
Optimum N  R a t e s  for (3bm Prcduction 
as Influenced by Crup Rotation 

F e r t i l i z e r  N  ef f ic iency i n  corn production has become a llhott' 
research topic in the 1980's. Increased c o m  of n i t r a t e - N  entering 
the groundwater and the  potent ia l  f o r  improving the p r o f i t a b i l i t y  of 
corn  producers  a r e  t h e  impetus f o r  f i ne - tun ing  f e r t i l i z e r  N  
recarmnendations. c3rop production fac tors  such a s  improved diagnost ic  
techniques, full ut i l iza t ion of symbiotic N  fixation, and crop rotation 
have been gaining widespread research support throughout t h e  United 
States.  The adoption of crop rota t ions  o r  sequences may p lay  a v i t a l  
ro le  in the conservation of N. This paper w i l l  address a long tenn crop 
rotation experiment conducted a t  Waseca, Minnesata. The study covers a 
12  year period and was ini t iated to determine the N  needs of corn g ? n m  
i n  ro ta t ions  that a r e  representa t ive  of southern Minnesota crop 
production systems. 

Experimental Froc&ures 

The experiment was established in 1974 on a Webster clay loam w i t h  
three crop sequences. The treatments were continuous corn, corn- 
soybeans, and corn-wheat. A 1  1 p l o t s  w e r e  r ep l ica ted  f i v e  times i n  a 
s p l i t  p lo t  design w i t h  crop sequences as the main plot. Each main p l o t  
was s p l i t  i n t o  s i x  N  r a t e s  of 0, 40, 80, 120,  160 and 200 l b  N/A which 
have been applied annually t o  corn. 

In the f a l l  of 1974 and 1975, t he  N  treatments (each N  p l o t  15' x 
60') were appl ied broadcast a s  urea and plowed down immediately. A l l  
other years, the N was applied as anhydruus m n i a  preplark The wheat 
crop annually received 50 l b  N/A as urea before planting. Phosphorus 
ard potassium were applied as needed so as to not be a l i m i t -  factor. 

Corn was planted consistently in early May l3umugbout the study in 
30" rcrws. A s o i l  insecticide was used a t  -4 rates on a l l  corn 
plots  t o  control rootworn. Wheat and sqkems w e r e  a l so  consistently 
planted in l a t e  April and mid May, respectively. Each year weeds were 
controlled with -4 chemical and/or cultural practices on a l l  
plots. Corn yields were determined by mechanical harvesting. 
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After each harvest soil samples w e r e  taken to a depth of 5' in one 
foat inmemmb fraan the 0 and 160 l b  N t r e a t ~ ~ ~ ~ t s  within the continuous 
corn system. Soil  samples w e r e  also taken frum the 0-lb N treafments in 
theplotswhere saybeans and wheat w e r e  thepreoeding crops gram in the 
respect ive  rotat ion.  Between the 1984-1985 and the  1985-1986 crop 
years, s o i l  samples were taken i n  the f a l l  and i n  t he  spring. Two 
cores/plot w e r e  extracted, ccmposited, and amlyzed for  nitrateN. 

Results 

Tbtal n i t r a t e - N  l e v e l s  remaining in  the s o i l  prof i le  between the 
1984-1985 and the 1985-1986 crop years are shown i n  Table 1. These data 
indicate that where no f e r t i l i z e r  N was applied (except the blanket 50 
l b  N r a t e  t o  wheat), very l i t t l e  dif ference i n  res idua l  nitrate-N was 
fcond in the f a l l  sampling among the crop sequences and w i t h i n  the sarne 
crop year. This was consistent with past years of the study. 

Hmever, n i t r a t e - N  l eve l s  fluctuated f m  the f a l l  sampling period 
to spring sampling a t  the *lb N rate. Between 1984-1985 crop years, a 
s l i g h t  increase i n  nitrate-N was found i n  the spring compared t o  the 
previous f a l l  sampling. In contrast, between the 1985-1986 crop years 
residual n i t r a t e - N  l e v e l s  decreased f m  the f a l l  to the spring sampling 
period. A t  the 160 l b  N rate, n i t r a t e - N  in the soil profi le derreased 
fm the f a l l  to the spring sampling in both years. Resons for these 
decreases are prabably due to either denitrification or  lea-. 

?he effect  of previous crop on corn response to N f m  1975-1986 is 
summarized i n  Table 2. This long term study shows t h a t  crop ro t a t i on  
has a substantial effect  on corn yield. When averaged over the 12 year 
period, corn y i e l d s  have been optimized w i t h  175, 140, and 140 l b  N/A 
f o r  t he  continuous corn, corn-soybean, and corn-wheat rota t ions ,  
respectively.  The highest  corn y i e ld s  obtained with minimum N input 
were found when corn followed e i t h e r  soybeans o r  wheat. A t  t h e  
optimized N rates, yields for corn folluwing soybeans and wheat were 15 
and 13% higher than for continuous corn In most years the sequence X N 
rate interaction w a s  highly significant. ?here did not appear to be any 
consistent  r e l a t i onsh ip  between the  res idua l  s o i l  nitrate-N l e v e l s  
(Table 1) and corn y i e l d  response t o  N i n  each of t h e  crop sequences. 
This was consistent w i t h  past years. 

In  Table 3 ,  a c l o s e r  examination of t h e  data  show t h a t  the 
University of Minnesota N r eaamxh t ions  l ie favorably between the N 
r a t e s  t h a t  gave maximum y i e l d  and t h e  N r a t e s  t h a t  g ive  95% maximum 
yield for each crup rotation. When platted on a auve (Figure l), it is 
evident t h a t  t h e  N recommendations developed by t h e  University of 
Minnesota are neither too conservative or  excessive. 

1. Residual s o i l  n i t r a t e - N  l eve l s  detennhed in the f a l l  a f te r  harvest 
and within t h e  same crop year, r e s u l t  i n  very l i t t l e  dif ference 
i r respec t ive  of the crop sequence. Diagnostic techniques f o r  
predicting N needs in corn production w i l l  require further sturty. If 
s o i l  t e s t i n g  f o r  res idua l  nitrate-N can be cor re la ted  with y i e l d  



response, the sampling period w i l l  p m h b l y  be in the spring before 
planting in sauth central M h m e s o t a .  

2. Corn yields w e r e  substantially greater when corn f o l l m  
and wheat compared t o  continuous corn. When corn is rota ted with 
either of these t w o  cmps, yield haeases of approximately 14% can 
be obtained over the continuous corn system a t  t h e  recommended N 
rates. 

3.  N -tions developed by the University of Minnesota urrder high 
yielding corn production, are neither too conservative or  excessive 
and can result in the mt favorable retun for corn producers. 
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Table  1. E f f e c t  of  N r a t e  a p p l i e d  t o  corn  and c rop  sequence on 
t o t a l  NO,-N remaining i n  t h e  0-5 f  t. p r o f i l e ,  1985 + 1986 

Crop Oct . ,  1984 A p r i l ,  1985 Oct. ,  1985 A p r i l ,  1986 

------------- -- T o t a l  ( l b  NO -N/5 ft.) 
3 

Corn 7 7 

Soybeans 9  5  

Wheat 9 5 

0 l b  N / A  Rate  

9  6 5  3 30 

160 l b  N / A  R a t e  

Corn 



Table  2 .  E f f e c t  of p r e v i o u s  crop on corn response t o  N from 
1975-86 a t  Waseca 

N r a t e  Corn Sovbeans Wheat 

Table  3. Regress ion  a n a l y s e s  of t h e s e  d a t a  i n d i c a t e :  

Crop Sequence 
Continuous Corn- Corn- 

Co rn Soybeans Wheat 

Maximum y i e l d  (bu/ A) 135.2 159.1  156.7 
N r a t e  t h a t  gave maximum 

y i e l d  (lb/A) 19 6 16 9 16 1 
95X m a .  y i e l d  (bu/A) 128.4 151 .1  148.9 
N r a t e  t h a t  gave 95% max. 

y i e l d  (%/A) 130 100 9 8 
Yield  d i f f e r e n c e  ( m a  - 95%) 6 . 8  8.0 7.8 
N d i f f e r e n c e  (max - 95%) 66 69 63 

U of M N recommendations (lb/A) 170 130 130 
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