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ABSTRACT

This report attempts to identify the contributions of technology and

weather to soybean yield variation for the period 1965 to 1979 in the Corn

Belt Region. Technology variables included were genetic improvement, herbi-

cides, and row-width. A pooled cross-sectional time-series data base was

used to estimate regression parameters for herbicides and other variables.

A marginal private benefit/cost return of $2.3 per dollar of herbicide cost

was estimated for additional land treated with herbicides.
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The Contribution of Herbicides and
Other Technologies to Soybean Production
In The Corn Belt Region, 1965 to 1979*

Introduction

The use of pesticides in the U.S. agricultural production systems has re-

sulted in intensified production by controlling pest that would otherwise cause

serious damage. Increasing use of chemicals in controlling weeds in soybeans

is one of the important changes that has taken place in soybean production.

Herbicides or weed control chemicals are used primarily as a substitute for

labor and equipment in mechanical cultivation. In 1966, about 30 percent of

soybean acres planted (27 percent for U.S.) in the Corn Belt were treated

(USDA, 78).2/ Alachor and Trifluralin were the two major herbicide compounds

used in 1976. Regionally, the Corn Belt accounts for a substantial share of

the herbicides used, which is more than 40 percent of the U.S. total.

Recently, increased attention and controversy, by governmental agencies

and private companies, have been directed at the risk and benefits of chemical

weed control in crop production. This controversy surrounding the use of ag-

ricultural pesticides in crop production was summarized by Headley.

"The controversy surrounding the use of agricultural pesticides has

resulted in the examination of pest control technology and a need for

estimates of the cost and benefits of pesticides... Use of values de-

termined through the market system to estimate benefits are a neces-

sary part of evaluating chemical pest control... Considerably more

analysis and information are required to evaluate pesticide technology

and to form good national policy in this area," (Headley, 68).

*Submitted for Presentation as a Selected Paper at the American Agricultural
Economics Association Meetings, (Pest Management Session), July 26-29, 1981,
Clemson University, Clemson, South Carolina. This research is funded by EPA
Cooperative Agreement (CR807130020) with the University of Missouri, Columbia.
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The objectives of this paper are to evaluate the role of herbicides in soy-

bean production within the Corn Belt Region since 1965 and to assess the pro-

ductivity of output with respect to herbicides.

Recent Studies

Past studies addressing the contribution of pesticides to crop production

are few. Most of the past studies have looked at all farm crops in general

with respect to pesticide use. The most common method used to evaluate the

value of productivity of pesticides to an added dollar spent on pesticide chem-

icals is the use of marginal analysis.

The most quoted study concerning the value of pesticides to agricultural

production is that of Headley (1968, 1970), using a Cobb-Douglas function, es-

timated the marginal productivity of pesticides and other farm inputs includ-

ing labor, land and buildings machinery, fertilizer, and other expenses. The

value of marginal product (VMP) ranged from $3.90 to $5.66 for pesticide ex-

pense. Headley considered his best equation estimate of marginal productivity

of pesticides to be $4.16 in gross income for an additional dollar spent on

pesticides.

Heady and Auer (1966), estimated the portion of increased predicted yields

due to weather and technology for several major U.S. crops for the time period

1939 to 1960. Time-series production functions were employed as the basis for

imputations. An approximated first-term Taylor expansion was used to estimate

the annual changes in expected state crop*yields. Their research indicated

that the 4.1 bushel increase in soybean yields were due to weather, fertilizer,

variety, location and other nonspecified variables. Fertilizer application was

estimated to have increased soybean yields by 1.3 bushels. The location effect,

(land effect) indicated a negative influence of 1.4 bushels, while other non-

specified technologies represented by trend indicated a .8 bushel effect.
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Hawkins et a. (1977) estimated the returns to range from $3.30 to $4.89

per dollar of herbicide cost. Their analysis was conducted on ten years of

experimental data of herbicide treatment on crop rotation systems. Their re-

sults were similar to what Headley found using aggregate expenditure data on

pesticides with aproduction function approach.

Janke (1978) estimated the value of pesticides on crop farms in North-

east Kansas using several types of production functions; which consisted of

linear, Cobb-Douglas, and quadratic forms. He found the linear and quadratic

forms appeared to have the best fit. The results from the linear functional

form indicated that on the average, Kansas farmers earned $2.78 gross income

per dollar expended on pesticides, whereas the quadratic functional form re-

vealed a return of $3.26 per dollar of pesticides expended. Returns were

calculated at the mean of the pesticide expenditure sample.

Cashman et a. (1980) estimated the farm-level impact of selected soy-

bean insecticides with respect to EPA bans. A mathematical programming model

was used to simulate the operation of a 600-acre Indiana corn,soybean farm.

Their research indicated that the benefit/cost ratio for each of the three

soybean insecticides was greater than two, based on 1979 cost and price

data. Also they found yield gains of 2.5, 2.9, and 3.4 bushels per acre for

insecticides carbaryl, methomyl and malathium, repsectively, using regression

analysis as experimental plot data.

The Method and Model

A pooled cross-sectional time-series analysis was made on soybean

yields in the Corn Belt for the period 1965 to 1979. State average monthly

temperatures (F) and total monthly rainfall (inches) for the following var-

iables were considered: (1) Pre-season rainfall (September-May inclusive),

(2) June rainfall and mean temperature, (3) July rainfall and mean tempera-

ture, and (4) August rainfall and mean temperature. The weather variables
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were expressed as deviations from the mean for the time period 1965 to 1979Y
The technology variables in the model include acres treated with herb-

icides, percent acres planted to row-widths less than 28.5 inches, and a ge-

netic improvement index. State dummy variables were included in the model

to estimate the state effects, and soybean harvested acres was used to mea-

sure the quality of land brought into production.

Ordinary least squares multiple regression was used to explain the var-

iation in soybean yields when regressed on weather and applied technology

variables.

form,

In matrix notation the statistical model of interest reduces to the

= Xf3+e (1)

where xis a (n x 1) vector of observations on the dependent variable, x is

a (n x K) matrix of nonstochastic observations on the explanatory variable,

e. is a (K X 1) vector of unknown parameters, and e is a n x 1 vector of

normally independent disturbances wittrmean zero variance a
2
. In addition,

the x matrix is assumed to be of full rank, K. The usual procedure for es-

timating (3 is to use ordinary least squares regression, which will yield the

best linear unbiased estimators, with minimum variance. The estimator is

expressed in matrix notation as:

= (x 1 x)-1x 1x,

The error term was tested for normality using Proc Univariate under the Sta-

tistical Analysis System 1979. The stem-leaf and box test indicated the

error term was normally distributed, for themodel specified in equation 1.

The error term was also tested for heteroscedasticity across geographical

units (states) and through time. The F-test was used to test the assumption
.2 . a2. 4/of E(9)
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A scatter plot of the residuals against time and other independent
variables of the pooled data was used to determine if the error variance

increased over time. The scatter plots showed no evidence that the error
variance was increasing.

Variables for Soybean Model
and Their Measurment

Annual observations for variables representing weather, acreage, var-
iety improvement, acres treated with herbicides and inter-row spacing

were collected for each state.,

Monthly weather variables were obtained from USDA Oasis data bank.

Each state is divided into various climatic divisions which are similar,

in most cases, to the crop reporting districts designated by the Crop

Reporting Service. State weather indices were aggregated by weighting

each climatic divisions' monthly weather variables by the percent land

area of the state's total land area for the respective climatic divisions."

Weather Variables

The pre-season moisture variable for each state measures the amount

of rainfall (inches) from September of the past year, to May (inclusive)

of the current year. This variable is assumed to reflect subsoil moisture

conditions prior to planting. An above normal level of subsoil moisture

and cool temperatures could be detrimental to seedling establishment, thus,

affecting yield negatively.

June average temperatures (above normal) should have a positive effect

on soybean development during seedling establishment and vegetative growth.

Normal July and August temperature should have a positive relationship to

soybean yields. However, consistent high temperatures above 86 F should
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have a negative effect on yield. This is due to the structural and

physiological nature of the soybean plant. Soybeans are classified as

C-3 plants which carry on photorespiration during the light period as

well as normal respiration during the dark period.§I

Rainfall in July and August appear to be very important in soybean

production. Runge and Odell (1960) in Illinois, indicated soybeans have

two severe periods of moisture requirements. One in mid-July when the

vegetative growth is extremely active and the other in mid to late August

when the pods are filling-out. They found that above normal precipitation

during blooming and pod-filling periods increased yields, whereas abun-

dant rainfall during early vegetative growth periods was detrimental to

yield. Thompson (1970) reports essentially the same results in his time-

series cross-sectional pooled data for the five Corn Belt States for the

period 1930 to 1968. Shaw and Laing (1965) further substantiate the im-

portance of moisture stress during the bean filling stage and the last

week of pod development. Their results indicated greater decreases in

yield when stressed during pod-development than during the vegetative

stage or the first part of the flowering period which may prevent luxuriant

vegetative growth and reduce lodging.

Land and Applied Technology Variables 

The acreage variable; soybean harvested acres, expressed as millions

of acres, reflects the land quality brought into soybean production.

Historically as new land was acquired, it was planted to soybeans with

.very little production inputs applied. Since the 1950's, soybeans have

become a major income crop in the Corn Belt Region. Much of the land is

in crop rotation, thus shifting from corn to soybeans. Additional land
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brought into soybean production from government set-aside programs or pas-

ture-wheat programs would be marginal and, therefore, have a negative influ-

ence on soybean yields. Since 1964, soybean acreage in the Corn Belt in-

creased 84 percent, whereas corn acreage increased only 13 percent.

Acres treated with herbicides is a proxy variable to measure the

average contribution of herbicides on soybeans in the Corn Belt States

since 1965. Chemical herbicides are being used increasingly in soybean

weed control, and are hypothesized to increase yields. The herbicide vari-

able, in the model, is thus expected to be positively related to yields.

The USDA (1965) estimated average annual losses of about 17 percent of the

potential value of the crop due to weeds. Yields in experiments with natural

infestations of annual weeds confined to the row were reduced 6 to 27 percent.

Staniforth (1965) showed that a stand of 80 giant foxtail plants or 10 velvet

leaf plants per meter of row, reduced yields by 25 percent. Knake and Slife

(1962) reported that giant foxtail reduce soybean yields by up to 30 percent.

In experiments in Iowa over several years, annual weeds such as foxtail,

pigweed, smartweed and velvet leaf, reduced soybean yields 10 percent on the

average, despite use of good cultural practices for control.

In 1960,several herbicides were made in granular formulation and the

herbicide chloramben was evaluated as a pre-emergence treatment. Chlor-

amben showed considerable potential for selective control of both broad-

leaf and grassy annual weeds. In 1963, trifluralin became available for use

as a pre-planting incorporated treatment for control of annual grasses in

soybeans. This new herbicide required farmers to incorporate it into the

soil before it volatilized. The herbicide alachor was registered for use

on soybeans in 1969. It was chemically similar to propachlor, which con-



trols many annual grasses and some broadleaf weeds. However, alachor con-

trolled weeds for a longer period of time.

Herbicides such as trifluralin, nitralin, chloramben, alachor, and

linuron, together with good cultural practices gave producers the means to

control annual grasses and some broadleaf weeds in soybeans.

Surveys to estimate herbicide usage in crops show a marked increase in

use of herbicides in soybeans from 1959 to 1979 (USDA; 1968, 1975, 1978).

The estimated percentages of the total soybean acreage in the United States

treated with herbicides' were 2, 10, 23, 55, 77 and 92 in 1959, 1962, 1965,

1968, 1971, 1976, respectively.

In the 1970's, more than 30 herbicides were being used on soybeans in

the United States. Those herbicides have allowed for improved weed control

and encouraged the development of new cultural practices, such as narrow-

rows and increased plant population. These two practices have a tremendous

impact on reducing soil erosion during the growing season by giving addi-

tional soil coverage and reducing tillage operations.

Row-width has decreased on the average for the Corn Belt Region. The

percent acres planted to row-widths less than 28 inches was collected for

each state per year. Surveys conducted by USDA (1971) measured row-widths

in categories from 1965 to 1976, then actcte.d two additional categories since

1976. Row-widths were measured as rows less than 28.5 inches, 28.6 to 34.5

and greater than 34.6 inches. This variable in equation 1 is hypothesized

to be positively associated with yields.

Soybeans are usually grown in rows of 20 to 40 inches apart in the Corn

Belt. In 1965, less than 6 percent of the acres planted to soybeans in

Illinois, Indiana, Iowa,and Missouri were in rows less than 28 inches while

Ohio planted approximately 22 percent of its soybean acres to row-widths less

than 28 inches. Average row-width for the Corn Belt States excluding Ohio
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was around 36 inches for 1965 (USDA, 1971). In 1980, soybeans planted to

rows less than 28 inches increased in Illinois, Indiana, Iowa, and Missouri by

15 percent, whereas in Ohio it increased 10 percent. Average row-width

for the Corn Belt was 33 inches in 1980.

The movement to narrow rows has been encouraged by effective weed con-

trol by the use of herbicides. Herbicides have reduced the need for culti-

vation, if not eliminated it totally.. Studies have demonstrated that maxi-

mum yields result from increased plant population. Donovan et ca. (1962)

evaluated the performance of Mandarin soybeans planted at intervals of 2.5,

5 and 7.5 cm (1", 2", and 3") within the row. Maximum yield was obtained

from the combination of narrowest row—width and widest within-row plant

spacing variables. Inter-row spacing varied from 13 cm to 102 cm (5 to 40

inches) and plant populations ranged from 13,000 to 929_,000 plants/ha

(.5,000 to 272,000 plants/acre), Other research has indicated that yields

tended to be highest at populations between 170,000 to 400,000 plants/ha

(Cooper, 1971; Fontes and Ohlrogge, 1972; Hicks, et at., 1966; Hinson, et et.,

1962; Lehman and Lambert, 1960; Weber, et ae., 1966).

Genetic improvement has been an important technology in yield improve-

ment in soybeans. The variety index was developed by dividing current mean

variety plots yield data by each state's base year. The base year, which

does not include the year 1965, represents a five year average. This ap-

proach has limitations in measuring relative genetic gain. The variety

index equal to 1 says the base year varieties are performing as well as the

early developed varieties. A value greater than 1 indicates genetic improve-

ment.

The variety index was developed from the USDA uniform variety test

plots for the North Central States. The overall plot mean in group maturity
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IV was used since the maturity group captures the major area of the Corn

Belt.

During the early 1900's soybean producers in the midwest grew either

plant introductions from the Orient or pure line selections from these

introductions. The hybridization programs started by 1930 selected progeny

that were superior to their parents. The first cultivars of hybrid origin

were released in the 1940's for production in the midwest. Luedders (1977)

and Wilcox, et at. (1979) measured genetic improvements in yield of soybeans

for maturity groups II, III and IVY Their results showed that breeding

contributed substantially to the yield and lodging resistance of present

commercial cultivars in maturity groups II, III and IV. Since 1965, U.S.

soybean yields have increased 44 percent. Wilcox showed that plant breeders

have increased yield potential of soybean cultivars by 25 percent.

Binary variables were used to measure geographical difference as well

as environmental difference between states. Missouri and Ohio together re-

presented the base for which the other states were measured, this procedure

allows one to save degrees of freedom. Also both states had very similar

intercept values. The difficulty with the OLS procedure is that the assump-

tion of constant state intercept may be unreasonable in pooled model.-/ Also

the dummy variables helped to improve the R-square. In addition, it is ex-

pected that different states may have different intercept values due to en-

vironmental differences.

There are several important problems associated with the use of co-

variance model for the purpose of pooling. The use of dummies may not directly

identify the variables which might cause the regression line to shift over geo-

graphical areas. Another problem is a substantial portion of the error varia-

tion may be explained, without obtaining specific information about the model.
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Results and Discussion

The results from OLS estimation procedures are summarized in Tables 1

and 2. Table 1 represents a linear model with weather variables expressed

as deviations from normal and incorporates the applied technology var:ables

discussed earlier, while Model II uses the conventional trend variable as a

proxy for technology.

The weather variables in Models I and II are highly significant. A one

unit change in June and August temperature from normal would change area

soybean yield by .34 and .47 bushels per acre, respecitvely. A per unit

change in July and August precipitation would affect soybean yields by .93

and .51 bushels per acre, respectively. Estimated parameter values for the

weather values were smaller than those estimated with trend as a proxy for

technology. This points out that models that use trend as a proxy for tech-

nology would tend to over estimate the values for weather variables. Since

there is variation in both weather and applied technology variables, year to

year variation in yield is not solely due to weather variation hut also

changes with levels of physical production inputs.

During this time period, predicted area soybean yields increased by 7.3

bushels per acre. The total effect of weather can be portioned out by mul-

tiplying the estimated regression coefficients, in model I, by the change in

the weather input variables from 1965 to 1979. The portion. of the change in

predicted soybean yeilds since 1965, due to total weather is summarized in

Table 3, for each state and the average effect. The slope parameters esti-

mated in the cross-sectional time-series model were assumed to be constant

for each state. Weather variation, for the average, accounted for approxi-

mately 2.6 bushels per acre of the 7.3 bushels per acre change in predicted

yields.
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Table 1 - Linear Covariance Multiple Regression Model for
Soybean Yield Using Pooled Cross-Sectional

Time-Series Data for the Corn Belt
1965-1979

Variables Parameter

Mode 

T-Ratio 1 Parameter
1-1

Intercept

Pre-season Moisture-1/

June Temperature

July Precipitation

August Precipitation

August Temperature

Harvested Acres

Herbicides

Variety Index

Narrow-Row

Trend

D17 (Illinois).?/

D18 (Indiana)

D19 (Iowa)

17.626

-0.163

0.3489

0.9323

0.5148

0.4764

-0.000000424

0.000000783

6.1857

0.1535

6.5847g/

4.747

6.207

6.85

-2.93

3.32

5.52

3.24

3.45

-0.56

•1.99

4.19

4.69

3.55

7.34

5.15

28.3092

-0.1518

0.3799

1.3116

0.5343

0.5626

-0.00000165

0.6617

11.340

3.303

9.243

T-Ratio

25.90

-2.38

3.07

7.10

2.95

3.62

-3.97

7.3

6.23

5.31

6.95

R
2

23/
87

84

81

79

(1) Weather variables are measured as deviations from normal.

(2) State effects, base variable includes Missouri and Ohio.

(3) R-square adjusted for degrees of freedom.
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Table 2 - Second Degree Polynomial Covariance Multiple Regression
Model for Soybean Yield Using Pooled Cross-Sectional

Time-Series Data for the Corn Belt,
1965-1979

Variables

Model
III IV

Parameters T-Ratio Parameters T-Ratio

Intercept 18.656 6.83 28.4204 25.68
Pre-season Moisture'- -0.1867 -3.26 -0.1692 -2.65
June Temperature 0.2675 2.38 0.2746 2.14
June Temperature Squared -0.0076 -0.212 -0.0127 -0.32
July Precipitation 1.1112 6.35 1.484 7.93
July Precipitation Squared -0.1026 -1.14 -0.2392 -2.39
August Temperature 0.5175 3.52 0.5965 3.69

August Temperature Squared 0.1666 2.435 0.1373 1.75
August Precipitation 0.6526 3.68 0.7146 3.70

August Precipitation Squared -0.1028 -1.25 -0.1725 -1.83
Harvested Acres -0.000000908 -1.14 -0.0000017 -4.03
Herbicides 0.00000111 2.65 __ --
Narrow-Row 0.1339 4.022 __ --
Variety Index 6.3077 4.44 __ --
Trend __ __ 0.7126 8.24

D17 (Illinois)/ 7.4110 3.92 11.63 6.74
D18 (Indiana) 4.6466 7.42 3.584 6.06
D19 (Iowa) 6.7162 5.43 9.7060 7.62

R2 88 . 84

R2 _V 84 80

(1) Weather variables are measured as deviations from normal.

(2) State effect, base variable includes Missouri and Ohio.

(3) R-squared adjusted for degrees of freedom.



Table 3 - Predicted Soybean Yield Portions Attributed to
Weather, Land, and Technology Effects for the

Corn Belt States, 1965 to 19791/

State Change in State Yield Sources of Yield Change and Amount Per Acre

Actual Predicted
Narrow

Weather_?./ Land Herbicides Row Variety

Illinois 9.00 7.20 2.34 -2.14 6.19 1.26 0.45

Indiana 8.00 8.50 5.07 -0.66 2.74 ' 1.24 0.06

Iowa 12.0 9.30 2.82 -1.41 5.32 0.45 2.05

Missouri 5.50 2.00 0.18 -1.22 3.78 0.92 0.01

Ohio 11.50 9.40 2.59 -0.84 2.6 3.42 2.15

AVERAGE 9.20 7.28 2.60 -1.30 4.12 1.46 0.94

(1) The regression coefficients estimated in the cross-sectional, time-series model were assumed to
be constant for each state.

(2) The weather contribution reflects the total sum of the effects of the individual parameters
variable estimated in Model 1.



15

The values estimated for the weather values differed from those in the

Thompson study (1970). These differences can be attributed to the different

time period investigated, genetic differences, changes in management practicel-,

functional form, and model specification. Thompson used a second degree poly-

nomial model with trend for the time period 1938 to 1968. Estimated parameter

values for similar months reported by Thompson were larger than those reporte

in this study. Thompson found the pre-season moisture variable to be posi-

tively associated with soybean yield in the linear term. . The signs on August

temperature for Thompson's quadratic model indicated.that both the linear

and squared terms were negatively associated with soybean yields, whereas, in

this study, Models III and IV indicated they are positively associated with

soybean yields. He further points out that cooler than normal temperatures

favor soybean development. However, work concluded by Van Schaik and Probst

found that flowering is poor below 68 F (20 C) and increased up to about

90 F (32 C). Cooler than normal temperatures in August tend to delay physi-

ology maturity and the short day lengths are necessary to offset the delaying

effects of cool temperatures. This would support that above average temper-

atures in August would have a positive affect on physiological maturity up

to a critical level.

Land and Technology Variables

The amount of acres planted to soybeans since 1965 has increased 84 per-

cent. The parameter estimated to measure land quality indicated a negative

response to soybean yields. A million acre increase in additional marginal

land wbuld decrease area yields by .7 bu per acre, Model 1. When trend is

used in place of the applied technology and cultural practice, then the

harvested acre parameter increased from -.7 to -1.6 bushel per acre, per

million acre increase.



16

The additional land brought into production is estimated to have lowered
normal yields by 1.30 bushels per acre. This development results from ex-
panding soybean acreage into areas where land was less fertile. Heady and
Auer estimated land quality to have lowered normal yields by 1.4 bushels

which is comparable to our findings.

The technology variables were positively associated with soybean yields.

Acres treated with jherbicides were significant at the .01 level. The herbi-

cide parameter indicated that an additional million acres treated with herb-

icides would increase area yields by .78 bushels per acre. This would mean,

on the additional land treated, the yield increase would be 5 bushels per

acre. An economic analysis of the yield increase for the additional treated

acres indicated a private cost/benefit return. of $2.3 per dollar of herbi-

cide cost. This assumes a $7.00 price for soybeans and a $15.00 cost for

chemical treatment. This return is smaller than the returns estimated by

Headley, Hawkins, et aZ., and Janke.

Interaction effects between herbicide acres and narrow row-width indi-

cated a non-significant relationship. Other interaction affects were tested

between weather variables, but found to be significant at the 30 percent alpha

level or higher.

Table 3 summarizes the sources of yield change and amount per acre for

the technology variables indicated in Model 1. Most of the change in pre-

dicted soybean yield, from 1965 to 1979 was attributed to herbicides. Herb-

icides accounted for 62 percent of the yield change or. approximately 4.12

bushels of the 7.3 bushels predicted, using Model 1 equation. This amount

is larger than Heady and Auer estimated the contribution of pesticides and

other effects for the period 1943 to 1960. Their estimates indicated a .8

bushel increase in predicted yields due to pesticides and other effects.
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Narrow Rows

The effect of narrow rows (plant population) is positively associated

with soybean yields. In 1980, over 6 million acres were planted to narrow

rows in soybeans. Model I indicated that a per unit increase in percent

acres planted to narrow-row soybeans, would increase area yields by .75 bush-

els per acre. Increased acres planted to rows less than 28 inches is esti-

mated to have increased yields by 1.47 bushels since 1965. This represents

20 percent of the 7.3 bushel increase in predicted yields. Most of the

change in predicted soybean yield in Ohio was attributed to narrow-rows.

In addition, Ohio has the largest percent of acres planted to narrow-rows

than any of the other four states in the Corn Belt.

The availability of new varieties with improved lodging resistance and

the increased use of herbicides with greater selectivity has lead to an ac-

celerated acceptance of narrow-row soybean production systems in the Corn

Belt. As more acres are planted to narrow-rows, the use of herbicides in

weed control, becomes very important since mechanical cultivation techniques

are not applicable. Interaction affects between narrow-row width and weather

variables were not significant at the 20 percent alpha level.

Genetic Index

The variety index reflects the improvement in genetics since 1965. The

gradual increase in soybean yields in the Corn Belt has been due to a com-

bination of improved varieties as well as other technology contributions.

The magnitude of the contribution of improved varieties relative to the con-

tribution of all other technological inputs into soybean production is dif-

ficult to ascertain. This difficulty resides in that variety improvements

are reflected in genetic yield potential, whereas improvements in production

are reflected in a gain in environmental yield potential. These two factors

are not independent of each other.
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The regression results indicated that a one unit change in the genetic

index would increase soybean area yields by 6.2 bushels per acre. This

would mean the index would have to increase from 1.0 to 2.0. The variety

index indicated a 30 percent improvement since 1965 which is an average

yield increase of 12 percent. Variety improvement since 1965 has attri-

buted .94 bushels of the 7.3 bushel average change in predicted soybean

yields, Table 3. However, Heady and Auer estimated variety improvement con-

tributed 3.8 bushels of the 4.3 bushel change in soybean yields from 1943

to 1960.

Table 2 represents a second degree polynomial function for the weather

variables and first degree for the technology variables. The linear devia-

tion weather variables gave similar results as Model III. The quadratic

term, or squared deviation term was negative for June temperature and August

precipitation. However, for August temperature, the squared deviation term

remained positive, when it was expected to be negative. The positive sign

for the squared August temperature variable could be a problem due to model

specification and/or the uniqueness of the time period. The use of a Cobb-

Douglas functional form does not affect the signs found on the linear model.

Adjusted R-square was not much higher for the second degree polynomial

model than the linear model specified in Table 1.

Conclusion

The objective of this study was to measure the contributions of herbi-

cides and other applied technology variables to soybean yields in the Corn

Belt Region for the period 1965 to 1979. Since 1965, data on technology

variables, such as herbicides, fertilizer use, row-width, and variety im-

provement can be obtained from USDA surveys or estimated from experimental

data.
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A pooled cross-section time-series data base was used for the Corn Belt

Region. Dummy variables were used to measure the state effect, due to major

soil differences as well as environmental differences. Ordinary least square

regression was used to regress soybean yields on weather and technology vari-

ables collected for each state since 1965.

Results indicated that acres treated by herbicides would increase area

yields on the average, by 0.8 bushels per million acre increase in acres

treated. The percent of acres planted to row-widths less than 28 inches has

increased 15 percent since 1965 for the Corn Belt. A per unit increase in

the narrow-row coefficient would increase area yields by .2 bushel per acre.

Of the variables quantified for soybean production herbicides and narrow-

row variables had a large positive effect on soybean yields during 1965 to

1979. An increase of 4.12 bushels was imputed to herbicides. Narrow-row

technology and genetic improvement contributed 1.46 and .94 bushels, respec-

tively. Land quality had a negative effect of 1.30 bushels during this time

period.

The technology variables used in this study are not the sole factors

that have increased soybean yields by 44 percent since 1965. Improved time-

liness of planting and harvesting, fertilizer carryover, and better manage-

ment are also important factors not easily measured. In addition, inter-

action affects between weather and technologies are also important but were

found not be significant at the 20 percent alpha level.

The marginal private benefit/cost ratio estimated for the additional

land treated suggest that while there may be pests, the average effect of

an increase or decrease in the mix of herbicides used by farmers would re-

sult in a 2.3 unit change in the unit input in value terms.
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Limitations

The estimates have several limitations:

(1) We have not been able to cover 100 percent of production since

the analysis was performed on samples collected from different areas within

the states.

(2) The use of an aggregate production function assumes homogeniety

throughout the region. Therefore, the use of the estimated function para-

meters for individual decisions is not valid.

(3) Interpretation of the estimated coefficients and the true partial

effects of the variables is hampered by strong complementarities between

technology variables, weather, and cultural practices.

(4) Because of the variable measuring herbicides input is acres treated,

it is assumed to be a good proxy for the input of the particular chemicals

used. Obviously, the productivity of a particular herbicide will vary

widely and will depend on the crop and variety grown, the particular weed

problem, and the timing of application. Better estimates will be available

for measuring pesticide inputs when quantity data become available.

Other limitations could be mentioned including form of the function

used. However, from available data and the corresponding restraints on

estimating procedures, we believe our analysis provides some improved in-

sight into the sources of crop-yield and production changes since 1965.
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Footnotes

1. In this study the Corn Belt States include Illinois, Indiana, Iowa,Missouri, and Ohio.

2. The representation of weather data in deviation form is done primarilyto simplify interpretation of the weather data. The use of deviationdoes not involve any loss of generality.

3. In deriving the estimator b we adopted the least square proceduressince this is a well accepted method of estimation. However, othermethods such as generalized least squares, and maximum liklihood methodscould have been used.

These methods of estimation all lead to the same estimator under certainfrequently used assumptions. The generalized least squares assumes thatthe variance-covariance matrix of c is var(c) = V. This method involvesminimizing (y-XWV-1(y-Xb) with respect to b. This leads to15 = (X 1 V-IX)-1 X 1 V-1Y. When V =, a2I 00 the generalized and the ordinaryleast squares estimators are the same b = b.
••

The maximum liklihood has no assumptions made about the form of the dis-tribution of the random error terms in the model but some assumption ismade about this distribution, often that it is normal, and the liklihoodof the sample of observations represented by the data is then maximized.On assuming that the c's are normally distributed with zero mean andvariance - covariance matrix V, the liklihood is:
_ (270-1/2Nt &-1/2exp {-1/2(y-XWV (y-Xb)1

Maximizing this with respect to b is equivalent to solving, a(log L)/b=0.The solution is the maximum liklihood estimator of b and turns out to be:

b = ()CV-1X)-1VI/-1y,

As before when V = a2I, b simplifies to b.

The least squares estimation does not pre-suppose any distributionalproperties of the c's other than finite means and variances. Under thenormality assumptions leads to the same estimator, 6, as generalizedleast squares, and this reduced to the ordinary least squares estimator6 when V = a2I.

4. To test for increased variance across geographical units, soybean yieldswere regressed on three independent variables; average July-August meantemperature; July-August precipitation; and trend. The sum of squareerror (SSE) values for each state model was tested against the other statesto determine if the error variance was equal and if pooling across thefive states was appropriate. The F-test was as follows:
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SSEi

F* = fl-
SSE

1) 

is sSE.
n - K

Where:

SSE. = the sum of square error for the i state,

SSE. = the sum of square error for the j state, j i,
= the number of observation

= number of parameters estimated.

Specifying the level of significance at .10, we required F(.05, 11, 11)
.340 and F(.95, 11, 11) = 2.86.

The F* fell between the two limits, thus the conclusion was that the
five states regressions had equal error variances.

5. The percent land area of the states total land area is constant over
time. This method of weighting is appropriate for a particular time
period. But over a large time period this method may not be appro-
priate due to the changes in production patterns of a particular area.
The use of variable weights, such as the percent acres planted or har-
vested of the total state planted or harvested acres, for each climatic
or crop reporting district would be more appropriate. This would pick
up the influence of production changes and emphasize the weather in
these areas where crop production is most intense. This would also re-
duce the level of "noise" or additional variance brought in by human
error.

6. The first stable product of CO2 assimilation in the Calvin Cycle is a
3-carbon compound, 3-phosphoglyceric acid (PGA). C3 plants carry on
photorespiration which is inefficient in CO2 assimilation when compared
to C4 plants such as corn. Photorespiration, a degradation process, is
very sensitive to temperature changes above 86 F.

7. Luedders evaluated genetic improvement using 21 cultivars determined in
3 years. Most of the cultivars were involved in essentially two cycles
of recurrent selection. The mean was computed for each selection cycle
or year. Then genetic improvement was evaluated as a percent increase
in yield. Also two other variables were measured as percent increases
above the first selection cycle or year; Lodging and Height. Wilcox
measured genetic improvement by use of regressing yield of each cultivar
for each environment on the mean yield of all cultivars at those envir-
onments to determine whether difference in stability existed among cul-
tivars. If so, the mean yield of all cultivars for each location and
each year provided a gradation of the environments across which he could
evaluate yield stability of the various cultivars.
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8. The choice of whether to pool data using OLS or sacrifice degrees offreedom by using OLS with dummy variables is one which can be statis-
tically tested. The test involves a comparison of the residual sum ofsquares associated with two estimation techniques. The OLS model includesmore parameter restrictions than the covariance model (those using dummyvariables) where the intercepts are restricted over states. The residual
sum of square would be expected to be larger for the OLS model, without
dummy variables, than the OLS covariance model. If the residual sum of
squares change significantly, then one adopts the covariance model.

The appropriate test statistic

(SSE. - SSE2)/n-KF(n-K, n-K)
(SSE )/n n2 1 -2 - K

Where SSE1 and SSE2 are the sum of square residuals using OLS without
the dummy variables and with the dummy variables, respectively. n1
and n2 are the number of observations.
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