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ABSTRACT

An understanding of the interaction of various inputs on corn yijeld and
profit is important in decision making for corn production. This study was
conducted to evaluate 1) the effect of irrigation, hybrid, seeding rate and
nitrogen rate on yield of corn and 2) the effect of these inputs on marginal
return and cost per bushel for corn production. This study was conducted for
three years at two locations on a Conover loam and a Zilwaukee clay soil.
The three years represented a normal rainfall year, a dry year and a year
with above normal rainfall. Corn yield was increased 40 bushels per acre by
irrigation and there was a 24 bu/acre difference between two hybrids.
Seeding and N rates had no effect on yield. Irrigation reduced marginal
return $85/acre compared to non-irrigated, there was a $52/acre difference in
return between hybrids and there was a $15/acre loss from the use of an extra
75 1b N/acre. In order for a center pivot irrigation system to be
profitable, there would have to be at least a 75 bu/acre advantage from
irrigation. It does not appear that this is possible on medium and fine
textured soils in Michigan.

% *x % % %k %

Meteorological drought occurs sometime during the growing season nearly every
year in Michigan. Strommen et al. (1969) reported during a 37 year period
that drought occurred in 36 percent of the months. Baten et al. (1959)
reported there being less than a 20% probability of receiving in excess of
one inch of rain during June, July and August in Michigan. Corn can tolerate
some moisture stress during the growing season. For example, Robbins and
Domingo (1953) reported that corn can tolerate appreciable soil moisture
stress with only limited effect on grain yield except during the period of
tassel emergence to pollination. Bruce et al. (1969) found that 16 of 25
double cross hybrids gave a 10% or greater grain yield response to irrigation
while the remainder showed little or no yield increase.

Many growers in Michigan have installed irrigation systems for corn
production on coarse textured soils and are producing high yields. While
there are some indications that it would not be economical to irrigate corn
on medium and fine textured soils, there are not sufficient data to evaluate
this question over a number of years and sites.

Other inputs such as nitrogen and seeding rate will have an effect on
marginal return in corn production. Vitosh et al. (1974) have shown economic
rates of nitrogen for corn production without irrigation. Karlen and Camp
(1985) showed that a plant density of approximately 28,000 to 36,000 plants
per acre would be sufficient optimum for corn production on sandy soils.
Without irrigation, the rate should not exceed 28,000. There are Tittle
data showing the effect of seeding rate and the interaction of irrigation,
seeding rate and nitrogen rate on the economics of corn production.
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This study was oriented toward evaluation of some inputs which could result
in a reduction of the cost of production per bushel of corn. The objectives
of the study were: 1) to evaluate the effect of supplemental irrigation,
choice of hybrid, plant population and nitrogen rate on yield of corn grown
on medium and fine textured soils and 2) to evaluate the marginal return and
cost per bushel after use of these inputs.

METHODS

A series of experiments were conducted on a Conover loam and a Zilwaukee clay
soil for three years giving six location-year combinations. Yield, grain
moisture, barren stalks at harvest, marginal return and marginal cost per
bushel were measured.

The experiments were arranged in a split plot design with four replications.
The main plot was irrigation level (plus and minus)

and the sub-plots were factorial combinations of corn hybrid (Pioneer 3901
and 3475), planting time population (28,000 and 37,000) and nitrogen rate
(150 and 225 1b/acre).

Irrigation timing was scheduled using a program developed by M. L. Vitosh of
the Crop and Soil Sciences Department, Michigan State University. Irrigation
was applied so as to keep the available water in the surface three feet above
50% of the available water capacity. The corn hybrids represent a nominal
100 day (3901) and a 115 day (3475) maturity which did not have the same in-
bred Tines in their parentage. Nitrogen application was split with one-half
applied pre-plant and one-half sidedressed in June. Phosphorus and K were
applied based on soil test values.

Marginal costs and returns were calculated using the following prices and
costs:
Income: $2.50/bushel
Costs: a. Seed - $70/unit of 80,000 seeds
b. Irrigation equipment $150/acre/year
- pumping $3.50/acre inch

c. Nitrogen - $0.19/1b N
d. Trucking - $0.10/bushel
e. Drying - $0.015/ bushed for each

percent moisture above
15.5%

Planting dates were between the 20th of April and the 1st of May

with harvest dates between the 10th and 25th of October. A weed

control program of Bladex and Lasso was followed, supplemented by cultivation
and hand weeding.

RESULTS

Rainfa]], applied irrigation and "normal" rainfall are given in Table 1 for
both sites. This study was conducted in a range of moisture conditions
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ranging from a "normal" year (1987), a dry year (1988) and a "wet" year
(1989). The differences in total water supplied between years is due to
seasonal distribution of rainfall.

The average values (six-location/years) for the various parameters measured
as affected by irrigation, hybrid, seeding rate and nitrogen rate are given
in Table 2. The interaction of irrigation x hybrid x seeding rate x nitrogen
rate was not significant for any of the parameters measured. Most of the
other igteractions were not significant leaving the simple effects to be
examined.

Yield of corn was increased by 40 bushels per acre from the application of
supplemental water (Table 3). Hybrid 3475 yielded 24 bushels more than 3901,
with there being no difference in yield for the two seeding rates and two
nitrogen rates. Grain moisture was reduced by 1.9% with irrigation, was 1.2%
lower for hybrid 3901 and was 0.5% higher at the higher seeding rate.
Nitrogen rate had no effect on grain moisture. The coefficient of variation
for the barren stalk measurement was extremely high, consequently there were
no detectable differences between the various inputs.

Marginal return was $85/acre greater without irrigation than with irrigation.
Hybrid 3475 produced $52/acre more the 3901 when averaged across all other
inputs. The higher N rate reduced marginal return by $15/acre. The unit
cost for prod- ucing corn was lowest for the non-irrigated treatment and for
the best yielding hybrid.

DISCUSSION

The effect of the extra nitrogen on marginal return in the "best case" (non-
irrigated, hybrid 3475, 28,000 seeds/acre) was $20/acre (Table 2). There
was a $12/acre reduction in marginal return due to the higher seeding rate.
These differences may be greater than the cost of the input because of small
variations in other costs such as drying etc.

These results clearly show that irrigation on these medium and fine textured
soils in not economically viable for corn production in Michigan. Even in
the driest year (1988), the marginal return was $56/acre greater for the non-
irrigated than for the irrigated treatments. The yield advantage from
irrigation would have to be at least 75 bushels per acre in order to break
even. For those farmers who could reduce the installation cost of
$1,000/acre, the economic viability of sprinkler irrigation of corn may be
much better.
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Table 1. Rainfall plus irrigation for May-September for the irrigation study
on the Conover loam and the Zilwaukee clay, 1987-1989.

Conover loam Zilwaukee clay
Year Rainfall Irrigation Total Rainfall Irrigation Total
1987 13.58 8.00 21.58 15.08 6.75 21.83
1988 9.91 8.58 18.49 9.81 7.00 16.81
1989 22.57 4.75 27.32 18.99 5.50 24 .49
40 year average rainfall 15.45 14.40
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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 Return Cost
bu/acre S T $/acre $/bu

Irrigation

No 125 25.1 7.1 218 0.82

Yes 165 25.6 5.2 133 1.73

Probability * * NS * *
Hybrid

3901 133 25.0 5.6 150 1.36

3475 157 25.7 6.8 202 1.19

Probability * * NS * *
Seeding Rate

28,000 143 25.1 5.4 176 1.26

37,000 146 25.6 6.9 175 1.29

Probability NS * NS NS NS
Nitrogen Rate

150 145 25.2 5.7 183 1.22

225 145 25.5 6.6 168 1.33

Probability NS NS NS * *
* = 5%
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