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Research i n  s e v e r a l  Great P la ins  and Western s t a t e s  has shown 
t h a t  crop y i e l d  response t o  f e r t i l i z e r  N i s  c l o s e l y  r e l a t e d  t o  t h e  
amounts of r e s i d u a l  n i t r a t e  i n  s o i l  p r o f i l e s .  Based on t h i s  work, 
ni t rogen f e r t i l i z e r  recommendations i n  t hese  low-ra infa l l  a reas  a r e  
adjusted t o  r e f l e c t  t h e  con t r ibu t ion  of r e s i d u a l  n i t r a t e  t o  t h e  t o t a l  
crop n i t rogen  requirement.  Use of  r e s i d u a l  p r o f i l e  n i t r a t e  da t a  i n  
development of N f e r t i l i z e r  recommendations has received much l e s s  
research a t t e n t i o n  i n  t h e  higher r a i n f a l l  a r eas  o f  t he  Midwest, such 
a s  Wisconsin, due t o  t he  increased p r o b a b i l i t y  of n i t r a t e  l o s s  through 
leaching o r  d e n i t r i f i c a t i o n .  Moreover, it is  gene ra l ly  assumed t h a t  
r e s idua l  n i t r a t e  i n  s o i l s  of t h e  humid Midwest is too  t r a n s i e n t  t o  
permit r e l i a b l e  use of r e s i d u a l  n i t r a t e  d a t a  f o r  pred ic t ion  of crop N 
f e r t i l i z e r  requirement.  However, work i n  s e v e r a l  s t a t e s  has shown 
t h a t  s i g n i f i c a n t  amounts of r e s i d u a l  n i t r a t e  accumulate i n  some 
Midwestern s o i l s  and t h a t  crop response t o  N f e r t i l i z a t i o n  is  a f f e c t e d  
by the  amount of  r e s i d u a l  n i t r a t e  i n  t he se  s o i l s .  

I f  N f e r t i l i z e r  app l i ca t ion  r a t e s  can be reduced on s o i l s  with 
high r e s i d u a l  n i t r a t e  conten t  without a f f e c t i n g  crop y i e l d ,  N 
f e r t i l i z e r  c o s t s  i n  crop production could be reduced and the  r i s k  of  
n i t r a t e  l o s s  from t h e s e  s o i l s  t o  groundwater could be lowered. 
Current ly,  l i t t l e  progress  has been made i n  development and eva lua t ion  
of procedures f o r  adjustment of N f e r t i l i z e r  recommendations f o r  s o i l  
r e s idua l  n i t r a t e  conten t  i n  t he  higher  r a i n f a l l  a r eas  of t he  Midwest. 
The o b j e c t i v e s  of  our work a r e  t o :  ( 1 )  determine t h e  e f f e c t  of 
r e s i d u a l  n i t r a t e  i n  s o i l  p r o f i l e s  on corn N f e r t i l i z e r  requirements i n  
Wisconsin; and ( 2 )  develop a  procedure f o r  p red ic t ion  of  N f e r t i l i z e r  
requirements f o r  corn based on s o i l  r e s i d u a l  n i t r a t e  content .  

Mater ia l s  and Methods 

F ie ld  s t u d i e s  were i n i t i a t e d  i n  1983 a t  Universi ty  of Wisconsin 
Experimental Farms a t  Lancaster (Faye t t e  s i l t  loam), Madison (Ringwood 
s i l t  loam) and Arlington (Plano s i l t  loam) t o  determine the  e f f e c t s  
of  a  range of s o i l  r e s i d u a l  n i t r a t e  con ten t s  on corn y i e ld  response t o  
applied N. S o i l s  s e l ec t ed  f o r  t h e s e  experments were well  drained and 
t y p i c a l  of  s o i l s  widely used f o r  corn production i n  Wisconsin. 

A t  each l o c a t i o n ,  f e r t i l i z e r  N was appl ied  a t  r a t e s  of 0, 120, 
240 and 360 l b  N/acre before p lan t ing  i n  1983. Nitrogen t reatments  
were arranged i n  a  randomized complete block design w i t h  four 
r e p l i c a t i o n s .  Above-optimum N f e r t i l i z e r  r a t e s  were used i n  1983 t o  
produce a  wide range of s o i l  r e s i d u a l  n i t r a t e  con ten t s  for  use i n  
subsequent experiments. In 1984, t h e  o r i g i n a l  p l o t s  were s p l i t ,  and N 
r a t e s  of 0, 70, 140 and 210 l b  N/acre were appl ied  t o  each 1983 N 
t reatment .  F e r t i l i z e r  N was appl ied broadcast  a s  ammonium n i t r a t e ,  
and t h e  N t rea tments  were incorporated by plowing. 



Adapted corn v a r i e t i e s  were planted i n  May each year ,  and a l l  
p l o t s  rece ived  150 l b s / a c r e  of 6-24-24 s t a r t e r  f e r t i l i z e r  i n  a  2  x  2  
inch placement a t  p l an t ing .  Conventional he rb i c ide  and s o i l  
i n s e c t i c i d e  t r ea tmen t s  were used i n  a l l  experiments.  The e f f e c t s  o f  
r e s idua l  and appl ied N t r ea tmen t s  on corn g r a i n  and s i l a g e  y i e ld  were 
determined each year.  

S o i l  samples were taken from a l l  p l o t s  i n  Apr i l  before 
app l i ca t ion  of N t r ea tmen t s  and a t  t h e  end of  t h e  growing season 
(October) each year .  A l l  p l o t s  were sampled i n  1-foot increments t o  a  
t o t a l  depth of 3 f e e t  a t  Lancaster and 4  f e e t  a t  Arlington and 
Madison. Sampling depth a t  Lancaster was l imi t ed  t o  3  f e e t  by a  l a y e r  
of s tones  i n  t h e  s o i l  p r o f i l e .  S o i l  samples were placed i n  

0 polyethylene bags and s to red  a t  -10 C. Before a n a l y s i s ,  s o i l s  were 
dr ied a t  30-35'~ i n  a  forced-air  d ryer  and ground t o  pass  a  2-mm 
screen .  N i t r a t e  and exchangeable ammonium were determined by 
automated a n a l y s i s  of  2M KC1 s o i l  e x t r a c t s .  

Resul t s  and Discussion 

I n i t i a l  r e s i d u a l  p r o f i l e  n i t r a t e  con ten t s  before  app l i ca t ion  of  N 
f e r t i l i z e r  t r ea tmen t s  i n  1983 were 185, 128, and 72 l b  N/acre a t  
Arl ington,  Madison, and Lancaster ,  r e spec t ive ly .  Corn g ra in  y i e l d s  i n  
1983 were not  increased  by N f e r t i l i z a t i o n  a t  t h e  Arlington and 
Madison l o c a t i o n s  where s o i l  r e s i d u a l  n i t r a t e  con ten t s  were h igh ,  bu t  
gra in  y i e l d s  were s i g n i f i c a n t l y  increased by appl ied  N a t  t h e  
Lancaster s i t e .  

S o i l  r e s i d u a l  n i t r a t e  conten t  determined a t  t h e  end of t h e  1983 
growing season showed t h a t  t h e  amount of r e s i d u a l  n i t r a t e  i n  s o i l  a t  
a l l  experimental l o c a t i o n s  increased a s  t h e  r a t e  of  f e r t i l i z e r  N 
applied t o  corn i n  1983 was increased (Table 1 ) .  Measurements of  
r e s idua l  n i t r a t e  a t  t h e  sane  loca t ions  i n  t h e  s p r i n g  of 1984 u s u a l l y  
showed some l o s s  of  r e s i d u a l  n i t r a t e  during t h e  period between growing 
seasons. However, s u b s t a n t i a l  amounts of r e s i d u a l  n i t r a t e  remained i n  
s o i l  p r o f i l e s  a t  a l l  l o c a t i o n s  i n  t h e  sp r ing  o f  1984, and t h e  amounts 
of n i t r a t e  found were d i r e c t l y  r e l a t e d  t o  t h e  r a t e  of  f e r t i l i z e r  N 
appl ied during t h e  1983 growing season (Table 1) .  V a r i a b i l i t y  of  
r e s i d u a l  n i t r a t e  measurements was very high a s  i nd ica t ed  by t h e  
c o e f f i c i e n t s  of  v a r i a t i o n  ( c v )  shown i n  t a b l e  1. 

Accumulation and r e t e n t i o n  of  r e s i d u a l  n i t r a t e  i n  s o i l s  is 
g r e a t l y  inf luenced by t h e  amount and t iming of  p r e c i p i t a t i o n  because 
water movement through t h e  s o i l  p r o f i l e  and s o i l  moisture content  
a f f e c t  n i t r a t e  l o s s  through leaching and d e n i t r i f i c a t i o n .  
p r e c i p i t a t i o n  r e l a t i v e  t o  normal a t  t h e  t h r e e  experimental s i t e s  f o r  
t h e  per iods  between p r o f i l e  n i t r a t e  measurements i s  shown i n  t a b l e  2. 
average t o t a l  p r e c i p i t a t i o n  f o r  t h e  may through september period i s  
about 18 inches and t o t a l  annual p r e c i p i t a t i o n  is about 30 inches a t  
a l l  l oca t ions .  



I n  1984, t h e  e f f e c t s  of var ious r e s i d u a l  n i t r a t e  l e v e l s  
e s t ab l i shed  by t h e  1983 N f e r t i l i z e r  t rea tments  on corn y i e ld  response 
t o  appl ied N were s tudied  a t  t h r e e  loca t ions .  A t  Lancaster ,  where 
r e s idua l  n i t r a t e  l e v e l s  ranged from 57 t o  189 l b  N/acre, corn y i e l d s  
were s i g n i f i c a n t l y  increased  by applied N a t  t h e  lowest r e s idua l  
n i t r a t e  l e v e l ,  and y i e l d s  were maximized a t  t h e  70 l b  N/acre 
f e r t i l i z e r  r a t e  (Table 3). Corn y i e lds  were 
not s i g n i f i c a n t l y  increased  by applied N a t  r e s i d u a l  n i t r a t e  l e v e l s  o f  
104, 148 o r  189 l b  N/acre, bu t  a  t rend toward response t o  added N i s  
apparent a t  t h e  104 l b  N/acre r e s idua l  n i t r a t e  l e v e l .  Similar  r e s u l t s  
obtained a t  Madison ind ica t ed  t h a t  corn y i e l d s  were increased by 
appl ied N a t  a  r e s i d u a l  n i t r a t e  l e v e l  of 69 l b  n/acre.  No response t o  
applied N was observed a t  s o i l  r e s idua l  n i t r a t e  conten ts  of  130 l b  
N/acre o r  more. Corn y i e l d s  were not s i g n i f i c a n t l y  increased by 
appl ied N a t  Arl ington where s o i l  r e s idua l  n i t r a t e  l e v e l s  ranged from 
106 t o  442 l b  N/acre (Table 4 ) .  

The e f f e c t s  of  1983 and 1984 N t rea tments  on t h e  amounts of 
r e s idua l  n i t r a t e  i n  s o i l  p r o f i l e s  a t  t h e  end of t h e  1984 growing 
season f o r  t h e  Arlington s i t e  a r e  i l l u s t r a t e d  i n  Table 5. An a n a l y s i s  
of  var iance performed on t h i s  da t a  i n d i c a t e s  t h a t  t h e  amounts of 
r e s idua l  n i t r a t e  found a f t e r  t h e  1984 growing season were 
s i g n i f i c a n t l y  ( p  = 0.05) a f f e c t e d  by both 1983 and 1984 N r a t e s .  
Similar r e s u l t s  were obtained a t  t he  Lancaster and Madison loca t ions .  

Several  approaches were evaluated t o  desc r ibe  t h e  r e l a t i o n s h i p  
between corn g ra in  y i e ld  and s o i l  r e s idua l  n i t r a t e  conten t  found i n  
our work. A s i g n i f i c a n t  quadra t i c  r e l a t i o n s h i p  between r e l a t i v e  g ra in  
y ie ld  and r e s i d u a l  ni t rate-N (0-3 f t )  was found whey da t a  f o r  t hese  
parameters from a l l  l o c a t i o n s  were combined. Pe value (0.284) f o r  
t h e  equat ion ( y  = 0.718 + 9.002 x - 0.000004 x ) is s i g n i f i c a n t  a t  t h e  
p=0.001 l e v e l .  This low r value is  a t  l e a s t  p a r t l y  due t o  t h e  l a r g e  
number of non-responsive p o i n t s  from t h e  Arlington and Madison 
experiments. When s i m i l a r  regress ion  techniques were appl ied t o  d a t a  
from the  Lancaster  experiment where p e l d s  var ied  s u b s t a n t i a l l y  with 
s o i l  r e s i d u a l  n i t r a t e  con ten t ,  t h e  r valus,$or t h e  equat ion (y  = 

2 0.448 + 0.00538 x - 0.000013 x ) was 0.765 . 
Use of  t h e  SAS NLIN model (SBS u s e r ' s  Guide, 1982) permitted 

i d e n t i f i c a t i o n  o f  t h e  r e s i d u a l  n i t r a t e  l e v e l  above which no y ie ld  
increase  i s  l i k e l y .  Resul ts  from t h i s  method ind ica t ed  t h a t  corn 
y i e ld  is  maximized a t  p r o f i l e  (0-3 f t )  r e s idua l  n i t r a t e  conten ts  of  
143 l b  N/acre. 

Summary 

Field s t u d i e s  conducted on well drained s i l t  loam s o i l s  i n  
wisconsin showed t h a t  accumulation of r e s i d u a l  n i t r a t e  i n  s o i l  
p r o f i l e s  increased  with increas ing  r a t e s  of appl ied  N .  S i g n i f i c a n t  
amounts of r e s i d u a l  n i t r a t e  were re ta ined  i n  t h e s e  s o i l s  during the  
period between growing seasons.  



The amounts of  r e s i d u a l  n i t r a t e  i n  s o i l  p r o f i l e s  before p l a n t i n g  
markedly a f f e c t e d  corn y i e l d  response t o  appl ied  N ,  and a s i g n i f i c a n t  
r e l a t i o n s h i p  was found between corn y i e l d  i n  t h e  absence of appl ied N 
and s o i l  r e s i d u a l  n i t r a t e  conten t .  Data from experiments conducted i n  
1984 i n d i c a t e  t h a t  corn y i e l d  response t o  N f e r t i l i z a t i o n  is not  
l i k e l y  on s o i l s  with sp r ing  r e s i d u a l  n i t r a t e  con ten t s  above 143 l b s  
N/acre i n  a  3-ft. s o i l  p r o f i l e .  

Results obtained i n  t h i s  s tudy i n d i c a t e  t h a t  adjustment of  N 
f e r t i l i z e r  r a t e s  based on s o i l  r e s i d u a l  n i t r a t e  conten t  may have 
p o t e n t i a l  f o r  improving N f e r t i l i z e r  recommendations f o r  corn on some 
Wisconsin s o i l s .  



Table 1. Ef fec t  of  n i t rogen  f e r t i l i z e r  a p p l i c a t i o n  r a t e  on 
amounts of r e s i d u a l  n i t ra te -N i n  s o i l  p r o f i l e s  a t  
t h r e e  l o c a t i o n s  i n  f a l l  1983 and spr ing  1984. 

Residual n i t ra te -N 1 / 

Arlington Mad ison Lancaster 
1983 F a l l  Spring F a l l  Spring F a l l  

Spring 
N r a t e  1983 1984 1983 1984 1983 1984 
............................. l b  N /  a c r e  

Values repor ted  a r e  t o t a l  n i t r a t e  N i n  4-f t .  s o i l  p r o f i l e s  a t  
Arl ington and Madison and i n  3-f t .  s o i l  p r o f i l e s  a t  Lancaster .  

Table 2. P r e c i p i t a t i o n  r e l a t i v e  t o  normal during t h e  per iods  between 
p r o f i l e  n i t r a t e  measurements. 

Time I n t e r v a l  
Departure from normal ( i nches )  

Arl ington Madison Lancaster  

MaySept . ,  1983 -0.27 -1.57 
Oct., 1983 - Apr., 1984 +3.18 +2.71 
May - Sept . ,  1984 +O. 33 +2.09 



Table 3. Ef fec t  of appl ied  N and r e s i d u a l  n i t r a t e  on corn g r a i n  
y i e l d s .  Lancaster  , W i s . ,  1984. 

1983 N r a t e  l b / a  

1984 N r a t e  Grain y i e ld  1  / 

l b / a  ------------ bu/a --------------- 

LSD 
(0 .05)  

Residual NO- N ( l b / a )  
3- 

(0-3 f t . ) ,  Spring 1984. 

CV f o r  y i e l d  = 8.2% 

Table 4. E f f e c t  o f  appl ied  N and r e s i d u a l  n i t r a t e  on corn g r a i n  y i e l d s .  
Ar l i ng ton ,  Wis., 1984. 

1983 N r a t e  l b / a  

1984 N r a t e  Grain y i e ld  
1 / 

l b / a  --------------- bu/a -me------------- 

Residual NO- N ( l b / a )  
3- 

(0-4 f t . ) ,  Spring 1984 

CV f o r  y i e l d  = 8.31 



Table 5. Effect  of  1983 and 1984 N r a t e s  on r e s i d u a l  n i t r a t e  i n  s o i l  
p r o f i l e s .  Arlington, Wis., f a l l  1984. 

1984 

N r a t e  

1983 N r a t e ,  l b / a  

0 120 240 3 60 

" Tota l  r e s i d u a l  NO- N i n  0-4 f t .  s o i l  p r o f i l e ;  C V  f o r  r e s i d u a l  
n i t r a t e  = 25%. 3 - 
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