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INTRODUCTION 

Acceptance of n o- t i l l a g e  and reduced t i l l a g e  crop produc t ion  methods, o f t e n  
c o l l e c t i v e l y  r e f e r r e d  t o  a s  conserva t ion  t i l l a g e ,  ha s  expanded r a p i d l y  i n  many 
p a r t s  of t h e  U.S. i n  r e c e n t  y e a r s ,  p a r t i c u l a r l y  i n  t h e  Mid-Atlantic and 
Southeas te rn  r eg ions .  According t o  P e t e r  C .  Myers, ch ie f  of t h e  S o i l  
Conservat ion Se rv i ce ,  "Conservation t i l l a g e  i s  being adopted f a s t e r  than  any 
o t h e r  p r a c t i c e  i n  t h e  h i s t o r y  of farming. I n  1 9 7 2 ,  ( t h e r e  w e r e )  30 m i l l i o n  
a c r e s .  I n  1982, ( t h e r e  were) more than  100 m i l l i o n  a c r e s .  By t h e  yea r  2010, a s  
much as 95 pe rcen t  of a l l  U.S. cropland may be farmed with  conserva t ion  t i l l a g e  
methods" ( 1 2 ) .  I n  Maryland, t h e  e x t e n t  of n o- t i l l a g e  and reduced t i l l a g e  corn 
increased  from l e s s  than  10,000 a c r e s  i n  1970 t o  more than  350,000 a c r e s  by 1978 
(1). A 1983 Maryland county-by-county survey showed t h a t  even i n  a year  when 
t h e  Fede ra l  Governnent ' s  P I K  (Payment-in-Kind) program encouraged an o v e r a l l  
r educ t i on  i n  corn ac r eage ,  over  400,000 a c r e s  of corn were n e v e r t h e l e s s  repor ted  
i n  o t h e r  Kid- Atlant ic  s t a t e s  where, on t h e  average ,  conserva t ion  t i l l a g e  co rn  
acreage  increased  from l e s s  than 5% i n  1970 t o  almost 30% in  1978 ( 1 ) .  
No- t i l l age  reduces  c o s t s  f o r  f u e l ,  l a b o r ,  and equipment. I t  can a l s o  reduce 
s o i l  e r o s i o n  losses  on many s o i l s  by 50% t o  90% pe rcen t  and improve s o i l  
mois ture  r e t e n t i o n  (12 ,13 ,19) .  

Once i t  was recognized t h a t  n o- t i l l a g e  corn produc t ion  was p r a c t i c a l ,  it 
became apparent  t h a t  many of t h e  t r a d i t i o n a l  lime and f e r t i l i z e r  p r a c t i c e s  long 
a s s o c i a t e d  w i t h  convent iona l  t i l l a g e  might no longer  be s u i t a b l e  o r  even 
p o s s i b l e .  With t h e  i n t roduc t i on  of improved n o- t i l l a g e  p l a n t e r s ,  farmers foucd 
t h a t  t hey  could e s t a b l i s h  e x c e l l e n t  corn s t ands  without  p r i o r  s o i l  t i l l a g e .  It  
became obvious t h a t  t r a d i t i o n a l  r a t e s  and methods of n i t r o g e n  a p p l i c a t i o n  d i d  
n o t  c o n s i s t a n t l y  r e s u l t  i n  expected y i e l d s  and accep t ab l e  n i t r o g e n  e f f i c i e n c y  . 
A number of i n v e s t i g a t o r s  have r epo r t ed  t h e  need f o r  increased  f e r t i l i z e r  N f o r  
corn grown under n o- t i l l a g e  than under convent iona l  t i l l a g e  (3 ,10 ,11 ,16 ) .  

Some n i t r o g e n  management problems have r e s u l t e d  from t h e  t rend of t h e  
f e r t i l i z e r  i ndus t ry  away from ammonium n i t r a t e  and toward urea ( 9 ) .  I n d i c a t i o n s  
a r e  t h a t  increased  use of sur face- appl ied  u r ea  o r  urea-based f e r t i l i z e r s  i n  
conse rva t i on  t i 1  lage systems o f t e n  p r e sen t  agronomical and subsequent economical 
problems f o r  t h e  farmer  (2 ,17) .  It i s  w e l l  known t h a t  under favorab le  
c o n d i t i o n s ,  s i g n i f i c a n t  q u a n t i t i e s  of n i t r o g e n  can be l o s t  t o  t h e  atmosphere 
from sur face- appl ied  urea  due t o  armmonia v o l a t i l i z a t i o n  ( 5 , 9 , 1 8 ) .  The "bottom 
l i n e "  i s  t h a t  where urea  o r  urea-based f e r t i l i z e r s  a r e  s u r f a c e  a p p l i e d ,  
p a r t i c u l a r l y  i n  t h e  presence of o rgan ic  r e s i d u e s ,  crop y i e l d s  a r e  o f t e n  reduced 
(2 ,7 ,14 ,17 ) .  In  some c a s e s ,  ammonia l o s se s  from s u r f a c e  appl ied  urea may be 
reduced by a p p r o p r i a t e  use  of a n i t r i f i c a t i o n  i n h i b i t o r  ( 6 ) .  Considerably 
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improved N e f f i c i e n c y  can be  o b t a i n e d  by p roper  f e r t i l i z e r  placement ( 2 , 1 7 ) ,  o r  
i f  s u f f i c i e n t  r a i n f a l l  occurs  a t  a f o r t u i t o u s  t ime .  According t o  Fox and 
Hoffman ( 7 ) ,  t h e r e  i s  an a p p a r e n t  r e l a t i o n s h i p  between t i m e l i n e s s  of r a i n f a l l  
a f t e r  N a p p l i c a t i o n  and p o s s i b l e  N v o l a t i l i z a t i o n  losses.  They have sugges ted  
t h e  f o 1lowing r e l a t i o n s h i p s  : "(1) t h e r e  was i n s i g n i f i c a n t  ammonia 
v o l a t i l i z a t i o n  l o s s  from un incorpora ted  u r e a  f e r t i l i z e r s  i f  a t  l e a s t  10  mm ( 0 . 4  
i n . )  of r a i n  f e l l  w i t h i n  48 hours  a f t e r  f e r t i l i z e r  a p p l i c a t i o n ;  ( 2 )  i f  1 0  mm o r  
more f e l l  3 days  a f t e r  t h e  u r e a  was a p p l i e d ,  v o l a t i l i z a t i o n  losses a r e  s l i g h t  
(<l0%); ( 3 )  i f  3 t o  5 mm (0 .1  t o  0 . 2  i n . )  of r a i n  f e l l  w i th in  5 days ,  o r  7 t o  9 

mm (0 .3  t o  0 . 4 )  i n . )  w i t h i n  9 d a y s ,  v o l a t i l i z a t i o n  l o s se s  could  be moderate (10% 
t o  30%);  and ( 4 )  i f  no r a i n  f e l l  w i t h i n  6 d a y s ,  t h e  l o s s  could  be  s u b s t a n t i a l  
(>30%) .  

According t o  t h e  1984 FERTILIZER SUMMARY DATA published by the Tennessee 
Val ley A u t h o r i t y  (8), of  t h e  major d i r e c t  a p p l i e d  n i t r o g e n  m a t e r i a l s  u t i l i z e d  on  
U.S. farms,  14.1% was a t t r i b u t e d  t o  u rea  and 27.8% t o  UAN s o l u t i o n .  I n  
Maryland, where n o- t i l l a g e  crop p r o d u c t i o n  h a s  ga ined  r a p i d  p o p u l a r i t y ,  8.4% of  
t h e  d i r e c t  a p p l i e d  n i t r o g e n  came from u r e a ,  and 62 .2% came from UAN s o l u t i o n .  
I n  Kentucky, a n o t h e r  s t a t e  wi th  a h i g h  degree  of farmer accep tance  of n o- t i l l a g e  
c r o p  p r o d u c t i o n  p r a c t i c e s ,  u r e a  i s  r e p o r t e d  t o  be t h e  number one d i r e c t  a p p l i e d  
source  of N .  Urea accounts  f o r  31.7% of t h e  d i r e c t  a p p l i e d  N ,  whereas UAN 
s o l u t i o n  accounts  f o r  12.6%. The r e l a t i v e l y  h i g h  p o p u l a r i t y  of UAN s o l u t i o n s  i n  
r e c e n t  y e a r s  i s  p robab ly  r e l a t e d  t o  t h e  f a c t  t h a t  many h e r b i c i d e s  and o t h e r  
p e s t i c i d e s  can be  tank-mixed w i t h  UAN, t h u s  sav ing  one o r  more e x t r a  t r i p s  
a c r o s s  t h e  f i e l d .  T h e  p o t e n t i a l  problems a s s o c i a t e d  wi th  s u r f a c e  a p p l i e d  u r e a  
and o t h e r  urea- based f e r t i l i z e r s  i s  a l r e a d y  widespread,  and w i l l  con t inue  t o  
grow a s  a c r e a g e  of reduced t i l l a g e  and n o - t i l l a g e  N management b e s i d e s  N s o u r c e ,  
i n c l u d e  N r a t e ,  N placement and t ime of N a p p l i c a t i o n .  These t o p i c s  w i l l  be 
d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  t h e  fo l lowing  s e c t i o n s .  

NITROGEN RATE FOR MAXIMUM YIELDS 

A s  n o- t i l l a g e  corn gained i n  p o p u l a r i t y  dur ing  t h e  1970 ' s ,  one d i f f e r e n c e  
observed between n o- t i l l a g e  and conven t iona l  t i l l a g e  was t h e  ' 'apparent" need f o r  
h i g h e r  n i t r o g e n  1evels i n  n o- t i l l a g e  f i e l d s .  U n f o r t u n a t e l y ,  some i n d i v i d u a l s  
i n c o r r e c t l y  i n t e r p r e t e d  t h i s  d i f f e r e n c e  a s  an i n d i c a t i o n  t h a t  n o- t i l l a g e  corn  i s  
a l e s s  e f f i c i e n t  u t i l i z e r  of  f e r t i l i z e r  N than  conven t iona l  t i l l a g e  corn .  But,  
when p r o p e r l y  managed, n o- t i l l a g e  corn  a c t u a l l y  p r o v i d e s  a MORE EFFICIENT 
v e h i c l e  f o r  f e r t i l i z e r  N u t i l i z a t i o n  than  does conven t iona l  t i l l a g e .  

Long-term N r a t e  by t i l l a g e  exper iments  conducted i n  Maryland s i n c e  1973 
have provided d a t a  r e l a t i v e  t o  t h e  n i t r o g e n  requ i rements  o f  t h e  two t i l l a g e  
sys tems .  These t e s t s  s u b s t a n t i a t e d  t h a t  a t  sub-optimal N r a t e s ,  N d e f i c i e n c y  
symptoms were more pronounced i n  n o - t i l l a g e  t h a n  i n  c o n v e n t i o n a l  t i l l a g e  c o r n .  
Some of t h i s  work i l l u s t r a t e d  t h e  major d i f f e r e n c e s  i n  N r equ i rements  between 
t h e  two t i l l a g e  sys tems.  I n  t h e s e  t e s t s ,  N was a p p l i e d  t o  both n o - t i l l a g e  and 
c o n v e n t i o n a l  t i l l a g e  corn a t  r a t e s  of 0 ,  80,  120, 160 and 240 lb/A. Yield  d a t a  
from one t y p i c a l  l o c a t i o n- y e a r  a r e  p r e s e n t e d  i n  Table  1.  

From t h e  response  curves  i n  Table  1, i t  would a p p e a r  t h a t  t h e  240 lb/A N 
r a t e  r e s u l t e d  i n  h i g h e s t  y i e l d s  f o r  n o- t i l l a g e  and t h e  160 l b  N/A r a t e  r e s u l t e d  
i n  h i g h e s t  y i e l d s  f o r  c o n v e n t i o n a l  t i l l a g e .  However, n e i t h e r  of t h e s e  curves  



-3-


a c t u a l l y  "peaked" a t  t h e s e  n i t r o g e n  l e v e l s .  Using a s t a t i s t i c a l  t echnique  known 
a s  c u r v i l i n e a r  r e g r e s s i o n ,  b e s t  f i t t i n g  curved l i n e s  were s e l e c t e d  f o r  t h e s e  
d a t a  p o i n t s .  These l i n e s  showed t h a t  g r a i n  y i e l d s  f o r  bo th  t i l l a g e  systems 
cont inued t o  i nc r ea se  t o  some N r a t e ( s )  between 160 and 240 lb/A. Maximum 
y i e l d s  should have occurred approximately 214 l b  N/A f o r  n o- t i l l a g e  and a t  
approximately 183 l b  N/A f o r  convent iona l  t i l l a g e  corn  -- approximately 3 1  lb/A 
more N f o r  n o- t i l l a g e  than f o r  convent iona l  t i l l a g e  corn i n  t h i s  case .  These 
va lues  i l l u s t r a t e  t y p i c a l  d i f f e r e n c e s  i n  N requirements  between t h e  two t i l l a g e  
systems.  Experience has shown t h a t  d i f f e r e n c e s  i n  maximum y i e l d  N requirements  
between t y p i c a l  n o- t i l l a g e  and convent iona l  t i l l a g e  corn  systems average about  
30 t o  40 l b  N/A more f o r  n o- t i l l a g e ,  b u t  may vary from e s s e n t i a l l y  0 t o  more 
t h a n  60 l b  N/A.  The magnitude of t h e s e  d i f f e r e n c e s  depends upon many f a c t o r s ,  
such a s  s o i l  type ,  p a s t  cropping h i s t o r y ,  seasona l  r a i n f a l l  and tempera ture ,  
s o i l  pH, e t c .  These a r e  a l l  f a c t o r s  which d i r e c t l y  o r  i n d i r e c t l y  i n f l uence  t h e  
l e v e l  of r e s i d u a l  s o i l  N a v a i l a b l e  t o  t h e  growing crop. 

Desp i te  n o- t i l l a g e  corn o f t e n  r e q u i r i n g  a h ighe r  f e r t i l i z e r  N r a t e  than  
convent iona l  t i l l a g e  corn  t o  o b t a i n  maximum y i e l d s ,  increased  N l e v e l s  on 
n o- t i l l a g e  corn a r e  g e n e r a l l y  rewarded under Maryland c o n d i t i o n s  by h ighe r  
y i e l d s  t han  y i e l d s  ob ta ined  on conven t iona l l y  t i l l e d  corn a t  t h e  same N level. 
For  i n s t a n c e ,  i n  Table 1, n o- t i l l a g e  corn y i e l d s  exceeded t hose  from 
convent iona l  t i l l a g e  by approximately 20 t o  36 bu/A a t  t h e  more op t imal  N 
f e r t i l i z a t i o n  r a t e s .  When t h e  amounts of f e r t i l i z e r  N requ i red  t o  produce a 
bushe l  of corn  were c a l c u l a t e d  (Table  2), i t  was apparent  t h a t  a t  N r a t e s  o f  
l e s s  than  120 lb/A, n o- t i l l a g e  corn requi red  about t h e  same amount of N/bu a s  
convent iona l  t i l l a g e .  But, a t  N r a t e s  of 120 lb/A o r  more, n o- t i l l a g e  corn 
r equ i r ed  LESS N/bu than convent iona l  t i l l a g e .  For  i n s t a n c e ,  a t  N rates of 120, 
160 and 240 lb/A, each bushe l  of conven t iona l l y  t i l l e d  corn r equ i r ed  1.0, 1 .2  
and 2.0 l b  N/bu r e s p e c t i v e l y  compared t o  0 .9 ,  1.1. and 1 . 6  l b  N/bu f o r  
n o- t i l l a g e  corn .  A t  t h e s e  h i g h e r  N r a t e s ,  convent iona l  t i l l a g e  corn  r equ i r ed  
1 . 1 ,  1.1 and 1.2  t imes more N r e s p e c t i v e l y  than s i m i l a r l y  t r e a t e d  n o- t i l l a g e  
corn .  N e f f i c i e n c y  r e l a t i v e  t o  g r a i n  y i e l d s  dec l i ned  f o r  bo th  t i l l a g e  systems 
a s  N r a t e s  increased .  But N e f f i c i e n c y  f o r  n o- t i l l a g e  corn was always h ighe r  
t han  t h a t  f o r  convent iona l  t i l l a g e  corn a t  N r a t e s  of 120 lb/A o r  more. 

Summarizing y i e l d  d a t a  c o l l e c t e d  over  a 13-year per iod  from as many a s  f i v e  
Maryland l o c a t i o n s  (Table 3), showed t h a t  a t  sub-optimal N r a t e s  (below 80 l b  
N/A), convent iona l  t i l l a g e  corn out- yielded n o- t i l l a g e  corn 64% t o  69% of t h e  
t ime.  A t  t h e  80 l b  N/A r a t e ,  t h e  odds cont inued t o  be about evenly d iv ided  
between t h e  two t i l l a g e  systems (46% f o r  n o- t i l l a g e  and 54% f o r  convent iona l  
t i l l a g e ) .  But,  a t  t h e  more op t imal  N r a t e s  120 l b  N/A o r  more, t h e  odds were 
r eve r sed ,  and t h e  p r o b a b i l i t y  f o r  h ighes t  y i e l d s  turned s t r o n g l y  i n  f avo r  of 
n o- t i l l a g e .  No- t i l l age  corn  OUT-YIELDED convent iona l  t i l l a g e  corn 61% t o  78% of 
t h e  time a t  t h e s e  h i g h e r ,  more op t imal  N r a t e s .  

Obviously,  when managed p rope r ly  and f e r t i l i z e d  a t  t h e  op t imal  N r a t e ,  
n o- t i l l a g e  corn can be expected t o  d e l i v e r  more e f f i c i e n t  u se  of f e r t i l i z e r  N 
than  conven t iona l l y  t i l l e d  corn.  No- t i l l age  corn can be expected t o  normally  
r e t u r n  more p r o f i t  pe r  a c r e  from p rope r ly  app l i ed  N f e r t i l i z e r s  t han  i t s  
conven t iona l l y  t i l l e d  c o u n t e r p a r t .  
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NITROGEN SOURCE 

A s  d i scussed  b r i e f l y  i n  t h e  INTRODUCTION,  N f e r t i l i z e r s  con ta in ing  u rea  
f r e q u e n t l y  a r e  no t  a s  e f f i c i e n t l y  u t i l i z e d  when s u r f a c e  app l i ed  a s  ammonium 
n i t r a t e  o r  o t h e r  m a t e r i a l s  l e s s  s e n s i t i v e  t o  v o l a t i l i z a t i o n  l o s s e s .  In a s e r i e s  
of Maryland t e s t s  conducted from 1976 t o  1979 a t  t h r e e  l o c a t i o n s ,  ammonium 
n i t r a t e  r e s u l t e d  i n  t h e  h ighes t  and u r e a  t h e  lowest average n o- t i l l a g e  corn 
y i e l d s  ( 2 ) .  Yie lds  from UAN s o l u t i o n  were in te rmedia te  b e t w e e nammonium n i t r a t e  
and u rea  (Table 4 ) .  Ca lcu la ted  response curves  f i t t e d  t o  a summation of t h i s  
d a t a  cover ing 12 loca t ion- years  es t imated  t h a t  a t  t h e  160 l b  N/A r a t e ,  u rea  
u t i l i z a t i o n  by n o- t i l l a g e  corn was 61% a s  e f f i c i e n t  a s  amrmnium n i t r a t e  and 80% 
a s  e f f i c i e n t  a s  UAN. Broadcast  UAN s o l u t i o n  was 75% a s  e f f i c i e n t  a s  ammonium 
n i t r a t e  and 125% as e f f i c i e n t  a s  u r e a  i n  t h e s e  tes ts .  

In s p i t e  o f  t h e  f r e q u e n t l y  e r r a t i c  behavior  of u r e a  under  n o- t i l l a g e  
c o n d i t i o n s ,  t h e  importance of u rea  t o  a g r i c u l t u r e  cannot be d i scounted .  Urea 
has t h e  h i g h e s t  N con t en t  of any s o l i d  N f e r t i l i z e r  on  t h e  market .  And because 
of more f avo rab l e  economics i n  manufactur ing,  as we l l  a s  t h e  lack  of many 
government r e s t r i c t i o n s  on t r a n s p o r t a t i o n  and s t o r a g e  t h a t  have been imposed 
upon ammonium n i t r a t e ,  u rea  has t h e  p o t e n t i a l  t o  become a very important  d r y  
n i t r o g e n  m a t e r i a l .  Therefore ,  it becomes extremely impor tan t  t h a t  more 
e f f i c i e n t  methods of u t i l i z i n g  urea  and UAN s o l u t i o n s  cont inue  t o  be  
i n v e s t i g a t e d  and r e f i n e d .  

I f  t h e  c o s t  p e r  u n i t  of N were t h e  same f o r  a l l  N sou rce s ,  amrmnium n i t r a t e  
would appear  t o  be a b e t t e r  va lue  t han  e i t h e r  UAN o r  urea f o r  s u r f a c e  
a p p l i c a t i o n  on n o- t i l l a g e  f i e l d s .  UAN would a l s o  appear  t o  be more economical 
t han  urea  under n o- t i l l a g e  cond i t i ons .  However, any c o s t  d i f f e r e n t i a l  between 
t h e s e  m a t e r i a l s  must be taken  i n t o  account  when determining a p p l i c a t i o n  r a t e s .  
I f  t h e  c o s t  per  u n i t  of N from urea  o r  UAN i s  s i g n i f i c a n t l y  lower than  t h a t  o f  
ammonium n i t r a t e ,  t hen  it  may be economically sound t o  i n c r e a s e  t h e  r a t e  of 
a p p l i c a t i o n  f o r  u rea  o r  UAN t o  compensate f o r  t h e  lower e f f i c i e n c y  of t h e s e  
m a t e r i a l s .  But s i n c e  any n i t r o g e n  f e r t i l i z e r  should be considered a s  a va luab l e  
resource  t o  be conserved and a l s o  a s  a p o t e n t i a l  p o l l u t a n t  of l akes ,  s t r eams ,  
r i v e r s  and ground wa te r ,  a more p r a c t i c a l  approach t o  improve N e f f i c i e n c y  might 
be  t o  modify t h e  a p p l i c a t i o n  method o r  time of a p p l i c a t i o n .  

NITROGEN FERTILIZER PLACEMENT 

One proven technique  f o r  increased  e f f i c i e n c y  of urea-based f e r t i l i z e r s  i s  
s o i l  i nco rpo ra t i on .  Since t h i s  t echnique  r e q u i r e s  s p e c i a l  equipment i f  u t i l i z e d  
under n o- t i l l a g e  c o n d i t i o n s ,  a r e sea rch  p r o j e c t  was i n i t i a t e d  i n  1979 a t  t h e  
Un ive r s i t y  of Maryland i n  coopera t ion  wi th  t h e  Tennessee Val ley Author i ty  t o  
develop and t e s t  t h e  e f f e c t i v e n e s s  of an exper imental  appa ra tu s  f o r  s o i l  
i n j e c t i o n  o f  l i q u i d  f e r t i l i z e r s  under n o- t i l l a g e  f i e l d  cond i t i ons .  
Subsequent ly ,  a t rac tor -mounted  th ree- poin t- hi tch  s o i l  i n j e c t o r  w a s  developed 
f o r  use  on smal l  p l o t s .  So lu t i ons  of ammonium n i t r a t e ,  urea  o r  UAN were p laced  
between t h e  rows about  15 inches  from t h e  p l a n t ,  and about 4 t o  6 inches  deep. 
A plow c o u l t e r  i n  f r o n t  of t h e  i n j e c t i o n  k n i f e  c u t  through p l a n t  r e s i d u e s .  
Resu l t s  from some of t h i s  r e s e a r c h  are presented i n  Table 5 ( 4 ) .  
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Over t h e  four- year  d u r a t i o n  of t h i s  exper iment ,  s u r f a c e  broadcas t  N 
r e s u l t e d  i n  t h e  l a r g e s t  y i e l d  d i f f e r e n c e s  among N sou rce s .  Ammonium n i t r a t e  
r e s u l t e d  i n  t h e  h ighes t  y i e l d s ,  and broadcas t  u r e a  r e s u l t e d  i n  t h e  lowest .  
Broadcast  UAN r e s u l t e d  i n  y i e l d s  in te rmedia te  between t hose  from ammonium 
n i t r a t e  and u r e a .  Corn g r a i n  y i e l d s  from b roadcas t  u r ea  averaged 26.8 bu/A l e s s  
than  t hose  from ammonium n i t r a t e .  For i n d i v i d u a l  y e a r s ,  t h i s  d i f f e r e n c e  ranged 
from 13.4 t o  36.5 bu/A. Grain y i e l d s  from broadcas t  UAN averaged 11.2 bu/A l e s s  
than  t hose  from broadcas t  ammonium nitrate. Over t h e  four- year d u r a t i o n  of t h e  
t e s t ,  y i e l d s  a f t e r  UAN were 8 .4  t o  15.9 bu/A lower than y i e l d s  from ammonium 
n i t r a t e .  

S o i l  i n j e c t i o n  improves N f e r t i l i z e r  e f f i c i e n c y  under n o- t i l l a g e  
cond i t i ons .  I n  t hose  ca se s  where a l l  t h r e e  N f e r t i l i z e r s  were  s o i l  i n j e c t e d ,  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  g r a i n  y i e l d  d i f f e r e n c e s  occurred between N sou rce s .  
cons ide r ing  on ly  t h e  N ,  i n j e c t i o n  i s  obviously t h e  most e f f i c i e n t  method 
a v a i l a b l e .  b u t ,  t h e r e  a r e  a l s o  some d isadvantages  w i th  t h i s  technique.  For 
i n s t a n c e ,  few farmers  a r e  c u r r e n t l y  equipped t o  i n j e c t  p r i l l e d  o r  g r a n u l a r  b u t  
i s  no t  a s  r a p i d l y  accomplished a s  o t h e r  methods of f e r t i l i z e r  a p p l i c a t i o n .  S o i l  
i n j e c t i o n  r e q u i r e s  more energy t han  s u r f a c e  a p p l i c a t i o n .  Most farmers  a l r e a d y  
own, o r  have acces s  t o ,  a sp r aye r .  But many do n o t  have acces s  t o  an i n j e c t i o n  
appa ra tu s .  Thus, i n j e c t i o n  may n o t  be  a s  convenient  a s  o t h e r  t e chn iques .  
Another p o t e n t i a l l y  s e r i o u s  problem i s  t h a t  t h e  t r a d i t i o n a l  anhydrous 
ammonia-type k n i f e  o f t e n  used f o r  i n j e c t i o n  causes  s o i l  d i s t u rbance  which may 
c r e a t e  an e r o s i o n  problem on more r o l l i n g  topography. High p re s su re  i n j e c t i o n ,  
o r  use  of s o l i d  s t ream nozz l e  behind a s t r a i g h t  plow c o u l t e r  may remove some of 
t h e s e  d i sadvantages .  F i e l d  t e s t i n g  of some of t he se  innova t ive  techniques  i n  
coopera t ion  wi th  t h e  Tennessee Valley Au tho r i t y ,  USDA and t h e  Arcadian 
Corpora t ion  i s  being conducted. Some pre l iminary  r e s u l t s  ob ta ined  a t  f i v e  
Maryland l o c a t i o n s  i n  1984 and 1985 a r e  p resen ted  i n  Tables  6 and 7 .  I t  i s  
impor tan t  t o  recognize  t h a t  t h e  t imely  spacing of r a i n f a l l  even t s  a t  most 
l o c a t i o n s  i n  1984 probably was a major reason  why l a r g e r  d i f f e r e n c e s  d i d  n o t  
occur  more f r e q u e n t l y  between a p p l i c a t i o n  methods o r  m a t e r i a l s .  Grea t e r  s t r e s s  
was placed upon t h e  t r ea tmen t s  i n  1985. Unfor tuna te ly ,  1985 was s eve re ly  d r y  a t  
some l o c a t i o n s  causing s tand  r e d u c t i o n s  and reduced y i e l d s .  On t h e  average ,  
b roadcas t  ammonium n i t r a t e  and UAN i n j e c t e d  e i t h e r  by anhydrous k n i f e  o r  by low 
p re s su re  s o l i d  s t ream nozz le  i n t o  a plow c o u l t e r  s l o t  r e s u l t e d  i n  h ighes t  
y i e l d s .  But UAN broadcas t  o r  d r i b b l e d  were a c l o s e  second.  Broadcast  u rea  and 
UAM i n j e c t e d  by t h e  high p r e s s u r e  NUTRI-BLAST 2000 r e s u l t e d  i n  lowest y i e l d s  i n  
t h e  1985 t e s t s .  

With proper  equipment, s o i l  i n j e c t i o n  of N s o l u t i o n s  works very w e l l ,  
u s u a l l y  with  a y i e l d  advantage.  But, u n t i l  s i g n i f i c a n t  improvements i n  machine 
a v a i l a b i l i t y  occu r ,  i t  i s  doub t fu l  t h a t  many fanners  w i l l  have i n j e c t i o n  
a v a i l a b l e  a s  a p r a c t i c a l  o p t i o n .  Since most growers e i t h e r  own o r  have acces s  
t o  a sp r aye r  t h a t  could be used t o  apply  f e r t i l i z e r  s o l u t i o n s ,  ano the r  
a p p l i c a t i o n  technique  known a s  " d r ibb l i ng" , o r  s u r f a c e  banding,  i s  being 
cons idered .  

"Dribbling" of N s o l u t i o n s  i s  a s imple ,  low-cost procedure t h a t  can e a s i l y  
be  accomplished by a t t a c h i n g  a l eng th  o f  hose over  t h e  sprayer  nozz l e .  This  
technique i s  e f f e c t i v e  f o r  improving t h e  e f f i c i e n c y  of s u r f a c e  appl ied  UAN under 
most normal growing c o n d i t i o n s .  Resu l t s  from t e s t s  conducted a t  s e v e r a l  
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Maryland l o c a t i o n s  i n  1982 a r e  p r e s e n t e d  i n  Table  8. 

I n  a l l  f o u r  comparisons i n  Table  8, d r i b b l e d  UAN was s t a t i s t i c a l l y  s u p e r i o r  
t o  b r o a d c a s t  UAN. I n c r e a s e d  y i e l d s  from d r i b b l i n g  UAN compared t o  b r o a d c a s t  
averaged 21.8 bu/A (17.8%) and ranged from 12.6 t o  36.7 bu/A i n  f a v o r  of t h e  
d r i b b l e  t echn ique  (9.2% t o  30.6% i n c r e a s e ) .  Even when corn i s  p r i c e d  a t  o n l y  
$2.00/bu,  improved N e f f i c i e n c y  from d r i b b l i n g  t r a n s l a t e d  i n t o  an  a d d i t i o n a l  
income of $25.20 t o  $73.40/A ( a v e r a g e  $43.60/A). E s s e n t i a l l y ,  t h e  o n l y  
a d d i t i o n a l  c o s t  t o  t h i s  p r a c t i c e  i s  f o r  t h e  purchase  o f  a few l e n g t h s  of hose ,  
p l u s  pe rhaps  an  e x t r a  t r i p  over  t h e  f i e l d  i f  t h e  grower normal ly  had been 
fo l lowing  t h e  t r a d i t i o n a l  p r a c t i c e  of tank-mixing p e s t i c i d e s  w i t h  UAN f o r  
s imul taneous  a p p l i c a t i o n .  I t  would appear  t h a t  s u r f a c e  banding ( d r i b b l i n g )  UAN 
s o l u t i o n s  on  n o- t i l l a g e  corn i s  a r e a s o n a b l e  a l t e r n a t i v e  t o  t h e  a p p a r e n t l y  l a r g e  
N l o s s e s  o t h e r w i s e  exper ienced  when b r o a d c a s t  a p p l i c a t i o n  methods a r e  employed. 

T I M I N G  NITROGEN APPLICATIONS 

Proper  t iming  of N a p p l i c a t i o n s  on  any c rop  is  ex t remely  impor tan t .  But ,  
i t  i s  d o u b t f u l  t h a t  t h e r e  h a s  e v e r  been a c rop  where p roper  N t iming  i s  more 
c r i t i c a l  than  it i s  f o r  n o- t i l l a g e  corn .  P roper  N t iming  is p a r t i c u l a r l y  
c r i t i c a l  because  o f  t h e  many ways i n  which f e r t i l i z e r  N can be l o s t  under  
n o- t i l l a g e ,  many of which a r e  n o t  a s e r i o u s  concern under c o n v e n t i o n a l  t i l l a g e .  
A good “ r u l e  o f  thumb’’ i s  t o  ‘‘apply N f e r t i l i z e r  as n e a r  a s  p o s s i b l e  t o  t h e  t ime 
of p l a n t  need”.  N l each ing  l o s s e s  can be  a problem on  l i g h t- t e x t u r e d  sandy 
s o i l s  r e g a r d l e s s  of t h e  t i l l a g e  sys tem.  But where n o - t i l l a g e  i s  p r a c t i c e d ,  a 
number of o t h e r  f a c t o r s  nay a l s o  s i g n i f i c a n t l y  i n f l u e n c e  N use  e f f i c i e n c y  i f  
abused o r  ignored .  

Under n o- t i l l a g e  management, N f e r t i l i z e r s  may be l o s t  from t h e  s o i l  by 
ammonia vo l a  t i 1i z a  t i o n ,  d e n i t r i  f i c a  t ion a n d / o r  by b i o l o g i c a l  immobi l iza t  ion.  O r  
mechanisms i n c l u d e  ammonia v o l a t i l i z a t i o n  from s u r f a c e  a p p l i e d  u r e a  o r  
urea- based f e r t i l i z e r s ,  and d e n i t r i f i c a t i o n ,  a p rocess  by which r e a d i l y  
a v a i l a b l e  n i t r a t e  N i s  chemica l ly  reduced (oxygen removed) u n t i l  it i s  conver ted 
t o  a g a s .  D e n i t r i f i c a t i o n  i s  believed t o  be a major s o u r c e  of f e r t i l i z e r  N 
losses  from n o- t i l l a g e  s o i l s  and i s  most o f t e n  a problem i s  wet s o i l s  where 
oxygen a v a i l a b i l i t y  i s  l i m i t e d .  D e n i t r i f i c a t i o n  can be s e r i o u s  d u r i n g  growing 
s e a s o n s  i n  which wet s o i l s  a r e  a problem, p a r t i c u l a r l y  when n i t r o g e n  was a p p l i e d  
a t  t imes  n o t  c o i n c i d i n g  c l o s e l y  wi th  p l a n t  needs .  

Another impor tan t  mechanism t h a t  reduces  f e r t i l i z e r  N a v a i l a b i l i t y  i s  
m i c r o b i a l  immobi l i za t ion ,  a p r o c e s s  i n  which c e r t a i n  s o i l  microbes  decompose 
p l a n t  r e s i d u e s  and conver t  them i n t o  s o i l  o r g a n i c  m a t t e r  (humus). Crop 
r e s i d u e s ,  such a s  o l d  corn  s t a l k s ,  l e a v e s ,  cobs ,  r o o t s ,  e t c .  a r e  r e l a t i v e l y  h i g h  
i n  carbon and low i n  n i t r o g e n .  For  s o i l  microbes  t o  conver t  such r e s i d u e s  i n t o  
p r o t e i n  r e l a t i v e l y  h igh  i n  N ,  a r e a d i l y  a v a i l a b l e  N s o u r c e  i s  n e c e s s a r y .  
F e r t i l i z e r  N a p p l i e d  b e f o r e  needed by t h e  crop could be consumed by microbes  
( immobi l i zed) ,  r e n d e r i n g  it t e m p o r a r i l y  u n a v a i l a b l e  t o  p l a n t s .  Most immobilized 
N remains  u n a v a i l a b l e  t o  p l a n t s  u n t i l  t h e  newly formed s o i l  humus i s  broken down 
by o x i d a t i o n  ( m i n e r a l i z e d ) ,  r e l e a s i n g  t h e  immobilized n u t r i e n t s .  C u l t i v a t i o n ,  
f o r  i n s t a n c e ,  encourages  m i n e r a l i z a t i o n  b y  a e r a t i n g  t h e  s o i l ,  a l lowing  oxygen t o  
r e a c t  wi th  t h e  o r g a n i c  m a t t e r .  
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No- t i l l age  corn produc t ion  i s  an e x c e l l e n t  example of a cropping 
environment i n  which N immobil izat ion could be a s e r i o u s  problem. I f  N 
f e r t i l i z e r s  a r e  app l i ed  t o o  e a r l y  i n  t h e  growing season ,  when N requirements  of 
corn  are minimal,  then  more b i o l o g i c a l  N immobil izat ion could occur  t han  i f  N 
f e r t i l i z e r s  were app l i ed  i n  a more t imely  manner. Corn r e q u i r e s  very  l i t t l e  N 
dur ing  i t s  f i r s t  25 t o  30 days.  N app l i ed  dur ing  t h i s  per iod  would n o t  be i n  
heavy demand by t h e  crop.  A s  p l a n t  d ry  m a t t e r  i n c r e a s e s ,  t h e  c r o p ' s  need f o r  N 
a l s o  i n c r e a s e s .  N app l i ed  dur ing  t h i s  l a t t e r  per iod  could a l s o  be immobilized, 
bu t  n o t  l i k e l y  t o  a s  g r e a t  an e x t e n t  a s  t h e  ear ly- appl ied N because t h e r e  would 
be more i n t ense  compet i t ion  f o r  i t  by t h e  r a p i d l y  growing p l a n t s .  A good 
example of t h e  p o s s i b l e  combined e f f e c t s  of ammonia v o l a t i l i z a t i o n ,  
d e n i t r i f i c a t i o n  and immobil izat ion on corn  g r a i n  y i e l d s ,  and t h e  e x t e n t  t o  which 
t h e s e  e f f e c t s  can be minimized by N placement and t iming of a p p l i c a t i o n  i s  
p r e sen t ed  i n  Tables  9 and 10. 

R e l a t i v e l y  long term t e s t s  have been conducted a t  t h r e e  l o c a t i o n s  a c r o s s  
Maryland t o  t e s t  t h e  e f f e c t i v e n e s s  of n i t r o g e n  s o l u t i o n  placement and t ime of 
a p p l i c a t i o n  on n i t r o g e n  e f f i c i e n c y  by n o- t i l l a g e  corn.  Tes t s  were e s t a b l i s h e d  
i n  1980 on s i l t  loam s o i l s  a t  two Coas t a l  P l a i n  l o c a t i o n s  (Pop la r  H i l l  Research 
Farm and Wye Research Cen te r ) ,  and a t  one Piedmont l o c a t i o n  (Forage Research 
Farm) t o  compare t h e  e f f e c t s  of b roadcas t  versus  i n j e c t i o n  of UAN s o l u t i o n  on  
n o- t i l l a g e  corn y i e l d s .  UAN s o l u t i o n  was appl ied  e i t h e r  w i th in  a few days of 
p l a n t i n g  ( e a r l y  t r ea tmen t )  o r  about one month a f t e r  p l a n t i n g  ( l a t e  t r e a t m e n t ) .  
These t e s t s  have been cont inued fol lowing t h e  same t rea tment  format  through 
1985. 

A f t e r  18 loca t ion- years ,  a summary of t h e  y i e l d  r e s u l t s  a s  in f luenced  by 
t i m e  of a p p l i c a t i o n  and broadcas t  versus  d r i b b l e  ( s u r f a c e  band) a r e  g iven  i n  t h e  
f i r s t  h a l f  of Table  9 .  many corn growers have t r a d i t i o n a l l y  used t h e  " ear ly" 
broadcas t  t echnique  a s  a s tandard  method of a p p l i c a t i o n .  Many l i k e  t h i s  method 
s i n c e  it a l lows  them t o  " tank m i x "  many of t h e i r  p e s t i c i d e s  w i t h  UAN, and apply  
every th ing  with  j u s t  one pass  over  t h e  f i e l d .  But i s  t h e  time saved worth t h e  
r i s k  of lower n i t r o g e n  e f f i c i e n c y  and subsequent n i t r o g e n  l o s s e s ?  These t e s t s  
were designed t o  h e l p  answer t h i s  ques t ion .  With t h a t  o b j e c t i v e  i n  mind, we 
w i l l  cons ide r  t h e  " ear ly" broadcas t  a p p l i c a t i o n  technique a s  t h e  s tandard  
a g a i n s t  which t o  compare t h e  o t h e r  t r e a tmen t s .  

These d a t a  would i n d i c a t e  t h a t  a l though  t h e  e f f i c i e n c y  of UAN (compared t o  
b roadcas t )  can be g r e a t l y  improved by e i t h e r  i n j e c t i o n  o r  by delayed ( l a t e )  
r a t h e r  than e a r l y  (nea r  p l a n t i n g )  a p p l i c a t i o n ,  h ighes t  y i e l d s  and h ighes t  
n i t r o g e n  e f f i c i e n c y  were ob ta ined  fo l lowing  a combinat ion of c o r r e c t  placement 
and a p p l i c a t i o n  t iming.  UAN i n j e c t e d  nea r  p l a n t i n g  increased  y i e l d s  7.4% over  
t hose  ob ta ined  fo l lowing  broadcas t  UAM nea r  p l a n t i n g  (Table 10). UAN broadcas t  
about  one month a f t e r  p l a n t i n g  r e s u l t e d  i n  about a 10.3% y i e l d  i nc r ea se  compared 
t o  t h e  e a r l i e r  b roadcas t  a p p l i c a t i o n .  However, by both de lay ing  t h e  a p p l i c a t i o n  
and by i n j e c t i n g  i n s t e a d  of b roadcas t i ng ,  y i e l d s  were increased  14.2%. Although 
t h e  e f f e c t s  of t i m e  of a p p l i c a t i o n  on g r a i n  y i e l d s  fol lowing i n j e c t i o n  were 
r e l a t i v e l y  smal l  ( 3 .5%) ,  t h e  e f f e c t s  of t h e  combined placement and time of 
a p p l i c a t i o n  t r ea tmen t s  obvious ly  a r e  a d d i t i v e .  

The d r i b b l e  t echnique  w a s  n o t  i n i t i a l l y  included i n  t he se  t e s t s .  The 
exper imenta l  des ign  was modified s l i g h t l y  i n  1983 t o  accommodate t h i s  s u r f a c e  
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banding method which many farmers p r e f e r  because i t  i s  easy  t o  u s e ,  r e q u i r e s  
on ly  a simple mod i f i ca t i on  t o  equipment many farmers a l r eady  own, and has  been 
proven t o  be g e n e r a l l y  a more e f f i c i e n t  method t o  apply  UAN than broadcas t ing  
nea r  p l a n t i n g .  The n ine  loca t ion- years  of d a t a  a r e  p resen ted  i n  t h e  second h a l f  
o f  Table 9. These d a t a  show t r e n d s  very s i m i l a r  t o  those  f o r  t h e  18 
loca t ion- years  of d a t a  i n  t h e  f i r s t  h a l f  of Table  9 .  In t h e s e  t e s t s ,  d r i b b l i n g  
UAN nea r  p l a n t i n g  tended t o  he more e f f i c i e n t  than b roadcas t i ng ,  and increased  
y i e l d s  4 . 7 % .  I n j e c t i o n  near  p l a n t i n g  increased  y i e l d s  19.8% compared t o  t h e  
e a r l y  b roadcas t  (Table  10 ) .  It i s  be l ieved  t h a t  more t imely  r a i n f a l l  even t s  i n  
t h e  s p r i n g  soon a f t e r  UAN was app l i ed  r e s u l t e d  i n  improved e f f i c i e n c y  o f  
b roadcas t  UAN. Had more t i m e  e lapsed  between UAN a p p l i c a t i o n  and t h e  f i r s t  
s i g n i f i c a n t  r a i n f a l l ,  more of t he  broadcas t  UAN would probably have been l o s t .  
By broadcas t ing  t h e  UAN about one month a f t e r  p l a n t i n g ,  g r a i n  y i e l d s  were 
increased  12.5%. The delayed d r i b b l e  a p p l i c a t i o n  improved g r a i n  y i e l d s  7 . 7 %  
over  t h e  e a r l y  d r i b b l e  and 12.8% over  t h e  e a r l y  b roadcas t .  The delayed UAN 
i n j e c t i o n  was about t h e  same a s  e a r l y  UAN i n j e c t i o n  wi th  a y i e l d  i nc r ea se  of 
on ly  1.1%. Rut when g r a i n  y i e l d s  from t h e  delayed i n j e c t i o n  were compared t o  
y i e l d s  from t h e  e a r l y  b roadcas t ,  y i e l d s  improved 21.1%. Some very important  and 
u s e f u l  obse rva t i ons  from t h i s  work were t h a t  ( l ) ,  f o r  those  growers who can 
i n j e c t  UAN, t h e r e  i s  more f l e x i b i l i t y  regard ing  time of a p p l i c a t i o n .  And ( 2 ) ,  
f o r  t hose  growers who can de l ay  t h e i r  UAN a p p l i c a t i o n ,  t h e r e  a r e  more o p t i o n s  
a v a i l a b l e  i n  method of a p p l i c a t i o n .  

SUMMARY 

An a t tempt  has been made t o  demonstrate  t h e  importance of more c a r e f u l  
n i t r o g e n  management on n o- t i l l a g e  corn .  Fac to r s  t h a t  were of minimal importance 
under convent iona l  t i l l a g e  r e q u i r e  more i n t e n s i v e  management under n o- t i l l a g e  
cond i t i ons .  Spec i a l  cons ide ra t i on  must be given t o  N sou rce ,  time of N 
a p p l i c a t i o n  and N placement.  Based upon c u r r e n t  r e sea rch  and exper ience ,  a 
suggested f e r t i l i z a t i o n  program f o r  n o- t i l l a g e  corn  might be a s  fo l lows:  

***Use a s t a r t e r  f e r t i l i z e r  i n  a band nea r  t h e  row t o  supply 20 t o  40 lb/A 
of N .  I d e a l l y ,  t h i s  f e r t i l i z e r  should a l s o  inc lude  P205 and K20 i n  a 1:2:1,  
1:3:1,  o r  one of many o t h e r  widely recommended r a t i o s  f o r  s t a r t e r  f e r t i l i z e r s .  

***Broadcast according t o  s o i l  t e s t  any remaining P205 and K20 
requirements .  Timing i s  n o t  a s  c r i t i c a l  f o r  t h i s  ope ra t i on  a s  long a s  l each ing  
and e r o s i o n  a r e  n o t  problems. It i s  p r e f e r a b l e  t h a t  a p p l i c a t i o n  be made 
somet ime be f o r e  p l an  t ing . 

***Apply t h e  remaining N requirement  about 4 t o  6 weeks a f t e r  p l a n t i n g ,  o r  
when t h e  corn has  a t t a i n e d  a he igh t  o f  1 2  t o  18 inches .  If UAN s o l u t i o n  i s  
u t i l i z e d ,  d r i b b l e  ( s u r f a c e  band) o r  i n j e c t  between t h e  rows. 

***On t h e  average ,  approximately 3 0  t o  40 lb/A more N may be r equ i red  f o r  
n o- t i l l a g e  than f o r  convent iona l  t i l l a g e  corn .  But,  t h e  amount may vary  
cons ide rab ly  from s o i l  t o  s o i l ,  p o s s i b l y  from 0 t o  60 lb/A o r  more. The 
d i f f e r e n c e  i n  N requirement  between t h e  two t i l l a g e  systems w i l l  depend upon 
s o i l  cond i t i ons  and p a s t  cropping h i s t o r y .  But,  exper ience  i n  Maryland sugges t s  
t h a t  any e x t r a  N r equ i r ed  i s  normally  j u s t i f i e d  by t h e  h ighe r  y i e l d  p o t e n t i a l  of 
n o- t i l l a g e  corn .  
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***For t hose  growers who can i n j e c t  UAN, t h e r e  i s  cons iderab le  f l e x i b i l i t y  
regard ing  t ime of a p p l i c a t i o n .  

***For t hose  growers who can s p l i t  t h e i r  UAN a p p l i c a t i o n  and de l ay  
a p p l i c a t i o n  of most of t h e  N u n t i l  t h r e e  o r  f ou r  weeks a f t e r  p l a n t i n g ,  more 
o p t i o n s  a r e  a v a i l a b l e  i n  method of a p p l i c a t i o n .  
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DATA 

Table  1. Grain  Y i e l d s  f o r  Convent ional  t i l l a g e  and No-Tillage Corn Following 
V a r i a b l e  Ni t rogen  R a t e s .  P o p l a r  H i l l  Research Farm. 1985. -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

- - - - - - - -
T i  1l a g e  0 80 120 160 240 Me an 

No-Ti 1l a g e  23.3 97.3 128.8 153 155.9 
Conv. T i l l a g e  37.7 102.3 108.0 126.2 119.9 98.8" 
Me an 30.5 99.8 118.4 139.6 137.9 105.2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rate  20.7 LSD.lO: T i l l a g e  x N Ra te  - 24.3 
* T i l l a g e  means a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l .  

a p p l i e d  4-29-85, remainder  a p p l i e d  6-7-85. 

Table  2 .  R a t i o s  o f  F e r t i l i z e r  N t o  Grain  Yield  f o r  Convent ional  T i l l a g e- and 
No-Tillage Corn Fol lowing V a r i a b l e  Ni t rogen R a t e s .  Popular  H i l l  Research Farm. 
1985. 

Table  3 .  I n f l u e n c e  of T i l l a g e  on P r o b a b i l i t y  of Obtaining Corn Y i e l d s  
from V a r i a b l e  Ni t rogen  Rates  a t  F ive  Maryland Loca t ions .  1973-1985. 

- - No-Tillage11 . - - Plow - -
Rate  No. No. T o t a l  

T e s t s  % . T e s t s  T e s t s  

0 16  31 . 36 69 52 
40 9 36 16 64 25 
80 24 46 28 5 4  52 

120 33 67 19 33 52 
160 37 73 15  27 52 
2 40 2 1  78 6 22 27 

Number of t e s t s  and p e r c e n t  of t ime i n  which n o- t i l l a g e  corn ou t- yie lded  
conven t iona l  t i l l a g e  c o r n .  
Number o f  t e s t s  and p e r c e n t  o f  time i n  which conven t iona l  t i l l a g e  corn 
out- yielded n o - t i l l a g e  corn .  
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Table 6 .  Inf luence  of N Source and Placement on No-Tillage Corn Grain Yie lds  a t  
Severa l  Locat ions.  1984. 

Poplar Res. Bel ts- Forage 
N Treatment H i l l  Center  v i l l e  Farm burg Mean 

Check 

Ammonium N i t r a t e  

UAN Broadcast 

UAN Dribbled 

UAN In j ec t ed  
UAN In j ec t ed  
UAN In j ec t ed  
Urea Broadcast 

LSD.05 


49.4 51.2 82.0 144.9 109.6 87.4 
170.4 173.3 150.7 195.9 146.3 167.3 
140.6 135.1 143.5 197.3 146 152.5 
143.8 158.5 141.2 184.2 142.2 154.0 
182.0 156.4 162.6 198.7 141.7 168.3 
165 155 154.4 200.3 144.6 163.9 
161.9 155.4 145.6 177.1  146.8 157.4 

115.8 123.1 163.1 148.6 137.6  
12.1  26 21.1 25.4 16.7 

------------------------------------------------------------------========~==== 
--------------------__________I_________-------------------------

NOTE: 120 l b  appl ied  near  p l an t ing  t i m e .  UAN i n j ec t ed  by anhydrous 
ammonia k n i f e ,  low p res su re  s o l i d  s t ream nozz le  i n to  plow c o u l t e r  s l o t ,  o r  
high p re s su re  NUTRI-BLAST 2000. 
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Poplar  Wye Res. Belts- Forage 
N Treatment Hill Center  Farm burg Mean 

Check 68.3 33.9 57.4 41.4 107.3 61.7 
Ammonium N i t r a t e  127.6 138.0 108.0 179.1 166.2 143.7 
UAN Broadcast  139.6 113.1 101.2 162.5 161.4 135.6 
UAN Dribbled 134.3 109.7 83.7 162.1 167.5 131.5 
UAN I n j e c t e d  
UAN I n j e c t e d  
UAN I n j e c t e d  

143.8 
142.6 
137.6 

144.2 
118.0 
96.6 

99.6 
98.2 
84.6 

178.3 
185.2 
116.2 

163.4 
160.8 

145.9 
140.9 
108.8 

Urea Broadcast  119.3 90.8 107.2 161.3 119.7 
LSD .05 19.3 15.8 22.1 34.8 15.7 

NOTE: 120 app l i ed  nea r  p l a n t i n g  time. UAN i n j e c t e d  by anhydrous 
ammonia kn ive ,  low p r e s s u r e  s o l i d  stream nozz le  i n t o  plow c o u l t e r  s l o t ,  o r  
h igh  p r e s s u r e  NUTRI-BLAST 

Popla r  Popla r  Popla r  

Check 33.3 31.1 42.3 42.3 37.2 
Ammonium N i t r a t e  112.4 155.1 141.9 163.6 143.2 
UAN Broadcast  99.0 119.9 136.3 159.0 128.6 
UAN Dribbled 119.9 156.6 148.9 176.0 150.4 
UAN I n j e c t e d  124.2 167 156.2 178.4 156.5 

N Treatment Mean 

................................................................................. 

NOTE: N r a t e  = 120 N r a t e  160 
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