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A Risk-Income Analysis of Crop Variety Selection

Introduction and Objectives

The objectives of this paper are to investigate 1) the risk-income

relationships for various varieties within, a given agricultural crop (corn,

soybeans, and wheat) and 2) the between-crop risk-income relationships as

impacted by different crop varieties. The first objective relates to the

dominance of one variety over another and the diversification potential among

varieties of a given crop. The second objective examines the concern that

traditional between-crop risk-income analyses are prone to over generalization

when varieties of a crop are not specifically examined. That is, the

selection of a crop for purposes of diversification with another crop may

depend upon specific varietal characteristics. Varietal performance tests

have long been of interest to agricultural producers. Tests have been

conducted by Agricultural Experiment Stations, commercial seed enterprises, as

well as tests conducted by producers. These test results have usually been

directed to yield, moisture, and lodging characteristics. Risk criteria have

not been an explicitely measured objective in such tests.

While little empirical research of distributional characteristics of

alternative crop varieties has been completed, the issue has not been ignored.

Sonka and Patrick (p. 104) comment that "planting several varieties of seed

may reduce possible losses from weather, insects, or disease." Stability

characteristics of varieties are of major concern to plant breeders in

selection processes (Eberhart and Russell).

This analysis examines the risk-income performance of three corn variet-

ies, four soybean varieties, and four wheat varieties using historical vari-

etal testing results. Because of the obvious diversification potential among

crops and within a crop (by variety), a whole farm analysis was employed.
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Methodology

A time series (1979-84) of varietal yields for the 11 alternatives

provided yield variability data. Historical product prices and variable costs

for each crop were established resulting in 11 net return series. It is

necessary to include product prices and input costs if the risk-income

analysis is to include risk relationships between crops.

This analysis of variability is conducted in three different steps. The

first is the analysis of alternatives in terms of mean returns, variances, and

correlation coefficients. Next the returns data were examined in a mean-

variability setting using MOTAD. This included the estimation of 1) the risk-

income frontier among all varieties and crops, 2) suboptimal risk-income

frontiers for corn, soybeans, and wheat separately, and 3) the 11 income-

deviation levels for each separate crop variety.

Finally, a target-MOTAD analysis was completed for a range of target

incomes. The procedure for this was to determine solutions minimizing

deviations below target income for alternative target income levels by varying

expected income from the LP solution to the MOTAD (target equals expected

income) frontier. The result is a surface where the three dimensions are

target income, expected income, and deviations below target income. Target-

MOTAD solutions are expected to result in different solutions than MOTAD

solutions because Target-MOTAD solutions tend to place more emphasis on income

generation relative to MOTAD solutions.

DATA

The yield data in this study were for three corn hybrids, four soybean

varieties, and four wheat varieties. These hybrids and varieties were all

grown in Clay County, Nebraska on a research farm on Crete silty clay loam.

The nominal per-acre net returns were calculated for each of the 11
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hybrids. They were first calculated using county historical prices for

1979-84 along with the estimated costs for 1984. The 1984 cost estimates were

used as a base to generate cost estimates for the period 1979-1983 using

appropriate USDA cost indices. The relevant costs that were used to generate

the net returns were cash costs such as fertilizers, chemicals, seed, fuel,

lubricants, and repair and maintenance. Other charges included labor (2.8,

1.9, and 1.1 hours per acre for corn, soybeans, and wheat respectively @ $5.50

per hour and interest (real) on operating capital. After the 1979-1984

nominal net returns series were estimated, they were deflated to a real series

(base 1984) using the consumer price index. The return series can be viewed

as returns to land, depreciable capital (machinery), and management.

All the corn hybrids and all the soybean and wheat varieties considered

in this study are well adapted to the study region which includes the south-

central part of Nebraska. The following is a brief description of the

characteristics of these hybrids and these varieties:

(1) ASGROW RX 90 is a single cross corn hybrid. It is a mid to full-

season hybrid that requires around 2560 heat units (HU) to reach

physiological maturity (HU are a measurable way of expressing the

relative maturity of corn hybrids).

(2) CARGILL 949 is a single cross corn hybrid. Cargill 949 is a mid to

full-season hybrid that requires around 2600 HU to reach maturity.

(3) NEBRASKA 611 is a single cross corn hybrid. It is a mid-season

variety.

(4) CENTURY is an early maturing soybean variety.

(5) PELLA is a medium maturity soybean variety.

(6) WILL is a medium maturity soybean variety.

(7) CUMBERLAND is a late maturity soybean variety.

(8) BUCKSKIN is a hard red winter wheat variety that is medium-early
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maturing and is winter hardy.

(9) LANCOTA is a hard red winter wheat that is medium-early maturing and

is poor in winter hardiness.

(10) SCOUT 66 is a hard red winter wheat variety that is early maturing

and is fair in winter hardiness.

(11) TURKEY is a hard red winter wheat variety that is medium to late

maturing and has good winter hardiness characteristics.

The corn and soybeans were grown experimentally under irrigated

conditions while the wheat was grown as a dryland crop. The representative

farm was a 640 acre farm with cropland as the only constraint. Thus, the

resultant diversification is caused by variability-income relationships and

not because of resource constraints.

Results

YarigiAiliMinance and Covariance Analysis 

The initial perspective of varietal performance can be gauged by viewing

mean returns, variance, and correlation coefficients for the 11 individual

varieties in Table 1. Ignoring diversification relationships, Nebraska and

Cargill corn dominate Asgrow with respect to return-variance characteristics.

Cumberland and Pella dominate the soybean varieties. For wheat, only Buckskin

can be eliminated. Among crops, the three remaining wheat varieties can be

eliminated leaving the previous two corn and two soybean varieties. The two

soybean varieties have higher returns and higher variability relative to corn.

Examining correlation coefficients, the greatest opportunity for

diversification lies within corn relative to soybeans and wheat. Coefficients

range from .563 to .990 among corn varieties, .881 to .985 for soybean

varieties, and .922 to .993 for wheat varieties.

The relationships of corn and soybean returns indicates two corn
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Table 1. Estimated Mean Returns, Standard Deviation of Returns, and Return Correlatin Coefficients for 11 Corn,
Soybean, and Wheat Varieties.

Corn Soybeans Wheat
Asgrow Cargill Nebraska Century Pella Will Cumberland Buckskin Lancota Scout 66 Turkey

Mean Returns-$ 277.10 294.80 292.10 317.20 346.80 306.00 322.40 154.20 159.80 124.60 77.2
Standard Deviation-$ 129.00 91.40 68.60 127.10 129.60 131.20 105.80 126.00 122.70 110.50 78.8

Correlation
Coefficients

Corn
Asgrow 1. .990 .563 .157 .066 .226 -.001 -.273 -.112 -.233 -.125
Cargill 1. .584 .263 .179 .340 .113 -.231 -.058 -.195 -.050
Nebraska 1. .667 .571 .689 .550 .570 .705 .585 .656

Soybeans
Century 1 .881 .985 .930 .550 .543 .506 .779
Pella 1 .926 .984 .494 .681 .494 .668
Will 1 .945 .534 .672 .510 .762
Cumberland 1 .512 .667 .491 .701

Wheat
Buckskin 1 .955 .993 .945
Lancota 1 .967 .937
Scout 66 1 .922
Turkey 1

varieties (Asgrow and Cargill) having far lower correlation with soybean

returns compared to Nebraska. Some differences exist with respect to the

relationship of corn varieties to different soybean varieties: however these

tend to be minor. Cumberland correlation coefficients with other alternatives

are lower than for other soybean varieties.

The relation of corn to wheat is comparable to the corn-soybeans

relationships. Asgrow and Cargill perform very differently with respect to

wheat compared to Nebraska. Little difference among wheat varieties in

relation to corn varieties is in evidence.

The soybean and wheat interactions are very consistent across varieties

and are in the moderate range (roughly .5 to .75).

Summarizing, corn tends to be a lower return-lower risk crop compared to

soybeans. Wheat is heavily dominated by corn and soybeans. Asgrow and

Cargill corn varieties perform very differently from Nebraska in relation to

other crops and varieties. These two corn varieties indicate some

diversification potential with soybeans.
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MJULD Analysis 

Risk-Income frontiers for the between-crop setting and three within-crop

settings are presented in Fig. 1. In addition, the coordinates of income and

negative deviations below mean income are indicated for full (640 acres)

production of each variety. The latter exhibit the same relationships to each

other as the previous return-variance comparisons. The frontiers of Fig. 1

are also presented in Table 2. For both Fig. 1 and Table 2 only solutions

that make full use of land are presented.

The two corn varieties (Nebraska and Cargill) and the two soybean variet-

ies (Will and Pella) lie relatively close to the efficient frontier. Within

each crop the risk-income frontiers almost always exhibit a linear relation-

ship between dominant varieties indicating that little true diversification

potential exists within crops. The only exception is for soybeans at 175,000

negative deviations where Century enters the solution along with Cumberland.

The between-crop frontier is dominated by Pella soybeans and Cargill corn

over a wide range. At the lower range Nebraska corn also enters the

solutions. At 90,000 negative deviations the crop mix is made up of nearly

equal acreages of these three alternatives. Compared to the linear

programming solution, roughly $20,000 net income is sacrificed in order to

reduce negative deviations from 217,000 to 90,000. It should be remembered

that Cargill corn and Pella soybeans have a low return correlation coefficient

(.179). The between-crop frontier lies above individual crop points and

within-crop frontiers because of diversification potential among crops. This

arises because of differential patterns of change of product prices and input

costs in addition to yield diversification phenomena.

Target-MOTAD Analysis 

Recently the issue of risk analysis employing below-mean targets has led

to the development of the linear Target-MOTAD method of analysis (Tauer). In
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Table 2. Between-Crop and Within-Crop MOTAD Frontiers - Estimated Income, Negative Deviations, and Organization.1/

Between-CropWith OrganizatJon-Acyps 
Negative Income-S' Income-$ Nebraska Cargill Pella Cumberland Century Buckskin Lancota
Deviations-$ Soybeans Corn Wheat Corn Corn Soybeans Soybeans Soybeans Wheat Wheat

a/217,446 221,978 221,978 (640)640
215,000 221,608 221,048 ( 7) (633)602 38

210,000 220,852 219,142 ( 22) (618)524 116
200,000 219,341 215,335 ( 51) (589)369 271
190,000 217,829 211,528 ( 80) (560)213 427

185,000
180,000

a/176,838
175,000
170,000
160,000

217,073 209,624 ( 94) (546)135 505
216,318 207,720 (109) (531) 57 583

102,291 640
215,562 205,272 101,964 (123) (517) 436 204 58 582
214,806 (138) (502)
213,295 (167) (473)

150,000 211,783 (196) (444)
140,000 210,272 (225) (415)
135,000 209,516 (239) (401)

a/131,309 188,666 640
130,000 208,760 188,621 17 (254)623 (386)
120,000 207,249 188,282 144 (283)496 (357)

110,000 204,804 187,942 ( 63)272 (263)368 (313)
100,000 202,215 187,603 (137)400 (235)240 (267)
90,000 199,625 187,263 (211)527 (208)113 (221)
80,000 197,036 (248) (194) (175)
75,000 195,741 (321) (167) (152)

1/ Acreages in parentheses represent the between-crop frontier. All other acreage levels refer to their respective crop
frontier.

2/ Frontiers included only solutions which made full use of land.

a/ LP solutions.

CO
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such a setting risk is conceived as deviations below target income. By

varying expected income for a given target and so doing for a range of

targets, a surface results. For a given targets when expected income is

increased, a point may be reached where, at comparable levels of deviations

below the target, a higher level of income may be achieved. This is the "more

efficient frontier" of Watts, et al. In a surface framework the "more

efficient frontier" is only one path to the LP solution among many alternative

paths which lie on the positively sloped surface.

The three dimensional surface for this analysis is presented in Fig. 2.

Deviations below target incomes are represented by the vertical axis as height

with target incomes as the "back" axis. The horizontal axis is expected

Income which, in this case, increases from right to left. The MOTAD frontier

is represented by the diagonal set of columns where expected income equals

target income. The LP solutions for given target incomes are represented by

nine far left cells of Fig. 2. The LP activity mixes are the same. The

positively sloped part of the surface on the left represents the decision

area. As expected income is increased for a given targets deviations below

the target decline and then increase. The increasing sloped portion results

are presented in Table 3.

The "more efficient frontier" represents solutions which, as income is

increased for a given target, have equal deviations below the target compared

to the MOTAD solution. If that level of deviations below the target is not

achieved, the LP solution lies on the "more efficient frontier." If

deviations below the target are not decreased, the frontier is not defined.

Thus, the "more efficient path" is given by the LP solution from 145,000 to

165,000 target incomes and imbedded solutions for 175,000, 185,000, and

195,000 (195,000 is not apparent from Fig. 2) target incomes. This set is
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Table 3. Target-MOTAD Solutions for Between-Crop Analysis.

Dev. Below Pella Cargill Cumberland
Target Exp. Inc. Target Soybeans Corn Soybeans

(0OO) (000) 
145,000 *222 19.1 640

215 10.4 602 38
205 3.8 314 326
195 0 alternative solutions

155,000 *222 39.1 640
215 20.4 506 134
205 13.8 314 326
195 7.5 69 472 99

165,000 *222, 59.1 640
215 38.1 506 134
205 23.8 314 326
195 17.8 22 429 189

175,000 222 79.1 640
*217 64.3 545 95
215 58.1 506 134
205 33.8 314 326
195 28.9 3&5 253

185,000 222 106.5 640
215 81.3 506 134
*211 67.0 435 205
205 48.0 314 326
200 40.9 147 359 133 

195,000 222 136.5 640
215 111.3 506 134
205 75.1 314 326
*197 723 182 203 255 

205,000 222 166.5 640
215 - 141.3 506 134
205 110.8 317 265 58

215,000 222 196.5 640
215 171.3 506 134

* Indicates "more efficient frontier" solutions for each target.

also presented in Table 3.

For the surface of Fig. 2 and the specific "more efficient frontier" of

Table 3 the results can be compared to the MOTAD solutions. Due to lack of

space, Target-MOTAD solutions for the within-crop analysis are not presented.

Similarly, only points along the "more efficient frontier" will be compared to

MOTAD solutions rather than a discussion of the general surface.

At 145,000, 155,000, and 165,000 target incomes, the LP solution is

the Target-MOTAD solution. This solution specializes in Pella soybeans. The
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MOTAD solutions corresponding to such target incomes (target equals mean) were

not previously presented because land was not fully utilized. However, those

crop combinations diversified in Pella and Cumberland soybeans, Cargill and

Nebraska corn, and Scout wheat. At 175,000 target income the same occurred

for the MOTAD solution but, as can be seen in Table 3, the Target-MOTAD

solution was mostly Pella soybeans along with 95 acres of Cargill corn. The

same relationship is experienced at 185,000 target income except that the

Target-MOTAD solution now is 435 acres of Pella soybeans and 205 acres of

Cargill corn. At 195,000 target income the Target-MOTAD solution lies very

close to the MOTAD point, yet some wide differences occur. The Target-MOTAD

solution includes 255 acres of Cumberland soybeans while the MOTAD solution

has none. The Target-MOTAD solution, thus contains much greater soybean

acreage compared to the MOTAD solution.

Generalizing, the Target-MOTAD solutions contain higher levels of

Cumberland soybeans, Pella soybeans, Cargill corn relative to MOTAD solutions

but no Nebraska corn. It can be seen that these diversification patterns are

much more in harmony with the correlation coefficients of Table 1 than the

MOTAD solutions are. Further, these three varieties are the three most

dominant varieties from the mean return-variance comparisons.

Conclusions

The objectives of this analysis were to examine 1) within vs. between-

crop risk-income selections and 2) the importance of variety yield character-

istics in such choices. The results indicate that there were major differen-

ces (risk-income-covariance) in varieties of a given crop, leading to clear

dominance of some varieties relative to others. The potential of within-crop

diversification was found to be of limited value. The choice of variety was

found, however, to be of major importance to between-crop selections.
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