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ABSTRACT 

A long term study to evaluate tillage methods and fertilization 
practices on corn under monoculture was initiated in 1970. Effects on 
grain yields and soil property changes were evaluated over 20 growing 
seasons. Four tillages evaluated were continuous conventional, alter- 
nate till (2 years no-till: 1 year conventional till), continuous 
chisel till, and continuous no-till. The five fertilizer treatments 
evaluated were: control, 0-0-0; 175-0-0; 160-0-0 broadcast plus 
15-80-120 row banded at planting; 175-80-180 broadcast; and 160-50-150 
broadcast plus 15-30-30 row banded at planting. Yields have increased 
steadily over the years, averaging over 2.5 bushels per acre per year 
on the fertilized treatments. There was no added yield benefits from 
the application of a portion of the fertilizer as a row-band treatment 
at planting compared to all broadcast. Under high fertility management 
very few differences in yield have been observed among the four tillage 
methods. No-till yields tended to be somewhat lower in the initial 
phases of the study, but during the past 10 years that trend has 
changed such that no-till yields are comparable to those of the other 
tillage methods. There has not been any substantial yield benefit 
resulting from alternate tillage compared to continuous no-tillage. 

Soil pH levels were reduced significantly on all fertilizer treat- 
ments compared to the control. Large increases of available soil P and 
K occurred with the high levels of P and K fertilizer application, to 
the point of being excessive. Depletion in soil P and K, when no P and 
K was applied as fertilizer, was more rapid under no-tillage than with 
other methods of tillage. Soil organic matter increased more rapidly 
under no-tillage than other methods and was also enhanced by complete 
N-P-K fertilization compared to the control or the nitrogen only 
fertilizer treatment. 

INTRODUCTION 

Dramatic shifts toward reduced tillage methods in corn production 
have occurred during the past 20 to 30 years. Improved herbicides and 
other pest control chemicals and the need for producers to become more 
labor, machinery, and time efficient have prompted much of the change. 
Likewise, the use of reduced tillage methods has been shown to decrease 
soil erosion losses and increase the amount of water available to the 
crop. A number of concerns and problems have arisen as reduced tillage 
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h a s  become commonplace. P e r e n n i a l  weeds, o c c a s i o n a l l y  g r e a t e r  i n s e c t  
and d i s e a s e  problems, and s o i l  compaction a r e  some of t h e  d i f f i c u l t i e s  
encountered a s  s o i l  t i l l a g e  i s  reduced toward n o - t i l l a g e .  One of t h e  
most common concerns  i s  t h a t  of s e l e c t i n g  t h e  optimum f e r t i l i z e r  
placement and management system which should b e  u t i l i z e d .  

A long-term exper iment  was i n i t i a t e d  i n  1970 and cont inued t o  d a t e  
by D r .  George Kapusta a t  t h e  B e l l e v i l l e  Research Cente r  of SIUC t o  s t u d y  
t h e  combined e f f e c t s  of t i l l a g e  and f e r t i l i t y  i n  a cont inuous  c o r n  
p roduc t ion  system. The o v e r a l l  o b j e c t i v e  w a s  t o  e v a l u a t e  t h e  e f f e c t  of 
d i f f e r e n t  phosphorus (P) and potassium (K) placement methods and 
s t r a t e g i e s  under f o u r  t i l l a g e  systems on corn  g r a i n  y i e l d s  and s o i l  
p roper ty  changes.  

EXPERIMENTAL DETAILS 

The s t u d y  s i t e  i s  l o c a t e d  on an  Ebber t  s i l t  loam s o i l  ( f i n e - s i l t y ,  
mixed, mesic ,  Arg iaqu ic  A r g i a l b o l l s )  w i t h  a s l o p e  of 0 t o  2 p e r c e n t .  
S o i l  t e s t  measurements a t  t h e  beginning of t h e  experiment i n  1970 were: 
pHw = 6.1; Bray P phosphorus = 30 l b s  P p e r  a c r e ;  Bray P phosphorus = 
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62 l b s  P p e r  a c r e ;  a v a i l a b l e  potassium = 261 l b s  K p e r  a c r e ;  o r g a n i c  
m a t t e r  = 1.5%, and c a t i o n  exchange c a p a c i t y  = 12 meq p e r  100 grams of  
s o i l .  Corn h y b r i d s  changed s e v e r a l  t imes  a s  h i g h e r - y i e l d i n g  s e l e c t i o n s  
became a v a i l a b l e .  Herb ic ide  combinations w i t h  s u p e r i o r  weed c o n t r o l  
performance o v e r  a v a r i e t y  of t i l l a g e s  were used.  I n s e c t i c i d e s  were 
a p p l i e d  f o r  b l a c k  cutworm c o n t r o l  a s  t h e  p e s t  p r e s s u r e  warranted.  No 
phosphorus o r  potass ium f e r t i l i z e r  was added d u r i n g  t h e  course  of t h e  
experiment excep t  a s  added according t o  t h e  t r e a t m e n t  p lan .  Limestone 
was app l ied  o v e r  t h e  whole experiment i n  1975 and 1983, each t ime a t  a 
r a t e  of 3 t o n s  p e r  a c r e .  

T i l l a g e  and f e r t i l i z e r  t r e a t m e n t s  were a s  fo l lows :  

CT = Continuous c o n v e n t i o n a l  t i l l  (moldboard plow, d i s k ,  harrow) 
AT = A l t e r n a t e  t i l l  (2 y e a r s  n o - t i l l :  1 y e a r  conven t iona l  till ( 1 9 7 2 ,  

1975, 1978 e t c . )  
CC = Continuous c h i s e l  t i l l  ( c h i s e l ,  d i s k ,  harrow) 
NT = Continuous n o - t i l l  

F e r t i l i t y  

01 = no f e r t i l i z e r  c o n t r o l ,  0-0-0 
02 = n i t r o g e n  o n l y ,  no P 0 o r  K 0 (175-0-0 l b s  N p e r  a c r e )  

2 5 03 = 160-0-0 l b s  N p e r  a c r e  b roaacas t  p l u s  15-80-120 lbs per  a c r e  2" x 
2" row banded. 

04 = 175-80-180 l b s  p e r  a c r e  b roadcas t  
05 = 160-50-150 l b s  p e r  a c r e  b roadcas t  p l u s  15-30-30 l b s  p e r  a c r e  

2" x 2" row banded. 



The exper imenta l  arrangement w a s  a  s p l i t - p l o t  d e s i g n  w i t h  t i l l a g e s  
a s  main p l o t s  and f e r t i l i z e r  t r e a t m e n t s  a s  s u b p l o t s .  Treatments  were 
r e p l i c a t e d  f o u r  t i m e s ,  g i v i n g  a  t o t a l  of 80 p l o t s  i n  t h e  experiment.  
I n d i v i d u a l  p l o t s  were 25 f t .  i n  l e n g t h  X 20 f t .  wide (8-30 inch  rows). 
Ni t rogen  was a p p l i e d  a s  ammonium n i t r a t e ,  phosphorus a s  t r i p l e  
superphosphate ,  and potass ium a s  mur ia te  of po tash .  A l l  b r o a d c a s t  
m a t e r i a l s  were a p p l i e d  p r i o r  t o  t i l l a g e  o r  were l e f t  und i s tu rbed  on t h e  
s o i l  s u r f a c e  ( n o - t i l l ) .  Row banded f e r t i l i z e r s  were a p p l i e d  a t  
p l a n t i n g  . 

I n t e n s i v e  composite s o i l  sampling of i n d i v i d u a l  p l o t s  was done i n  
t h e  l a t e  w i n t e r  of 1990, i n c l u d i n g  increment (2-inch) sampling t o  a  
ten- inch dep th  on t h e  c o n t r o l  and b roadcas t  on ly  t r e a t m e n t s  (01,  02 ,  and 
04) o v e r  a l l  f o u r  t i l l a g e  methods. S o i l  pH, Bray P e x t r a c t a b l e  P ,  

1  exchangeable K, and s o i l  o r g a n i c  m a t t e r  c o n t e n t  were determined on a l l  
samples.  

RESULTS AND DISCUSSION 

A. T i l l a g e  and F e r t i l i t y  E f f e c t s  on Corn Y i e l d s  

Using high f e r t i l i t y  p r a c t i c e s ,  co rn  g r a i n  y i e l d s  have inc reased  
s t e a d i l y  dur ing  t h e  exper iment  when eva lua ted  over  5-year p e r i o d s  
( F i g u r e  1 ) .  The average  annua l  i n c r e a s e  ranged from 0.8 b u s h e l s  p e r  
a c r e  f o r  t h e  c o n t r o l  ( f e r t i l i t y  01) t o  over  2 .5  b u s h e l s  p e r  a c r e  f o r  
f e r t i l i z e d  t r e a t m e n t s  o v e r  t h e  20-year pe r iod .  P e r i o d i c  changes t o  
improved, h igher -y ie ld ing  h y b r i d s  probably  accounted f o r  much of t h e  
i n c r e a s e .  When averaged over  a l l  t i l l a g e s ,  corn  y i e l d s  f o r  t h e  
complete  f e r t i l i z e r  t r e a t m e n t  (03,  04, and 05) were n e a r l y  i d e n t i c a l .  
There  was no b e n e f i t  from a p p l y i n g  a  smal l  p o r t i o n  a s  a  row band 
t r e a t m e n t  ( f e r t i l i t y  05) compared t o  a l l  of t h e  f e r t i l i z e r  be ing  
b r o a d c a s t  ( f e r t i l i t y  04) .  

When t h e  l e v e l  of f e r t i l i t y  was high w i t h  r e s p e c t  t o  a p p l i e d  N ,  P ,  
and K ( F e r t i l i t y  0 4 ) ,  c o r n  y i e l d s  were n e a r l y  i d e n t i c a l  d u r i n g  t h e  l a s t  
10 y e a r s  (1980-1989) r e g a r d l e s s  of t i l l a g e  method used ( F i g u r e  2 ) .  
During t h e  f i r s t  5  y e a r  p e r i o d  (1970-1974) w i t h  f e r t i l i t y  0 4 ,  t h e r e  was 
some evidence t h a t  n o - t i l l  y i e l d s  were lower compared t o  conven t iona l  
o r  c h i s e l  till. This  a g r e e s  w i t h  grower o b s e r v a t i o n s  when t h e y  beg in  
n o - t i l l a g e  corn p roduc t ion .  However, w i t h  t ime,  y i e l d s  under n o - t i l l  
u s u a l l y  "ca tch  up" t o  t h o s e  of conven t iona l  t i l l  o r  s u r p a s s  them. 

The i n t e r a c t i v e  e f f e c t s  of t i l l a g e  and f e r t i l i t y  o v e r  t ime on corn 
y i e l d s  a r e  shown i n  F igure  3 .  Of n o t e  a r e  t h e  y i e l d  changes t h a t  have 
o c c u r r e d  wi th  no P o r  K a p p l i c a t i o n  ( f e r t i l i t y  02) a s  r e l a t e d  t o  
t i l l a g e .  Corn produced u s i n g  n o - t i l l a g e  was p a r t i c u l a r l y  suppressed by 
low s o i l  P  and K l e v e l s  ( f o r  no P and K f e r t i l i z e r  a p p l i c a t i o n s )  
compared t o  conven t iona l  t i l l .  A s  shown i n  t h e  1985-1989 p o r t i o n  of 
F i g u r e  3 ,  y i e l d s  from n o - t i l l  co rn  w i t h  no P and K a p p l i e d  ( f e r t i l i t y  
02)  averaged some 40 b u s h e l s  p e r  a c r e  l e s s  than  n o - t i l l  c o r n  r e c e i v i n g  
complete  f e r t i l i t y  (03,  04,  o r  05) .  A comparable comparison of 



conven t iona l  t i l l e d  corn  showed t h a t  y i e l d s  were reduced by an a v e r a g e  
of on ly  15 b u s h e l s  p e r  a c r e .  One of t h e  major c o n t r i b u t i n g  f a c t o r s  of 
t h e  much lower y i e l d s  f o r  n o - t i l l  compared t o  conven t iona l  t i l l  ( f o r  
f e r t i l i t y  02) was t h e  low l e v e l s  of K i n  t h e  p l a n t  (F igure  4 ) .  
There fore ,  t h e s e  r e s u l t s  show t h e  extreme importance of adequate  P  and 
e s p e c i a l l y  K f e r t i l i t y  f o r  s u c c e s s f u l  n o - t i l l  co rn  product ion.  

B. T i l l a g e  and F e r t i l i t y  E f f e c t s  on S o i l  P roper ty  Changes 

S o i l  pH was a f f e c t e d  d i f f e r e n t l y  by f e r t i l i t y  t r ea tment  
a p p l i c a t i o n s  on t h e  v a r i o u s  t i l l a g e s  (Table  1 ) .  A p p l i c a t i o n  of 175 
pounds N p e r  a c r e  a n n u a l l y  r e s u l t e d  i n  t h e  average  s o i l  pH being 0.7 t o  
0.9 pH u n i t  l e s s  t h a n  t h e  c o n t r o l  t r e a t m e n t  ( f e r t i l i t y  01) .  The a c i d i t y  
r e s u l t i n g  from n i t r i f i c a t i o n  of t h e  ammonium n i t r a t e  f e r t i l i z e r  and t h e  
in'creased y i e l d s  and g r a i n  removal of b a s e  c a t i o n s  probably  r e s u l t e d  i n  
most of t h e  s o i l  a c i d i t y  d i f f e r e n c e s .  The lowest  s o i l  pH was observed 
w i t h  N on ly  ( f e r t i l i t y  02) a p p l i e d  t o  a l t e r n a t e  t i l l e d  corn.  

Bray P  e x t r a c t a b l e  P l e v e l s  were s i g n i f i c a n t l y  a f f e c t e d  by 
1 f e r t i l i t y  t r e a t m e n t s  (Table  1 ) .  The lowest  s o i l  t e s t  f o r  P was observed 

when N bu t  no P o r  K f e r t i l i z e r s  were a p p l i e d  ( f e r t i l i t y  02) .  The 
reduced s o i l  P  r e f l e c t s  t h e  uptake and c rop  removal of P  wi thou t  
replenishment  by any P  f e r t i l i z e r s .  The s o i l  l e v e l  of P f o r  t h e  c o n t r o l  
(29 pounds P p e r  a c r e )  remained n e a r l y  t h e  same s i n c e  t h e  exper iment  was 
i n i t i a t e d .  A p p l i c a t i o n  of 80 pounds P 0  p e r  a c r e  annua l ly  r e s u l t e d  i n  
s u b s t a n t i a l  s o i l  P  i n c r e a s e s  ( f e r t i l i t :  83 ,  04 ,  and 0 5 ) .  The s o i l  
sampling method used f a i l e d  t o  d e t e c t  a s  much P  i n  t h e  s o i l  when t h e  
f e r t i l i z e r  w a s  a l l  banded ( f e r t i l i t y  03) a s  compared t o  when t h e  
phosphorus was a l l  o r  mos t ly  b roadcas t  ( f e r t i l i t y  04 and 05) .  

S o i l  t e s t  K was a f f e c t e d  d i f f e r e n t l y  when K f e r t i l i z e r s  were 
a p p l i e d  t o  t h e  v a r i o u s  t i l l a g e s  (Table  1 ) .  Higher s o i l  t e s t  K l e v e l s  
were g e n e r a l l y  observed w i t h  n o - t i l l a g e  p r a c t i c e s  compared t o  o t h e r  
t i l l a g e s  when K was a p p l i e d .  When no K was added ( f e r t i l i t y  0 2 ) ,  v e r y  
low s o i l  t e s t  K (155 l b s  K pe r  a c r e )  was observed under n o - t i l l .  T h i s  
r e s u l t e d  i n  t h e  ex t remely  low corn  l e a f  K t h a t  was d i s c u s s e d  e a r l i e r  and 
shown i n  F igure  4. 

There w a s  a  p r o g r e s s i v e  i n c r e a s e  i n  average  s o i l  t e s t  K l e v e l s  w i t h  
i n c r e a s i n g  r a t e s  of K a p p l i c a t i o n .  The a p p l i c a t i o n  of 180 pounds K 0  
p e r  a c r e  a n n u a l l y  ( f e r t i l i t y  04 and 05) h a s  l e d  t o  e x c e s s i v e l y  h i g h  
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l e v e l s  of K i n  t h e  s o i l .  A p p l i c a t i o n  of 120 pounds of K 0  pe r  a c r e  
2  a n n u a l l y  a s  a  band t r e a t m e n t  ( f e r t i l i t y  03) h a s  mainta ined s o i l  K t e s t s  

a t  approximately  t h e  d e s i r e d  l e v e l .  

S o i l  o r g a n i c  m a t t e r  con ten t  has  changed a s  a  f u n c t i o n  of b o t h  
t i l l a g e  and f e r t i l i t y  t r ea tment  (Table  1 ) .  No- t i l l age  h a s  l e d  t o  a  
s i g n i f i c a n t l y  i n c r e a s e d  s o i l  o r g a n i c  m a t t e r  c o n t e n t  over  t h e  o t h e r  
t h r e e  t i l l a g e  methods. T h i s  h a s  probably  occur red  because of t h e  
reduced r a t e  of raw r e s i d u e  decomposit ion a s  t i l l a g e  was reduced. The 
o r g a n i c  m a t t e r  c o n t e n t  under a l t e r n a t e  t i l l  was no d i f f e r e n t  from t h a t  



observed with conventional or chisel tillage. Higher soil organic 
matter levels were also observed when fertilizers were applied, 
especially treatments 03, 0 4 ,  and 05 which received the full compliment 
of N, P and R. Higher soil organic matter levels with these fertility 
treatments are probably a result of greater amounts of crop residues 
remaining following harvest. 

Figures 5 and 6 show the distribution variability that was 
observed in soil pH, organic matter content, soil P, and soil K with 
depth in soil for the various tillages on the complete N-P-K broadcast 
treatment (fertility 0 4 ) .  Numerous studies have demonstrated that 
stratification of acidity, P, and K can occur as a result of continuous 
and prolonged no-tillage. These data support those reports. Figure 5 
also shows that soil organic matter becomes stratified in the soil 
under no tillage to a degree very similar to that of soil P and K. 
This mulch accumulation has been the subject of much concern, but thcre 
is no evidence that tillage for the purpose of its redistribution is 
necessary for successful corn production. 



Average Corn Grain Yields by Fertility 
over 5-year periods, 1970-1989 

- 
Fert 01 Fert 02 Fert 03 Fert 04 Fsrt 06 

F i g u r e  1. E f f e c t  of f e r t i l i t y  t r e a t m e n t s  averaged o v e r  a l l  t i l l a g e s  
on c o r n  g r a i n  y i e l d s  eva lua ted  i n  5 -yea r  p e r i o d s ,  1970-1989. 

Corn Grain Yields for Fertility Tmt 04 
over 5-year periods, 1970-1989 

(bu/ Acre) 
ieo 1 

Cmv. till At. till Cont. chllel No-till 

Figure  2 .  Corn g r a i n  y i e l d s  ob ta ined  wi th  f o u r  t i l l a g e  methods on 
f e r t i l i t y  t r e a t m e n t  04(175-80-180, b r o a d c a s t  a n n u a l l y )  
and e v a l u a t e d  o v e r  5-year p e r i o d s ,  1970-1989. 



h r t  01 h r t O P  h r t  W f r t  04 k t 0 6  

u r n  1980-1984 , 
7 

Figure  3 .  Corn g r a i n  y i e l d s  a s  in f luenced  by t i l l a g e  and 
f e r t i l i t y  over  5 -yea r  pe r iods  of t h e  s t u d y ,  
1970-1989. 



Potassium in Corn Leaves 
by fertility 

% of dry wt 
2.25 1 
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Figure 4.  Potassium in the corn ear leaves of the 1990 crop as influenced by tillage 
and fertility treatments. 



Table  1. E f f e c t  of t i l l a g e  and f e r t i l i t y  on s o i l  pH, Bray P e x t r a c t a b l e  phosphorus ,  exchangeable  1 
potass ium,  and o r g a n i c  m a t t e r  i n  s o i l s  a f t e r  20 y e a r s  of con t inuous  corn .  S o i l  samples c o l l e c t e d  
February 1990. 

F e r t i l i t y  
1 S o i l  pH 

Cont . 
Bray P, Phosphorus ( l b s l a c )  

Cont . 
Tmt . Cont. A l t .  Cont. No- Cont. A l t .  Cont. No- 
No. Treatment conv. T i l l  C h i s e l  T i l l  Mean - Conv. - T i l l  C h i s e l  T i l l  Mean - - - - 
01 0-0-0 7.0 7 .0  7.2 7.3 7.1 4 2 2 5 3 3 18 29 
02 175-0-0 (BC) 6.2 5.6 6 .3  6.7 6.2 13 2 3 18 8 15 
03 160-0-0 (BC) 6.3 6 . 6  6.2 6.4 6.3 7 8 7 7 7 7 7 3 7 6 

+15-80-120(R0~) 
04 175-80-180(BC) 6.6 6.2 6 .5  6.0 6.3 103 9 6 8 2 9 6 94 
05 160-50-150 (BC) 6.5 6 .3  6 .8  6.2 6.4 104 109 85 9 7 99 

+15-30- ROW) 
Mean 6.5 6 . 3  6.6 6.5 68 6 6 5 9 5 8 

LSD ,, T i l l a g e  0.13 N S 
.UJ F e r t l i t y  0.17 8.7 

4 
03 T i l l a g e  X F e r t i l i t y  0.34 N S 

F e r t i l i t y  1 

Tmt. 
No. Treatment 

Exchangeable P o t a s s i u i ~ ~  ( ~ b s / a c )  S o i l  Organic  M a t t e r  (%) 
Cont . Cont . 

Cont. A l t .  Cont. No- Cont. A l t .  Cont. No- 
Conv. T i l l  C h i s e l  T i l l  Mean - - - - Conv. T i l l  C h i s e l  T i l l  Mean - - - - 

01 0-0-0 225 205 215 168 203 1.78 1.67 1.80 1.87 1.78 
02 175-0-0 (BC) 190 200 200 155 186 1.90 1.86 2.01 1.98 1.94 
03 160-0-0 (BC) 298 293 298 303 298 2.11 2.00 1.93 2.23 2.07 

+15-80-120(R0~) 
04 175-80-180(RC) 4 30 440 400 490 440 1.84 2.01 1..95 2.20 2.00 
05 160-50-150(BC) 4 10 460 370 500 435 2.17 2.04 1.98 2.37 2.14 

+15-30- RO ROW) 
Mean 31 1 320 297 323 1.96 1.92 1.93 2.13 

LSDwo5 T i l l a g e  N S 0.14 
F e r t l i t y  25.1 0.12 
Tillage X F e r t i l i t y  50.3 N S 

1 Denotes pounds of N ,  P20, ,  and K 0 a p p l i e d  annua1.l.y p e r  a c r e  a s  a b roadcas t  (RC) o r  2 inch  x 2 inch row- 2 
banded (Row) t r e a t m e n t  at? p l a n t i n g .  



Increment Soil pH 
Fertility Tmt 04 

- Convsntlonal Tlll - Altornato Tlll 

. ' Continuous Chleel --- No-1111 

lncrement Soil Organic Matter 
% Organic Matter 

Fertility Trnt 04 

- Conwntlonal Tlll - Alternate Tll l 

' ' COntlnuoua Chlrel --.- No-1111 

F i g u r e  5. S o i l  pH d e t e r m i n a t i o n  and o r g a n i c  m a t t e r  d i s t r i b u t i o n  
i n  t h e  plow l a y e r  of  f e r t i l i t y  t r e a t m e n t  04(175-80-180,  
b r o a d c a s t  a n n u a l l y ,  1970-1989) i n  F e b r u a r y  1990 a s  
a f f e c t e d  by t i l l a g e  methods.  



lncremen t Soil Phosphorus - 

P (pprn) 
Fertility Tmt 04 

- Conrontlonal Tlll - Alternate Till 
...... Continuour Chkel - - -  No-1111 

Increment Soil Potassium 
Fertility Tmt 04 

Sdl K (pprn) 

- Con*ntlonal Tlll - Altermaw Till 

"." Continu0~8 Chl8.l --- NO-1111 

F i g u r e  6 .  D i s t r i b u t i o n  of a v a i l a b l e  s o i l  phosphorus and potassium 
i n  t h e  plow l a y e r  of f e r t i l i t y  t r e a t m e n t  04(175-80-180, 
b roadcas t  a n n u a l l y ,  1970-1989) i n  February  1990 a s  
a f f e c t e d  by t i l l a g e  methods. 



PROJECTS ON SOILS AND SOIL FERTILITY AT SOUTHERN ILJAINOIS 
UNIVERSITY-CARBONDALE 

F i e l d  Eva lua t ion  of Ammonium T h i o s u l f a t e  (ATS) a s  a  Urease I n h i b i t o r .  
E.C. Varsa 

E f f e c t  of N-(n-butyl) Thiophosphor ic  Tr iamide a s  a  Urease  I n h i b i t o r  
a p p l i e d  t o  No-Til l  Corn. E.C. Varsa 

The I n f l u e n c e  of N F e r t i l i z e r  Timing of A p p l i c a t i o n  and P l a n t  Growth 
Regu la to r  Use on Winter  Wheat. E.C. Varsa 

The E f f e c t  of Super  Urea on No-Ti11 Corn. E .C.  Varsa 

R e s i d u a l  A c i d i f i c a t i o n  of  S o i l s  from D i f f e r e n t  N F e r t i l i z e r s  and i t s  
I n f l u e n c e  on Corn and Soybeans. E.C. Varsa* and B.P. Klubek 

E f f i c i e n t  P  Use by Corn and Soybeans through Placement of  L iqu id  
Formulat ions  w i t h i n  t h e  Root ing Volume under  No-Ti l l  and Reduced-Til l  
Systems. S.A. Ebelhar* ,  Dixon Spr ings  Ag C e n t e r ,  U n i v e r s i t y  of I l l i n o i s ,  
Simpson, IL and E.C. Varsa 

E f f e c t  of G e l l e d  Ni t rogen  F e r t i l i z e r  S o l u t i o n s  on No-Til l  Corn. E.C. 
Varsa 

Corn T i l l a g e  X F e r t i l i t y  Study ( I n  p l a c e  s i n c e  1970). G. Kapusta 

I n f l u e n c e  of  ACA on Corn Produc t ion .  G. Kapusta 

I n f l u e n c e  on Nutra-Gro on Corn, Soybeans, and Wheat. G .  Kapusta 

The E f f e c t  of Agri-SC S o i l  Condi t ioner  on S o i l  P h y s i c a l  P r o p e r t i e s .  S.K. 
Chong* and B r i a n  F t i c h .  



PROCEEDINGS OF THE TWENTIETH 

NORTH CENTRAL EXTENSION - INDUSTRY SOIL FERTILITY CONFERENCE 

November 14-15, 1990, Holiday Inn St. Louis Airport 

Bridgeton, ~issouri 

Volume 6 

Program chairman: 

David B. Mengel 

Department of Agronomy 
Purdue University 

Lilly Hall of Life Sciences 
West Lafayette, IN 47907-7899 


