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ABSTRACT

This study examines the operational practicality of using a destructive
counting procedure to obtain plant component counts for the soybean
objective yield survey. The current procedure uses a nondestructive
procedure to obtain these counts. The results presented here are based
on the data collected in Illinois in 1978 and 1979, Arkansas in 1979,
and Ohio in 1979. Comparisons of the plant component counts obtained
from the two methods are made. The forecasting abilities of the two
methods are also compared.
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SUMMARY

This study examines the operational practicality of using a destructive
counting procedure to obtain plant component counts for the soybean
objective yield survey. The current procedure uses a nondestructive
procedure to obtain these counts. The results presented here are based
on the data collected in Illinois in 1978 and 1979, Arkansas in 1979,
and Ohio in 1979.

Comparisons of the plant component counts obtained from the two methods
indicate the nondestructive counts are lower than the destructive counts
in Illinois for the mature samples. In Arkansas, the nondestructive
counts are lower than the destructive counts throughout the season.
There is no significant difference between the methods based on the
counts in Ohio.

The forecasting abilities of the two methods are also compared. Early
in the season, forecasting models which use the destructive counts
perform as well as the current nondestructive models. However, later
in the season the destructive forecast models do not perform at an
acceptable level.
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Soybean Objective Yield Destructive
Counting Study

Dwaine C. Ne~on

INTRODUCTION

A soybean objective yield destructive counting study was conducted by the
Statistics Unit of the United States Department of Agriculture (USDA)
Economics and Statistics Service (ESS). The study was conducted in con-
junction with the 1978 soybean objective yield survey in Illinois and
with the 1979 survey in Illinois, Arkansas and Ohio.

Illinois was selected as a test site in 1978. The states involved in
the 1979 study were selected to give a cross-sectional view of such
variables as soybean varieties and planting techniques. Arkansas pro-
vided samples of viny, southern determinate varieties, while Ohio pro-
vided samples with narrow row spacing; Illinois was a repeat from a
1978 study.

The expected advantage of the destructive counting procedure was the
reduction of data collection difficulties and nonsampling errors. Under
the destructive procedure, plants are removed from the field in order to
count plant components. This method requires that a different set of
plants be observed each month. The destructive counting procedure should
reduce data collection difficulties encountered by enumerators in the
field due to heavy vegetation and unfavorable field and weather conditions.
In addition, nonsampling errors from two sources should be reduced.
Counting plant components early in the season using the current objective
yield (or nondestructive) procedures is a difficult task which may result
in counting errors or incorrect identification of some plant components.
With the destructive procedures, plants can be inspected more closely
for more accurate counts, thus reducing counting errors. In addition,
the effect of handling the plants monthly is eliminated with the destruc-
tive counting procedure. Repeated handling of plants, as is done in the
current objective yield procedure, may cause the plant productivity of
the sampled plants to no longer be representative of the productivity of
the nonsampled plants. The change in productivity may be due to the
direct effect of handling the sampled plants or damage to the surrounding
competition.

The objective of the study was to examine the operational practicality of
the destructive counting procedures. This examination included:

1. Evaluation of the efficiency and quality control effects of
the study.
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2. Comparison of the counts obtained during the destructive counting
procedure '.viththose obtained using the objective yield counting
procedure.

3. Evaluation of the forecasting models using the destructive
counting procedure data.

Data Collection

In 1978, one destructive plot per sample was located on each monthly visit.
During each monthly visit in 1979, counts were obtained in two destructive
plots per sample. Destructive plots were randomly located each month near
the objective yield plots.

Each destructive plot was the same size as the objective yield detailed
count section -- six inches by two rows (6-inch section). See Appendix I
for a description of the soybean objective yield survey procedure. Plants
from the destructive plots were removed from the field in plastic bags.
Counting tasks were completed at the field entrance or at a convenient,
nearby location. The same plant components were counted on plants in the
destructive plots as in the objective yield plots. For further informa-
tion on procedures, refer to the enumerator manuals for the objective
yield survey and this study.

Evaluation of the Efficiency and Quality Control Effects

A numerical analysis of the operational efficiency or the data collection
advantages of the destructive counting procedure was not possible. How-
ever, it is reasonable that the enumerators would be capable judges of
the operational advantages of either procedure.

Enumerators were asked to evaluate the destructive counting procedure.
See Appendix II for a complete summary of the evaluations. Enumerators
strongly favored the destructive counting procedure. They had greater
confidence in the accuracy of the counts and felt the counts were easier
to complete. Enumerators reported no strong resistance from the farm
operators to the removal of plants and did not expect an increase in
the refusal rate. The major concern was the amount of material and
equipment to be carried to and from the field. Four plant bags per unit
or a total of eight bags per sample were required. Quality control on
the detailed attribute counts for the destructive counting procedures
would require the supervisory enumerator to accompany the enumerator
to the field. Quality control on unit location, field location and
field procedures could be completed by the supervisory enumerator without
the enumerator present.

The destructive counting procedures required 15 to 30 minutes less time
to complete than the nondestructive procedure. However, since the
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destructive counting procedure requires the location of an additional 6-inch
section each month. minimal cost savings would be expected.

Comparison of Counts

A multiple paired t-test. also referred to as the Bonferroni method. was
used to examine the data for consistent differences between counts obtained
using the objective yield procedures and the counts using the destructive
counting procedure. The multiple paired t-test was used because of the
high correlations among the variables being tested. and because the
interest was in making comparisons involving the mean of each variable.
This test takes into account the fact that several tests are made concur-
rently. and that high correlations among variables affect the probability
of obtaining significant results once one of the comparisons is found to
be significant. It does not require that an overall multivariate test
be performed. Because the data are paired. this test procedure results in
a more powerful test of the mean differences.

The null hypothesis is H :
is: 0

D = " versus H :
a D i' 0. The test statistic

where

t (D - U )/S- where DD D

UD = 0 under the null hypothesis.
D.

].
difference between the destructive and objective yield counts
for the ith plot.

n = number of paired plots.
t is distributed t (1 - a/2k. n-k).
k number of comparisons being performed each month.

If I S~ I > t(1-oJ2k.n-k) then the null hypothesis that the difference in counts
D

for that variable is equal to zero is rejected. The multivariate hypothe-
sis that the two counting procedures produce the same counts over all
variables is rejected with a significance level less than or equal to a
if at least one of the k individual comparisons is rejected. Consult the
text. Multivariate Analysis with Applications in Education and Psychology.
by Neil H. Timm (Brooks/Cole Publishing Co .• 1975) for more information on
this test.

A discussion of the results of these tests by state and year follows.
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Illinois - 1978

The paired per plant count means for the two procedures, means of the
differences, and observed multiple t-values are presented in Table 1 for
August through November and for all mature samples. No significant
differences were observed in the August 1 or September 1 surveys. In the
October 1 survey, the destructive counts exceeded the objective yield
counts by significant amounts (a = .05) for. two variables, the number of
pods on the mainstem and number of pods with beans per plant. For the
November 1 survey, the destructive count of number of pods with beans per
plant exceeded the objective yield count, but not significantly. However,
only 44 units were observed in November since most units had previously
been harvested. The destructive counts of number of pods with beans for
all mature samples was significantly greater (a = .01) than the objective
yield counts.

While there were no significant differences between the number of plants
per plot for any of the monthly visits, it should be noted that the
differences in plant population may be affecting the significance levels
at which the other plant count differences are observed. This is due to a
negative correlation between the per plant counts and plant population.
For the August 1 and September I surveys, the mean number of plants in the
destructive plots exceeded the objective yield mean. This positive
difference in number of plants may be introducing a negative affect on
the per plant differences. This would reduce any positive per plant count
differences and could cause a difference to be incorrectly bypassed as
not significant for a fixed a. Conversely, for the October 1 and
November 1 surveys, the number of plants in the destructive plots was
less than the objective yield plots. The negative difference in number
of plants could be artificially increasing positive differences in per
plant counts and creating significance for a fixed a where it does not
exist. This may be a problem for those differences that are very close
to the selected level of significance, such as the number of pods with
beans in October which was barely significant at a = .05.

Illinois - 1979

The per plant count means for the two procedures, means of the differences,
and observed multiple t-values are presented in Table 2 for August through
November and for all mature samples. No significant differences were
observed in the August 1, September 1 or November 1 surveys. In the
October 1 survey, the destructive counts exceeded the objective yield
counts by a significant amount for two variables, the number of mainstem
nodes with pods per plant and the number of pods with beans per plant. The
destructive counts of number of pods on the mainstem per plant and number
of pods with beans per plant exceeded the objective yield counts by signi-
ficant amounts for the mature samples. In both cases, the significance
level for the differences in number of pods with beans per plant variable
is at an a = .01 level.
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There were no significant differences encountered in number of plants in
any of the monthly visits, but significance levels for the differences in
per plant counts may be affected. The only result that may be affected
by this problem is the October 1 test of number of pods on the mainstem
per plant. This difference was not declared significant at the a = .05
level, but it may in reality be significant at this level.

Ohio - 1979

The per plant count means for the two procedures, means
and observed multiple t-values are presented in Table 3
through November 1 surveys and for all mature samples.
differences were observed during the year.

of differences,
for the August I
No significant

Approximately 20 percent of the samples analyzed in Ohio had a 7-inch
row width. It was expected that the samples with narrow row width would
exhibit a greater handling effect than was observed in the samples with
wider row spacings. P~r plant count analysis to examine differences in
counting methods was performed using only the narrow row samples. No
significant differences were observed and the data have not been presented.

There were no significant differences encountered in number of plants in
any of the monthly visits. Wnile significance levels for the per plant
tests may be affected, this problem would not affect the results in Ohio.

Arkansas - 1979

The per plant count means for the two procedures, means of the differences.
and observed multiple t-values are presented in Table 4 for the September 1
through November I surveys and for all mature samples. Significant
differences were observed from the onset through the end of the season;
virtually all of the destructive procedure counts exceeded the objective
yield procedure counts. In the September 1 survey, three of the nine
variables showed a significant difference. In the October I survey. five
of the six variables showed a significant difference. The difference in
the number of lateral branches was not significant. but the differences of
the two variables on the lateral branches. number of nodes with pods and
number of pods. were significant. Since Arkansas soybeans are viny. these
results may indicate an undercounting of plant parts because of the diffi-
culty in identifying plant parts while in the field when vegetation is
heavy. The data presented for November 1 and for all mature samples are
almost identical because only two samples were mature at the October 1
survey. During the November I survey, when the samples were mature. the
only significant differences were in the number of mainstem nodes with pods
and the number of pods on mainstem.

There were no significant differences encountered in number of plants in
any of the monthly visits. However, because differences in plant popula-
tion may still affect the significance levels of the per plant tests. two
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results may be affected. In the September 1 survey, the difference in number
of mainstem nodes with fruit was not declared significant at the a=.05 level when
the difference may be significant. In October, the difference in number of
pods on the mainstem was declared significant at the a = .05 level when it
may not be significant at this level.

FORECASTING ABILITY

One of the major objectives of the Soybean Objective Yield Survey is to
provide early-season forecasts of soybean yield. The forecasts are based
upon the relationship between early-season plant components and end-of-
season yield. The current objective yield program uses a stepwise regres-
sion procedure to derive the "best" forecasting models for number of pods
with beans per plant and number of plants per l8-square feet by maturity
category. Data from the previous three seasons are used in deriving the
models.

The models for forecasting number of plants per 18-square feet include
the plant count from both the 6-inch and 3-foot sections. These models
are not presented, since analysis indicates that use of the plant count
from the 6-inch destructive plot or the objective yield plot has very
little impact on the forecast of plants per 18-square feet.

The independent variables considered for models to forecast number of
pods with beans per plant are listed in Appendix III. Except for the
variable, plants per 18-square feet (which includes the plant count from
both the 6-inch and 3-foot sections), the independent variables are from
the 6-inch section. The current objective yield program uses the number
of pods with beans per plant at maturity in the 6-inch section as the
dependent variable. An advantage of the dependent variable from the
6-inch section is that relatively strong relationships can be developed
for forecasting purposes since the same plants are counted throughout
the season. A disadvantage is that if the number of pods with beans has
been reduced due to plant handling, both the early-season forecasts,
which use historic models, and the end-of-season estimates will tend to
be biased downward. With the destructive procedure no opportunity exists
to use a dependent variable from the same plants counted early in the
season. The logical source of the dependent variable, number of pods
with beans per plant, is the 3-foot section counts.

Four sets of regression models were developed to compare the forecasting
capabilities of the two procedures:

1. ~bdel 1: Destructive early-season counts regressed
on the dependent variable from the 3-foot section.

6



2. Model 2: Objective yield early-season counts regressed on
the dependent variable from the 3-foot section.

3 •. Model 3: Objective yield early-season counts regressed on
the dependent variable from the 6-inch section.

4. Model 4: Counts from the paired research and objective
yield 6-inch units combined and regressed on the depen-
dent variable from the 3-foot section.

The models are presented in Appendix V.

Objective yield procedures were followed in developing the models. Both
the destructive and objective yield units were stratified by maturity
category. Stratification by maturity categories is based upon two
factors -- the enumerator's observed maturity stage and the relationship
between plant components. Maturity categories and stages are defined in
Appendix IV.

One method for comparison of the forecasting ability of models is the R2
value obtained from the models. The R2 values and number of observations
from the four models for each survey are presented in Tables 5 through 8
by month and maturity category. Table 9 presents the R2 values and
number of observations from the four models obtained when the Illinois
data sets for the two years are combined.

When using the dependent variable from the 3-foot section, the destruc-
tive and the objective yield models produced a similar level of R2 values
across all maturity categories. These results may indicate that the
destructive procedures do not produce sufficiently different counts to
improve the relationship to productivity in the 3-foot section. However,
it may also be that the relatively low relationship in per plant pro-
ductivity between the 6-inch and 3-foot sections has resulted in an
insensitivity to the differences in counts. This model comparison is not
critical and was done primarily to evaluate differences in the data.

A more important comparison is the forecasting ability of the destructive
models using a dependent variable from the 3-foot section and the objec-
tive yield models using a dependent variable from the 6-inch section
(Model 1 vs. Model 3). The use of the 6-inch dependent variable corre-
sponds to the current procedure, except that the data come from at most
~NO seasons instead of three seasons. If the destructive procedure is
to be operationally feasible, the forecast models must give a similar
level of accuracy as models obtained with the objective yield procedure.

For the lower maturity categories (1 through 4) the destructive models
are at least as good as the objective yield models. However, in the
higher maturity categories, R2 values from the destructive models are
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below those observed from the objective yield models. The data for higher
maturity categories contained significant within-row variation which was
not expected when the study was designed. Since this variability does
exist, the advantage of observing the same plants throughout the season 2
becomes much more important. It is, therefore, not surprising that the R
values for the destructive models differ from the R2 values for the objec-
tive yield models.

Nodel 4 used independent variables aggregated from both the destructive
and objective yield data. The data then are from two feet of row rather
than one foot. It was hoped that an increased sampling of plants for
the early-season counts would improve the relationship with the 3-foot
dependent va2iable by reducing the variability of the independent varia-
bles. The R values do not show a significant improvement when using this
procedure. Thus, sampling more plants did not improve the forecasting
ability of the destructive models.

It could be suggested that despite the lower R2 values when regressing on
the 3-foot dependent variable, all of the models may produce similar
forecasted values if used on a new set of data. A rebuttal to this sug-
gestion is possible when the Ilbest" set of independent variables in the
models are compared (see Appendix V). Plant population is by far the
most dominating variable in the destructive models. The objective yield
models with the 6-inch dependent variable contain more of the plant compo-
nent variables. The models containing plant component variables could be
expected to be more sensitive to late-season changes in yield potential
than would the models based primarily on plant population.

CONCLUSIONS

The destructive counting procedure is operationally efficient. The
enumerators are able to collect the data, and quality control procedures
are available.

Comparisons have shown the objective yield counts to be lower than the
destructive counts for Illinois in the mature samples and for Arkansas
throughout tne season. No significant differences in counts were found
in Ohio. No definite statements which explain the results in each state
can be rr~de since the study was not designed to identify the possible
sources of nonsampling errors. The large difference in October for
Arkansas may support the assumption that using the objective yield proce-
dure causes an incorrect identification and undercounting of plant compo-
nents when vegetation is heavy. The Illinois data may support the
assumption of reduction in plant component parts due to handling. The Ohio
data may support the assumption that the handling affect is compensated
by the destruction of the surrounding competition.

Regardless of the differences in counts obtained by the two procedures,
the real question is, "Can the destructive procedure forecast the crop
at least as well as the current objective yield procedure?" Early in
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the season, the destructive procedure does forecast the crop as well as
the current objective yield procedure. As the season progresses, however,
the destructive procedure does not appear to forecast the crop at a level
acceptable to the standards of the Statistics Unit of ESS/USDA.

Data collection using the destructive procedure is being completed in
Illinois during the 1980 season. Unless methods of improving the fore-
casting performance of the destructive procedure are developed, the study
should be terminated and the objective yield procedures not changed.
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Table 1: Paired COllpariBon of Deatructive and Objective Yield Count., l11inoi., 1978

= HATUIlE SA>lPL ES
Mean Yalu~

Varhb1e Destruc- (l)jecti ve Moan

t1ve Yield D1 fference

Lateral branches per plant 1.84 1.67 0.17

Lateral branch nodes with pods:
per plant ............ ······· : 6.37 5.51 .86

Pod. on laural branches per :
plant ............. ·········· : 10.53 9.05 1.48

•• ins tea nodes with pods per
plant ................... , ... : 10.84 <) .87 .97

Pods on aainste. per plant .... : 28.87 25.39 3.48

Pods wi th beans per plant. .... : 36.82 31.89 4.93

Pluts ...................... 5.35 5.62 - .27

~De8tructlve

~De8tructlve

A U GUS T
Mean Value
Objective Hean

Yield D1fference

.. S E P T E M B ! R.. Mean Value Paired

~~0e8tructlve
Objective Mean t- Val ue

Yield Difference n-149
..
.. 16.08 15.78 0.30 1.05.. 1. 76 1.80 .04 .40.. 7.08 6.71 .37 .67
" 14.42 13.65 .77 .57.. 11. 93 11. 55 .38 1.31
.. 36.46 36.01 .45 .39.. .30 .32 - .02 - .33.. .13 .18 - .05 -1.67.. 36.58 34.58 2.00 1.19.. 5.99 5.60 .39 1.50
..
.. N 0 V E M B E R

.. Mean Value Pal red

; ; Dell tl"uctlve
Objective !lean t-Value

Yield Difference n-44
..
., 1.77 1.69 0.08 .50
.. 5.80 4.96 .84 1.06
.. 10.27 8.17 2.10 1.36
.. 9.97 9.03 .94 1.62
.. 27.05 23.63 3.42 2.34
.. 34.81 29.37 5.44 2.37
.. 4.84 5.50 - .66 -1. 18
..

Paired
t-Value
0-144

1.H

1. 79

1. 76

3.13 ,;',

3.78 * *
3.29 *;<

-1.00

1.64
1. 78
1.41
2.41
3.16*
2.71*

- .46

Paired
t-Value
n-80

Pai red
t-Value:
n-151

1.00
- .38

.20
- .35

1.87
1.96

.58
2.14

.13
1.77

0.24
- .05

.09
- .45

.43
2.25

.49

.45

.02

.67

12.75
1.18
3.09
8.16
5.48

19.53
10.02
3.44
1.30
5.56

0 C T 0 B E R
Hean Value
Objective !lean

Yield D1f f erence

1.67 0.18
5.52 .82
9.22 1.16

10.09 .70
25.83 2.91
32.19 3.99
5.50 - .12

1.85
6.34

10.38
10.79
28.72
36 .18
5.38

12.99
1.13
3.18
7.71
5.91

21. 78
10.51
3.85
1. 32
6.23

V.riabl.

Variable

Lateral branch •• per plant •....•....•..•.•... •••· .. :
Lateral branch nod•• with pode per plant. •.....••.. :
Pod. on lateral branch •• per plant ....••••.•....••. :
Mainat_ nod•• with pode per plant .•.••.••........• :
Pods on •• ins tea per plant ···:
Pode with beana per plant. ....•.••...•...••••.•. · .. :
Planta •••.•....••...•.••........•...•..•••••.•.•..• :

1/ Fruit defined as blooms, dried flowers and pods .* Paired means differ significantly at the overall multiple-t significance level of a
** Paired means differ significantly at the overall multiple-t significance level of a

. 05.
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Table 2: Peired Coaperieon of Deetructive end Objective Yield Count., 111inoi., 1979

Variable
_______________________ ._:_Dea_tructlve

: 11M true: ti va

I

Mau..tea node. per plent ••••••••••••••••••••••••••• I

Lateral breDC:h•• per p1.nt ••••••••••••••••••••••••• :
Lateral bunch nodu w/fndt per plent 11 •••••••••• :
Fruit on lateral brenchee per plant 1/.-:••.•.•••••. 1

Mei••••t_ nod•• with frut t per p1ent II I

Fruit on _inet_ per p1.nt 1/ ....•• -:•.......•.•.•. :
• 10•••• per plant ••••••••••••••••••••••••••••••••••• :
1IocI•• with fruit bucla only per plent ••••••••••••••• :
Pode with b••••• per plent •••••••••••••••••••••••••• :
Pienta •••••••••••••••••••••••••••••• ••••••••••••••• ,

.. 16.45 16.07.. 1.64 1.66.. 6.58 6.34.. 15.15 14.40.. 12.07 11. 71.. 39.91 39.23.. .69 .90.. .18 .23.. 36.08 34.34.. 5.70 5.76..

.. N 0 V I H •.. Keen Value

::Daatructive
Objective

Yield

Paired
t-Value
n-293

Pai rad
t-Value
n-65

2.1l5
.29
.67
.76

2.09
.80

-1.68
-1.64
1.57

- .32

.38

.02

.24

.75

.36

.68
- .22
- .05

1.74
- .06

-Differaoee

IIaaa
Diff.raaea

I I

• I II P T I H
Haan Val•••

: Objective
ne1d

S

- .86
- .07

.91

.81

.84
1.59

.78

.60
2.64
1.02

Pai red
t-Va1ue
n-146

Paired
t-Va1ue
n-302

.14
.01
.31
.13
.15

1.25
.38
.10
.57
.30

B I

S T
Maan

Differmee

Heen
Dif f eranee

13.32
1.08
3.54
8.93
7.52

23.91
9.56
2.77
1.42
6.15

A U G U
He.n Value

Objeetiv.
Yield

OCT 0 •
Heen Ve1ue
Objective

Yield

13.18
1.07
3.85
9.66
7.37

25.16
9.94
2.87
1.99
6.45

Variable

Lateral braftCh •• per plant ..•• :

Lateral branch nodes with poets:
per plllllt ..••••.......•••... :

Pods OR laural branches per :
plant •.....•.........•..•••. ~

MllnsU. ftOdes with pods per :
plant ...••.•.....•••••.....• ~

Pods on aainstn per plant :

Pods with beUlI per plant ;

Plants .......•... ···· :

ALL JllATUU SA..VlZS
Mean Value

Des true· : CXlIjective Mean
the Yield Dlfference

1.~6 1.57 .01

~. 7~ ~.22 ,~3

9.B9 8.57 1.32

10.93 10.38 .~5

29.25 27 .14 2.11

36.50 32.10 4.40

5.87 5.71 .16

Lateral brench •• per plant ••••••••••••••••••••••••• :
Lateral br.nch nod•• with pode per p1ent ••••••••••• ,
Pod. on lateral bunchee per plant •••••••••••.••••• I
Mainetea nod•• vi th pode per plant ••••••••••••••••• :
Pod. on _ine t_ per plant ••••••••••••••••••••••••• :
Pode with beane per plent •••••••••••••••••••••••••• :
Plante ••••••••••••••••••••••••••••••••••••••••••••• :

1.58
5.73
9.95

10.91
29.22
36.60
5.98

V.riab Ie

1.59
5.23
8.60

10.37
27.25
32.24
5.76

_ .01
.50

1.35
.54

1.97
4.36

.22

- .01
1.40
1.13
2.13*
2.68
3.13**
1.16

.... 2.07 2.03.. 6.69 6.13.. 12.03 11. 81.. 9.58 8.68.. 25.54 22.82.. 33.89 28.51.. 5.46 5.40..
Pat red
t-Value
_277

.13

1.38

1.47

2.67

2.70 *
3,48 **

,B~

.04
- .04

.22

.90
2.72
5.38

.()6

.19
- .04

.10
1.95
1.53
2.08

.15

11 Fruit defined as blooms, dreid flowers, and pods.* Paired means differ significantly at the overall multiple-t significance level of a .05.
** Paired means differ significantly at the overall multiple-t significance level of a = .01.



Table f: Paired Comparison of Destructive and Objective Yield Counts, Ohio, 1979

----~--- - --- ---Ar.C KATllir-sA.I.ITLE"S" 1T---
:~~-n Va1u·", -~-------:-- 'I'-Ilt~~:,i--

Variable Destruc~ Ob)ectl~'e-:-~-: t··V~du€'
_________ ~ ti_v--._-- __~(u:}_E Di ff~renc~ D •• U6

~ ._.. ~Des.tructive

:ne.tructlve

OCT 0 B E R 2/
Mean Value
Objective Mean

Yield Difference

.. Il P T Il H B Il R 21

.. Mean Value Pat red

; ;Destructlve
Objective Mean t-Value

Yield Oi ff ere nee n-176
.... 16.31 15.71 .60 2.43
.. 2.10 2.14 - .04 - .38
.. 7.74 6.90 .84 1. 34
.. 15.36 14.01 1.35 .97
.. U.16 10.60 .56 2.22
.. 30.94 30.29 .65 .69
.. .90 .95 - .05 - .65
.. . 39 .42 - .03 - .25
.. 29.95 27.60 2.35 1. 70
.. 4.86 4.94 - .08 - .41
..
.. N 0 V Il H B I! R 21
.. Hean Value Pai red

;; Destructive
Objective Mean t-Value

Yield Dif ference n-l09
.... 1.89 2.16 -.27 -1. 90
.. 5.46 5.83 -.17 - .65
.. 7.92 8.36 -.44 - .49
.. 9.62 9.08 .54 1. 52
.. 21.13 20.68 .45 .42

27.05 26.58 .47 .28
.. 4.91 4.51 .38 1. 47
..

Pat red
t-Value
n-93

Pai red
t-Value
n-179

-2.28
-1.20
- .:;]

1.04
1.06

. :~f,

. :)2

.5]

.80

.03

.30
1. 72
2.23

.89
1.82
2.02

- .26

- .22
- .57
- .48

.25

.70

.12

.19

.12

.08

.01

.22

.39
1. 75

.49

.34

.19
- .07

1.99
5.68
8.16
9.42

21. 48
26.88
4.89

12.58
1.17
3.20
7.61
5.80

17.62
8.02
1.96

.25
5.31

A U GUS T 2/
Mean Value

Objective Mean
Yield Difference

1.77
5.U
7.68
9.67

21.18
27.20
5.08

12.70
1.25
3.21
7.83
6.19

19.37
8.51
2.30

.44
5.24

Variable

lAteral branch•• per plaot .•.....••.....••.•....•.. :
Lateral branch aodea with pods per plaot. ...•..••.. :
Pods on lateral branches per plant. •...•••......... :
Mainat •• nod••• with poda per plant •••.•.•.......•.. :
Poda on •• inatea per plant. .•.•.••••..••••....•.... :
Poda with beans per plant ••..•..•••.•..•........•.. :
Plant ••••••••••.••••••••••••••.••••...••....•.•••.. :

Variable

Ma1.nate. nodes per plant ••••••••.•••••••••••.••...• :
Lateral braach •• per plant ••••••••••••.•••••.••.•.• :
Lateral branch nodo w/frui t per pbnt 1/ ••...••••• :
Fruit on lateral branches per plant 1/.-: ••••..••••• :
MainateJOnod•• with fruit per plant 1/ :
Fruit on •• inatea per plant 1/ ••.••• -: ••••.••.•..•.• :
Bloo•• per plant. •.••••...•• -: .•...••••....•••••...• :
Nodea with fruit buda only per plant •.....•••••.••• :
Poda with beana per plant •••••.•.•••••..•••..•..•.• :
Plante •.•••••••..•••••..•••.••.•••.....••..•...•••• :

Latera.l branches peT plant .. 1.aB :2 .OJ -.11 -I ')JO

Lateral branch nodes ••i th pods'

p.t plant. j .44 'i .64 -.20 ..,
1'0<1. on latenl branches pH

plant. ...... 7.70 7.97 - .27 .40

N81nHea node~ wi th pods pet
pl.nt ..... 9.64 9,40 .44 1.65

1'0<1. on aainstea per plant. 22.14 21. )2 .82 1.09

Pods wi th beans per plant. ..... 27.60 26.81 .7' .65

Ph.nu ... 4.97 4.81 .16 . 75

11 Fruit is defined as blooms, dried flowers, and pods.II No significant differences in paired means at the overall multiple-t significance level of a .05.



Table '41 Pelted COIIparieon of Deetructive and Objective Yield Counte, Arune ••• 1979

Variable
_______________________ ._~De_8true tive

: Destructive

A U GUT
Mean Value

Objective Mean
Yield Difference

OCTOD R
Mean Value
Objective Mean

Yield Difference

.. E P T E M B E i
Pa! red .. Mean Value Pai red
t-Value

;; Destructive
Objective Mean t-Value

Yield Difference n-221.... 13.27 12.92 .35 2.31,. 3.96 3.66 .30 2.39.. 10.06 8. 5'~ 1.52 3.97"
,. 52.85 44.02 8.83 3.63".. 7.18 6.80 .36 2.73.. 48.39 47.30 1.09 .78.. 14.77 14.26 .51 .60.. 1.42 1.33 .09 1. 03.. 18.72 15.45 3.27 3Jll".. 7.59 7.33 .26 1.03..
.. N 0 V E M B R

Pai red .. Mean Value Paired
t~.:'We ; ; Des true tl ve

Objective Mean t-Value
Yield Difference n-198

..
1.17 .. 3.56 3.85 - .29 -1. 92
3 93"" .. 9.42 8.22 1.20 2.22
3.15" .. 22.37 19.22 3.15 2.05
4.92"" .. 5.81 5.16 .65 4 .64"
2. 70" .. 17.20 15.40 1.80 2.80"
3.56 "" .. 35.57 30.98 4.59 2.52- .44 .. 6.93 6.97 - .04 - .16..

.17
2.04
4.11

.75
1.67
5.55

- .11

4.24
9.20

25.15
5.81

18.91
36.71
7.02

4.41
11.24
29.26
6.56

20.58
42.26
6.91

Veri.ble

Lateral branches per plant ...•••......••.•••..••••• :
Lateral branch nod•• with poda per plant. ••..••.•.• :
Pods on lateral branches per plant. ..••••......•••. :
Mainatem nodes with poda per plant. •.••••......•.•• 1

Pods on l18inatem per plant •..••••••••••••......•••• :
Poda with bea ••• per plant .•.••••...••.••••..•.•.•.• :
Planta .••••••••••••..•••.•..••••...••••••••.•..•••• :

Kalnstem llOdes per plant ••..••••••••••••••.•.•••••• :
Lateral branches per plant .••..•••••••••......••••• :
Lateral branch nodes w/frult per plant 1/ ...•.....•...•.. :
Fruit on lateral branches per plant 1/.---: ••••••••••• :
Malnstelll nodes with fruit per plant II :
Frul t on malnstem per plant 1./ ••..... -: .••.............. :
8100mB per plant ........•.................•.......•.••.••.•............•.. :
Nodes with fruit buds only per plant. ••••••.....••• :
Pods wi th bea.ns per plan t .••.•.•.••.•.•.•.•.•••...•.•.•.•.••.•.•.•.•.•.•:

Plants ..........................•..........•..................•.............•.•..•.....:

Variable Destruc-
tive

ALL MATURE SA.)ofpLES

"lean Value
Objective Mean

Yield Difference

Pdnd
(-Value
0-200

Lateral branches per plant .... : 3.57 3.88 - .31

Lateral branch nodes vith pods,
pcr plant ......•........•... : 9.44 8.27 1.17

Pod. on lateral branches pcr ,
plant ......•.•.............. : 22.44 19.40 3.04

Mains te. nodes vith pods per ,
plant .................... , .. : 5.84 5.19 .65

Pod. on •• inste_ per plant. ... : 17.29 15.50 1. 79

Pods with beans per plant ..... ~ 35.76 31.28 4.48

Plants. 6.96 7.02 - .06

-2.09

2.20

1.99

4.65 *~'<

2.79 -;':,

2.47

- .24

1/ Fruit is defined as blooms, dried flowers, and pods .
* Paired means differ significantly at the overall multiple-t significance level of a
** Paired means differ significantly at the overall multiple-t significance level of a

.05.

.01.



Table 5: Illinois R2 Values Obtained from Forecasting Models, 1978

Monthly Model 1 2 Model 2 2 l>lodel3 2 Model 4Maturity Obs. R Obs. R Obs. R Obs. R2
Category

Aug
1 18 .47 12 .49 12 .38 12 .68
2 14 .63 22 .50 22 .38 22 .50
3 10 .62 16 .31 16 .63 16 .41
4 21 .28 15 .38 15 .88 15 .41
5 8 .48 5 .63 5 .92 5 .41

Sept
7 13 .45 19 .61 19 .94 18 .70
8 68 .53 73 .60 74 .80 72 .64
9 62 .63 54 .28 54 .70 54 .42

Oct
9 15 .46 18 .49 18 .98 17 .75

10 31 .28 30 .38 31 .86 29 .46

Table 6: Illinois R2 Values Obtained from Forecasting Models, 1979

Monthly Mode1 1 Mode1 2 Model 3 Mode 1 42Maturity Obs. R2 Obs. R2 Obs. R2 Obs. RCategory

Aug
1 20 .54 16 .69 16 .19 16 .74
2 11 .38 17 .80 17 .93 17 .75
3 14 .91 36 .50 31 .30 36 .41
4 60 .47 44 .47 44 .46 44 .51
5 17 .76 14 .64 14 .79 15 .67

Sept
7 31 .50 35 .28 32 .88 35 .41
8 161 .51 158 .52 154 .83 161 .52
9 65 .36 58 .51 58 .95 60 .55

Oct
9 27 .34 28 .61 27 .96 28 .55

10 38 .11 38 .08 35 .94 38 .08

Model 1: Independent variables from destructive 6-inch plot, dependent variable from
3-foot section.

Model 2: Independent variables from objective yield 6-inch plot, dependent variable
from 3-foot section.

Mode1 3: Independent variables and dependent variable from objective yield 6-inch
plot.

Model 4: Independent variables from combined destructive and objective yield 6-inch
plots, dependent variable from 3-foot section.
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Table 7: Ohio R2 Values Obtained from Forecasting Models, 1979

Monthly Model 1 2 Model 2 Model 3 2 Model 4Maturity Obs. R Obs. R2 Obs. R Obs. R2
Category

Aug

1 20 .77 19 .36 18 .68 20 .66
2 8 .90 14 .38 14 .72 14 .31
3 12 .72 24 .57 24 .48 24 .59
4 38 .40 21 .74 20 .71 22 .62
5 6 .89 6 .71 6 .68 7 .75

Sept

7 31 .49 43 .44 42 .83 46 .38
8 87 .57 73 .36 72 .83 75 .48
9 44 .51 47 .37 46 .56 50 .44

Oct

9 36 .27 36 .22 36 .96 38 .22
10 66 .81 65 .40 65 .96 70 .69

Model 1: Independent variables from destructive 6-inch plot, dependent variable from
3-foot section.

Mode1 2: Independent variables from objective yield 6-inch plot, dependent variable
from 3-foot section.

Mo de1 3: Independent variables and dependent variable from objective yield 6-inch
plot.

Model 4: Independent variables from combined destructive and objective yield 6-
inch plots, dependent variable from 3-foot section.
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Table 8: Arkansas R2 Values Obtained from Forecasting Hodels,
1979

Monthly Model 1 2 Model 2 Model 3 2 Model4Maturity Obs. R Obs. R2 Obs. R Obs. R2
Category :-------

Sept
3 8 .85 15 .34 15 .24 15 .66
4 18 .19 17 .42 18 .71 17 .34
5 81 .69 82 .65 82 .62 83 .70
6 20 .20 13 .48 13 .56 13 .42
7 43 .52 49 .41 47 .72 49 .54
8 7 .79 6 .90 6 .99 6 1.00

Oct
-.8 24 .69 24 .88 22 .88 25 .83

5> :160 .54 155 .50 154 .80 157 .52
10 14 .90 13 .83 14 .97 14 .84

Modell: Independent variables from iestructive 6-inch plot, dependent variable£rOm
3-foot section.

tbdel 2: Independent variables from objective yield 6-inch plot. dependent variable
from 3-foot section.

Model 3: Independent variables and dependent variable from objective yield 6-inch
plot.

Model 4: Independent variables from combined destructive and object! ve yield 6-
inch plots. dependent variable from 3-foot section.
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Table 9: Illinois R2 Values Obtained from Forecasting Models, 1978 and 1979
Combined

-.--}.bnthly Mode 1 1 2 Model 2 Mode 1 3 Model 4 2Maturity Obs. R Obs. R2 Obs. R2 Obs . RCategory :-- -----_._---
~

I 39 .35 29 .49 21 .34 38 .34
2 26 .67 40 .64 25 .68 55 .63
3 25 .73 54 .39 37 .36 66 .48
4 82 .43 60 .48 50 .49 70 .42
5 26 .57 20 .31 15 .77 26 .37

~

7 : 45 .43 54 .34 34 .86 55 .40
i :230 .53 232 .55 176 .82 238 .56
9 :128 .52 113 .37 74 .94 117 .50

Oct
9 44 .,51 47 .56 33 .97 47 .57

10 70 .17 69 .19 49 .92 69 .23

tmdel 1: Independent variables from tlestruCtivc-6-inch plot,--ciependent -variable-from
3-foot section.

r.t>del2: Independent variables from objective yield 6-inch plot, dependent variable
from 3-foot section.

ltbdel 3: Independent variables and dependent variable from objective yield 6-inch
plot.

Model 4: independent variables from combined destructive and objective yield 6-
inch plots, dependent variable from 3-foot section.

19



A P PEN D I X I

Operational Soybean Objective Yield
Survey Procedure
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The present soybean objective yield model is used to make monthly forecasts
and a final estimate of soybean yield, in bushels per acre, for 17 states.
Separate forecasts of gross yield are computed for each sample field
selected in a state, by averaging gross yield forecasts determined from two
3 1/2-foot by 2-row plots (called "units") laid out at random in the field.
Net yield is forecast for the sample field by subtracting a state histori-
cal value of average harvest loss. A simple average of the sample fore-
casts is the state forecast of soybean yield.

The forecast of gross yield in a unit is determined by multiplying three
values: the forecast number of plants, the forecast number of pods per
plant, and a five-year historical average weight of soybeans per pod.
The number of plants is forecast by either a quadratic/curvilinear or
linear regression equation, depending on the maturity of the soybeans.
The regression parameters are estimated by analyzing pooled data from the
previous three years for each maturity category. All plants are counted
in the units to make the forecast. The number of pods per plant is fore-
cast by a multiple regression equation whose parameters are also estimated
from the previous three years' pooled data; a separate set of parameters
is determined for each of twelve maturity categories and for each fore-
cast date. For this forecast, counts of such items as number of mainstem
nodes, number of lateral branches with fruit, number of pods, and so on,
are obtained only from plants in two adjacent six-inch row sections of
each unit. In all, nine attributes of the soybean plants are counted in
the two six-inch sections. Just befor~ harvest, all pods with beans are
removed from a three-foot row section of one of the units and counted;
at this stage of maturity, this is the only count used in the multiple
regression forecast.

Plant and attribute counts are made at each enumerator visit, which
occurs during the last week of each month preceding a first-of-the-month
forecast. The same pair of six-inch row sections is used each time.

23



A P PEN D I X II

Enumerator Evaluations
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: ILL
: '78

ILL
, 79
percent - -

Enumerator Evaluations

Ques tion

1. Which method do you feel gives more accurate counts
in the 6-inch section?

Des truc tive •.•.•••••.••.••••••.••••••••••••••••• :
Objective yield •••.••.••••••.....••••...•....•.. :
No difference ..•.......•.•.••••••••••••••..•.•.. :

2. Were there any destructive methods or instructions
that you found difficult or hard to carryout?

yes ••••••••••••••••••••••••••••••••••••••••••••• :
No •••••••••••••••••••••••••••••••••••••••••••••• :

3. Do you recall any farm operator who refused or was
reluctant to cooperate on Soybean Objective Yield
Destructive Counting Procedure Study o~ce permission
had been obtained to layout Objective Yield units?

yes ••••••••••••••••••••••••••••••••••••••••••••• :
No •••••••••••••••••••••••••••••••••••••••••••••• :

4. If the destructive procedure were adopted, do you
think the refusal rate would: Increase •.•••••••..••• :

Decrease ••••••..•••••• :
Stay the same •........ :

5. If the destructive procedure were adopted, would it
take more, less or the same amount of time to make
your counts~

More ••••••••••....•....•••.••••••••••••••••••••• :
Less .•.•.......••.••••••••••••••••••••••••.••.•• :
Same •••••••••••••••••••••••••••••••••••••••••••• :

Number 0 f respondents ••••••••••••••.••••••••••••••.•• :

6. What did you like most about the destructive method?
111. '78 Comfort and what they felt was the

greater accuracy of counts from the
destructive procedure.

111. '79 Getting out of field; extra time earned.
Ohio Getting aut of field.
Arkansas Getting aut of field.

7. What did you like least about the destructive method?
111 '78 The amount of material to carry from field.
III '79 -- Carrying bags and equipment from field.
Ohio Carrying bags from the field.
Arkansas-- Carrying bags and equipment from field.

8. What destructive methods or instructions did you
find difficult or hard to carry out?
111 '78 Coordination of destructive work with the

objective yield work.
III '79 Recording time.
Ohio No comment.
Arkansas-- No comment.

27

57
17
26

11
89

10
90

20
3

77

20
50
30

30

53
17
30

9
91

6
94

8
6

86

22
39
39

36

Ohio

68
5

27

o
100

9
91

4
9

87

13
35
52

23

Ark

86
7
7

a
100

7
93

14
7

79

36
28
36
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A P PEN D I X III

Regression Independent Variables
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Variables Considered when Selecting "Best" Set of Predicting
Variables

Variable

XIS

X8

X12

X9

X4

XIO

X13

X14

X16

Maturity
Category 1/

1-11

1-11

1-11

1- 3
4-11

1-3
4-11

1-11

1-11

1-11

1-11

Description

Number of plants in both 3-ft and 6-inch
sections, adjusted to 18 square feet.
(XlS)2

Pods with beans, per plant.

Mainsiem nodes per plant.
(X12)

Nodes with fruit buds only per plant.
Pods and dried flowers per plant.

Blooms, pods and dried flowers per plant,
Augus t and September only

Mainstem nodes with fruit, per plant.

Lateral branches per plant.

Lateral branch nodes with fruit per plant.

1/ See Appendix IV for a description of maturity categories.
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Maturity Categories
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Maturity categories are calculated by unit. The purpose of the categories
is to group units by maturity with the intention of improving the fore-
casting models. Calculation of the maturity categories is based on an
enumerator observed maturity stage and per plant counts. Maturity stage
is observed in the three-foot section. Listed below are the maturity
stage and maturity category descriptions. Additional information can be
found in the Objective Yield Survey Enumerators Manual and the Objective
Yield Supervising and Editing Manual.

Soybean Objective Yield Maturity Stages Determined by Enumerators
Maturity
Stage

1

Description

Plants still in bloom stage. Any pods found are still green with
little or no seed development.

2 Very few blooms. Most pods still filling and leaves are still
green.

3 Leaves turning yellow. Almost all pods filled and some ripening.
4 All leaves have turned yellow and some have fallen. Pods full

sized and changing from green to brown color. Beans not yet firm.
5 Pods brown and easily opened. Beans brown and have shrunken. ~bst

leaves have been shed.
6 Pods brown and ready to combine. Beans very hard.

34



Soybean Objective Yield Assigned Maturity Categories

Maturity
Category

o

1

2

Description Y

No plants were present in either row of the two 6-inch row sec-
tions per unit.

No pods are present and less than 60% of the plants in the 6-
inch row sections have blooms.

At least 60% of the plants in the 6-inch row sections have some
blooms but no pods were counted. Also, the ratio of blooms to
nodes is not greater than one.

3 a) If pods were counted, the number of pods was not larger than
the number of blooms.

b) If no pods were counted, the ratio of blooms to nodes is
larger than one.

4 The ratio of pods to total fruit (blooms plus pods) is between
.50 and .75, and the ratio of pods with bean (if any) to fruit
is less than or equal to .01.

5 The ratio of pods to total fruit is larger than .75, or the
ratio of pods with beans to total fruit is between .01 and .10.

6 The ratio of pods with beans to total fruit is between .10 and
.30.

7 The ratio of pods with beans to total fruit is between .30 and
.50.

8 The ratio of pods with beans to total fruit is larger than .50
and the leaves have not yet started to turn yellow.

9 Leaves have started to turn yellow but no leaves have been shed
(Maturity State 3).

10 Leaves have all turned yellow and are starting to fall from the
plants (Maturity Stage 4).

11 At least half of the leaves have been shed by the plants.
(Maturity Stages 5 and 6).

Y Brie f approximation of each category determination.
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August 1979, Ohio
Maturity Category = 1

Modell:
t.t>del 2:
Model 3:
Model 4:

-0.09 - 0.1093(X15) + 3.1539(X9) + l3.4468(X16)
20.59 + 53.1730(X14)
15.88 + 2.0697(X4) + 69.0777(X14)
-6.48 + 2.8867(X9) + 5.9372(X10)

Maturity Category = 2

Modell:
t>t>del 2:
Model 3:
t-t>del 4:

-28.77 + 51.4047(X4)
-25.55 + 4.6420(X9)
-5.84 - 0.0012(X8) + 2.8579(X9)
19.35 + 5. 7438(X4)

Maturity Category = 3

Modell:
Model 2:
Model 3:
Model 4:

39.64 - 0.0013(X8) - l.0549(X9) + 2.9986(X4)
116.61 - 2.8737(Xl5) + 0.0164(X8) + lO.8723(X4)
11.06 + 8.4657(Xl4)
196.79 - 3.8477(Xl5) + 0.0224(X8) - l.0412(XlO)

Maturity Category = 4

t-t>de1 l:
t-t>de1 2:
Model 3:
Model 4:

32.47 - 0.204l(Xl5) + 4.0036(Xl4)
24.37 - 0.3672(Xl5) + 22.9885(X12) - 7.4597(X9) + 2.1078(X13)
30.32 + 1.0763(X4) - 5.3740(X13)
75.36 - 1.3581(X15) + 0.0067(X8) + 4.3553(X12)

Maturity Category = 5

Model l:
Model 2:
t-t>de 1 3 :
t>t>del 4:

193.00 - 1.6Sl8(XlS) - 9.2472(X13)
99.40 - 1.7258(X15)
23.85 + 1.2675(Xl6)
105.74 - 1.8546(Xl5)
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September 1979, Ohio

Maturity Category = 7

Modell:
Model 2:
Model 3:
Model 4:

60.57 - 5.6338(X13) + 3.5101(X16)
39.48 - O.8243(X15) + O.0046(X8) + 1.1716(X13)
2.99 + O.Ol16(X9) + O.2043(X4) + O.4539(X16)
30.86 - O.2178(X15) + O.7547(X16)

Maturity Category = 8

~bdel 1: 65.36 - 1.2257(X15) + O.0067(X8) + 0.2640(X16)
Model 2: 92.99 - 2.0276(X15) + 0.0118(X8)
Model 3: 4.46 - 0.0004(X8) + 0.3042(X12)
Model 4: 106.03 - 1.6538(X15) + 0.0090(X8) - 3.2309(X13) + 6.0899(X14)

Maturity Category = 9

Modell:
Model 2:
Model 3:
t.bdel 4:

36.51 - 0.2584(X15) + 6.1136(X14)
67.31 - 0.9305(X15) + 0.0041(X8)
15.02 + 0.7756(X4) - 1.3352(X13)
33.12 - 0.1910(X15) + 1.5344(X16)

October 1979, Ohio

Maturity Category = 9

Modell:
Model 2:
t.bde1 3:
t.bdel 4:

36.33 - 0.258l(X15)
37.26 - 0.2812(X15)
1.20 + 0.5090(X12) + 0.0059(X9) + 0.7022(X13)
35.50 - 0.2460(X15)

Maturity Category = 10

Modell:
Model 2:
t.bdel 3:
Model 4:

47.85 - 0.8235(X15) + O.0050(X8) + 0.0062(X9)
82.86 - 1.956S(X1S) + 0.0120(X8) + 3.3246(X14)
-2.33 + 1.1427(X12) - O.0024(X9)
52.50 - O.1590(X15) + O.0260(X9) - 3.431l(X13) - 4.1119(X14)
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September 1979, Arkansas

Maturity Category = 3

Modell:
Model 2:
Model 3:
Model 4:

72.08 - O.6274(X15) - 5.9957(X4)
38.77 - 6.4582(X4)
37.78 - O.0038(X8)
89.73 - 6.6757(X9) + 8.6673(X14)

Maturity Category = 4

Modell:
Model 2:
Mode 1 3 :
Model 4:

31.30 - 0.003l(X8)
21.02 - 1.3909(X13) + 1.3884(X16)
8.10 + 3.1777(X16)
79.50 - 1.8565(X15) + 0.0134(X8)

Maturity Category = 5

~10de1 1:
Model 2:
Model 3:
Model 4:

55.29 - 1.19l0(X15) + 0.0077(X8) + 0.0779(X4) + O.5139(X16)
51.88 - 0.4l73(XlS) - 1.6322(X13) + 1.5209(X16)
-1.43 + 0.1837(X4) + 1.593l(X16)
35.13 - 0.4344(X15) - O.0147(X9) + 3.9723(X14) + 0.6839(X16)

Maturity Category = 6

Modell:
Model 2:
Model 3:
Model 4:

13.16 + 3.4963(X14)
16.28 + O.0124(X9)
0.82 + 0.271l(X4)
18.49 + 0.005l(X9)

Maturity Category = 7

Modell:
Model 2:
Model 3:
Model 4:

105.00 - 2.2952(X15) + 0.0185(X8) - 1.9965(X13) + 1.3965(X14)
49.09 - 0.5081(X15) + 1.7682(X14)
15.76 - O.9938(X12) + 0.Ol07(X9) + 0.1790(X4) + 1.9S53(X16)
55.74 - O.3829(X15) + O.436S(X12) - 2.3240(X13)

Maturity Category = 8

Modell:
Mode 1 2:
Model 3:
Model 4:

64.79 - 1.30l9(X15) + 4.3444(X14)
111.66 - 1.3l02(XlS) - 0.25l3(X4)
-38.38 + 2.4324(X12) - O.0141(X9)
91.13 - O.0150(X9) - ll.4928(X13) + 5.4635(X16)
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October 1979, Arkansas

Maturity Category = 8

Modell:
Model 2:
Model 3:
Model 4:

84.94 - 1.7823(X15) + O.Ol09(X3)
96.48 - 2.5870(X15) + O.0188(X8) + 2.3907(X14)
2.23 + O.7290(X12)
124.89 - 3.2478(X1S) + O.0239(X8)

Maturity Category = 9

Modell:
Model 2:
Model 3:
Model 4:

64.21 - 1.4S23(X1S) + O.0098(X8) + O.2968(X12) - 0.0004(X9)
44.61 - O.3944(X15) - 1.0298(X13) + 1.3138(X16)
4.32 + 0.6921(X12) + 0.0018(X9)
50.33 - 1.0822(X1S) + O.0070(X8) + 0.3836(X12)

Maturity Category = 10

Model 1:
Model 2:
Model 3:
Model 4:

79.09 - 2.1967(X1S) + 0.0169(X8) + 2.9218(X14)
108.39 - 2.5S97(X1S) + 0.0174(X8)
0.46 + 0.920S(X12)
103.96 - 2.4046(X15) + 0.01S9(X8)
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August 1978, Illinois

Maturity Category = 1

t-bdel 1:
Model 2:
Model 3:
Model 4:

35.11 - O.3097(X15) + 2.1079 (X10)
47.37 - O.S4l2(X15)
10.02 + 2.6094(X4)
38.52 + 35.S340(X14) - 0.209l(X15)

Maturity Category = 2

Modell:
Model 2:
Model 3:
Model 4:

72.82 - 1.0126(X15)
79.82 - 1.7973(X15) + 0.0112(X8)
24.29 + 9.4651(X14)
79.24 - 1.0054(X15) + 0.0036(X8)

Maturity Category = 3

Modell:
Model 2:
Model 3:
Model 4:

48.81 - O.0080(X8)
45.57 - 0.0074(X8)
56.64 - 3.6954(X9) + 0.7022(X10)
47.44 - 0.0027(X8)

Maturity Category = 4

Modell:
Model 2:
Model 3:
Model 4:

49.34 - 0.5029(X15)
46.07 - O.4051(X15)
15.89 - O.0055(X8) + 0.5409(X10)
45.70 - O.227l(X15)

Maturity Category = 5

Modell:
Model 2:
Model 3:
Model 4:

50.02 - O.4422(X15)
64.38 - 7.8228(X14)
16.81 - O.5541(X12) + 0.2897(X10)
25.96 + 0.2353(X4)
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September 1978, Illinois

Maturity Category = 7

Modell:
Model 2:
Model 3:
Model 4:

41.63 - O.4506(X15)
26.94 - O.0033(X16) + 0.0029(X9)
9.95 + 1.S752(X12) - 0.1085(XI5) - 0.3659(X4)
5.06 + 5.2490(XI4) + 0.1803(X4)

Maturity Category = 8

Modell:
Model 2:
Mode 1 3:
Model 4:

78.11 - 1.9308(X15) + 0.0147(X8) + 0.0037(X9)
113.36 - 3.4890(X15) + 0.0329(X8)
4.39 + 0.7S89(X12) + 0.6377(X13) - 0.1684(XlS)
103.04 - 1.S922(X1S) - 0.4667(X4) + 0.008S(X8) + 0.0130(X9)

Maturity Category = 9

Modell:
Model 2:
Model 3:
Model 4:

65.91 - 2.2970(X15) + 0.0216(X8) + 0.7840(X12) - 0.0048(X9)
83.14 - 2.0241(X1S) + 0.0181(X8)
6.14 + 1.6400(X12) - 0.7796(X4)
53.80 + 0.4580(X12) - 0.9l47(X15) + 0.00S2(X8)

October 1978, Illinois

Maturity Category = 9

Modell:
Model 2:
Model 3:
Model 4:

22.05 - O.003(X8) + 0.343(X12)
105.50 + O.0326(X8) - 3.4l5l(X15)
0.70 + 0.8348(X12) + 0.5085(X13) - 0.0008(X8)
15.06 - 3.7984(X16) + 0.0346(X9)

Maturity Category = 10

Modell:
Model 2:
Model 3:
Model 4:

45.17 - 0.4l34(X15)
34.54 - 0.2879(X15) + 4.0683(X14)
5.01 + 0.7490(X4)
17.80 + 2.5965(X16)
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August 1979, Illinois

Maturity Category = 1

t-bdel 1:
Model 2:
Model 3:
Model 4:

84.88 - 1.677l(X15) + 0.0106(X8)
91.88 - 1.8756(X15) + 0.Ol18(X8) - l6.7979(Xl3)
8.62 + 1.S9l2(X9)
93.86 - 1.845l(X15) + 0.01l2(X8) - ll.3745(XlO)

Maturity Category = 2

Modell:
Model 2:
Model 3:

Model 4:

46.45 - 0.448(Xl5)
88.67 - 2.5489(Xl5) + 0.0156(X8) + 3.8994(Xl3)
67.55 - 0.70l8(Xl5) - 3.3297(X9) +2.9039(X4)
+ 3.3639(Xl3) - 26.l055(Xl4) + l4.576l(Xl6)
43.52 - O.4952(Xl5) + 8.2955(Xl6)

Maturity Category = 3

Modell:
Model 2:
t-bde1 3:
t-bdel 4:

134.88 - 4.23l5(Xl5) + O.0383(X8)
42.08 - 0.3477(Xl5) + O.85l8(Xl6)
22.31 + 8.4400(Xl4)
49.42 - 0.44ll(Xl5)

Maturity Category = 4

Modell:
Model 2:
Model 3:
t-bdel 4:

55.12 - 0.6052(Xl5) + 4.3996(Xl4)
74.77 - 0.9l85(Xl5)
20.59 - 0.2745(X15) + 0.5064(X4)
52.69 - 0.7334(Xl5) + 0.3204(X4)

Maturity Category = 5

t-bdel 1:
t.bdel 2:
t.bdel 3:
Model 4:

84.23 - 1.0126(X15) - l7.8066(Xl4) + 3.3523(X16)
105.83 - 2.5669(Xl5) + 0.0210(X8)
-24.75 + 5.l875(X13) + 5.3899(Xl4)
119.58 - 3.1944(X15) + 0.0277(X8)
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September 1979, Illinois

Maturity Category = 7

Modell:
Model 2:
Model 3:
Model 4:

19.69 + O.0073(X9)
38.81 + O.0100(X9) - 1.902l(X13)
2.08 + O.7874(X12) + 0.6l80(X16)
19.33 + O.0072(X9)

Maturity Category = 8

Modell: 99.48 - 3.0286(X15) + 0.0267(X8) + 0.669l(Xl2)
- 0.2025(X4) + 3.4l08(Xl4) - 1.4036(Xl6)

Model 2: 67.18 - 1.80S8(X1S) + 0.0149(X8) + 0.4977(X12) - 0.7694(X16)
Model 3: 7.18 - 0.6906(X15) + 0.0066(X8) + 0.82l6(Xl2)

- 0.0034(X9) + l.0388(X13) + 2.7837(Xl4)
Model 4: 72.83 - 2.S6ll(XlS) + 0.0232(X8) + l.011l(X12)

- 0.0039(X9) - l.l375(Xl6)

Maturity Category = 9

Modell:
Model 2:
Model 3:
Model 4:

96.53 - 2.l6l3(X15) + 0.01S7(X8)
85.13 - 2.3401(X15) + 0.0193(X8) + 0.983S(X13)
-1.76 + 1.0273(X12) - 0.4l98(X16)
83.47 - 2.4463(Xl5) + 0.020S(X8) + 1.3044(X13)

October 1979, Illinois

Maturity Category = 9

Modell:
Model 2:
Model 3:
Model 4:

17.34 + 0.3910(X4)
3~.33 ~ 0.2599(X1S) - 0.0042(X9) + 2.7484(X16)
-1.29 + 1.0570(X12) - 0.4929(X16)
9.92 - 0.2075(X15) - 0.006l(X9) + 1.0961(X4)

Maturity Category = 10

Modell:
Model 2:
Model 3:
Model 4:

24.39 + 0.2991(X12) - 3.0890(X14)
26.09 + 0.0029(X9)
3.37 + 1.0348(X12) - 0.6302(X13) + 0.3700 (X16)
15.61 + 1.3920(X13)
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August 1978 and 1979, Illinois

Maturity Category = 1

Modell:
Model 2:
Model 3:
Model 4:

60.11 - 1.0124(X15) + O.0060(X8)
68.97 - 1.2884(X15) + O.0008l(X8) - 6.l767(XlO)
18.21 - O.1798(X15) + 1.4l25(X9)
57.39 - O.9903(X15) + 0.0063(X8)

Maturity Category = 2

Modell:
Model 2:
Model 3:
Model 4:

75.52 - 1.9ll8(X15) + 0.013l(X8) + 0.8387(X9)
100.08 - 2.1989(X15) + 0.0145(X8) - 1.9l78(X4)
33.34 - 0.4ll1(X15) + 1.9443(X4) + 4.7326(X16)
88.61 - 2.356l(X15) + 0.0160(X8) - 1.102l(X12) + 1.6435(X13)

Maturity Category = 3

Modell: 116.31 - 3.1490(X15) + 0.0252(X8)
Model 2: 50.79 - 0.46l2(X15)
Model 3: -6.98 + 2.23l6(X9) + 6.1683(X14)
Model 4: 65.85 - 0.4537(X15) - 1.3064(X9) + 0.6375(X16)

Maturity Category = 4

Modell:
~~del 2:
Model 3:
Model 4:

50.50 - 0.6096(X15) + 0.226S(X4)
63.37 - 0.764S(X1S) + 0.77l0(X4) - 0.6S48(XIO)
23.98 - 0.3222(X15) + 0.4686(XIO)
54.25 - 0.5919(X15) - 0.4488(X14) + 1.1623(X16)

Maturity Category = 5

Modell:
Model 2:
Model 3:
Model 4:

27.31 - 0.0058(X8) + 0.1083(X9) + 0.2996(X4)
58.08 - 0.4824(X15)
-26.90 + 5.480l(X13) + 4.6873(X14)
55.55 - 0.507l(XlS) + 0.8667(X12)
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September 1978 and 1979, Illinois

Maturity Category = 7

Modell:
Model 2:
Model 3:
Model 4:

19.69 + O.0074(X9)
54.68 - 1.2667(X15) + 0.0104(X8) + 0.0035(X9)
1.34 + O.9518(X12)
10.24 + O.5419(X12)

Maturity Category = 8

Modell: 85.16 - 2.3301(X15) + 0.0190(X8) + O.8220(X12) - l4.9063(X4)
+ l4.5320(X10) - 0~8ll(X13) + 2.5088(X14) - 1.542(X16)

Model 2: 89.42 - 2.6098(X15) + 0.0238(X8) + O.56l4(X12)
+ 5.4779(X4) - 5.7ll9(XlO)

Model 3: 6.55 - O.72l5(X15) + 0.0070(X8) + 0.8l03(X12)
- 0.0032(X9) + 1.1204(X13) + 2.8299(X14)

Model 4: 84.82 - 2.9829(X15) - O.0043(X9) - O.2725(X4) - O.65l5(X16)
+ 0.0278(X8) + 1.2473(X12)

Maturity Category = 9

Modell:

Model 2:
Model 3:
Model 4:

84.16 - 2.4286(X15) + 0.0205(X8) + 1.2956(X12)
- 0.0029(X9) - O.6532(X4) - 0.3680(X13)
77.56 - 1.9626(X15) + 0.0163(X8) + O.6383(X13)
-1.44 + 1.0132(X12) - 0.4185(X16)
55.59 - 1.764l(X15) + O.0154(X8) + O.9003(X12) - O.0065(X9)

October 1978 and 1979, Illinois

Maturity Category = 9

Modell:
Model 2:
Model 3:
Model 4:

45.96 - 1.3935(X15) + 0.0119(X8) + 0.5297(X12)
56.09 - 1.4073(X15) + 0.0105(X8) - 0.0045(X9) + 2.8438(X16)
-3.77 + 0.87l7(X12) + 0.6030(X13)
32.45 - 1.4444(X15) + O.0121(X8) + 1.3684(X12) - 0.0073(X9)

Maturity Category = 10

Modell:
Model 2:
Model 3:
Model 4:

50.83 - O.7934(X15) + 0.0056(X8)
51.04 - 0.7818(X15) + O.0053(X8)
4.77 + 0.9754(X12) - 0.6596(X13) + 0.3738(X16)
21.29 - 0.1533(X15) + 1.1230(X13) + 1.7753(X16)
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