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ABSTRACT 

An unders tanding o f  t h e  i n t e r a c t i o n  o f  va r i ous  i n p u t s  on corn  y i e l d  and 
p r o f i t  i s  impor tan t  i n  d e c i s i o n  making f o r  co rn  p roduc t i on .  Th i s  s tudy was 
conducted t o  eva lua te  1 )  t h e  e f f e c t  o f  i r r i g a t i o n ,  h y b r i d ,  seeding r a t e  and 
n i t r o g e n  r a t e  on y i e l d  o f  co rn  and 2) t he  e f f e c t  o f  these  i n p u t s  on marg ina l  
r e t u r n  and cos t  pe r  bushel f o r  co rn  p roduc t ion .  Th i s  s tudy  was conducted f o r  
t h r e e  years  a t  two 1 oca t i ons  on a Conover 1  oam and a Z i  lwaukee c l a y  s o i  1  . 
The t h r e e  years  represen ted  a normal r a i n f a l l  year ,  a  d r y  yea r  and a year  
w i t h  above normal r a i n f a l l .  Corn y i e l d  was increased 40 bushels  per  acre by 
i r r i g a t i o n  and t h e r e  was a 24 bu/acre d i f f e r e n c e  between two hybr ids .  
Seeding and N r a t e s  had no e f f e c t  on y i e l d .  I r r i g a t i o n  reduced marginal  
r e t u r n  $85/acre compared t o  n o n - i r r i g a t e d ,  t h e r e  was a $52/acre d i f f e r e n c e  i n  
r e t u r n  between hyb r i ds  and t h e r e  was a $15/acre l o s s  f rom t h e  use o f  an e x t r a  
75 1b N/acre. I n  o r d e r  f o r  a  cen te r  p i v o t  i r r i g a t i o n  system t o  be 
p r o f i t a b l e ,  t h e r e  would have t o  be a t  l e a s t  a  75 bu/acre advantage f rom 
i r r i g a t i o n .  I t  does n o t  appear t h a t  t h i s  i s  p o s s i b l e  on medium and f i n e  
t e x t u r e d  s o i l s  i n  Mich igan.  

Meteor01 og i  c a l  drought  occurs  sometime d u r i n g  t h e  growing season n e a r l y  every  
yea r  i n  Michigan. Strommen e t  a l .  (1969) r e p o r t e d  d u r i n g  a  37 year  p e r i o d  
t h a t  drought  occurred i n  36 percen t  o f  t h e  months. Baten e t  a l .  (1959) 
r e p o r t e d  t h e r e  be ing  l e s s  than  a 20% p r o b a b i l i t y  o f  r e c e i v i n g  i n  excess o f  
one i n c h  o f  r a i n  d u r i n g  June, J u l y  and August i n  Mich igan.  Corn can t o l e r a t e  
some mo is tu re  s t r e s s  d u r i n g  t h e  growing season. For  example, Robbins and 
Domingo (1953) r epo r t ed  t h a t  co rn  can t o 1  e r a t e  apprec i  ab l  e  s o i  1  moi s t u r e  
s t r e s s  w i t h  o n l y  l i m i t e d  e f f ec t  on g r a i n  y i e l d  except  d u r i n g  t h e  p e r i o d  o f  
t a s s e l  emergence t o  p o l l  i n a t i o n .  Bruce e t  a1 . (1969) found t h a t  16 of 25 
doub le  cross hyb r i ds  gave a 10% o r  g rea te r  g r a i n  y i e l d  response t o  i r r i g a t i o n  
w h i l e  t h e  remainder showed l i t t l e  o r  no y i e l d  inc rease .  

Many growers i n  Mich igan have i n s t a l l e d  i r r i g a t i o n  systems f o r  co rn  
p r o d u c t i o n  on coarse t e x t u r e d  s o i l s  and a re  p roduc ing  h i g h  y i e l d s .  Whi le 
t h e r e  a re  some i n d i c a t i o n s  t h a t  i t  would n o t  be economical t o  i r r i g a t e  co rn  
on medium and f i n e  t e x t u r e d  s o i l s ,  t h e r e  a re  n o t  s u f f i c i e n t  da ta  t o  eva lua te  
t h i s  ques t ion  over  a  number o f  years  and s i t e s .  

O ther  i n p u t s  such as n i t r o g e n  and seeding r a t e  w i l l  have an e f f e c t  on 
marg ina l  r e t u r n  i n  co rn  p roduc t i on .  V i tosh  e t  a1 . (1974) have shown economic 
r a t e s  o f  n i t r o g e n  f o r  co rn  p roduc t i on  w i t hou t  i r r i g a t i o n .  Ka r l en  and Camp 
(1985) showed t h a t  a  p l a n t  d e n s i t y  o f  approx imate ly  28,000 t o  36,000 p l a n t s  
p e r  ac re  would be s u f f i c i e n t  optimum fo r  co rn  p roduc t i on  on sandy s o i l s .  
Wi thou t  i r r i g a t i o n ,  t h e  r a t e  should  n o t  exceed 28,000. There a re  1  i t t l e  
d a t a  showing t h e  e f f e c t  o f  seeding r a t e  and t h e  i n t e r a c t i o n  o f  i r r i g a t i o n ,  
seeding r a t e  and n i t r o g e n  r a t e  on t h e  economics o f  co rn  p roduc t ion .  



Th i s  s tudy was o r i e n t e d  toward eva lua t i on  o f  some i n p u t s  which c o u l d  r e s u l t  
i n  a  r e d u c t i o n  o f  t h e  c o s t  o f  p roduc t i on  p e r  bushel  o f  corn.  The o b j e c t i v e s  
o f  t h e  s tudy were: 1)  t o  eva lua te  t h e  e f f e c t  o f  supplemental i r r i g a t i o n ,  
cho ice o f  hyb r i d ,  p l a n t  popu la t i on  and n i t r o g e n  r a t e  on y i e l d  o f  c o r n  grown 
on medium and f i n e  t e x t u r e d  s o i l s  and 2) t o  eva lua te  t h e  marg ina l  r e t u r n  and 
c o s t  per  bushel a f t e r  use o f  these i npu t s .  

METHODS 

A  s e r i e s  o f  exper iments were conducted on a  Conover loam and a  Zi lwaukee c l a y  
s o i l  f o r  t h r e e  yea rs  g i v i n g  s i x  l o c a t i o n - y e a r  combinat ions.  Y ie l d ,  g r a i n  
mois ture,  ba r ren  s t a l  ks a t  harvest ,  marg ina l  r e t u r n  and marg ina l  c o s t  p e r  
bushel were measured. 

The exper iments were arranged i n  a  s p l i t  p l o t  des ign  w i t h  f o u r  r e p l i c a t i o n s .  
The main p l o t  was i r r i g a t i o n  l e v e l  ( p l u s  and minus) 
and t h e  sub -p l o t s  were f a c t o r i a l  combinat ions o f  co rn  h y b r i d  (P ioneer  3901 
and 3475), p l a n t i n g  t ime  popu la t i on  (28,000 and 37,000) and n i t r o g e n  r a t e  
(150 and 225 l b / ac re ) .  

I r r i g a t i o n  t i m i n g  was scheduled us ing  a  program developed by M. L.  V i t o s h  o f  
t he  Crop and S o i l  Sciences Department, Mich igan S t a t e  U n i v e r s i t y .  I r r i g a t i o n  
was app l i ed  so as t o  keep t h e  a v a i l a b l e  wa te r  i n  t h e  su r face  t h r e e  f e e t  above 
50% o f  t h e  a v a i l a b l e  water  capac i t y .  The co rn  h y b r i d s  represen t  a  nominal  
100 day (3901) and a  115 day (3475) m a t u r i t y  which d i d  n o t  have t h e  same i n -  
bred 1  ines  i n  t h e i r  parentage. N i t rogen  appl i c a t i o n  was s p l i t  w i t h  o n e - h a l f  
app l i ed  p r e - p l a n t  and one -ha l f  s idedressed i n  June. Phosphorus and K were 
app l i ed  based on s o i l  t e s t  values. 

Marg ina l  cos t s  and r e t u r n s  were c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  p r i c e s  and 
cos ts :  

Income : $2.50/bushel 

Costs: a. Seed - $70 /un i t  o f  80,000 seeds 
b. I r r i g a t i o n  - equipment $150/acre/year 

- pumping $3.50/acre i n c h  
c .  N i t rogen  - $ 0 . 1 9 / l b N  
d. Truck ing - $O.lO/bushel 
e. Dry ing  - $0.015/ bushed f o r  each 

percen t  mo i s tu re  above 
15.5% 

P l a n t i n g  dates were between t he  20th o f  A p r i l  and t h e  1 s t  o f  May 

w i t h  ha rves t  dates between t h e  10th and 25 th  o f  October. A  weed 
c o n t r o l  program o f  B l  adex and Lasso was f o l l  owed, suppl emented by c u l  t i v a t i  on 
and hand weeding. 

RESULTS 

R a i n f a l l ,  a p p l i e d  i r r i g a t i o n  and "normal"  r a i n f a l l  a re  g i ven  i n  Table  1  f o r  
bo th  s i t e s .  T h i s  s tudy  was conducted i n  a  range o f  mo is tu re  c o n d i t i o n s  



r ang ing  f rom a  "normal"  yea r  (1987), a  d r y  yea r  (1988) and a  "wet"  y e a r  
(1989). The d i f f e r e n c e s  i n  t o t a l  water supp l i ed  between years  i s  due t o  
seasonal d i s t r i b u t i o n  o f  r a i n f a l l .  

The average va lues ( s i x - l o c a t i o n / y e a r s )  f o r  t h e  v a r i o u s  parameters measured 
as a f f e c t e d  by i r r i g a t i o n ,  hyb r i d ,  seeding r a t e  and n i t r o g e n  r a t e  a re  g i v e n  
i n  Table  2. The i n t e r a c t i o n  o f  i r r i g a t i o n  x h y b r i d  x  seeding r a t e  x  n i t r o g e n  
r a t e  was no t  s i g n i f i c a n t  f o r  any o f  t he  parameters measured. Most o f  t h e  
o t h e r  i n t e r a c t i o n s  were n o t  s i g n i f i c a n t  l e a v i n g  t h e  s imp le  e f f e c t s  t o  be 
examined. 

Y i e l d  o f  corn was inc reased  by 40 bushel s  pe r  ac re  f rom t h e  appl  i c a t  i on o f  
supplemental water  (Table  3 ) .  Hyb r i d  3475 y i e l d e d  24 bushels  more than 3901, 
w i t h  t h e r e  be ing no d i f f e r e n c e  i n  y i e l d  f o r  t h e  two seeding r a t e s  and two 
n i t r o g e n  r a t e s .  Gra in  mo i s tu re  was reduced by 1.9% w i t h  i r r i g a t i o n ,  was 1.2% 
l owe r  f o r  h y b r i d  3901 and was 0.5% h ighe r  a t  t h e  h i g h e r  seeding r a t e .  
N i t r o g e n  r a t e  had no e f f e c t  on g r a i n  mo is tu re .  The c o e f f i c i e n t  o f  v a r i a t i o n  
f o r  t h e  bar ren  s t a l  k  measurement was ext remely  h igh ,  consequent ly  t h e r e  were 
no de tec tab le  d i f f e r e n c e s  between t h e  var ious  i n p u t s .  

Marg ina l  r e t u r n  was $85/acre g r e a t e r  w i t hou t  i r r i g a t i o n  than  w i t h  i r r i g a t i o n .  
H y b r i d  3475 produced $52/acre more t h e  3901 when averaged across a l l  o t h e r  
i n p u t s .  The h i ghe r  N  r a t e  reduced marg ina l  r e t u r n  by $ l5 /ac re .  The u n i t  
c o s t  f o r  prod-  uc i ng  co rn  was l owes t  f o r  t h e  n o n - i r r i g a t e d  t rea tment  and f o r  
t h e  bes t  y i e l d i n g  h y b r i d .  

DISCUSSION 

The e f f e c t  o f  t h e  e x t r a  n i t r o g e n  on marg ina l  r e t u r n  i n  t h e  "bes t  case" (non- 
i r r i g a t e d ,  h y b r i d  3475, 28,000 seeds/acre) was $20/acre (Tab le  2 ) .  There 
was a  $ l2 /ac re  r e d u c t i o n  i n  marg ina l  r e t u r n  due t o  t h e  h i g h e r  seeding r a t e .  

These d i f f e r e n c e s  may be g r e a t e r  than the  c o s t  o f  t h e  i n p u t  because o f  smal l  
v a r i a t i o n s  i n  o t h e r  c o s t s  such as d r y i n g  e t c .  

These r e s u l t s  c l e a r l y  show t h a t  i r r i g a t i o n  on these medium and f i n e  t e x t u r e d  
s o i l s  i n  n o t  economica l ly  v i a b l e  f o r  corn p r o d u c t i o n  i n  Mich igan.  Even i n  
t h e  d r i e s t  year  (1988), t h e  marg ina l  r e t u r n  was $56/acre g r e a t e r  f o r  t h e  non- 
i r r i g a t e d  than f o r  t h e  i r r i g a t e d  t reatments .  The y i e l d  advantage f rom 
i r r i g a t i o n  would have t o  be a t  l e a s t  75 bushels  p e r  ac re  i n  o rde r  t o  break 
even. For those farmers who cou ld  reduce t h e  i n s t a l l a t i o n  cos t  o f  
$1,00O/acre, t h e  economic v i a b i l i t y  o f  s p r i n k l e r  i r r i g a t i o n  o f  co rn  may be 
much b e t t e r .  
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Table 1. Rainfall plus irrigation for Xay-September for the irrigation study 
on the Conover loam and the Zilwaukee clay, 1987-1989. 

Conover loam Zilwaukee clav 
Year Rainfall Irrigation Total Rainfall Irrigation Total 

1987 13.58 8.00 21.58 15.08 6.75 21.83 

40 year average rainfall 15.45 14.40 



Table 2. Effect of irrigation, hybrid, seeding rate and nitrogen rate on yield, grain moisture, 
barren stalks, marginal return and marginal unit cost for corn grown on a Conover loam 
and a Zilwaukee clay. 1987-1989. 

Pioneer Seeding Nitrogen Grain Barren Marginal Marginal 
Irrigation Hybrid  ate' Rate Yield Moisture Stalks Re turn Cost 

No 
No 
No 
No 
No 
No 
No 
No 

P 
w 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

LSD (5%) Irrigation x Hybrid 
x Seeding Rate x N Rate 

+ Population at harvest: 26,400 and 33,000 plants per acre for 28,000 and 37,000 seeds/acre 
respectively 



Table 3. Simple effect of irrigation, hybrid, seeding rate and nitrogen rate 
on yield, grain moisture, barren stalks, marginal return and 
marginal unit cost for corn grown on a Conover loam and a Zilwaukee 
clay, 1987-1989. 

Simple Grain Barren Marginal Marginal 
Effect Yield Moisture Stalks Re turn Cost 

Irrigation 
No 
Yes 
Probability 

Hvbrid 
3901 
3475 
Probability 

Seeding Rate 
28,000 
37,000 
Probability 

Nitropen Rate 
150 
225 
Probability 
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