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ABSTRACT

Regional and state level variety indexes are developed for the

five Corn Belt states (Illinois, Indiana, Iowa, Missouri, Ohio). The

indices are based on data from Soybean Variety Performance Trials and

survey data on variety adoption as a percent of planted acreage. The

use of this type of index as an explanatory variable in state level

yield models is illustrated. The variety index is shown to provide

additional explanatory power over the more conventional time trend

specification for technological change. It is not possible, however,

to measure quantitatively aggregate state level yield effects due to

the variety index as distinct from other technological factors.
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1. INTRODUCTION

Crop yield estimation mO,dels typically have two components, one

reflecting weather variation and another characterizing the

"technology". Weather effects on crop yields are usually modeled

using deviations from normal for soil moisture, temperature,

precipitation, and other weather related variables. In fact, there is

an extensive literature on appropriate characterizations of weather

variables in crop 'yield models. Information on the use and

understanding of the techn.ology component of crop yield models is,
, • _,Co, -. ",~' -'. - -f1" ~

however, not nearly as well developed. This component is represented

in moit applied sttlte' and regional' crop yield models as a simple time

trend.' Because 'of this; 'simple ":e'baracterization of technology, the

aggregate yield models ;contain li t t 1e information on yield responses

to input differences, changes in varieties, and other production

practice shifts.

The present analysis has the objective of providing a more

systematically developed and responsive technology index for inclusion

in state and regional yield models. The variety index is developed

for soybeans in the five corn belt ~tates and utilizes a unique data

source in combination with variety adoption data. Specifically, data

from variety performance trials in Illinois, Indiana, Iowa, Missouri

and Ohio for the period 1967 through 1982 are utilized to estimate

individual variety yield factors (relative to a standard variety).

The variety yield factors are then aggregated using weights developed

from variety adoption data to produce a variety index value for each
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After constructing this variety index, it is used as an

explanatory variable in estimating average yields at the state level.

Results from using the variety or technology index along with

weather data to estimate state level yields for soybeans are

encouraging. The variety index is a more responsive measure of

technology ehan the simple time trend and has the potential to

characterize the influence of new plant breeding technologies. This

approach to technology estimation is particularly attractive. for

soybean yield estimation, since the crop yield responses to ..nonland

inputs have been less than for many other crops •. Still,.1Ilet~odsof

producing soybeans have changed in recent years. A final portion of

the study addresses these changes in production practices and; their

implications for the use of the variety index Ln soybean yield

estimation.

2. METHODS

Problems and shortcomings of using a simple time trend as a proxy

for technological progress in crop yield equations have long been

recognized (Shaw, 1964; Heady and Auer, 1965; Perrin, 1968; Linn and

Seauer, 1978; Padgitt, 1982; Kestle 1982b). However, attempts to

improve the technology components of yield estimation models have been

largely unsuccessful for two important reasons. First and most

obvious, the operational definition and measurement of crop yield

"technology" is not simple or straightforward. Many different proxy

variables for technology have been suggested; public and private

expenditures on agricultural research (Ruttan, 1979; Miner, 1981),
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educational attainment of farmers (Mellor, 1966), application rates

for nitrogen and other fertilizers (Shaw, 1965), percent of cropland

acres treated with herb'icides, indices of genetic improvement (Heady

and Auer, 1965), and plant population (Miner, 1981). Even though each

of these factors is related to technological change, it is also clear

that no single one, nor any combination of them, provides a summary

measure of the impact of technological change on crop yields.

The second major obstacle' to quantifying crop yield technology is

that most of the observable technical variables are highly correlated

in the available time series data. This means that statistical yield

models including these variables have erratic and misleading parameter

estimat~.J (Judge.~et al., 1980)•. On.,the other hand, if the statistical

yield model includes only .one ..technical variable (e.g., fertilizer

application), the. estimated. :coefficient will likely overstate the

actual yield effect of that factor. Doll (1974) has shown that the

existence of multicollinearity between production inputs for aggregate

yield data is not coincidence, but actually follows directly from

optimal economic behavior of farmers. Consequently, even if accurate

information were available for all technical inputs at the state

level, multicollinearity would complicate the unambiguous estimati.on

of their individual effects on crop yields from nonexperimental data.

In spite of these limitations, there are benefits from

quantifying technology in crop yield estimation. Changes in the

mixture and extent of adoption of production practices and varieties

have important consequences for agricultural production levels.

Deviations from trend-like behavior in estimated crop yield models can
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be caused either by innovations in crop production methods and

varieties or shifts in relative prices of inputs (EI-Shereif, 1981).

For example, Griliches (1958) has argued that the large increase in

nitrogen fertilizer use after World War II was due primarily to

innovations in fertilizer production and a substantial decrease in the

relative real price of fertilizer. Thus, a data base that contains

reliable information on these various technical factors can be

valuable in the timely assessment of crop yield changes as well as for

short run forecasting.

3. YIELDMODELSPECIFICATION

The objective of the yield model specification is to provide a

preliminary evaluation of the infot'1lation content of a variety index

for predicting state level crop yields. The model includes weather

variables and a variety index as a substitute for the time trend

typically used to capture technological effects.

Weather variables. Specification of weather variables for use in

crop yield models is a complex and interesting problem (Shaw, 1964;

Oury, 1965; LeDuc, 1980; Kestle, 1982b). The primary focus of this

study, however, is on the variety index. For this reason, the weather

variables suggested by Thompson (1970) are used in the yield model.

These weather variables are easily calculated from available monthly

data and are representative of standard practices for including

weather in crop yield models (Pope and Heady, 1982). These weather

variables are:

1) September to June total precipitation,
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2) July total precipitation,

3) August total precipitation,

4) .June mean temperature,

5) July mean temperature,

6) August mean temperature.

These quantities were c01llputedas departures from normal (mean of

1931-1982) at the Climatic Division level.l State level weather data

series were computed from district means weighted by harvested soybean

ac~es £or~ach year.

:l,,'nlecy,~~ld.model~pecification suggested by Th01llpsonalso included

sq~red val1:'esof each of the weather variables. However, these terms

':l"'~~~lf~};~te~.i.niJ~~e< y~~~d model ,specifications use,dfor this_study.
Kestle (1982a) .found many _o~ _the:estimated parameters for the squared

weather. variables to ~~ statistically insignificant. Also, since

there were only fourteen or fifteen years (depending on the state) of

variety adoption data by state, it was necessary to limit the total

number of parameters to be estimated for the yield models.

Variety index. Technology indices to be used in a yield model

must use available data. Although the aggregate yield and weather

data sets cover fifty years for Illinois and thirty or more years for

the other four states, the variety index to be used in reflecting

technology can be computed for only twenty-four years for Illinois and

1For Illinois, Indiana, and Iowa the nine Crop Reporting
Districts are identical to the Climatic Divisions. In Missouri and
Ohio the boundaries of the two regions do not coincide. In these
states, county level crop data were aggregated to compute the
appropriate Climatic Division production figures.
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fourteen to fifteen years for the other states. The variety index is

partitioned into a trend component and deviations from trend. The

resulting "variety residual" variable can be thought of as a measure

of the additional information contained in the variety index over the

trend component c01DlDonlyused in applied models. If both the trend

and deviation variables are included in the yield model, the

coefficient of the "variety residual" term can be interpreted as

reflecting the non-trend technological n(through improved varieties)

contribution to yield, while tbe "technological' trend" coefficient

will reflect effects of· non-genetic - . technoiogy:L p1i1s the trend

component of variety improvements. This approach has the advantage

that even in the early years when the variety index is not available,

the predicted trend value can be computed' and used in yield model

development. Setting the variety residual equal to zero in these

years allows the use of the full time series to estimate the weather

coefficients.

The full yield model is:

where

Y - Bo + 61 TRINDEX+ B2GENTRES+ BJDNPRSP+ B4DNPJUL

+ BSDNPAUG+ B6DNTJUN+ B7DNTJLY+ BSDNTAUG+ € (1)

Y = State level soybean yield - bushels per harvested acre

TRINDEX= Trend component of the variety index

GENTRES= residual deviations of the variety index from trend

(variety index minus trend fit)
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DNPRSP • Departure from normal preseason precipitation (total

Sept.-June)--inches

• Departure from normal July total precipitation--inches

• Departure from normal August precipitation--inches

• Departure from normal June mean temperature--degrees

Fahrenheit

DNTJLY • Departure from normal July mean temperature--degrees

Fahrenheit

DNTAUG • -Departure from normal August mean temperature-degrees
,~;r;; Fahrenheit -

€ • An error term, assumed to be normally distributed with
~l!t."-,_ ,,'~.;' • '.• -;:·-·~-"a·lI.eanof zero.

4. DATA

The two data bases are used in constructing the variety index.

The information frOlR these two sources is well-suited to the goal of

constructing a quantitative measure of variety improvement. The

variety performance trials are conducted under an experimental design

that focuses on differences of yi~ld potential between varieties,

while the adoption data provide a measure of the use of the varieties

on commercial farms. Together, they can be used to construct a time-

series index measure of genetic yield potential changes in adopted

varieties.

Variety performance trials. The Agricultural Experiment Stations

associated with the land grant universities have conducted annual

performance trials for selected crops for a number of years (State
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Experiment Station Bulletins, various years). Most Corn Belt states

began soybean variety testing programs in the late 1960s or early

19708. Each state conducts trials at several sites representative of

major growing areas. Measured characteristics for each variety

generally include plant height, maturity, lodging, and shattering, as

well as yield. Experimental plots consist of two to four rows twenty

to thirty feet long, with two to four replications for each variety.

The variety trial data set for the five states during the period

1967-1982 contains over, 22,000.observations (Table 1). By state,

there are about 5,700 observations for Illinois, 3,900 for Indiana,

4,500 for Iowa, 7,300 for Missouri and 1,200 for Ohio. Not all of

these observations are used in this study. Specifically, only those

varieties which appear in the adoption data (listed in Table 2) are

required for the aggregate yield model. The subset of adopted

varieties represented 4,872 of the available 22,000 observations.

Table 1 and Figure 1 provide a summary of the nuaber of test

sites and the number of varieties tested each year by state. Iowa and

Illinois have consistently tested more varieties than the other three

states. In the las~ ten years, the rield performance testing programs

have been significantly expanded in all states. The increase in

privately developed and patented varieties offered by seed companies

is the main reason for the increase in the number of varieties tested

(Perrin, Runnings, and Ihnen, 1984).

Table 2 gives the maturity group and the vintage (year of first

appearance in the performance trials) for all varieties that appear ~n

the adoption data. Since the yield trials data begins with 1967, all



Table 1
Number of Soybean Varieties in Performance Trials and

Number of Test Sites by State, 1967-1982

Illinois Indiana Iowa Missouri Ohio
Year Sites Varieties Sites Varieties Sites a Varieties Sites Varieties Sites Varieties

"I

1967 3 19
1968 3 20
1969 2 16 3 20 3 .23
1970 3 53 4 34 3 33
1971 3 52 4 40 3 72 6 36 2 33
1972 3 54 3 47 3 91 5 48 2 36
1973 5 84 4 58 3 128 10 53 1 22
1974 6 90 4 63 3 138 10 59 1 39
1975 6 134 5 92 3 160 7 71 1 67
1976 7 200 6 103 3 183 7 73 2 59
1977 8 231 5 141 3 203 7 83 2 111
1978 8 270 6 145 3 280 10 134 1 68
1979 8 326 6 178 3 328 11 159 2 155
1980 10 381 6 173 3 345 10 203 2 87
1981 10 419 6 177 4 364 11 204 2 151
1982 6 197 3 500 10 239

a actually had nine sites in most years but results reported as withinIowa test were averages three
regions. ,\., I : u i \'" . . i '.I;,ll'

\0

L! "t.'1 (.:
i



Figure 1
Number of Soybean Varieties in Performance Trials

by State, 1967-1982
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Table 2

Maturity Group and Vintage of Adopted Soybean Varieties

Maturity aVariety Group Vintage

Agripro b 1973
Amsoy 2 1967
Asgrow b 1974
Bedford 5 1978
Beeson 2 1969
Bonus 4 1971
Ca lland ~. ~ ') 3 1968 '
Clark 3 1967

" Corsoy . ~~~.,~~ 2 1967',
Cumberland 3 1977
Cutler 4 1969:;
Dare 5 1971
Elf ," .... 3 1977 :.:.
Essex 5 1972
Forrest 5 1972
Franklin 4 1978
Harcor 2 1975 ..--
Harosoy 2 1967
Hawkeye 2 1967
Hill 5 1971
Kent 4 1970
Lindarin 2 1967
Mack 5 1971
Mitchell 4 1972
pickett 6 1971
She Iby 3 1967
Union 4 1976
Wayne 3' 1967
Wells 2 1972
Williams 3 1971
Woodworth 3 1973
York 5 1971

aYear in which the variety first' appeared in the
performance trials. Since the data set begins with 1967,
all older varieties are assigned this vintage. For the
geneology of these varieties, see Luedders, 1977.

bThese brand names included varieties in groups 1
through 5.

11
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older varieties are assigned this vintage. Luedders (1977) gives the

geneology of many of these public varieties of soybeans. This

information could be used to establish the actual vintage of varieties

already in the adoption data in 1967.

The performance trials are designed to help farmers decide which

varieties to plant, not the levels or types of inputs or management

practices to apply in the production process. The experimental

procedure for the performance' trials is designed to measure the

relative yielding ability of different varieties when grown under

identical and nearly ideal management condi tions. This experimental

design is consistent with the goal of this study in that it focuses

primarily on yield differences between varieties. Data from side by

side trials can be used to control for weather effects and other non-

genetic technical factors, since these factors are applied uniformly

in the performance trials. Soil fertility is maintained at a high

level and weed and pest threats are carefully controlled in the

trials • Except for a few experiments, the trials are not irrigated.

There are also some experiments to measure yield effects of variations

in plant population (usually reported as row width).

Variety adoption .data. State data on the percent of total

soybean acreage planted to the leading varieties are avai lable from

the USDA Statistical Reporting Service's Objective Yield Survey

(USDA, 1975). In addition to these data,' special state surveys

conducted in Missouri and Illinois have compiled similar variety

adoption information for several years based on non-probability
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samples. For some of the more recent years these state compiled data

are available by Crop Reporting District.

The~e is a difference in the methodological basis of the special

state and USDA objective yield surveys. The annual Objective Yield

Survey (USDA) is a probability survey which samples soybean fields in

each state proportional to soybean acreage. Since the primary purpose

of the survey is to estimate yield rather than acreage, the sample

size is generally considered adequate for estimating the percent of

planted acreage for only the three or four leading varieties. :.On the

other hand, the Missouri and Illinois state surveysare:based 'on a

larger samples and include data for all varieties that are'adopted on

at least one percent of planted acreage. Because of this' greater

completeness, in years for which data from both sourceswere.available

the special state surveys were used.

Appendix A contains tables and plots of state level variety

adoption data. For Illinois tbis series is for 1957 to 1980. For the

other four states the series is for 1967 to 1980, except that for

Missouri 1981 is also included. Yearly percentage totals for the

major public varieties have declined for all states except Missouri.

This reflects the increasing adoption of private varieties. Within

the last five years (1975-1980), privately developed and patented

soybean varieties have been adopted to a significant extent.

In 1980, public varieties were still pianted on approximately

half of the soybean acreage in the Corn Belt. Nevertheless, there is

a trend toward the adoption of private varieties. As this trend

continues, data on acreage by variety may become more fragmented. The
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private seed companies usually offer several different varieties.

However, the surveys generally report only the brand or company name

without .the specific cultivar designation. These changes in seed

supply may impose limitations on the future uses of the variety index

as a technology measure.

5. VARIETY ADOPTION AND THE VARIETY INDEX

This section describes the procedure used to calculate the

relative yield factor, for each adopted variety and the variety index

for,each, state. Generally, the procedure involves a comparison to a

reference variety, Clark, for the period of record in the performance

trials •

Relative yield factors. The variety performance trials data can

be used to estimate a yield factor that expresses the average yield of

a particular variety as a proportion of the average yield of a

"reference" variety. The criteria for choosing a reference variety

were that it be:

1) representative of an "old" genetic technology, and

2) tested over a wide geographic area and

3) extensively represented in the yield trials data base.

To an extent, these criteria were mutually inconsistent since none of

the widely tested varieties represented the "old" genetic strains.

However, some of the varieties introduced in' the early sixties were

from genetic parentage only one or two generations removed from the

early oriental strains of the 1920's and 1930's (Luedders, 1977).
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Because Clark is the most widely grown of these varieties, it was

chosen as the reference variety.

The" "relative yield factor for each adopted variety is based on

the average yield difference from the reference variety. This

difference may be expressed as a proportion of the average yield of

the reference variety to provide an index that equals unity if the

mean yield difference is zero. Thus, the procedure for constructing

the yield index is straightforward. Specifically:

1) For each variety, c01llpute the mean yield difference fr01ll the

reference variety in all years and locations where -tbe two

varieties were grown together, Y_DIFF.

2) Compute the average yield of the reference vari"eey,,,.'-··YaEF•

."
This could be either the average reference variety "yield

~.. ~.,.•..•. ~
across all years and locations or the average yield in trials

with the given • 2var1ety. The average yield across all

observations of the reference variety was used here for

simplicity of interpretation.

3) Construct the relative yield factor for each variety,

Y FACTOR· (YBEF + Y_DIFF)IYREF.

the mean yield difference is zero.

This index equals one if

Table 3 lists the results of these calculations for each of the 31

nonreference varieties included in the adoption data for the five

states.

2Both
identical.
series were

possibilities were tried and the results were nearly
Correlation coefficients between the two resulting index

greater than .9990 in all states.



Table 3
Mean Yield Difference From Clark for

A~opted Soybean Varieties

16

Variety Y DIFFa y FACTORb N OBSf sm DEVg T VALUEc P VALUEh

AGRIPROd 3.9257 1.11453 183 6.0410 8.7909 0.000100
AMSOye 1.4523 1.04237 107 6.9960 2.1474 0.034043
ASGROwd 5.9948 1.17490 229 5.9491 15.2488 0.000100

BEDFORD 7.4783 1.21818 23 9.4937 3.7777 0.001052

BEESONe 0.8800 1.02567 60 7.6191 0.8947 0.374606

BONUS 1.6706 1.04874 85 4.9247 3.1275 0.002423

CALLAND _ 3.5718 1.10421 85 4.8320 6.8277 0.000100

CORSOY 1.8829 1.05493 35 8.9908 1.2389 0.223851

CUMBERLAND 5.3316 1.15555 38 4.8672 6.7525 0.000100.

CUTLERe 2.2701 1.06623 117 4.7370 5.1836 0.000100

DARE 3.7463 1.10930 54 7.1096 3.8722 0.000298

ELF 3.1842 1.09290 38 5.8218 3.3716 0.001764

ESSEX 8.9750 1.26185 48 6.5008 9.5651 0.000100

FORREST 8.5638 1.24985 47 10.1287 5.7964 0.000100

FRANKLIN 0.0875 1.00255 32 4.9583 0.0998 0.921123

HARCOR -1.0667 0.96888 3 6.9169 -0 •2671 0.814411

HAROSOye -0.9783 0.97146 23 10.2513 -0.4577 0.651685

HAWKEYEe -1.7625 0.94858 8 4.1908 -1.1895 0.273006

HILL 2.2091 1.06445 33 7.6660 1.6554 0.107619

KENT 4.5651 1.13319 43 6.8141 4.3932 0.000100
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Table 3--Continued

Varie ty .

LINDARIN

MACK

MITCHELL

PICKETTe

SHELBY
UNION

3.2500 1.09482 2 2.2749 1.8571 0.314453

6.7449 1.19678 49 8.2376 5.7315 0.000100

7.7137 1.22505 51 6.1812 8.9120 0.000100

7.8800 1.22990 30 8.9706 4.8813 0.000100

-2.7250 0.92050 4 1.2842 -4.2439 0.023962

3.3154 1.09673 65 5.2152 5.1253 0.000100
~' .. ":,.,' ~

WAYNE

WELLSe

WILLIAMSe

WOODWORTH

YORK

1.6216

-1.0000

3.8902

3.1790

6.6173

1.04731

0.97082

1.11350

1.09275

1.19306

88

18

205

62

52

5.7417

11.8494

4.9657

5.6368

7.5092

2.6493 0.009578

-0.3580 0.724715

11.2170 0.000100

4.4408 0.000100

6.3547 0.000100

aMean yield difference from Clark (bushels per acre) in side-by-
side performance trials.

by FACTOR" (YREF + Y DIF)/YREF where YREF •• 34.28 bu./ac •••
mean yi;ld of Clark at all l;cations, all years.

~alue of student's t-8tati~tic for a test of the null
hypothesis, H: Mean Yield Difference" O.o

dlncludes all varieties tested under these brand names.

elncludes all later derivatives, e.g., Amsoy 71, Beeson 80, etc.

fN OBS is the number of yield observations where both the
variety-and Clark where included in side by side performance trials.

gSTD DEV is the standard deviation in Y DIFF.

hThe P VALUE is the probability level for the significance of
the difference.
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This method of constructing a comparative yield factor can be

misleading when the reference variety and the comparison variety are

in different maturity classes. There is no precise way to compare the

yielding ability of two varieties of different maturity in a side by

side trial, since one of the varieties will necessarily be outside its

optimal growing area. Although this problem will arise whenever the

compared varieties are in different maturity classes, it is likely to

be especially acute when comparing a "determinate" variety to a

"indeterminate" variety.

Determinate soybean varieties exhibit a growth pattern in which

flowering occurs at all fruiting sites concurrently and vegetative

growth stops as flowering begins. In indeterminate varieties,

flowering begins near the middle of the plant and moves both

directions along the stem while vegetative growth continues.

Flowering continues over a three to four week period and plant height

approximately doubles during this time. Maturity Groups 0 to III are

all indeterminate varieties, Group IV are also mostly indeterminate,

with the exception of a few varieties (e.g., Kent) that exhibit some

determinate tenden~ies, while Group.s V and VI are all determinate

(Helsel, 1983).

This maturity class problem is most prevalent in the Missouri

data where several determinate varieties of maturity Groups V and VI

(Bedford, Essex, Forrest, Mack, Pickett, York) are grown commercially

only in the Bootheel Region. Clark is an indeterminate variety of

maturity Group III and is adapted to the central and northern parts of

the state. Since the Bootheel varieties are seldom included in trials
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at northern test sites, most of the side by side observations are from

southern trials where Clark is at a disadvantage. This resulted in

large positive yield differences for these southern varieties even

though aggregate yields in the South were typically lower than in the

North. Thus, the numerical value of the mean yield differences should

not be interpreted as a flawless quantitative measurement of the

comparative yielding ability of any variety relative to Clark except

those that are also of maturity Group III.

Fortunately, the construction of the variety index requires only

an annual series of values that indicates relative. changes over the

time period • Provided .there have not been large -shifts in the
.,.

proportion of total acreage devoted to each maturity; ~laS8, the bias

in the variety index due to the maturi.ty class pX:0blemwill remain

constant over time. To the extent that increased acreages have been

planted to non-Group III varieties, there may be an upward bias in the

index over time.

Acreage weighted variety index. By merging the relative yield

factor for each variety with the acreage adoption data, a state level

acreage weighted mean of the adopt~d variety yield factors can be

calculated for each year. The weighted mean is expressed as

y -w
w.y.1. 1. (2)

where the sum of the weights w. is one, i.e.,
1.

w ••• 1 •
1.
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In equation (2), Yw is the value of the variety index for a particular

year, n is the number of adopted varieties reported in that year, y.
1.

is tbe relative yield factor (Y_FACTORin Table 3) for a particular

variety and the weight, w. is the adjusted percent of planted acres
1.

for that variety in that year. Since the identified varieties

reported for each year do not account for 100 percent of the planted

acreage, a percent of planted acreage for each variety was divided by

the reported total so that the SUIll of the weights would equal one.

That is:

W.
1.w. -1. n

1: W.
i-l 1.

where W. is the reported percent of planted acres (pPLAC in Tables
1.

A.l-A.5) • This is equivalent to the assumption that unreported

acreage is planted to the same variety mix as reported acres. If in

fact this acreage were planted to varieties with a higher (lower)

average yield than the reported varieties, this would result in a

downward (upward) bias in the calculated index value. An associated

assumption is that the genetic mix for the harvested crop (that which

produces a yield) is the same as for the planted acreage.

The necessary assumption that must be made to justify the use of

the variety index as a technology variable in aggregate yield

equations is that observed yield differences in the performance trials

are proportional to realized changes i.n aggregate yields as higher

yielding varieties are adopted on commercial farms. It is not

necessary to assume any fixed relationship between experiment station
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and farm yield levels, only that if a higher yielding variety replaces

a lower yielding one (as measured by the performance trials), a

proportional increase in farm yields will result.

6. RESULTS

The Variety Index

Plots of the state and region level variety indexes are shown in

Figures 2 through 7. Tabulated values are given in Appendix B.

Although Illinois is the only state for which adoption data are

available before 1967, a detailed examination of the time series plots

of state adoption data (A~pendix A) will confirm that the introduction

of Amaoy and Wayne in the late sixties was primarily responsible for.~

relatively rapid increase in the variety index from 1966 to 1970.

During the early to mid-seventies there was a plateau, followed ."by

another substantial increase with the introduction of Williams in the

late seventies. Although complete data on the adoption of private

varieties are lacking, they probably account for an increasingly

significant share of acreage, particularly in the highly productive

areas of central and northern Iowa. To the extent that this is true,

the computed variety index may understate the increase in adopted

genetic technology.

Results of fitting a simple time trend to the index series are

shown in Appendix C (Tables C.I through C.6 and Figures C.I through

C.6). The predicted variety index trend component, along with the

residual deviations (variety index minus its trend component) are the



Figure 2

State Level Variety Index for Adopted Soybean Varieties in Illinois,
Weighted by Percent of Planted Acres
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Figure 3

State Level Variety Index for Adopted Soybean Varieties in Indiana,
Weighted by Percent of Planted Acree
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Figure 4

State Level Variety Index for Adopted Soybean Varieties in Iowa,
Weighted by Percent of Planted Acres
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Figure 5
State Level Variety Index for Adopted Soybean Varieties in Missouri,

Weighted by Percent of Planted Acres
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Figure 6

State Level Variety Index for Adopted Soybean Varieties in Ohio,
Weighted by Percent of Planted Acres
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Figure 7
Region Level Variety Index for Adopted Soybean Varieties in Five

Corn Belt States, Weighted by Percent. of:Planted Acres
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two technology variables included in the yield model specified in

equation (1).

Yield Model Estimation

Technology. Two different techniques are used to estimate the

coefficients of the technology terms in the state and regional yield

models (Table 4). An ordinary least squares estimate using the full

sample period for yield and weather information is desirable to

produce reliable parameter estimates for weather variables. In this

case the "variety residual" term was set equal to zero except in years

for which the variety index was known. To evaluate whether tbese

unrestricted estimates of the technology coefficients were sensitive

to "out-of-period" variations in weather data, these two coefficients

were then re-estimated using only the years for which the variety

index was available, imposing restrictions on the weather coefficients

to make them equal to the values obtained for the full period of

years. This procedure effectively introduces seven additional degrees

of freedom (intercept plus six weather term coefficients) available

for estimation of the technology coefficients over the shorter sample

period.

By comparing the unrestricted and restricted estimates of the

technology coefficients given in Table 4, it is clear that the

estimated values of both terms were nearly i4entical whether or not

the restrictions are imposed. This indicates that the estimates are

not highly sensitive to weather data variation in the earlier years

when the variety index is not known. Appendix D contains both
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Table 4

Comparison of Unrestricted and Restricted Estimates of Variety Index Trend and
Residual Coefficients for State and Region Lev~l Soybean Yield Models

Variety Variety
Trend Coefficient Residual Coefficient

Error Degrees
State Estimate p-value Estimate p-value of Freedom R-Square

Illinois
Unrestricted .5199 .0001 .2920 .5140 42 .9232
Restricted .5197 .0001 .2920 .4791 22 .7669

Indiana
Unrestricted .5498 .0001 .5716 .3878 37 .9163
Restricted .5505 .0001 .5716 .4531 12 .6234

Iowa
--unrestricted 1.437 .0001 .3521 .4605 24 .8946

Restricted 1.438 .0001 .3521 .2683 12 .7825

Missouri
Unrestricted .2634 .0001 -.0868 .7263 24 .8454
Restricted .2626 .0001 -.0868 .7279 13 .6664

Ohio
--unrestricted .3630 .0001 .6288 .0783 23 .8458

Restricted .3671 .0001 .6288 .0854 12 .7412

Region
Unrestricted .5472 .0001 .6405 .3581 24 .9232
Restricted .5488 .0001 .6864 .3561 12 .7301

N
\0
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regression estimates for the full yield model specification, equation

(1) •

Alt~ough the varie'ty trend coefficient has the units of bushels

per acre per index unit, it actually represents the combined yield

impact of both the trend component of the variety index and associated

technology changes. The problem of multicollinearity makes it

impossible to decompose this combined effect into the components that

are attributable to these factors, individually. Nevertheless, the

1Il8gnitude of this coefficient gives an indication of the extent to

which the yield potential from new varieties has been realized on

coanercial farms (as aided or retarded by other production changes),

i.e., the larger the value the more aggregate yield has increased for'.,- :- :.;. !£ \' ~,:~: '::. -~ <'
each index unit' of variety improvement.

A positive sign on the variety or technology residual coefficient

is consistent with theory. This means that when the variety index is

above the trend value, the impact on yield is positive and when it

falls below trend, the yield effect is negative. Alternatively, when

improved varieties are being adopted faster than the trend average,

yields a180 tend to increase faster than trend, but when variety

adoptions remain on a plateau, yields begin to lag behind the rate of

increase implied by the trend. The fact that these estimators do not

have high statistical significance levels is neither surprising nor

disappointing since they represent only the 'non-trend component of

genetic technology. It is gratifying that the coefficient signs are

consistent with expectations for all states except Missouri. In this
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case, the small negative value is not statistically different from

zero.

WeaOther. Estimated coefficients of the weather variables are

given in Table S. In all states, the two most significant terms are

July and August rainfall. Preseason precipitation and August

temperature. are generally the least consistent in terms of sign and

magnitude, and lack statistical significance in all states.

In Iowa, the smaller coefficients on summer rainfall may indicate

that normal precipitation is closer to optimal. Thus, a positive

departure causes less of an increase in yields. The relatively large

and more significant positive coefficient on June ~emperature is also

reasonable for Iowa. The sensitivity of Missouri yields to drought-is

indicated by the large coefficients on July and August rainfall, -~'as

well as the significant negative coefficient value for July

temperature.

Comparisons between states. It is instructive to compare

estimates from the various state level yield models. Analysis of

these differences gives insight into the role of variety effects on

yield relative to other technological factors. The comparison also

provides guidance for future yield modeling efforts, pinpointing the

shortcomings and advantages of different data sources.

Referring to Table 6, the first column is the average annual rate

of increase in the variety or technology index. Dimensions of this

index are index units per year. Column two is the estimated

coefficient of the varietal trend variable, with units of bushels per

acre per index unit. It is the average aggregate yield increase
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Table 5
",

Estimated Weather Coefficients~for Soy~.ean..Yield Models
. , . • >

.-.

Precipitation Variables

DNPRSP DNPJLY DNPAUG

State Estimate p-value Estimate p-value Estimate p-value

Illinois -.0104 .866 1.143 " .0001 .8619 .0006
Indiana .0685 .3339 .9167, .0005 .4497 .1610
Iowa .0331 .7594 .6917 .0373 .4317 .0751
Missouri .0701 .3425 1.198 .0001 1.178 .0016
Ohio -.0943 .3679 .9867 .0085 1.0076 .0075
Region -.0137 .8565 .9783 .0011 .6967 .0167

Temperature Variables

DNTJUN DNTJLY DNTAUG

State Estimate p-value Estimate p-value Estimate p-value

Illinois .0335 .7736 -.1019 .4652 -.1034 .4737
Indiana .0258 .8498 .1120 .5401 -.0753 .6382
Iowa .2860 .0988 -.0392 .8296 .0186 .9251
Missouri •1234 .4549 -.4158 .0343 .0644 .7703
Ohio .1352 .4706 -.0042 .9871 .3658 .1346
Region .0856 .5146 -.2045 .2349 .0121 .9413

W
N



Table 6
State and Region Level Average Annual Increment of

Variety Technology Index and Aggregate Yields

Average
Annual Increment
of Variety IndexState (Units Per Year)

Illinois •6117
Indiana .7483
Iowa .3624
Missouri 1.234
Ohio .9355
Region .7775

Aggregate Yield
Increment per

Index Unit
(Bu/Acre

Per Unit)

.5199

.5498
1.437
.2634
.3630
•5472

Average
Annual Increment

of Aggregate
Yield

(Bu/Acre
Per Year)

.3180

.4114

.5208

.3250

.3396

.4254

Ratio of Aggregate
Yield Increment
to Experimental

Yield Incrementa

1.517
1.604
4.192
.7684
1.059
1.596

<J' •...
tl:' 0

\/I
" ~ IS.~',..•

U
:1

.~.•... r1,
•...: Jt

0> 1--",
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associated with one index unit of varietal improvement.

34

The average

annual yield increment in units of bushels per acre per year (column

3) is obtained by multiplying these two quantities,

Bushels/Acre
Index Unit x

Index Units
Year

Bushels/ Acre.------Year

It is also possible to convert the varietal index to units of

bushels per acre. By definition, one index unit equals one percent of

the average yield of Clark in the variety trials data (Y_BEF - 34.28

bu/ac) or .3428 bushels per acre. It is important to note that this

yield is for experiment station variety trial plots, not aggregate

level farm yield. Division by this conversion factor expresses the

varietal trend coefficient (column 2) as a ratio 9f aggregate yield

increment to experimental yield increment (column 4),

Bushels/Acre (aggregate) ~
Index Unit

Bushels/Acre (experimental)
Index Unit

- Bushels/Acre (aggregate)
Bushels/Acre (experimental) •

It may seem surprising that the ratio of farm yield increase to

experimental yield increase is greater than one for all states except

Missouri, since plot yields in the variety trials are usually higher

than county or district level farm yields. However, this is a ratio

of incremental changes in yields, not of yield levels. The value of

the ratio is the average increase in aggregate yield associated with

a one bushel per acre increase in the adopted acreage weighted yield

difference from Clark in the variety trials.
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The magnitude of this ratio can be interpreted as a measure of

the extent to which other non-genetic factors have been successful in

exploitipg the varietal or technological yield potential of adopted

varieties. If the ratio is large, it implies that yield increases of

the last fifteen years are due to a balanced complementary application

of both varietal and non-varietal technologies. In this case, the

introduction of improved varieties could easily result in significant

additional yield improvements in a relatively short time. Where the

ratio is small, the estimate implies that factors other than variety

technology are limiting and that the additional genetic "potential in

current varieties remains to be realized through improved . soil

fertility, water conservation, irrigation, weed and pest control, etc.

From the differences between states it becomes clear that Iowa

and Missouri are at opposite extremes. Iowa had the largest rate of

increase in aggregate yield but the smallest increase in the

technology index. Missouri had the largest rate of increase in the

variety index but the next to smallest increase in aggregate yield.

This indicates that in these states non-varietal factors account for

most of the difference in the rate of increase in aggregate yields.

In Iowa, higher and more uniform land quality, less variable weather

patterns, and probably a higher level of mechanization and weed and

pest control tended to enhance the full realization of varietal

potential. In Missouri, the absence of thege advantages tended to

prevent or retard this realization.

The rapid increase in the varietal index for Missouri after 1972

is due to two factors. One of these is the previously described
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upward bias due to maturity differences between Clark and the southern

varieties, together with an increase in soybean acreage in the

Bootheel.Region where the Southern varieties are grown. The other is

the widespread adoption of Williams and its derivatives over the rest

of the state. Since the variety trials show Williams to have a 3.9

bushel per acre yield advantage over Clark (Table 3), this

substitution probably represents a real increase in varietal potential

that has yet to be fully exploited.

In addition to the upward bias in the calculated varietal index

for Missouri,. there is also the likelihood of a downward bias .in tbe

index for Iowa. An examination of the variety adoption data for Iowa

(Appendix A) shows why the varietal index has increased slowly. The

major variety change has been the substitution of Corsoy for Amsoy and

Wayne, mostly in the early seventies. Williams came into Iowa to a

small extent in the late seventies, but because it is Group III

maturity it is limited to the southern part of the state. The total

of identified varieties from Iowa varietal soybean surveys has fallen

to about forty percent in recent years (Figure A3.2) and this probably

reflects the trend toward increasing adoption of private varieties in

the northern and central regions (maturity Groups I and II). If this

trend exists, and if these private varieties do in fact have a yield

advantage over Corsoy, the varietal index calculated will be biased

downward. This would be especially true in the late seventies when

Corsoy declined from 35% of reported acreage to around 20% but no

Group II substitute of this magnitude appears in the data.

Consequently, in addition to the real differences between these
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states, there are probably opposite biases in the technology indices

that tend to overstate the actual difference.

Comparison with other studies. If the varietal trend coefficient

is expressed in units of bushels per acre per year (Table 6, column

3), it is directly comparable to the usual time trend measure of the

rate of technical change. Table 7 compares these values with

even though the magnitudes are somewhat different because of

1•
estimates reported in three other comparable studies • Notice that

differences in the period of years, Iowa has the largest coefficient

in all cases, followed by Indiana and Illinois. The relatively small

value for Illinois in this study as compared to Pope and Heady is due

to the inclusion here -of data from the 1931· to 1950 period. Visual

inspection of the plot of Illinois aggregate yield (Appendix E) will

show that yields increased more slowly in those years. Thompson's

region level estimate for 1930 to 1968 is noticeably smaller than our

1950 to 1981 value. Although the question of whether a "yield

plateau" is being approached has-not been dealt with explicitly, these

results does not appear to support such a hypothesis.

7. CONCLUSION

This study has demonstrated a procedure for deriving a state-

level, time-series index measure of improvements in varietal

technology in adopted soybean varieties. The two sources of

information used are Experiment Station variety performance trials and

survey data on variety adoption as a proportion of planted acreage.

The use of information from the performance trials is theoretically



Table 7
Comparison of ,Estimated Coefficients of Time Trend

in Aggregate Soybean Yield Models

38

Author Geographic Period of Trend Coefficient
and Year Area Years Bu/Ac/Yr

Thompson Corn Belt
(1970) Region 1930-1968 .304
lCestle (1982) Illinois 1932-1979 .372

Indiana 1937-1979 .432
Iowa 1950-1979 .503., i·.••• ~ '

Pope & Heady Illinois 1951-1980 .456
(1982) Indiana 1951-1980 .394

Iowa 1951-1980 .546
Missouri 1951-1980 .303
Ohio 1951-1980 .598 t - 3.6 ln ta

Present study Illinois 1931-1982 .318
.(1983) Indiana 1937-1982 .411

Iowa 1950-1982 .521
Missouri 1949-1981 .325
Ohio 1950-1981 .340
Region 1950-1981 .425

a
t • year - 1950.
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appropriate since the experimental design of these tests focuses on

varietal differences in yield potential. When combined with variety

adoption. data, this information provides a measure of the potential

yield improvement due to the adoption of improved soybean varieties on

commercial farms.

The use of this varietal index in state and regional level

soybean yield models has also been demonstrated. It has been shown

that the varietal index has the potential to ,improve the accuracy of

weather-yield models. partitioning the index into a ,.trend component

and deviations. from trend provides a.method".~fc~~aring; the

performance of a yield model specification that includes.this index to

the more conventional sp~cification which uses a.,time trend variable

as the only proxy for all technologicalf~ctors.

Although it is still not possible to separate and quantify the

yield effects of genetic technology from all other technical inputs,

it is possible to make some useful inferences based on observed

differences between states. In particular, it is clear that non-

varietal factors, including normal weather patterns as well as other

technical inputs, are instrumental in the success of Iowa farmers in

realizing a relatively large aggregate yield increase for each

increment of improvement in genetic technology. The opposite extreme

is found in Missouri where vulnerability to drought and poorer land

quality result in a relatively low ratio of actual to potential yield

improvement.

The two primary disadvantages of this approach are: 1) the use

of side-by-side trials with a "reference variety" to compute a
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relative yield factor is inherently biased when the two varieties are

of different maturities, and 2) the increase in private soybean

varietiea means that the adoption data may become progressively more

fragmented in the future. This is the reason that a similar approach

will not work for corn. The number of different hybrids is so large

that no manageable subset of them accounts for the majority of planted

acreage.

Use of the variety technology index in state and regional level

soybean models is reported. The use of such an index provides an

alternative specification of the technology component based on

experimental evidence of genetic improvements in adopted Corn Belt

soybean varieties. Although the reported regressioncoefficierits for

the variety residual variable in the investigated yield models were

generally not significant, this index may have enhanced potential when

used in models which incorporate improved specifications of the

weather variables.
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Figure AI.!
ADOPTIOU Of MAJOR SOYBEAU VARIETIES IN ILlnlOIS
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Table A.l 46

SOYBEAN VARIETY ADOPTION DATA FOR ILLINOIS
PERCENT OF PLANTED ACRES

YEAR VARIETY PP LAC IO

1957 AOAt1S 14.0 A
1958 ADAI1S 12.0 A
1959 ADAt1S 11.0 A
1960 AOAt1S 6.0 A
1961 ADAI1S 4.0 A
1962 ADAt1S 5.0 A
1963 ADAt1S 5.0 A
1964 ADAI1S 4.0 A
1965 ADAMS 2.0 A
1966 ADAt1S 2.0 A
1967 ADAI1S 2.0 A
1968 ADAt1S 1.0 A
1969 ADAI1S 1.0 A
1970 AOAt1S 1.0 A

,~ 1971 ADAI1S 1.0 A
1972 ADAt1S 1.0 A
1966 AMSOY 1.0 B
1967 AI1S0Y 7.0 B
1968 AI1SOY 27.0 B
1969 AI1S0Y 25.0 B

.. 1970 AI1S0Y 21.0 B ....•
1971 AI1S0Y 14.0 B

.1972 AMSOY 16.0 B ;:

1973 AMSOY 19.1 B
1974 AMSOY 17.0 B
1975 AI1S0Y 13.5 B
1976 AMSOY 13.0 B
19n AMSOY 12.9 B
197& AMSOY 9.0 B
1979 AMSOY S.9 B
1980 At1S0Y 7.0 B
1970 BEESON 2.0 C
1971 BEESON 6.0 C

1972 BEESON 11.0 C

1974 BEESON S.O C

1976 BEESON 5.0 C

1978 BEESON 3.0 C

1980 BEESON Z.O C
1974 BOtlUS Z.O D
1976 BONUS Z.O D
1978 BOtlJS 1.0 D
1971 CALLAUD 1.0 E
1972 CALLAtlO Z.O E
1974 CALLAND Z.O E
1978 CA U.lHD 1.0 E
1957 CLARK 10.0 F

1958 CLARK 17.0 F

1'?59 CLARK 22.0 F



Table A.l--Continued 47

SOYBEAN VARIETY ADOPTION DATA FOR ILLINOIS
PERCENT 0' PLANTm ACRES

YEAR VARIETY PPLAC ID

1960 CLARK 22.0 F
1961 CLARK 24.0 F
1962 CLARK 24.0 ,
1963 CLARK 24.0 ,
1964 CLARK 25.0 F

1965 CLARK 26.0 F

1966 CLARK 28.0 F
1967 CLARK 21.0 F
1968 CLARK 14.0 F
1969 CLARK 12.0 ,
1970 CLARK 10.0 F
1971 CLARK 9.0 ,
1972 CLARK 7.0 F
1974 CLARK 4.0 F
1968 CORSOY 1.0 . ""6
1969 CORSOY 7.0 .~"f
1970 CORSOY ,15.0 "~';6
1971 CORSOY 12.0 ~:,:6
1972 CORSOY 10.0 : '~'~6
1974 CORSOY 10.0 ~,F6
1976 CORSOY 7.0 f;.~f
1978 CORSOY 7.0 ,' ..•··6
1979 CORSOY 5.8 (;
1980 CORSOY 5.0 G. 1980 CUMBERlAtI) 2.0 H
1970 CUTLER 1.0 I
1971 CUTUR 4.0 I
1972 CUTLER 6.0 I
1973 CUTLER 11.2 I
1974 CUTLER 8.0 I
1976 CUTLER 5.0 I
1978 CUTLER 2.0 I
1980 CUTLER 1.0 I
1980 ELF 1.0 J
1918 ESSEX 1.0 K
1980 ESSEX 1.0 K
1980 FRANI(LIN 1.0 L
1978 HARCOR 1.0 t1

1980 HARCOR 2.0 t1

1957 HAROSOY 25.0 N
1958 HAROSOY 29.0 N
1959 HAROSOY 33.0 N
1960 HAROSOY 35.0 N
1961 HAROSOY 29.0 N
1962 HAROSOY 30.0 N
1963 HAROSOY 33.0 N
1964 HAROSOY 36.0 N
1965 HAROSOY 42.0 H



Table A.l--Continued 48
SOYBEAN VARIETY ADOPTION DATA FOR ILLINOIS

PERCENT OF PLANTED ACRES

YEAR VARIETY PPLAC ID

1966 HAROSOY 36 N
196r HAROSOY 27 N
1968 HAROSOY 14 N
1969 HAROSOY 10 N
1970 HAROSOY 6 N
1971 HAROSOY 4 N
1972 HAROSOY 4 N
1974 HAROSOY 1 N
1976 HAROSOY 1 N
1957 HAWI<EYI! 39 0
1958 HAWKEYE 32 0
1959 HAWKEYE 26 0
1960 HAWKEYE 23 0
1961 HAWKEYE 19 0
1962 HAWI<EYE 16 0
1963 HAWKEYE 14 0
1964 HAWKEYE "'13 0
1965 HAWKEYE 12 0
1966 HAWKEYE 12 0
1967 HAWKEYE 9 0
1968 HAWKEYE '3 '0
1969 HAWKEYE 2 0
1970 HAWKEYE Z 0
1971 HAWKEYE Z 0
1972 HAWKEYE 1 0
1962 KENT 1 P

1963 KENT 3 P

1964 KEtfT Z P

1965 KENT 1 P

1966 KENT 1 P

1967 KENT 1 P

1968 KENT 1 P

1960 LItlDARIN 1 Q

1961 LINDARIN 6 Q

1962 LINDARIN 8 Q

1963 LINDARIN 7 Q

196/'t LINeAR IN 7 Q

1965 LINDARIN 5 Q
1966 LINDARIN 4 Q
1967 LINeAR IN 3 Q
1968 LINDARIN 2 Q
1969 LINeAR IN 1 Q
1970 LINDARIN 1 Q
1980 OAK LAND 1 R
1959 SHELBY 1 S
1960 SHELBY 7 S

1961 SHELBY 14 S
1962 SHELBY 13 S



..
Table A.l--Cont1nued 49

SOYBEAN VARIETY ADOPTION DATA FOR ILLINOIS
PERCENT OP PLANTED ACRES

YEAR VARIETY PPLAC ID

1963 SHELBY 12.0 S
1964, SHELBY 11.0 S
1965 SHELBY 10.0 S
1966 SHELBY 11.0 S
1967 SHELBY 7.0 S

1968 SHELBY 3.0 S
1969 SHELBY 2.0 S
1970 SHELBY 1.0 S
1971 SHELBY 1.0 S
1972 SHELBY 1.0 S
1980 UNION 4.0 T
1966 WAYNE 3.0 U

1967 WAYH! 21.0 U

1968 WAYNE 31.0 U

1969 WAYNE 36.0 U

1970 WAYHE 35.0 U

1971 WAYNE 36.0 U

197% WAYtlE 30.0 u
1973 WAYHE 30.3 U

1974 WAYNE 21.0 U

1975 WA¥HE 11.8 U
" "

1976 WAYNE 14.0 U

1977 WAYNE 14.4 U .~

1978 WAYNE 6.0 U

1980 WAltlE 3.0 U

1974 WELLS 1.0 v
1976 WELLS 6.0 v
1978 WELLS 6.0 V

1980 WELLS 6.0 v
1974 WILLIAt1S 17.0 W
1975 WILLIAt1S 28.5 W
1976 WILLIAMS 28.0 W
1977 WILLIAttS 26.9 W
1978 WILLIAMS 35.0 W
1979 WILLIAMS .35.9 W
1980 WILLIAt1S 32.0 W
1976 WOODWORTH 4.0 X

1978 WOODWORTH 8.0 X

1980 WOODWORTH 7.0 X



Figure AI. 2

YEARLY ~l Of REPORTED VARIETY ADOPTIOU5
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Figure A2.1 5 IN UlDIAt'.
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Table A.2 52
SOYBEAN VARIETY ADOPTION DATA FOR ItlJIAHA

PERCENT O~ PLANTED ACRES

YEAR VARIETY PPLAC ID

196& AI1S0Y 13.7 A
1969, Al1S0Y 20.9 A
1970 AI'1SOY 14.0 A
1971 AI'1S0Y 14.0 A
1972 Al1SOY 14.3 A
1973 AI'1S0Y 21.7 A
1974 Al1S0Y 25.2 A
1975 Al1S0Y 14.5 A
1977 AI'1S0Y 19.7 A
197& Al1S0Y 10.2 A
1979 Al1S0Y 13.2 A
1'1&0 Al1S0Y 11.8 A
1971 BEESON 1&.0 B
1972 BEESON 18.4 B
1973 BEESot~ 15.4 B
1975 CALLAtIJ 15.3 C
1978 'CALLAtG 11.5 C
1979 CALLAND" 5.9 C .••.

'..
1980 CALLAND 11.3 C
1967 CLARK 12.2 D
1976 CUTLER 9.7 E
1977 CUTLER 11.0 E
1967 HAROSOY 40.1 F
1968 HAROSOY 25.8 F
1969 HAROSOY 23.8 F
1970 HAROSOY 16.0 F
1967 WAYNE 27.9 G
1968 WAYNE 34.3 G
1969 WAYNE 32.0 G
1970 WAYNE 36.8 G
1971 WAYNE Z9.2 G
1912 WAYNE Z8.9 G
1973 WA n.E 14.6 G
1974 WAYNE 19.2 G
1976 WA YNE ·13.7 G
1974 WILLIAl1S 17.3 H
1975 WIlLIAI'1S 16.5 H

1916 WILLIAMS 25.0 H

1977 WIlLIAl1S 11.9 H

1978 WILLIAMS 27.5 H

1979 WILLIAMS 31.8 H
1980 WILLIAMS 27.3 H



Figure A2.2
YEARLY SUN OF REPORTED VARIETY ADOPTIONS
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Figure A3.1
ADOPTIOtI OF MAJOR SOYBUti VARIETIES It! IOI-tA
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Table A.3 55

SOYBEAN VARIETY ADOPTION DATA FOR IOWA
PERCENT OF PLANTED ACRES

YEAR VARIETY PPLAC 10

1968 AHSOY 39.0 A
1969 AMSOY 42.4 A
1970 AHSOY 30.6 A
1971 AMSOY 19.0 A
1972 AMSOY 16.2 A
1973 AMSOY 17.9 A
1974 AHSOY 22.4 A
1975 AMSOY 12.6 A
1977 AMSOY 8.3 A
1969 CHIPPEWA 7.6 B
1970 CORSOY 26.5 C
1971 CORSOY 23.5 C
1972 CORSOY 30.7 C
1973 CORSOY 31.4 C
1974 CORSOY 30.5 C
1975 CORSOY 30.8 C

,~ 1976 CORSOY 34.2 C.-
1977 CORSOY 34.6 C
1978 CORSOY 27.0 C
1979 CORSOY 19.9 C
19&0 COR SOY 20.5 C

<' 1967 HAROSOY 12.8 0
1967 HAWKEYE 23.2 E
1968 HAWKEYE 11.8 E
1980 OTHER 9.7 F

1967 WA YNE 12.9 G

1968 WAYNE 15.4 G

1969 WA YtlE 16.1 G
1970 WAYNE 24.1 G
1971 WAYNE 20.4 G
1912 WAYNE 19.0 G

1973 WA YNE 12.8 G
1974 WAYNE 14.6 G

1975 WAYNE 14.7 G

1976 WAYNE 10.8 G

1977 WAYNE 13.5 G

1979 WAYNE 8.9 G

1976 WELLS 8.2 H
1978 WELLS 8.2 H

1978 WILLIAMS 7.1 I
1979 WILLIAMS 7.2 I
1~0 WILLIAMS 9.4 I
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Figure A4.1
ADOPTIOU OF MAJOR SOYBEAtl VARIETIES IU HISSOURI
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Table A.4 58
SOYBEAN VARIETY ADOPTION DATA FOR MISSOURI

PERCENT OF PlANTED ACRES

YEAR VARIETY PPLAC ID

1981 ASGROW 3.0 A
1979. BEDFORD 2.0 B
1980 BEDFORD 6.0 8
1981 SEDFORD 4.0 B
1967 CHIPPEWA 7.4 C
1968 CHIPPEWA 17.6 C
1969 CHIPPEWA 16.5 C
1970 CHIPPEWA 15.3 C
1967 ClARK 52.0 D
1968 ClARK 42.6 D
1969 ClARK 35.7 D
1970 ClARK 47.1 D
1971 ClARK it6.3 D

\ 1972 ClARK D48.8
1973 ClARK 36.9 D
1974 ClARK 37.3 D
1975 CLARK 24.3 D
1976 ClARK 14.0 D
19n CLARK 12.8 D
1978 ClARK 7.0 D
1979 ClARK 6.0 D
1980 ClARK ..' 3.0 D
1981 ClARK 2.0 D ,-

1978 CUTLER 2.0 E
.. 1979 CUTLER. 2.0 E '.,' ~

1969 DARE 12.7 F
1970 DARE 10.6 F
1978 DARE 2.0 F

1978 ESSEX 2.0 G
1979 ESSEX 2.0 G
1980 ESSEX 3.0 6
1981 ESSEX 3.0 G
1976 FORREST 17.0 H
19n FORREST 12.8 H

1978 FORREST '12.0 H

1979 FORREST 15.0 H
1980 FORREST 10.0 H
1981 FORREST 11.0 H
1967 HILL 22.1 I
1968 HILL 10.6 I
1976 MACK 5.0 J
1978 MACK 5.0 J
1979 MACK 6.0 J
1980 MACK 4.0 J
1981 MACK 3.0 J
1976 MITCHELL 8.0 K
1978 MITCHELL 9.0 K
1979 MITCHELL 7.0 K





Figure A4.2
YEARLY SUI'I Of REPORTED VARIETY ADOPTIOUS-
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Figure AS.l
ADOPTIOU OF ttAJOR SOYBEAN VARIETIES IN OHIO
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Table A.5 62

SOYBEAN VARIETY ADOPTION DATA FOR OHIO
PERCENT OF PUNTED ACRES

YUR VARIETY PPUC ID

1979 AGRIPRO 8.4 A
1968. AI1S0Y 9.4 8
1969 AI1S0Y 17.4 8
1970 AMSOY 11.1 8
1973 AI1SQY 13.8 8
1975 AMSOY 10.9 8
1980 AMSOY 9.0 8
1971 BEESON 15.7 C
1972 BEESON 20.4 C
1980 BEESON 9.0 C
1974 CALlAM) 19.4 D
1976 CALLAtG 15.5 D
1978 CALLAtl) 19.6 D

'",,- 1979 CALlAM) 12.6 D
1980 CALLAND 13.5 D

-.:~ 1967 CURK 6.0 E
1967 HAROSOY 65.7 F
1968 HAROSOY 55.7 F
1969 HAROSOY 47.5 F
1970 HAROSOY 45.4 F
1971 HAROSOY 41.8 F

'. HAROSOY F1972 26.4
1973 HAROSOY 26.8 F
1974 HAROSOY 18.3 F

1975 HAROSOY 23.8 F
1977 HAROSOY 11.4 F
1967 WAYNE 6.7 G
1968 WA'(NE 18.9 G
1969 WAnil! 22.3 G
1970 WAn'E 26.9 G
1971 WAYNE 22.8 G
1972 WAYNE 22.0 6
1973 WAYNE 21.5 G
1974 WAYUE 18.7 G
1975 WAYUE 24.3 G
1976 WAYNE 9.5 G
1977 WAYNE 13.2 G
1978 WAn'E 10.7 G
1976 WIllIAMS 13.8 H
1977 WILLIAMS 25.0 H
1978 WILLIAMS 16.5 H
1979 WILLIAMS 28.2 H

1960 WILLIAMS 14.3 H



Figure AS.2
YEARLY SUi OF REPORTED VARIETY ADOPTION~

STATE=OHIO
PLOT OF TOPCT-YEAR SYMBOL USED IS •

100 t
I
I
I

90 t

I
I
I

80 t

I •
I
I

T 70 to I
T I
A I
L 60 t

I
P I
E I
R 50 t

C I
E I
u I
T 40 t

A I
G I
E I

30 t
I
I
I

20 t
I
I
I

10 t

I
I
I

o t----t--------t--------t--------t--------t--------t--------t--------t--------t--------t--------t--------t--------t--------t----1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1918 1979 1980

• •

-
• •

•

• • •

YEAR



TABLE B.l

STATE LEVEL

VA~IETY INDEX

----.----------.- STATE:ILLINOIS -----------------
YEAI TIEND INDEX TIINDEX GENTlES

lQ57 2& Q6.326 Q5.023 1.3026
lQ5& 2Q Q6.&2Q Q5.635 1.1Q3Q
lQ5Q 30 Q7.124 Q6.247 0.&,.72
lQ60 31 Q6.QQ6 Q6.&5Q 0.1375
lQ61 32 Q7.447 Q7.4,.0 -0.0232
1"J62 33 Q&.021 Q&.0&2 -0.0610
lQ63 34 Q&.331 Q8.6Q4 -0.362"
lQ64 3S Q'.US Q"J.30S -1.0504
1"J65 36 Q7.Q13 QQ.Q17 -2.0041
lQ66 37 Q8.102 100.52" -2.426&
1967 3& 99."14 101.141 -1.U65
196& 39 102.U& 101.,.52 0.535&
1"J6"J 40 102.836 102.364 0.4721
1"70 41 103.435 102.976 0.4593
1971 42 103.576 103.5&" -0.0114
1"72 43 103.738 104.1"" -0.4611
1"J73 44 104."25 104.811 0.1142
1"74 45 105.6&& 105.423 0.2655
1"75 46 10&.lU 106.034 2.0"&& .
1"76 4,. 106 •.•'1 106.646 -0.1749
1"77 4& 107.&9& 107.25& o •6404
1"7& 4" 107.72. 107.&69 -0.1413
1Q"Q 50 10".427 10&.4&1 0."45Q
lQ.O 51 10•• 013 10".093 -1.0"Q&

-------------.--- STATE:INOIANA ------------------
YEAI TIENO INDEX TIINOEX GENTlES

lQ67 3& 100.219 100.761 -0.5422
lQ6. 3" 101.9.& 101.510 0.47&5
1"J6Q 40 102.243 102.256 -0.014.
lQ70 41 102 ••U 103.006 -0.lQ50
19"1 42 103."82 103 •.,54 0.2277
lQ.,2 43 103.""0 104.503 -0.5326
lQ73 44 103 ••,.9 105.251 -1.3719
19,.4 45 106.3&5 105.9Q" 0.365Q
lQ"S 4. 10& ••15 106.747 2.06,.6
1976 4., 10&.529 10".4Q6 1.0333
lQ7., 46 107.3Q7 108.244 -0.&4,.0
197. 49 109.65& 10 •• Q92 0.665.
lQ.,9 SO 10Q.3"& 10Q.740 -0.3425
1"J&0 51 10Q.4"6 110. ".Q -1.012'

------------------- STATE:IOWA -------------------
YEAI TIENO INDEX TIINOEX GENTlES

lQ67 3& '18.061 102.107 -4.0462
196& 3Q 102.6'0 102.4,.0 0.2104
lQ6Q 40 104.373 102.832 1.5410
lQ70 41 104.:;0'14 103.1"J4 1.5Q'I"
1"J71 42 104.d6" 103.557 1.3103
1"72 43 104.'165 103.'n9 1.045Q
lQ,.3 44 104.Q,.4 104.282 0.6'125
1974 45 104.912 104.044 0.2681
19"5 46 105.02& 105.006 O. on.,
1976 4,. 104.042 10S.36"J -1.3267
19'., 4& lOS.U6 105.,.31 -0.6051
lQ7& 49 104.846 106.093 -1.24"5
lQ79 50 106.476 106 •••56 0.0201
19&0 51 10,..334 106.&1& 0.5157

65



66
T"'8L! 8.1. CONTINU!D

STAT! LEVEL

VARIETY INDEX

.---------------- ST"'TE:MISSOURI .----------------
YE"'R TRENO INDEX TRINOEX GENTRES

1."67 3a 1.01..422 "a.a7" 3.042"
1."6& 34 1.01..Za4 1.00.11.3 1.1.70"
1."6" 40 1.0Z.&6a 1.01..347 1.•.520&
1."70 41. 1.02.00& 1.02•.581 -0.5732
1."71. 42 1.00.741. 1.03.a1.5 -3.0742
1."7Z 43 1.00.000 10.5.04" -.5.044Z
1."73 44 1.04,'5.5 1.06.2&3 -1.02&2
1.""4 4.5 1.o'.ua 1.0".51." -1..2"43
1."".5 46 1.0a.230 1.0a.7.51 -0.521.3
1""6 4" U4.261 1.0"."a5 4.275"
1"77 loa U1 ••63 U1.21." 0.643"
1"". 44 U4.224 1.12.453 1..7706
1.474 50 U4 ••• 3 U3.6.7 1..1"56
14ao 51 U4.432 U4.421 0.0106
14a1 .52 114.670 U6.15.5 -1.4&54

------------------- ST.••TI:OHIO -------------------
YI .••• TRINO INOIX TUNOIX GENTRIS

1"67 3a "a.013 "7.60.5 0.4077
1.46a 34 "" .646 "a •.541 1.1052
1464 40 100.501 44.476 1. 024a
1."70 41. 1.00 •53. 1.00.412 0.1243·
1471 42 100.360 1.01.347 -0.".71
1."72 43 1.01.1.7" 102.2.3 -1.1036
1473 44 101.34. 103.21a -1.0701
1"74 45 104.227 104.154 0.0735

. '>1.475 46 1.01..5&0 1.0.5.0a4 -3.SC"l0
1.476 4" 10".3.5a 1.06.024 3.3336
1.4 7" loa 106.324 106.460 -0.635"
1""& 44 1.0".447 107 ••"5 1 ..551.7
1."7" SO lU.1.30 1.0a.•31 2.2""2
1.4aO 51 107.".U 10".766 -1. &143

REGION"'L LIVI!L

V.uUTY INOIX

VIAR TAINO INOIX TAINOIX GINTRES

1467 3a "".762 1.00.357 -0.54526
1."6. 34 101..&4& 1.01..1.35 0.76316
1"'4 40 102.735 101.."12 0.&22.57
1" 70 41 103.1"7 102.'''0 O.SO.,,&
1"71. 42 103.131. 1.03•.•6& -0.33600
1472 43 103.31.4 104.Z4.5 -0."31.1."
1"73 44 1.0".3U 105.023 -0.711.7.
1"74 45 105.S1S 105.&00 -0.20536
147S 46 106.510 106.57& -0.0674.5
1476 47 107.&2" :'07.356 0.47346
147" 4& 107.01. 10&.133 -0.51513
1"7& 4" 104.17" 10&.41.1 0.266Z"
147" SO 110.7&3 10".6&& 1.0"470
14&0 51 104.4&2 110.466 -0.4IU&"



APPENDIX C

Variety Index Trend Component
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TABU C.1

VARIETY INDEX TREND

COMPONENT ESTIMATION

STATh%LL%NOIS

MODl!l: MODl!lOl SSI! 24.419545 I' IIATIO 3&7.6&
DI'E U PIIOB>I' 0.0001

DI!P VAR: INDEX MSE 1.109979 11- SQUARE 0.9463

PARAMETEII STANDARD VAIIIABlE
VARIAIHI! 01' ESTIMATE ERIIOR T RATIO PIIOB>ITI lABEL

INTERCEPT 1 77.&95452 1.245&74 62.5227 0.0001
TReND 1 0.611712 0.03106& 19.6e97 0.0001



"lOUR! C.l

VARIeTY INoex 10) ANO VARIeTY INOIX

TReND COMPONeNT IT), 1.S1-1.ao
STATI=ILLINOJS
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TABU C.2

COMPONENT ESTIMATION

STATe=INDIANA

MOD!L : MODELOl sse 10.573~05 I' RATIO 11010.56
DI'E 12 PROB>' 0.0001

DEP VAR: INDEX I1SE 0.&&115~ R-SQUARE 0.~231o

PARAMETER STANDARD VAlttABLe
VARIABLE 01' ESTIMATE ERROR T RATIO PROB>I T I LABeL

INTERCEPT 1 "2.326&73 2.7&0&0& 26.0093 0.0001
TREND 1 0.710&273 0.062235 12.0233 0.0001

:

.....•
o
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flOUR! C.2

VAIlIETY INDEX COI AND VAIlIETY INDEX

TIlEND COMPONENT CT), 1"67-1"80

STATE=INDIANA
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TA8Ll! C.3

VARIETY INDEX TREND

COMPONENT ESTIMATION

STATE:IOWA

MOOEL: MOOELOl SSE 2&.660&4& I' RATIO 12.51

OfE 12 PR08>1' 0.0041

OEP VAR: INOEX MSl! 2.3&&404 R-SGlUARE 0.5104

PARAMETER STANOARO
VARIA8LE

VAIHA8L! 01' ESTIMATE ERROR T RATIO PR08> ITl LA8EL

INTERCEPT 1 &&.336305 4.57&233 1~.2~4& 0.0001

TRENO 1 0.3623~1 0.102462 3.536& 0.0041

.....•
N
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!'IGUR! C.3

VARIETY INDEX (01 AND VARIETY INDEX

TUND COMPONENT CTl, 196'·1960
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TABLE C.4

VARIETY INDEX TREND

CDMPONENT ESTIMATION

STATE=MISSOURI

MODEL: MODH 01 SSI! '1&.29507'1 " RATIO 70.&0
D"I! 13 PRoa>" 0.0001

DEP VAR: INDEX MSE 6.02269& R-SQUARI! 0.&449

PARAMI!TER STANDARD VARIABU
V.•••IIIAIHE D" ESTIM .•••TI! I!RROR T RATIO PRoa>ITI L.•••aEL

INTERCI!PT 1 51.9&6302 6.630123 7.&409 0.0001
TREND 1 1. 234021 0.146662 &.4141 0.0001



P'IGUR! C. 4

VARIETY INDEX (0) AND VARIETY INDEX

TREND COMPONENT (T I. U67-1981

STAThMXSSOUn
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TAaLI C.5

VARIITY INDIX TRIND

CDMPONINT ISTIMATION

STATI!:OHIO

MOD I!L: MODI!LOl SSI! 42 •~.3665 , RATIO 55 ••0

0'1 12 PROa~' 0.0001

DIP VAR: INDEX MSI 3.5&0305 R-SQUARI 0.eU5

PARAMI!TER STANDARD
VARIAaLI!

VARIABLI! D' ESTIMATI I!RROR T RATIO PRoa~ITI LAaI!L.

INTERCEPT 1 .2. 057~43 5 ••053 •• 11.0712 0.0001

TIlINO 1 0.~35457 o . 125450 7.45.e 0.0001
..:
~



I'IGURI!C.5

VARII!TY INOI!X (0) AND VARII!TY INOI!X

TIIENO COMPONI!NT (T), 1967'1geO

STATI!:OHIO
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TA8U! C.o

REGIONAL VARIETY INDEX

TRENO COMPONENT ESTIMATION

MODEL: MODELOl sS! S •••360••33 I' RATIO 303.03

DI'E 12 PR08>1' 0.0001

DEP VAR: INDEX MSI 0.4S3030 R-SQUARE 0.~6020

PARAMETER STANDARD
VARIA8L1

VARIA8LE 01' ESTIMATE ERROR T RATIO ,R08>ITI LA8eL

nnUCEPT 1 ?o.eonse 1.~~3~32 3S.UU 0.0001

TREND 1 O.???Se? 0.04402S 17.42S0 "0.0001
~

.....•
00



fIGURE C.6

REGION LEVEL VARIETY INDEX (GI AND VARIETY

INDEX TREND COMPONENT (TI, 1.67-19ao
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Restricted and Unrestricted
Soybean Yield Models
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Table Dl.l

STATE LEVEL SOYBEAN YIElD MODEL

STATE=ILLINOIS

1100El : t100ElO 1 SSE 151.455485 F RATIO 63.07
DFE 42 PROB>F 0.0001

OEP VAR: snD t15E 3.606083 R-SQUARE 0.9232
eUSIIELS PER ACRE

PARAMETER STAtlDARD VARIABLE
VARIABLE OF ESTIIiA TE ERROR T RATIO PROB>'TI LABEL

IUTERCEPT 1 -22.870880 3.493820 -6.5461 0.0001
TRIt:DEX 1 0.519870 0.036635 14.1905 0.0001 PREDICTED
GEtHRES 1 0.291958 0.443582 0.6562 0.5140 RESIDUAlS
DtlPRSP 1 -0.010397 0.061227 -0.1698 0.8660 MEAtl OF DHPRSP
DtlPJl Y 1 1.143044 0.222737 5.1318 0.0001 tlEAti OF DtlPJL Y
DtlPAUG 1 0.861924 0.231308 3.7263 0.0006 tlEAN OF DNPAUG
DtlTJUU 1 0.033502 0.115739 0.2895 0.7736 tiE AN OF DtlT JUN
DIITJlY 1 -0.101861 0.138201 -0.7371 0.4652 tlEAN OF DNT JLY
OtiTAUG 1 -0.103357 0.142973 -0.1229 0.4137 tiE AN OF DNT AUG

~ r " •

00•....



Table 1.:L

IllIt~IS STATE LEVEL RESTRICTED ESTIMATES Of
GENETIC TREND Atm GENETIC RESIDUAL COEffICIENTS

tlOOEL: MODELOI SSE 88.331893 f RATIO 72.39
ofE 22 fROB>F 0.0001

DEP VAR: SYLD MSE 4.015086 R-SQUARE 0.7669
MEAN OF SYLD

PARAMETER STAtmARD VARIABLE
VARIABLE Of ESTIUATE ERROR T RATIO PROB>ITI LABEL

INTERCEPT 1 -22.870900 1. 1943lt£-07 -99999.0000 0.0001
TRItIlEX 1 0.519663 0.004004246 129.7180 0.0001 GEHETIC TREND
GENTRES 1 0.291978 0.1t05474 0.7201 0.4791 GENETIC RESIDUAL
DUPRSP 1 -0.010400 1.23%35£-09 -99999.0COO 0.0001 MfAtI OF DtlPRSP
DtlPJLV 1 1.11t3000 1.86615£-09 99999.0000 0.0001 MEAti OF DNPJLY
OtlPAUG 1 0.861900 3.23227£-09 99999.0000 0.0001 MEAN Of DtiPAUG
DtlTJUN 1 0.033500 2.63914E-09 99999.0000 0.0001 HEAtl Of DNT JUH
OUTJLY 1 -0.101900 0 tlEAH Of DNTJlY
DtITAUG 1 -0.103360 0 MEAtt OF OHTAUG

RESTRICTION -1 -0.758822 o .1t06940 -1.8647 0.0756
RESTRICTION -·1 -44.916385 1t7.284290 -0.9(.99 0.3525
RESrRICTIOtl -1 -4.588062 13.470769 -0.3406 0.7366
RESTRICT loti -1 2.753918 13.240522 0.2080 0.8371
RESTRICTIOlI -I 32 .013064 18.312t44 1.],;81 0.09-i4
RESTRICTIOII -1 -2.307491t 17.160705 -0.13:.5 0.8943
RESTRICTIOtt -1 -5.651866 17.094578 -0.3306 0.71t41

00
N



Table D2.l

STATE LEVEL SOYBEAN YIELD HODEL
STATE =tHDtAHA

MODEL: MOOELOI
OEP VAR: SYLO

BUSIlElS PER ACRE

SSE 151.506571
OFE 37
MSE 4.094772

FoRATIO
PROB>F
R-SQUARE

50;63
0.0001
0.9163

PARAMETER STANDARD VARIABLEVARIABLE OF ESTII1ATE ERROR T RATIO PRoa>ITI LABEL
INTERCEPT 1 -26.513651 3.809214 -6.9604 0.0001TRI/lDEX 1 0.549835 0.040165 13.6894 0.0001 PREDICTEDGEIlTRES 1 0.571594 0.654070 0.8739 0.3676 RESIDUALSDUPRSP 1 0.068504 0.069974 0.9790 0.3339 MEAU OF DNPRSPDIIPJLY 1 0.916656 0.240013 3.8192 0.0005 tlEAU OF OtlPJLYDI1PAUG 1 0.449696 0.314387 1.4304 0.1610 MEAU OF OUPAUGDIITJUU 1 0.025774 0.135125 0.1907 0.8498 MEAN OF OIiTJlI~DIU JLY 1 0.112016 0.181155 0.6184 0.5401 ttfAN OF DtlTJLYDin AUG 1 -0.075252 0.158732 -0.4741 0.6382 MEAU OF DNTAUG

: . (~

i .• ~', i. ~ ;.' I .; I

! ~. ; I'~l ~j

00w



Table D2.2

INDIANA STATE LEVEL RESTRICTED ESTIMATES Of
GENETIC TREND AtG GENETIC RESIDUAL COEffICIENTS

t1ODEL: t1ODELOl SSE 68.957797 f RATIO 19.86
OFE 12 PROB>F 0.0008

OEP VAR: SYLO MS£ 5.7lt6lt83 R-SQUARE 0.6234
tIEAt~OF suo

PARAMETER STAtlDARD VARIABLE
VARIABLE OF ESTIHATE ERROR T RATIO PROS>'T' LA8EL

ItUERCEPT 1 -26.513700 2.85766E-07 -99999.0000 O.OOCH
TRIIIOEX 1 0.5505ltO 0.006063083 90.8019 0.0001 GEU£TIC TR£HD
G£tURfS 1 0.571601 0.717182 o •7754 0.4531 GEUETIC RESIDUAL
Dtlf'RSP 1 0.066500 2.23255£-09 99999.0000 0.0001 MfAN OF DNPRSP
DHPJLY 1 0.916660 3.86689£-09 99999.0000 0.0001 M£Alf OF DHPJU
DtlPAUG 1 0.449700 5.46861£-09 99999.0000 0.0001 HfAH Of DHPAUG
DHlJUU 1 0.025770 3.15730£-09 99999.0000 0.0001 HfAN Of DillJUH
DHlJLY 1 0.112020 6.31461E-09 99999.0000 0.0001 ttENf OF ONl JlY
DUTAUG 1 -0.075250 0 IIEAU OF DtlTAUG

RESTRICTION -1 -0.019509 0.256048 -0.0762 0.9405
RESTRICTION -1 -60.233920 34. 136505 -1. 7645 0.1031
RESTRICTION -1 11.62549& 12.944461 0.8961 0.3868
RESTRICTION -1 -0.950690 14.197033 -0.0670 0.9477
~ESTRICT10U -1 16.191999 18.366306 0.e807 0.3958
RESTRICTIOn -1 12.221181 14.567332 0.63S9 0.4179
RESTRICTIOn -1 9.960248 16.991685 0.5674 0.5678



Table D3.l

STATE LEVEL SOYBEAN YIELD HODEL
STATE=IOWA

HODEL : tIODELOI SSE 107.106216 F RAno 25.47
DFE 24 PRDB>f 0.0001

DEP VAR: SHD USE 4.462759 R-SQUARE 0.8946
BUSIIELS PER ACRE

PARAI1ETER STAtlJARD VARIABLE
VARIABLE OF ESTlI1ATE ERROR T RATIO PR08>ITI ' LABEL

INTERCEPT 1 -116.765550 11.422974 -10.2220 0.0001
TRIUDEX 1 1.437019 0.112208 12.6068 0.0001 PREDICTED
GEUTRES 1 0.352123 0.469449 0.7501 0.4605 RESIDUALS
DIlI'RSP 1 0.033083 0.106784 0.3098 0.7594 HEAN OF DNPRSP
DIlPJLY 1 0.691719 0.313706 2.2050 0.0373 I1EAN OF DIlPJLY
DIlPAUG 1 0.431717 0.232023 1.8607 0.0751 HEAN OF DIlPAUG
DIlTJUN 1 0.285984 0.166554 1.7171 0.0988 HEAH OF DIlTJUH
DIlTJLY 1 -0.039212 0.180191 -0.2176 0.8296 HEAN OF OUTJLY
DInAUG 1 0.018578 0.195440 0.0951 0.9251 HEAti OF OtlTAUG

.0' ',J
"-Ii> \

i" .'\ .•(l

:.'~.:.

00
VI



Table D3.2
IOWA STATE lEVEL RESTRICTED ESTI~TES Of

GENETIC TREtm AND GENETIC RESIDUAL COEffICIENTS

HOD EL : HODELOI SSE 31.642612 F RATIO 43.18
OfE . 12 PR08>F 0.0001

DEP VAR: sno MSE 2.636886 R-SQUARE 0.7625
tlEAtJOF sno

PARAMETER STANDARD VARIABLE
VARIABLE OF ESTIIIATf ERROR T RATIO PROB>ITI LABEL

ItITfRCEPT 1 -116.765600 3.87156E-07 -99999.0000 0.0001
TRIllDEX 1 1.437622 0.00415411 346.0723 0.0001 GEHfTlC TREND
GENTRES 1 0.352121 0.303344 1.1608 0.2683 GEtlETIC RESIDUAL
DIlPRSP 1 0.033080 0 HfAli OF DtlPRSP
DUPJLY 1 0.691720 4.27751E-09 99999.0000 0.0001 tiEAN OF DNP JLV
DIIPAUG 1 0.431720 2.61943E-09 99999.0000 0.0001 tlEAH Of DUPAUG
Dm Jut, 1 0.285980 1.51211£-09 999<i9.0000 0.0001 HfAH OF DillJut.
Din JLY 1 -0.039210 1.51233E-09 -99999.0000 0.0001 MEAN OF DNTJLY
OIlUUG I 0.0185&0 3.02465E-09 99999.0000 0.0001 HEAH OF DNTAUG

RESTRICTION -I 0.071469 0.084960 0.6412 0.4167
RESTRICTION -1 -26.771866 26.304437 -1.0176 0.3289
RES1RICTIOU -1 8.542307 9.079401 0.9 .•08 0.3653
RfS1RICTIOU -1 -3.&97142 12.544466 -0.3107 0.7614
RESTRICTION -I 1.',55029 13.666459 0.10t,5 0.9170
RES1RICTION -1 -24.3nno 12.623951 -1.9307 0.0775
RES1RICTION -1 18.593239 9.107328 2.0416 0.0638



Table 04.1
STATE LEVEL SOYBEAN YIELD MODEL

STATE=MISSOURI

MODEL: MOOELOI
OEP VAR: SYLD

BUSUElS PER ACRE

SSE
DFE
tlSE

96 .629591
24

4.026233
F RATIO
PROB>F
R-SQUARE

',) ';!

16."0
0.0001
0.8454

PARAtlETER STAllDARO VARIABLEVARIABLE OF ESTIMATE ERROR T RATIO PROB>ITI LABEL
ItITERCEPT 1 -2.149262 2.983354 -0.7204 o ,It782TR IllDEX 1 0.263353 0.030782 8.5555 0.0001 PREDICTEDGENTRES 1 -0.066765 0.244960 -0.3542 0.7263 RESIDUALSDHPRSP 1 0.070062 0.072341 0.9685 0.3425 MEAN OF DNPRSPDHPJLY 1 1 .196289 0.249284 4.8069 ·0.0001 tt£AU OF DIlPJUDtIPAUG 1 1.173044 0.331400 3.5548 0.0016 MUU OF DtiPAUGDtlTJUH 1 0.123449 0.162526 0.759b 0.4549 tIEAN,OF OUT JUHDUTJlY 1 -0.415758 0.185254 -2.24'.3 0.0343 IJIEANcOf OUTJUDHTAUG 1 0.064372 0.217953 0.2953 0.7703 MEAn OF DtiTAUG

I.:J; G: ? ~'~,J,\.
I U '1('(1$

; j. ..., "'.\

00.....•



Table D4.2
MISSOURI STATE LEVEL RESTRICTED ESTIMATES Of

GEHETIC TREtm AtO GEHETIC RESIDUAL COEffICIENTS

MODEL: MOOELOI SSE 60.627050 f RATIO 25.97
DfE 11 PROB>f 0.0002

OEP VAR: sno MSE 4.663619 R-SQUARE • 0.6664
MEAn OF snD

PARAMETER STANDARD VARIABLE
VARIABLE OF ESTItlATE ERROR T RATIO PR08>ITI LABEL
IUTERCEPT 1 -2.149260 1.28719E-07 -99999.0000 0.0001
TRItmEX 1 0.262635 0.0051796~ 50.7047 0.0001 GENETIC TREtG
GEtnRES 1 -0.066764 0.244055 -0.3555. 0.7279 GENfTIC RESIDUAL
OtlPRSP 1 0.070060 1.23162£-09 99999.0000 0.0001 MEAt. Of DNPRSP
DHPJLY 1 1.198300 5.68862E-09 99999.0000 0.0001 MEAN Of DHPJLY
OtlPAUG 1 1.116040 It.92649E-09 99999.0000 0.0001 MEAN Of DHPAUG
DtlTJUti 1 0.123450 2.01123E-09 99999.0000 0.0001 MfAN Of Dtn JUi
DHTJlY 1 -0.4157bO 2.01123E-09 -99999.0000 0.0001 MEAN Of OHTJLY
Dtll AUG 1 0.064370 0 HE AN Of DNT AUG
RESTRICTION ,:,1 0.270469 0.414238 0.6529 0.5252
RESTRICTION -1 -47.790Z94 50.211155 -0.9507 0.3591
RESTRICTION -1 1.457066 IIt.662307 0.0994 0.9224
RESTRICTIOII -1 4.457216 11.620669 0.3636 O. 7075
RESTRICTIOn -1 24.861070 14.167553 1.7537 0.1030
RESTRICTIOII -1 -3.463061t 19.481723 -0. 1778 o .8617
RESTRICTIOU -1 17.420421 16.553453 1.0524 l 0.3118



Table D5.l
STATE LEVEL SOYBEAN YIELD ~EL

STATf::OHIO
; )

HODEl: HODElOI
DEP VAR: SYLD

BUSIIELS PER ACRE

SSE
DFE
HSE

97.545128
23

4.241093

F RAno
PR06>F,
R-SQUARE

t_J

, 15.17
0.0001
0.8468

PARAtlETER STANDARD ". ~-., VARIABLE; ,~.
VARIABLE DF ESTIH'"TE ERROR T RATIO PR06> IT I ':LABEL

,0., '

IHTERCEPT 1 -8.063190 4.682319 -1.7221 0.0985
TRItIDEX 1 0.362951 0.049066 7.3971 0.0001 PREDICTED
GEUTRES 1 0.626833 0.341316 1.8424 .0.0783 RESIDUALS
DIIPRSP 1 -0.094345 0.102730 -0.9184 .0.3679 nEAlI OF DtlPRSP
DtlPJLY 1 0.986670 0.342660 2.8793 0.0085 HEAN Of DHPJLY
DllPAUG 1 1.007590 0.343331 2.9347 0.0075 HEAN OF DtlPAUG
DtlTJUN 1 0.135208 0.184298 0.7336 o . 4706 HEAN OF Din JUN
DtlTJLY 1 -0.00415633 0.253565 -0.0164 0.9871 HE AN ,Of DtlTJlY
DIITAUG 1 0.365765 0.235842 1.5509 o . 1346 HEAN Of DUTAUG

'. .~\



Table 05.2
OHIO STATE LEVEL RESTRICTED ESTIMATES Of

GENETIC TREND·Atm GENETIC RESIDUAL COEFfICIENTS
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