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In  t h e  absence of o ther  1 imiting fac tors ,  maize y i e l d  increases 
w i t h  nitrogen f e r t i l i z e r  appl icat ion t o  very high l eve l s .  I n  f a c t ,  
researchers attempting t o  maximize maize production have reported a 
yield -rise a t  l e v e l s  of N greater than 300 lbs/acre. Because there 
are many limiting factors i n  addition to  nitrogen, nitrogen f e r t i l i z e r  
must be m g e d  to minimize costs and maximize response. In addition t o  
m g i n g  the crup's proctuctivity, recent concerns about high l eve l s  of 
n i t r a t e s  and o ther  farm chemicals i n  t h e  groundwater have increased 
concern about ni trogen management. The chal lenge is f o r  a farmer t o  
produce the  bes t  re tu rn  on h i s  farm i n  a way t h a t  is consistent  with 
maintaining gmurdwate.r quality. 

Periodic responses of nitrogen prices t o  increases in the cost of 
petroleum have raised concerns about the cost/benef it rat io  of nitrogen 
use; however, in recent years even w i t h  lc rw camdity prices, the ra t io  
of corn pr ices  t o  t h e  cos t  of nitrogen has made nitrogen appl ica t ion  
highly favorable i f  the l eve l s  are in the linear mqonse range. With 
recent prices of corn belm $2.00 per bushel and nitrogen a t  $.15/acre, 
t he  economic pena l t i e s  f o r  underapplication f a r  exceed those f o r  
overapplication. While this econornic rea l i ty  is widely recognized, the 
recent farm crisis has forced farmers t o  closely examine the costs an3 
returns of a l l  their inputs. 

Various groups have taken d i f f e r en t  perspect ives  on the  use of 
nitrogen by farmers. Alternative ag r i cu l tu re  groups have encouraged 
farmers t o  lower input cos t s  and oppose t h e  use of synthet ic  forms of 
nitrogen. Other industry grcerps have pmmrrted mimum e c o d c  yield, 
While t h e  o f f i c i a l  name of the  program is 9naximu.m economic yield",  
rmcbmnn yield has been the m j o r  concern and the e c o d c s  of high yie ld  
have followed a s  a second thought, i f  a t  a 1  1. I n  addition, some 
chemical mmpnies and crop consultants have sought t o  offer the farmer 
sophist icated programs f o r  managing bath nitrogen f e r t i l i z e r  response 
and corn hybrid selection based on the l a t e s t  university data. A l l  of 
these approaches have been widely reported in the farm press. 
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In t e r e s t  i n  nitrogen management a t  both high and low nitrogen 
l e v e l s  has ra i sed  a number of questions about hybrid response t o  
nitrogen. Do differences in response to nitrogen exist m n g  hybrids? 
I f  differences do exist, are they large enough and stable enough to be 
useful to farmers making crop management decisions? This discussion may 
a 1  low iden t i f i ca t ion  of areas  of agreement a s  w e 1  1 a s  areas i n  which 
more research is needed. 

Controlled envirommt studies 

Corn responds t o  nitrogen by increasing gra in  y i e l d  t o  a maximum 
leve l  above whiCh additional nitrogen application no longer resul ts  in 
an hcrease in yield. The basic response curve has been assumed to be 
similar across a l l  corn hybrids and is the basis of university nitrogen 
recawmendations. A f- simply estimates his yield goal, a m t s  for  
residual nitrogen, and fe r t i l i zes  a t  a rate of 1-1.2 lbs of N/acre for 
every bushel of y i e l d  he expects t o  a t t a in .  The question t h a t  a r i s e s  
is: Do a 1  1 hybrids respond i n  a similar mmner over a range of nitrogen 
rates? 

The r e l a t i v e  eff ic iency with which a corn p l a n t  obtains and uses 
nitrogen t o  produce gra in  is re l a t ed  t o  a number of physiological  
processes and morphological t r a i t s .  Moll e t  a l .  (11) iden t i f i ed  the 
basic physiological processes involved i n  nitrogen use eff ic iency a s  
absorption, translocation, assimilation, and redistribution. A number 
of greenhouse and growth chamber s tud ies  have es tabl ished t h a t  
suh tan t ia l  genotypic differences exist  for  each of these traits w i t h i n  
modem elite corn germplasm (see 15 for review of literature). In fact,  
some of the enzymatic s teps  i n  t h e  ass imi la t ion  of nitrogen are 
understood i n  considerable d e t a i l  and have been studied f o r  use i n  
breeding programs (7). Unfortunately, extrapolat ion,  from a f e w  
specially chosen genotypes gruwn under carefully control led conditions 
to nummus mmercia l  hybrids grown i n  the  f ie ld ,  has been notoriously 
d i f f i c u l t .  I n  addi t ion,  t h e  d i f f i c u l t i e s  of p r e d i c t i n g  y i e l d  
performance over many environments from a f e w  of t h e  thousands of 
biochemical steps involved are well known. It is necessary to  bun to 
f i e l d  experiments i n  which y i e ld  is measured over a number of 
environments to answer the question of genotypic diff- i n  response 
t o  nitrogen. 

Field studies of hybrid resmnse nitrosen 

To rigorously eva lua te  t he  existence of d i f f e r e n t i a l  hybrid 
response t o  nitrogen a number of experimental c r i t e r i a  should be m e t .  
The experiment should include a number of elite, adapted hybrids of 
s imi l a r  maturity. Hybrids included need t o  have a minimum l e v e l  of 
a g r o d c  performance to allow adequate expression of nitrogen respnse. 
Since l a t e r  maturing hybrids generally have greater yield potential than 
e a r l i e r  ones, it is easy t o  confound nitrogen response with hybrid 
m a t u r i t y  i f  the maturity range of hybrids in a test is not limited, In 
addition, a s  with a l l  y i e l d  t e s t s ,  data  should be co l l ec t ed  over a 
number of locations and years. 



Fublished repor t s  meeting these c r i t e r ia  are rela t ively  limited; 
h w v e r ,  a nrrmber of good studies exist. Eimm (3) studied 2 hybrids in 
1979 and 4 hybrids i n  1980 - 1983 a t  three nitrogen r a t e s  i n  Canada. 
Differences i n  hybrid response t o  nitrogen o r  hybrid x nitrogen r a t e  
in teract ion was s ign i f i can t  i n  1982 and 1983 but  not i n  other years. 
Nitrqen response a l so  deperded on plant  density. Ha t l i t l i g i l  e t  al. 
(8) studied 6 hybrids a t  2 locations for a single year. The e x p e r k t  
included 2 nitrugen levels. ?here w a s  no significant hybrid x nitrugen 
rate inte.raction. Similar resul ts  w e r e  obtained by Wndy and Cartes (4) 
i n  a study of 5 hybrids i n  Wisconsin. The experiment was run f o r  2 
years and included 4 nitrogen ra tes .  The hybrid x nitrogen r a t e  
interaction w a s  nat significant. A rnrmber of nitrogen response studies 
have been conducted a t  Iowa S ta te  University. Fakorede and Mock (6) 
found s ign i f i can t  d i f ferences  among v a r i e t y  hybrids t es ted  i n  2 
locat ions  and 2 years. I n  a study of 20 s i n g l e  c ross  hybrids by Balko 
and Russel 1 (1) over 6 envhmments, the hybrids responded differently 
t o  nitrogen ra tes .  I n  a l a t e r  study with only  3 hybrids, the hybrid x 
nitrogen in te rac t ion  was not s ign i f ican t  (14) .  One addit ional  study 
that  mquires camment is the work by Tsai and his associates a t  Purdue 
(16). ?his paper has received a large amount of interest and attention 
from the  farm press  and t o  some extent  has r e su l t ed  in much of t h e  
current  i n t e r e s t  i n  c lass i fy ing  hybrids by t h e i r  nitrogen response. 
While the increased i n t e r e s t  in  t h i s  area is su re ly  warranted, t h e  
conclusions reached by Tsai  and associa tes  a r e  i n  need of add i t iona l  
experimental w r t .  ?he stu3y w a s  carried out in a l i m i t e d  rnrmber of 
environments and contained only 3 hybrids. The maturity range of t h e  
hybrids w a s  quite large and a t  l eas t  one of the hybrids w a s  not adapted 
to  the area (and the plant  density) in which the  experimmt w a s  gruwn. 

T h i s  review of the literature makes it clear that the experience of 
c lass i fy ing  hybrids has been decidedly mixed. Perhaps the most 
important conclusion t o  draw f m  this work is that the environment in 
which the  t e s t s  are grown can have an important e f fec t .  In  addit ion,  
the selection of experimental material can a l so  influence the results. 

Pioneer experiments 

Pioneer researchers have been in te res ted  i n  t he  way i n  which 
hybrids respond t o  nitrogen for  a number of years. A summary of the 
experiments conducted by Pioneer m e r s  l q e l y  wrts the public 
experience. 

Studies cmparing hybrids released since the intnduction of hybrid 
corn i n  t he  1920's g i v e  some ins igh t  i n t o  t h e  changes i n  nitrogen 
response that have omurrd  i n  successive hybrids, over the years. One 
researher (12) examined a number of older and modern hybrids a t  vary* 
nitrogen rates a t  5 locations in 1978. While the slope of the msponse 
curve was not d i f f e r e n t  in the d i f f e r e n t  hybrids, t h e  modern hybrids 
cut-yielded the older ones a t  both the l o w e r  and higher nitrogen rates. 
Planting r a t e  (p l an t  density) d id  not change the  hybrid x N rate 
response; t h a t  is, t h e  newerhybrids out-yie ldedthe o lderhybr ids  a t  
both low and high plant  densities. Similar resu l t s  have been obtained 
by other (non-Pioneer) workers (5). This suggests t h a t  al though 
se lec t ion  is genera l ly  done a t  optimal nitrogen r a t e s ,  breeders have 



been successful in improving yield a t  a l l  nitrogen levels. 

ltJo additional Pioneer experiments (9, 13) w=re caducted in 1978 
to evaluate the hybrid era x nitrogen rate inkmct ion;  they ccanprised 
an early and a l a t e  set of hybrids. Each set contained 10 hybrids frwn 
diffesent eras. The 10 early maturity hybrids w e r e  grown a t  3 nitrogen 
rates, a t  5 locations. No significant hybrid x nitrogen interaction w a s  
seen; the newest hybrids outyielded the older hybrids a t  a l l  l eve l s  of 
nitrogen fe r t i l i ty .  The 10 l a t e r  hybrids w e r e  gruwn a t  4 locations and 
3 nitrogen ra tes .  While the  hybrid x nitrogen rate interact ion w a s  
s ign i f ican t  i n  t h i s  experiment, there  was a l s o  a s ign i f i can t  hybrid x 
locat ion x nitrogen l e v e l  in teract ion and t h e r e  w e r e  no l a rge  hybrid 
differences in yield for the  different nitrogen levels.  Althoqh these 
two experiments had a number of locat ions  t o  provide some experience 
across locations,  they w e r e  only grown i n  a s i n g l e  year. Two o r  more 
yearsf data would have been more desirable. 

A f o u r t h  group of  Pioneer  workers (10) conducted a 2 y e a r  
experiment a t  5 nitrogen rates. The experiment contained an early group 
of genotypes and a l a t e r  one. The hybrid x nitrogen r a t e  in te rac t ion  
w a s  significant in the  early hybrid group but not in the l a t e r  hybrids. 

In a f i f t h  (and the most extensive) study conducted within Pioneer, 
workers (2) s tudied a number of hybrids a t  4 nitrogen ra tes ,  60, 120, 
180 and 240 lbs/acre. A set of four e a r l y  hybrids was grown over 7 
location-years. The nitrogen and hybrid e f f e c t s  w e r e  both highly 
s ign i f ican t  but  t h e  hybrid x nitrogen r a t e  in te rac t ion  was not. I n  
contrast ,  a l a t e r  maturing s e t  of 9 hybrids grown i n  7 location-years 
did show a significant hybrid x nitrogen rate interaction, haever  the  
size of the interaction term w a s  re la t ively  small conpred to the other 
saurces of var ia t ion 

We are n m  in the midst of a multiple year study to mre rigorously 
examine the nitrogen use of Pioneer camnemial hybrids. This study w a s  
begun i n  1986. It eva lua tes  1 2  hybrids of d ive r se  genotype a t  3 
nitrogen ra tes .  The experiment was grown a t  2 loca t ions  i n  Missouri, 
and one location each in I-, Indiana, and I l l ino is .  Analysis of 1986 
data shows signif icant hybrid x nitrogen interaction for yield; however, 
t he  environment x nitrogen treatment in te rac t ion  was about 9 t i m e s  
larger than the hybrid x nitrogen treatment interaction. The hybrid x 
environment x nitrogen interaction was a l so  highly significant. In 1987 
this experiment is being grown in  15 loca t ions  throughout the e n t i r e  
miawest. 

Discussion 

What can we learn f m  the research data that has value to farmess 
for crap managemnt decisions? First, it is clear that the conclusions 
one draws from experiments of t h i s  type are highly dependent on the 
environment arsd, to .sane extent, the hybrids involved in the test. In 
the studies reviewed here, the hybrids generally showed a response to 
nitrogen, but  the dif ferences  i n  hybrid response w e r e  of t en  small  and 
the r e l a t i v e  response was of ten d i f f e r en t  i n  d i f f e r e n t  environments. 
For t h i s  reason, our a b i l i t y  t o  make d e f i n i t i v e  recommendations of 



nitrogen management f o r  a given hybrid is q u i t e  limited. Other 
mmgemnt decisions such as hybrid mawi ty ,  stress tolerance, disease 
reaction, and root and s t a l k  quality should be mre pertinent to farmers 
a t  this t i m e .  I n  addit ion,  the  usefulness of un ivers i ty  nitrogen 
recommendations is apparent regardless  of t h e  hybrid involved. 
Certainly with the  increase in  concem abmt groudwater quality, the  
farmer's decisions on nitrogen management w i l l  be under increasing 
scrutiny. 

I f  we are not yet  in a position to make dependable recommendations, 
what research is needed t o  provide t h e  farmer with good s o l i d  advice? 
More nitrogen-hybrid experiments a r e  needed. The current  need is f o r  
data on genetical l y  different nrodern ccsmnercial hybrids that  are g m q d  
by re la t ive  maturity and area of adaptation. Data on hybrids gruwn in 
areas where they are not adapted may be deceiving to farmers who tzy to 
use t h a t  information t o  manage the  same hybrid i n  an area where it is 
adapted. I n  addit ion,  w e  need experiments grown across locat ions  and 
years. It is widely recognized t h a t  hybrids perform d i f f e r en t ly  i n  
d i f f e r en t  environments and this f a c t  needs t o  be recognized a s  it 
rela tes  to hybrid-nitrogen interactions. W e  need to design and corduct 
experiments that  w i l l  allow us to  u n d w  hcrw many location-years of 
d a t a  a r e  r e q u i r e d  t o  c h a r a c t e r i z e  a hybr id  and t o  p r e d i c t  its 
perfomme a t  a given l eve l  of confidence. 
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