaf K Composition in  1993. 
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Figure 6. Effect of Straw Level, Tillage, and K in the Starter 
on Corn Height in 1994 at the Belleville Research 
Center. 
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Figure 7. Effect of Straw Level, Tillage, and K in the Starter 
on Corn Yield in 1994 at the Belleville Research 
Center. 
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Figure 8. Effect of Straw Level, Tillage, and K in the Starter 
on Ear Leaf K Composition in 1994. 
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Figure 9. Effect of Straw Redistribution on Available-K in the 
Surface 12-Inches of Soil, 5 Months and 9 Months, 
Following Straw Transfer. 
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Figure 10. Effect of Straw Level, Tillage, and K in the Starter 
on Corn Yield, (Ave. of 6 Experiments, 1992-1994, 
Belleville Research Center and the Taylor Farm). 
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Figure 1 1 .  Effect of Straw Level and K in the Starter on Ear 
Leaf K Composition, (Ave. of 6 Experiments, 1992- 
1994, Belleville Research Center and rhc Taylor 
Farm). 
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