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INTRODUCTION 

No-t i l lage product ion of corn can l ead  t o  a  number of savings f o r  
growers inc luding  c o s t s  of time, machinery, l a b o r ,  and energy. However, 
savings of s o i l  and water  a r e  perhaps t h e  most important  a t t r i b u t e s  of 
no - t i l l age  product ion on t h e  s lop ing ,  erosion-prone s o i l s  found i n  
southern I l l i n o i s ,  Ind iana ,  Missouri ,  and Kentucky. 

Producer acceptance of n o - t i l l a g e  has no t  been overwhelming. Prob- 
lems i n  achieving accep tab le  s t ands ,  d i f f i c u l t i e s  i n  adequately con- 
t r o l l i n g  p e s t s  of a l l  t ypes ,  e s p e c i a l l y  weeds, and an o v e r a l l  l a c k  of 
apprec ia t ion  of t h e  h igher  managenent s k i l l s  demanded of growers have 
a l l  o r  p a r t i a l l y  con t r ibu ted  t o  slow adoption.  The u l t ima te  t e s t  of 
whether t he  p r a c t i c e  becomes adopted is  t h e  p r o f i t  obtained compared t o  
t h a t  of convent ional  t i l l a g e .  

One of t h e  s i g n i f i c a n t  ques t ions  i n  n o - t i l l a g e  corn product ion i s  
t h a t  of f e r t i l i t y  management, e s p e c i a l l y  t h a t  of n i t rogen  (ti) f e r t i l i z a -  
t i on .  Numerous l i t e r a t u r e  sources can be o f f e r e d  which show t h a t  N 
l o s s e s  a r e  cons iderably  g r e a t e r  under n o - t i l l a g e  compared t o  conven- 
t i o n a l  and has l e a d  t o  h ighe r  N f e r t i l i z e r  recommendations f o r  n o - t i l l  
corn. The i n a b i l i t y  t o  g e t  t h e  N i n  contac t  wi th  s o i l  upon a p p l i c a t i o n  
and the  g r e a t e r  l o s s e s  due t o  d e n i t r i f i c a t i o n  under n o - t i l l  a r e  among 
t h e  more important reasons  f o r  t h e  poor e f f i c i e n c y  of N use by t h e  corn. 

It was t h e  o b j e c t i v e  of t hese  experiments t o  eva lua t e  the e f f e c t  of 
3 N placement methods (b roadcas t ,  s ideband,  and i n j e c t i o n  i n t o  t h e  s o i l )  
and 4 N sources i nc lud ing  u r e a ,  urea-ammonium n i t r a t e  so lu t ion  (UAN- 
28%K), anhydrous ammonia, and urea-urea phosphate ( U Z i P )  on corn g r a i n  
y i e l d  and n u t r i e n t  c o r q o s i t i o n  of l e a f  t i s s u e .  UUP i s  an experimental  
g ranular  f e r t i l i z e r  produced by the  National  F e r t i l i z e r  Development Cen- 
t e r  of TVA wi th  a  r epo r t ed  lower ammonia l o s s  p o t e n t i a l  than t h a t  f o r  
urea.  In  c e r t a i n  s t u d i e s  N-Serve ( a  n i t r i f i c a t i o n  i n h i b i t o r )  was a l s o  
added t o  s e l e c t e d  N t r ea tmen t s  t o  determine i t s  enhancement of N use  
e f f i c i e n c y  by corn.  

EXPERDENTAL DETAILS 

Experiments were e s t a b l i s h e d  i n  1983 and 1984 a t  t h e  B e l l e v i l l e  
Research Center and Carbondale Agronomy Research Center of Southern 
I l l i n o i s  Univers i ty  on s o i l s  t y p i c a l  f o r  t he  a r e a .  Treatments involved 
a  combination of N placement methods (b roadcas t ,  sideband i n  ~2 i n .  
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bands approx imate ly  4 i n .  from t h e  row, i n j e c t i o n  o f  anhydrous ammonia 
t o  a dep th  of ~6 i n .  and 8 i n .  from t h e  row, and i n j e c t i o n  of a UAN 
s t ream a t  $2,000 p s i .  t o  a s o i l  depth  o f  1-2 i n .  a t  6 i n .  and 15 i n .  
spac ings  from corn  rows) ,  N s o u r c e s  ( g r a n u l a r  u r e a ,  urea-ammonium 
n i t r a t e  s o l u t i o n ,  g r a n u l a r  urea-urea  phosphate ,  38-13-0, and anhydrous 
ammonia), and N r a t e s  ( 0 ,  75 ,  and 150 l b  Nlac) .  T r i p l e  superphosphate  
(0-46-0) was a p p l i e d  t o  a l l  t r e a t m e n t s  n o t  r e c e i v i n g  UlJP t o  compensate 
f o r  t h e  phosphorus c o n t a i n e d  i n  t h e  f e r t i l i z e r .  The exper imenta l  d e s i g n  
used was a randomized complete  block d e s i g n  w i t h  6 r e p l i c a t i o n s  a t  
B e l l e v i l l e  and 5 r e p l i c a t i o n s  a t  Carbondale.  S p e c i f i c  d e t a i l s  and 
e v e n t s  i n c l u d i n g  p r e c i p i t a t i o n  i s  given i n  Table  1. Because o f  t h e  
extreme h e a t  and d rought  of 1983 and a subsequent  windstorm which f u r -  
t h e r  damaged t h e  exper iment ,  d a t a  from t h e  Carbondale s t u d y  was o m i t t e d  
a s  no t r e a t m e n t  e f f e c t s  were  observed i n c l u d i n g  a l a c k  of N r a t e  
response.  

DISCUSSION OF RESULTS 

Corn y i e l d s  were  s e v e r e l y  reduced because  of m o i s t u r e  and h e a t  
s t r e s s  a t  B e l l e v i l l e  i n  1983 (Table  2 ) .  A s i g n i f i c a n t  response t o  b o t h  
r a t e  of N and t o  N p lacement  and s o u r c e  was observed ,  however. Anhy- 
drous ammonia t r e a t e d  w i t h  N-Serve and UAN b r o a d c a s t  were s i g n i f i c a n t l y  
g r e a t e r  t h a n  a l l  u r e a  t r e a t m e n t s ,  whether  b r o a d c a s t  o r  s ideband a p p l i e d  
o r  t r e a t e d  w i t h  K-Serve. Except f o r  UAN b r o a d c a s t ,  t h e  UUP t r e a t m e n t s  
t h a t  were e i t h e r  b r o a d c a s t  o r  sidebanded were t h e  h i g h e s t  y i e l d i n g  among 
a l l  N s o u r c e s  p l a c e d  b y  t h o s e  methods. S t a t i s t i c a l l y ,  UUP w a s  h i g h e r  
y i e l d i n g  t h a n  a l l  u r e a  t r e a t m e n t s  excep t  f o r  b r o a d c a s t e d  u r e a  t r e a t e d  
wi th  N-Serve, The a v e r a g e  y i e l d  s u p e r i o r i t y  o f  UUP over  u rea  was abou t  
8 bulac .  UAR and anhydrous ammonia y i e l d e d  e s s e n t i a l l y  t h e  same as UUP 
i n  1983. The h i g h e s t  e a r  l e a f  N composi t ion was i n  anhydrous ammonia 
t r e a t m e n t s  where t h e  DRIS i n d e x  was t h e  l e a s t  n e g a t i v e  and sugges ted  t h e  
b e s t  b a l a n c e  between N and o t h e r  e s s e n t i a l  e lements .  Although n o t  s i g -  
n i f i c a n t ,  t h e  UUP t r e a t m e n t s ,  b r o a d c a s t  o r  s idebanded ,  were h i g h e r  i n  N 
p e r c e n t a g e  t h a n  a l l  u r e a  t r e a t n e n t s  excep t  b r o a d c a s t e d  u r e a  t r e a t e d  w i t h  
N-Serve. 

I n  1984 c o r n  y i e l d s  a t  B e l l e v i l l e  were  much improved over  t h o s e  
measured i n  1983 even though r a i n f a l l  was a g a i n  a p p r e c i a b l y  below normal 
f o r  t h e  growing s e a s o n  (Tab le  2 ) .  The h i g h e s t  y i e l d i n g  t rea tment  was 
UAN i n j e c t e d  (near-row) w i t h  N-Serve. Other  t o p  y i e l d i n g  t r e a t m e n t s  
inc luded  UAN b r o a d c a s t ,  UAN s idebanded ,  and UAN i n j e c t e d  15 i n .  from t h e  
row. Lowest y i e l d s  were  from s idebanded N e x c e p t  w i t h  UAN. The gener- 
a l l y  poor y i e l d s  from s i d e b a n d i n g  may have been t h e  r e s u l t  of a b r i e f ,  
i n t e n s e  shower w i t h i n  a few h o u r s  a f t e r  a p p l i c a t i o n  t h a t  moved t h e  
b roadcas t  and s u r f a c e  banded N t r e a t m e n t s  i n  t h e  s o i l  b u t  y e t  caused 
g r e a t e r  v o l a t i l i z a t i o n  of t h e  N a s  NH3 from t h e  c o n c e n t r a t e d  bands once 
t h e  s o i l  q u i c k l y  d r i e d .  Again UUP y i e l d e d  s l i g h t l y  h i g h e r  t h a n  u r e a  
t r e a t m e n t s  whether  b r o a d c a s t  o r  s idebanded b u t  t h e  e f f e c t  w a s  n o t  s i g n i -  
f i c a n t .  UUP y i e l d s  were  n o t  as g r e a t  a s  t h o s e  of UAN whether  s idebanded  
o r  b r o a d c a s t .  The b e s t  y i e l d i n g  t r e a t m e n t s  were  g e n e r a l l y  t h o s e  which 
were i n j e c t e d  a l t h o u g h  no c l e a r  c u t  p a t t e r n  w a s  observed.  The l e a f  N 
d a t a  c l o s e l y  fo l lowed  t h e  y i e l d  responses  observed b u t  t h e r e  was a t r e n d  
f o r  lower DRIS i n d e x  v a l u e s  f o r  a l l  N t r e a t m e n t s  compared t o  1983. T h i s  
r e s u l t  s u g g e s t s  t h a t  N was more l i m i t i n g  t o  t h e  p l a n t  w i t h  r e s p e c t  t o  
t h e  a v a i l a b i l i t y  of o t h e r  n u t r i e n t s  a t  t h a t  s t a g e  of c rop  development. 



A t  Carbondale i n  1984 no s i g n i f i c a n t  responses t o  N placement and 
sources were measured, bu t  a s i g n i f i c a n t  response t o  N r a t e  was observed 
(Table 2 ) .  Much h ighe r  l e a f  N concent ra t ions  were observed where t h e  
f e r t i l i z e r s  were i n j e c t e d  i n t o  the  s o i l  a s  opposed t o  su r f ace  banding o r  
broadcast  placement. The g r e a t e r  amount of N taken up by t h e  corn d id  
not  t r a n s l a t e  i n t o  s i g n i f i c a n t l y  increased  y i e l d s  f o r  t he  i n j e c t e d  
t rea tments ,  however. As observed a t  B e l l e v i l l e ,  UUP t rea tments  tended 
t o  give h igher  y i e l d s  than  urea t reatments  bu t  t h e  e f f e c t  was not  s ign i -  
f  i c a n t  . 

A t  B e l l e v i l l e  i n  1984 a s epa ra t e  experiment involv ing  only place-  
ment methods f o r  UAN was undertaken and t h e  r e s u l t s  a r e  given i n  Table 
3. A dramatic response t o  N was observed bu t  no s i g n i f i c a n t  response t o  
placement method was noted.  The d i f f e r e n c e  between t h e  h ighes t  and 
lowest y i e l d  a s  a f f e c t e d  by UAN placement was bu t  4 bu/ac. Leaf N com- 
pos i t i on  d i d  n o t  fol low t h e  same order ing  a s  y i e l d  but  i n j e c t e d  UAN 
t reatments  were s i g n i f i c a n t l y  higher  than UAK sidebanded. F a i l u r e  t o  
ob ta in  s i g n i f i c a n t l y  h ighe r  y i e l d s  from those  t rea tments  showing super- 
i o r  l e a f  N composition l e v e l s  was probably t h e  r e s u l t  of l imi ted  r a in -  
f a l l  t h a t  was rece ived  dur ing  t h e  1984 season.  Of s p e c i a l  note  was t h e  
f a c t  t h a t  corn g r a i n  from UAN t reatments  i n j e c t e d  6 i n .  from the  row was 
s i g n i f i c a n t l y  lower i n  moisture content  a t  h a r v e s t  than corn grown on 
UAhT treatments  where t h e  f e r t i l i z e r  was i n j e c t e d  "nid row" o r  15 i n .  
from the  row. 

CONCLUSIONS 

1. General ly ,  i n j e c t i o n  of N sources was s u p e r i o r  t o  broadcast ing o r  
s idebanding near  t h e  row f o r  n o - t i l l  corn product ion.  Yield bene- 
f i t s  f o r  i n j e c t i o n  ranged from 5-lo%, e s p e c i a l l y  over broadcas t ing .  

2 .  UAN appeared t o  be a s l i g h t l y  b e t t e r  N source  than  UUP f o r  n o - t i l l  
corn and both usua l ly  gave higher  y i e l d s  than  urea. 

3.  In  t h e  ma jo r i t y  of comparisons, inc luding  N-Serve wi th  anhydrous 
ammonia o r  i n j e c t e d  UAN gave y i e l d s  t h a t  were among the  h ighes t  
measured. However, adding N-Serve wi th  urea  t h a t  remained on t h e  
su r f ace  was no t  of any va lue  i n  improving y i e l d s .  

4 .  Near-row i n j e c t i o n  of  UAE gave a more r a p i d l y  developing corn crop 
than d id  mid-row placement of UAN and r e s u l t e d  i n  a lower g ra in  
moisture content  a t  h a r v e s t .  
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Table 1 

Se l ec t ed  D e t a i l s  and Exper imenta l  Condit ions f o r  1983 and 1984 S t u d i e s  a t  
B e l l e v i l l e  and Carbondale Involv ing  N F e r t i l i z e r  Placement and Sources on 
No-Ti11 Corn. 

B e l l e v i l l e  

S o i l  Type I v a  s i l t  loam H e r r i c k  s i l t  loam 
( f i n e - s i l t y ,  mixed, ( f i n e ,  montmoril- 
mes ic  Aer ic  Ochraqualf) l o n i t i c ,  mesic 

Aquic Argiudol l )  
S o i l  T e s t s  
PHW 6.6 6.6 
Bray PI  ( l b l a c )  45 6 5 
Ava i l  K ( l b l a c )  208 224 
Organic Ma t t e r (2 )  1.4 1 .4  

Weir s i l t  loam 
( f i n e ,  montmoril- 
l o n i t i c ,  mes ic ,  
Typic Ochraquaif)  

Previous  Crop : Corn 
Residue Remaining 

a t  P l a n t i n g  ( l b / a c )  n o t  measured 
Var i e ty  P lanced  P i o n e e r  3184 
P l a n t i n g  Date May 26, 1983 
N Appl i ca t ion  May. 28, -1983l 
Ear Leaf Sampling Date Aug. 10,  1983 
Corn Harves t  Date Oct.  25, 1983 
R a i n f a l l  Received and 

Dev ia t i on  from Normal ( Inches )  
B e l l e v i l l e  

Corn Wheat 

6 ,000  3,800 
P i o n e e r  3184 P ionee r  3184 
'May 17 ,  1984 May 18,  1984 
J u n e  5 ,  1 9 8 4 ~  June  2 ,  1 9 8 4 ~  
Aug. 1 ,  198G J u l y  27, 1984 
Oct .  23, 1984 O c t .  22, 1984 

Carbondale 
De=ria t ion 

?!onth Normal 1983 1984 Normal Devia t ion  
A p r i l  3.9 +l. 5 H . 9  4.3 -1.2 
M ~ v  4 .1  -0.3 -0.5 4 .7  -0.3 
June  3.8 '-0.3 -1.1 4 .1  -0.8 
J u l y  3.1 -2.1 -1.5 3.4 -1.0 
August 3.9 -1.9 -0.4 4.0 -0.4 
September 3.5 -1.3 13 .8  3.5 14.0 

'NO r a i n  r ece ived  f o r  5 days  a f t e r  a p p l i c a t i o n .  
'0.15 inch  of  r a i n  r e c e i v e d  .u8 hours  a f t e r  a p p l i c a t i o n .  
3 ~ o  r a i n  r ece ived  f o r  11 days  a f t e r  a p p l i c a t i o n .  



Table 2 

The E f f e c t  o f  N F e r t i l i z e r  Placement and Source  on No-Till 
Corn Y i e l d s  and Leaf T i s sue  N S t a t u s  When Applied a t  

2 L o c a t i o n s  and N Rates i n  1983 and 1984 

B e l l e v i l l e  Carbondale 

1983 1984 1984 
Leaf N & Leaf N & Leaf N & 

' ~ r e a  tnen  t Y ie ld  (DRIS) Yield (DRIS) Yie ld  (DRIS) 

P l a c e ~ e n t  h N Source  bu /ac  ' Z bu/ac Z bulac  X 
Broadcasr: 

Crea 62 1.89(-5) 101 1.86(-8) 95 1.36(-14) 
UUP1 72 1.90(-5) 104 1.87(-8) 100 1.39(-15) 
UAN (28ZN) 77 9 9 ( - )  115 2.06(-7)  93 1.62(-11) 
Urea +1 l b / a c  N S ~  67 9 ( - 2 )  97 1.94(-9) -- --- 

Urea 64 1.88(-2) 90 1.80(-10) 91 1.43(-11) 
UCP 72 l e g & ( - 3 )  92 1.78(-9) 97 1.65(-10) 
UlLN (28%N) 71 2.00(-1) 108 2.00(-8)  105 1.72(-7) 
Urea +I l b / a c  SS 60 1.84(-4)  90 1.77(-8) -- --- 

Anhy NHJ 71 2.27(-1) 108 1.98(-11)  110 1.84(-6) 
Anhy NH3 33 l b / a c  NS 8 0  2.34(-1) 98 1.98(-10) --- ---- 
CAN (near-row) -- ---- 107 1.98(-11) 104 1.82(-9) 
UlLU (mid-row) -- ---- 111 1.99(-7) 104 1.88(-6) 
UAx (near-row) ++ 

l b l a c  NS -- ---- 119 2.04(-7) --- ---- 

LSD. 05 7 0.12 6 0.16 XS 0.15 

N Rate  ( l b l a c )  

1UUP = Urea-urea phosphate ,  38-13-0, exper imenta l  g r a n u l a r  f e r t i l i z e r  from TVA. 
BS = N-Serve, 2-chloro-6-(trichloromethyl) p y r i d i n e .  
3Sidebanding = N p l aced  i n  2-4 i n .  bands app rox ima te ly  4 i n .  from co rn  rows. 
4 I n j e c t  = Anhydrous ammonia i n j e c t e d  t o  a d e p t h  of  6 i n .  approximately 8 i n .  f rom 

corn  rows. UA!! a p p l i e d  v i a  2,000 p s i  h i g h  p r e s s u r e  i n j e c t i o n  t o  a d e p t h  
of  1-2 i n .  "Near-Row" i m p l i e s  a p p l i c a t i o n  approximate ly  6 i n .  from c o r n  
rows; whereas ,  "Mid-Row" placement w a s  approximate ly  1 5  i n .  from c o r n  rows. 
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