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ABSTRACT

1981 SORGHUM OBJECTIVE YIELD STUDY. By Dave Aune; Statistical
Research Division, Statistical Reporting Service, U.S. Department of
Agriculture; April, 1984. SRS Staff Report No AGES840425.

This study shows that objective procedures can be applied to estimate
sorghum yield and that several plant characteristics can be observed
early in the growing season and used to forecast gross yield. The 1981
results in Kansas were encouraging for gross yield and farmer reported
yield. However, lodging in postharvest samples caused a very high
harvest loss. The final number of heads per acre can be predicted with
good accuracy using stalk and head counts. Forecasts of final grain
weight per head can also be made but these models do not provide the
same precision as the head count models.
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This paper was prepared for limited distribution to the research
community outside the U.S. Department of Agriculture. The views
expressed herein are not necessarily those of SRS or USDA.
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INTRODUCTION

1981 SORGHUM OBJECTIVE YIELD STUDY
Dave Aune

The Statistical Reporting Service (SRS) has conducted annual objective
yield (OY) surveys for the major field crops since the late 1950's.
Several different research studies were conducted between 1959 and
1972 to develop procedures for a grain sorghum objective yield. This
research was revived in 1981 with the intent of beginning a regular
operational objective yield survey in 1982. Subsequently, budgetary
constraints have delayed the implementation of this program.

This study examined all aspects of an objective yield survey with much
of the direction provided by the results of the earlier research. The
objectives of this project were:

l. to examine the mean expanded net yield and sampling error from
the survey data to determine if the procedure provides a reliable
yield indication.

2. to derive the optimum plot size and the number of plots to be set
out in each field.

3. to begin development of forecasting models and determine which
data items should be retained and which can be eliminated.

4. to establish editing criteria for data collected for future surveys.

5. to collect data to assess the large area application of SORGF, a
grain sorghum growth simulation model.

This paper focuses on the results of the traditional objective yield
portion of the survey. However, some of the SORGF data provides
some useful information for building forecasting models. The analysis
of SORGF is presented in a separate report.

Sorghum Objective Yield research dates back to 1959 when lowa State
University began a series of projects lasting five years. In these
studies, researchers looked at alternative ways of estimating number of
kernels and dry kernel weight, examined several measurable plant
characteristics for their- value as predictor variables, and derived
optimum number of plots and plot size. The 1959 study (Nieto de
Pascual, 1960) used three methods of estimating the kernel count of a
head. The methods were (1) counting the kernels on a randomly
selected branch and expanding by the branch count, (2) counting the
kernels on two branches in each of three strata and expanding to strata
totals and summing these totals, and (3) weighing two samples of 200




SUMMARY

kernels each and dividing this average weight into the total grain
weight. The second approach proved to be the best, however this
method is very tedious. An optimum plot of 3 rows by 80 feet was
derived. The 1960 study (Nieto de Pascual, 1961) examined wet head
weights, wet kernel weights, and head stem weights over time to learn
about growth characteristics. The optimum plot was found to be two
rows by four feet for estimating weight per head. The 1961 study
(Cochran, 1962) computed correlations between dry kernel weight and
13 observable plant characteristics including culm diameter, head
length, and head circumference for different fieldwork periods.
Correlation coefficients were small for all variables in August but
improved considerably in September. By mid-October, most
correlations were greater than 0.8. Three methods of estimating kernel
count were attempted: (1) visually comparing a head to a head with
known number of kernels, (2) obtaining the weight of two samples of
100 kernels and dividing the average into the total kernel weight, and
(3) counting the kernels in a three gram sample. The weight estimator
was good in September and October, but none of the methods worked in
August. The derived optimums were five plots, each one row by ten
feet. The 1962 study (Cochran, 1963) focused on predicting dry kernel
weight using plant counts and dry matter weight data collected in
August and September. The 1963 study (Baker, 1964) continued the
work done during the previous study.

SRS researchers first became directly involved in Sorghum OY studies
in 1964. A project using only three subjectively chosen farms was
inititated by the Oklahoma State Statistical Office. The findings of
this study (Von Steen, 1966) indicated culm diameter and head length
are the best characteristics to use for prediciting grain weight per
head. The study also notes that head volume (water displacement) may
be of value as a predictor variable. The optimum plot size based on
August plant counts was found to be two rows by five feet. A 1969
project, conducted in Texas and Kansas, looked at detailed counts and
measurements on heads clipped at immature growth stages. The report
(Vogel, 1970) presents simple correlation coefficients between several
plant measurements including culm diameter, head length, dry head
weight, and head width at the midpoint. The field procedures were not
designed to check optimum plot size. A 1971 study was performed in
Texas and focused on developing forecast equations for grain weight per
head and final head count. This study also introduces models by
maturity category. The report (Wood, 1972) identifies head length,
culm diameter, and dry head weight as the most useful predictor
variables for grain weight per head. Head and stalk counts are used to
forecast final head count at harvest. The optimum number of plots was
found to be two with each plot three rows by five feet.

The 1981 Sorghum Objective Yield Research Study has shown that a
practical operational survey to estimate grain sorghum yields at
maturity is possible. By randomly locating two plots that are three
rows by four feet, in an appropriate number of samples, a reliable
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estimate of mean gross yield can be made at the State level.
Furthermore, various measurable plant characteristics can be observed
at immature stages of plant development and used to predict final
yields.

The 1981 Sorghum Objective Yield Research Study produced a mean
gross yield of 70.4 bushels per acre (bpa) with an average harvest loss of
9.2 bpa from 97 usable samples. The mean net yield of 61.2 bpa is much
lower than the Crop Reporting Board estimate of 67 bpa. This is a
result of an unusually large mean harvest loss. The farmer reported
average net yield is 68.2 bpa. The coefficients of variation for mean
gross yield and mean farmer reported yield are less than 5 percent, but
the coefficient of variation for mean harvest loss is nearly 19 percent,

The derived optimum number of units per sample is 1.93. The optimum
unit size is 2.34 rows by 1.29 sections (each section is 3 feet). The
recommended number of units and the unit size is two units of three
rows by four feet. The number of fields to be selected is determined by
available funding; however, 100 usable samples are adequate to produce
a State level mean whose ceefficient of variation is less than 5 percent.

Multiple regression procedures were used to establish forecast
equations, by maturity class, for predicting final head count per sample
from monthly stalk and head counts. By the milk stage, all heads had
emerged and stalk count was no longer used as a regressor variable.
The value of r-square ranged from .795 to .998 with the mean square
error falling from 46.711 in the prebloom stage to 0.612 by hard dough.

The forecast equations for grain weight per head in pounds use a variety
of independent variables. The average culm diameter, average head
length, and average head circumference figure prominently in the
models. The dry matter fraction shows some marginal promise in two
maturity classes but its overall usefulness is questionable. The average
head volume is so highly collinear with head circumference that it was
not considered. The range of the r-square is .361 to .634 and the range
of the mean square error is 0.0010 to 0.0044.

A sample of 141 fields was selected using the procedures followed for
the other field crop objective yield surveys. This procedure selected
fields with probability proportional to size from the expanded June
Enumerative Survey (JES) acres of sorghum planted or to be planted for
grain. This allows a field to be chosen for more than one sample. In
1981, three fields contained two samples and one field selected was for
three samples. Figure | shows the sample dispersion for 1981.




FIGURE 1 - Sample field locations

Field observations for all samples began in late June to accommodate
the needs of the SORGF research. With the operator's permission,
three plots (units), each 3 rows by 9 feet, were independently located by
moving prescribed distances along the edge and into the field. These
distances are independent random numbers of rows and paces assigned
to each plot of each sample. Each plot was partitioned into nine 3-foot
sections by dividing each 9-foot row length into three equal parts.
Figure 2 is a diagram of the plot configuration showing the nine 3-foot
sections.

Before physiological maturity, data were collected to be used to
develop forecast models for heads per acre and grain weight per head.
Due to the detailed nature of these measurements and the amount of
time required to make them, these monthly measurements were made
in a subplot within each unit. The subplot was defined to be the first
section in rows | and 2 (sections numbered 1 and 2 in Figure 2). Also,
during the monthly visits, five heads were clipped from plants lying
outside Unit | and mailed to the State office for additional
measurements.



FIGURE 2 - Plot configuration
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At maturity, all heads in each unit were clipped and weighed section by
section. Those heads located within the subplots used to obtain monthly
data (sections 1 and 2) were mailed to the State office. The remaining
heads were disposed of according to the farmer's wishes.

After harvest, three gleaning units, each 2 rows by 3 feet, were laid out
in even-numbered samples. A unit was located 5 rows and 5 paces away
from each pre-harvest plot. Heads, partial heads, and loose grain
within each unit were picked up and mailed to the State office in order
to estimate harvest loss.

Farm operators were interviewed before the first field visit and after
harvest to obtain planting and harvesting data. The initial interview,
conducted in June, was used to obtain field acreage, sorghum variety,
planting date, planting depth and permission to perform fieldwork. The
post-harvest interview was used to secure the farmer's realized final
yield. Copies of the forms used to collect the data are displayed in
Appendix 1. A more detailed explanation of the field procedures can be
found in the 1981 Sorghum Objective Yield Research Study
Enumerator's Manual,

The Generalized Edit (GE) System was used to reformat and edit the
data. The editing guidelines as well as instructions for pre-survey
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preparations and laboratory procedures are described in the Sorghum
Objective Yield Supervising and Editing Manual. The data were

summarized using the Statistical Analysis System (SAS). Information
about program logic and record layout is available from Yield Research
Branch.

Several problems were encountered while conducting this survey. Some
of the problems were created by excessive rainfall during the growing
season. However, the majority of the problems resulted from
unanticipated field situations and insufficient instructions. Several
adjustments were made to the data collection procedures which solved
most of these problems. Possible solutions to the remaining problems
were found and are recommended for future suveys.

The wet spring of 1981, caused excessive delays in field preparation and
seeding. Consequently, intentions made up a larger proportion of the
grain sorghum acres planted and to be planted reported on the JES.
Since the objective yield sample is selected from JES reported acres, a
large number of the fields selected had not been planted by June I.
Rain continued to be a frequent occurrence into June and July, causing
several samples to be lost because they were never planted. Other
sample fields were planted to soybeans or left idle for fall wheat
seedings. Table | shows the distribution of samples by their status.

TABLE 1 - Frequency of final field work status

Sample status Frequency  Percent
Fieldwork complete 97 68.8
Selected field not planted 20 14.2
to sorghum

Selected field not for
harvest as grain 1 .7

Farmer harvested before 4 2.8
fieldwork was complete

Samples lost during season 2 1.4
Farmer refusal 17 12.1
TOTAL 141 100.0



Stalk counts made during all early season and final preharvest visits
proved to be difficult. The definitions provided in the Enumerator's
Manual were based on anticipated field situations. It was assumed that
each point of emergence would consist of one main stalk with a few
tiller stalks possible. A tiller stalk was defined to be a stalk that
emerges from the ground close to the main stalk, often at a slight slant.
Tillers are smaller in size compared to a main stalk and lack the brace
roots present in main stalks. It was further assumed that each main
stalk would produce a maximum of one head and that tillers would
produce no heads. As the plants developed, many stalks that had been
categorized as tillers had grown to the same size as the main stalk.
Nearly all of these stalks had formed a head and displayed brace roots.
It became obvious that counting total stalks and stalks with heads using
the original definitions was of no benefit to the survey. Therefore,
enumerators were instructed to count heads instead of stalks with
heads. Futhermore, it is recommended that the stalk question in future
surveys be modified to enable a count of tillers in addition to main
stalks and that definitions allow for several main stalks at a point of
emergence.

Previous sorghum research suggested that the volume displacement of a
sorghum head might be an effective predictor of a final weight per
head. In order to compute the volume, enumerators obtained a head
circumference measurement by wrapping a cloth tape measure around
the widest part of the head. The tape was drawn in tightly around the
branches without constricting the head. There were two problems with
this measurement approach that made it extremely difficult for
enumerators to be consistent. First, the tape measure was hard to
handle and enumerators had trouble locating the widest point of the
head. A new measuring device was developed by printing the scale on a
sheet of transparent plastic enabling the enumerators to form a
cylinder around the head. The other problem was one of how tight to
pull the measuring device around the head. The original definition left
far too much latitude to provide consistent results. No change was
made to the 1981 definition. It is recommended that the circumference
measurement be made by pulling the cylinder as tight as possible around
the head without damaging it. This means that head circumference
measurements cannot be done until the head has completed flowering to
avoid damaging the head.

During their monthly visit, enumerators encountered numerous
instances in which the head was partially emerged from the flag leaf.
Many enumerators were not sure whether these heads should be
included in their total head count. The enumerators were instructed to
include partially emerged heads in their count. Also, the lowest
branching on the head was covered making the culm diameter and head
length impossible to accurately measure. For these cases, head
measurements were forfeited since pulling back the flag leaf would
alter the development of the plant. It is not necessary that head
measurements be made on an all or nothing basis. In future surveys,
enumerators should make any of the head measurements that can be
made without damaging the plant.




ANALYSIS
ASSUMPTIONS

SURVEY ESTIMATES
AND ESTIMATES
Yield Expansions

Sorghum enumerators with experience in other field crop objective
yield surveys commented that it seemed that an inordinate number of
units fell near the edge of the field. It is unknown whether this was a
chance occurrence or a bias in the table of random numbers used for
unit location. A true bias is likely to cause lower gross yield expansions
and higher harvest losses since field edges frequently have lighter plant
stands and poorer development. The rows and paces used for sorghum
were chosen from the table used for wheat objective yield. The wheat
table was chosen for its availability and convenience. Although no firm
statement can be made about this situation, unit location numbers from
a row crop objective yield are recommended for future surveys.

Participation in all objective yield surveys is voluntary. The inability to
obtain data due to an unwillingness to cooperate or the unavailability of
the sample field may introduce a bias. A summary by status of the
final preharvest visit is shown in Table 1. The amount of the bias is
affected by the number of samples with no information and the
characteristic differences between the respondents and non-
respondents. The analysis of this survey assumes that no difference in
yield components exists between the two groups and the state level
mean is imputed. An alternative method of imputation would be to use
a yield estimate from comparable fields for missing samples. Since the
objective yield sample is selected from JES segments which are
stratified by cultivation intensity, this approach could be  done.
However, the distribution of the OY samples is heavily skewed toward
the more intensely cultivated land use strata, leaving very few samples
in the lower intensity strata on which to estimate yield,

Variances were computed by assuming simple random sampling, This
assumption is made for all operational objective yield surveys. The
application of this assumption has been questioned since it disregards
the actual sampling design. The validity of the assumption is currently
being investigated. A preliminary report indicates that the assumption
of simple random sampling is acceptable.

The final mean net yield expansion is the most important product of the
objective yield survey. This expansion provides an indication, based on
a probability survey, of the yield actually realized by farmers. The net
yield is computed by estimating gross yield (biological production) and
deducting the quantity of grain lost because of the harvest process. All
expansions are computed at the sample level and averaged to obtain the
State mean. All yield expansions are expressed as bushels per acre. A
bushel of grain sorghum is defined to be 56 pounds of grain at 15.5
percent moisture.

The formulae for computing the yield expansions are:



gross yield

harvest loss

heads per acre

net weight per head

threshing fraction

dry matter fraction

= (heads per acre) (net weight per head in pounds)
(56)

= [(grams of grain from heads and pieces) + 2 (grams of loose grain] X

(43,560) (12) . 1- moisture content, |
(12 row-width)(18) 845 (453.6)

where,

(total number of heads from 3 units) x (43,560) (12)
(81) (12 row-width)

field weight per threshing dry matter
head in pounds | X fraction |X fraction

weight of threshed grain in grams
weight of heads at threshing

= (field weight of lab heads in pounds)(453.6) = 1-moisture content
weight of heads at threshing in grams 845

and

56 converts pounds to bushels

453.6 converts grams to pounds

43,560 converts square feet to acres

12 adjusts the row width to a one row basis

81 represents the total feet of row clipped

12 row-width is the sum of the three 4 row-space measurements
18 represents the total feet of row gleaned

.845 standardizes the moisture to 15.5 percent.

Table 2 presents the descriptive statistics for the survey estimates and
the two main components of gross yield. Three estimates of net yield
are shown. The correct survey estimate of the final mean net yield is
61.179 bpa with a standard error (SE) of 3.853 and a coefficient of
variation (CV) of 6.3 percent. The mean net yield based only on
samples that were gleaned is 64.38 (SE = 4.976, CV = 7.73). The farmer
reported net yield is 68.231 (SE = 3.274, CV = 4.8). The official Crop
Reporting Board (CRB) estimate of final yield is 67 bushels per acre.




TABLE 2 - Summary of yield estimates

Variable n Mean Standard Coefficient
Error of Variationl
Heads per acre 97 36,054 1,522 4.22
Weight per head (Ib) 97 112 .005 4.46
Gross yield 97 70.373 3.438 4.89
Harvest loss 39 9.194 1.730 18.82
Comparable
net yield 2/ 39 64.380 4.976 7.73
Farmer reported
net yield 3/ 95 68.231 3.274 4.80
Net yield 4/ 97 61.179 3.853 6.30

1/ The coefficient of variation (CV) is the standard error divided by
the mean expressed as a percent.
2/ Net yield computed using only those samples for which gleanings
were made.
/ Net yield reported on the Form D postharvest interview.
4/ Net yield computed as mean gross yield minus mean harvest loss.

The mean net yield is low compared with the CRB and farmer reported
estimates. The mean gross yield is consistent with the other estimates;
however, the mean harvest loss is very large. Figure 3 plots the
expanded harvest loss versus gross yield for the samples that were
gleaned. The plot vividly shows the presence of several extremely large
harvest loss expansions. The farmers, whose fields produced the six
largest harvest loss expansions, reported significant damage due to
lodging in the selected field. The causes given were insects and wind.
The mean of the ratios of harvest loss to gross yield to is 15.9 percent.
State mean harvest loss ratios for other OY crops generally range from
4 to 10 percent of gross yield. The presence of large harvest loss
expansions is common, however, the small number of gleanings (39)
allows the outliers to greatly influence the State mean.

10



435

FIGURE 3
Expanded harvest loss vs expanded gross yield
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Plot Comparison Since the final preharvest data were recorded section by section, the

mean gross yield can be computed for several plot sizes. Beginning
with the first section in Row 1, rows and sections can be added to form
units of up to three rows that are three, six, or nine feet in length. The
mean, standard error, and coefficient of variation of gross yield for all
possible plot sizes are shown in Table 3. The consistency of the data is

demonstrated by the diminishing standard errors as the number of rows
increases.
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TABLE 3 - Mean, standard error, and coefficient of variation

for gross yield for selected plot sizes

Number Length of Rows

of rows 3 feet 6 feet 9 feet

1 mean 71.901 72.503 71.306
stanq?rd error 3.773 3.719 3.579
C.V~ 5.25 5.13 5.02

2 mean 71.712 72.111 70.920
standard error 3.661 3.489 3.489
C.V. 5.10 4.84 4.92

3 mean 71.149 71.062 70.373
standard error 3.574 3.420 3.433
C.V. 5.02 4,81 4.39

1/ Standard error divided by mean expressed as a percent.

Acreage Estimates

PLOT OPTIMIZATION

The estimate of planted acres of sorghum from the JES is adjusted to
estimate the acres of sorghum for harvest as grain. The adjustments
are based on data collected from the two farmer interviews conducted
during the survey. For each sample, the ratio of the acres of sorghum
for harvest as grain as reported during the initial interview (Form A) to
the JES acres of sorghum planted and to be planted was computed. The
mean ratio was used to adjust the State expanded JES acres to estimate
the acres of sorghum for harvest as grain. In 1981, the mean ratio was
0.819 and the expanded JES acres planted and to be planted for grain in
Kansas was 3,840,934. The estimate of acres of sorghum for harvest as
grain is 3,145,725 with a standard error of approximately 286,044. The
standard error is approximate because the covariance could not be
calculated.

The second adjustment is based on the post-harvest interview (Form D)
field level data. The ratio of the acres harvested in the sample field as
reported on the Form D to acres in the sample field as reported on the
Form A revises the acres for harvest estimate. The mean ratio is 0.997
and the revised estimate of acres for harvest as grain is 3,136,288 with
a standard error of approximately 288,602. The final CRB estimate of
acres of sorghum harvested for grain is 3,560,000.

Previous sorghum objective yield research has produced several
different optimum plot sizes. No concensus plot size has been
established because of different cost functions and different analysis
approaches. The 1981 survey was designed to recompute the optimums.
The approach used for this project is to simultaneously derive the
optimums for number of plots, rows within plots, and length of row
using the variance components and cost for each level.

12



A nested analysis of variance was used to find the variance components.
The sample plots were constructed such that sections are fully nested
within rows, rows are nested within units and units within samples. The
design is also completely balanced. That is, each row has the same
number of sections (observations).

The general form of the linear model is:

Yijkl = p+Aj+ Bi(j) + Cij(k) + Dijk(l)
where

Yijjk| = total head weight for section 1 in row k in unit j of sample i.
p = overall mean.

Aj = between sample effect (i = 1,2,...97).

Bi(j) = between plots within samples effect (j = 1,2,3).

Cij(k) = between rows within plots effect (k = 1,2,3).

Djjk(l) = between sections within rows effect (I = 1,2,3).

Each level has mean 0 and variances cza, o'zb, o_zc, and sz, respectively,
Rows and sections were selected using contiguous sampling. This means
that rows and sections are not sampled randomly, but are chosen in
groups. Wood (1972, p.5) notes that the use of variance components
eliminates the problem of bias since the variance components are
computed within the next highest level instead of over the entire
population.

The degrees of freedom and expected mean squares for a three-way
nested analysis of variance are shown in Table 4. By equating the mean
squares with their respective expected values, estimates of the
variance components can be found by solving the system of equations.
The mean squares for the 1981 survey data are also shown in Table 4.

TABLE 4 - Degrees of freedom, mean squares, and expected mean squares for
three-way nested analysis of variance

Source df MS E (MS)

. 2 2 2 2
Between Fields 96 6.065 0d+3 gctd 6b+27 oa
Between Units 194 0.942 04+3 0et9 oh
Between Rows 582 0.411 o4+3 0w
Within Rows 1,746 0.216 oy
Corrected Total 2,618

The costs in minutes primarily represent the average amount of time
attributable to each level. For example, the cost between rows is the

13




time spent gathering equiprnent and moving to the next row. The
between sample cost is adjusted to include mileage and the between
section costs includes the time required to perform the clipping and
weighing., The cost estimates were based on times recorded on the
survey forms, administrative records and field experience. The cost
estimates are shown in Table 5. By letting 'C' represent cost and 'n'
represent sample size, the following formulae were used to find the
optimum sample sizes. A brief discussion of this approach can be found
in Jessen (1978), Section 9.3.

~2 ~2
np = Cafp ne = Choc
o) ~2
Chboa Ceob
~2
ndg = Ccogd
2
Cdoc

The number of fields to be selected (n,) is primarily determined by
funding levels with consideration given to a target coefficient of
variation. Table 5 presents the actual variance components, cost
estimates, and optimum sample sizes derived from the survey data.
While the optimum number of units and rows must be integers, the
optimum row length (1.29 sections) can be expressed as 3.87 feet.
Therefore, the recommended number of plots is two and recommended
plot size is three rows by four feet.

TABLE 5 - Variance components,
cost estimates and optimum sample size

Level Variance Cost Optimum
cormponent estimatel/ sample size

Between fields .1898 120

Between units .0590 10 1.93

Between rows .0648 2 2.34

Between sections L2145 4 1.29

1/ Expressed in minutes

FORECAST MODELS

The 1981 data give evidence that reasonable forecast models can be
developed for predicting final head count and final net weight of grain
per head from early season counts and measurements. These predicted
values, along with current year row space measurements, provide
forecasts of gross yield per acre in advance of the harvest season. An
estimate of historic harvest loss is deducted from the predicted gross
yield to forecast net yield.

14



Final Head Count

The forecast models are developed by maturity class since the worth of
the predictor variables depends on the growth stage of the plants. The
maturity class of each unit is determined by field enumerators
according to the definitions in Appendix 2. The rounded average of the
three unit maturity classes was used to determine the maturity class of
the sample.

Two variables were collected monthly as regressor variables for
forecasting the total number of heads in all units at harvest. These are
total stalk count (excluding tiller stalks) and total head count.
Originally, enumerators were instructed to count the number of stalks
with heads instead of the number of heads. However, during the August
| survey, enumerators had so much difficulty differentiating tillers and
main stalks that the question was changed to count the number of
heads. The change of measurement did not affect the forecast models
because most samples had not developed heads by the August | survey
period.

A known collinear relationship which becomes stronger as the plant
develops exists between the two regressor variables . For this reason,
no statistical check was made for collinearity. A stepwise regression
procedure was used to identify which variables should be included in the
model for each maturity class. The significance level for entry and the
significance level to stay were 0.15.

With the form of the model established for each maturity class, the
data sets were individually examined for influential data points. Six
diagnostics were used to flag potential extreme data values. The
diagnostics are the studentized residual, Cook's D, the covariance ratio,
DFFITS, and two DFBETAS. A brief description of these is given in
Appendix 4. Threshold values for each diagnostic were based on
suggestions from Belsley, Kuh, and Welsch (1980) and values used by
SRS (Methods Staff). Any observation that produced four or more
diagnostics that were more extreme than the threshold value was
deleted. Observations with three extreme diagnostics were deleted
only if the more conservative diagnostics (studentized residuals and
Cook's D) suggested their removal. Fewer than ten percent of the
observations were deleted froin any class. Plots of the final head count
versus the regressor variables selected for each maturity class are
shown in Appendix 3. The circled observations were deleted from the
data set.

Table 6 presents the "best" regression equation for each maturity class
and the associated statistics. The evolution of the models through
successive maturity classes clearly show the survival characteristics of
a sorghum head. Once a head emerges and begins to flower (bloom
class), the likelihood of its survival to maturity is very high. Thus, all
models which use monthly head count as a regressor variable have r-
squared values of .900 or greater with diminishing mean square errors
(MSE).
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Weight per Head

TABLE 6 - "Best" regression equations for
final head count

2

Maturity Class n r MSE Equation

Prebloom (1) 90 0.795 46.711  6.1203 + 0.9603 (stalks)

Bloom (2) 36 0.945 9.523 3.2219+0.1474(stalks)+0.8555(heads)
Milk (3) 33 0.900 22.631  4.8843 + 0.9225 (heads)

Soft Dough (4) 42  0.977 3.871  0.6047 + 0.9878 (heads)
Hard Dough (5) 22 0.998 0.612 0.5090 + 0.9748 (heads)

Forecast models for final net grain weight per head were more difficult
to develop. The weight per head is defined as the average weight in
pounds of threshed grain per head adjusted to 15.5 percent moisture.
Five independent variables were collected during the monthly visits for
use as regressor variables. The five variables are culm diameter, head
length, head circumference, head volume, and dry matter fraction.
These variables have shown some promise as forecast variables in
previous sorghum research (Cochran (1961), Von Steen (1966), Vogel
(1970), Wood (1972)).

The culm diameter was measured one-half inch below the lowest
branching. Since a culm is not perfectly round, the widest diameter
was recorded. The head length was measured from the lowest
branching to the tip of the head. The head circumference was obtained
by placing a sheet of plastic around the head as tightly as possible
without constricting the head. The head volume variable is a value
proportional to the true volume and was derived as the square of the
circumference multiplied by the head length. The dry matter fraction
was found by dividing the weight of five heads dried to zero moisture by
the weight of these heads before drying. Enumerators clipped the five
heads from stalks located just outside Unit 1. These heads were taken
beyond Row | during one month and beyond Row 2 the next month. If a
third monthly clipping was necessary, the heads were clipped from Row
1 beyond the first clipping area.

The matrix of pairwise correlations between all independent variables
and the final grain weight is shown in Table 7. The culm and head
measurement not only show good correlation between themselves but
also with final grain weight. However, the extremely high correlation
between the circumference and volume is an indication of the possible
presence of collinearity. Since the volume variable represents the
interaction between length and circumference, the presence of
collinearity is not unlikely. The dry matter variable shows poor
correlation with all other variables.

16



TABLE 7 - Correlation matrix for independent variables and

Variable

Culm Diameter

Head Length

Head Circumference

Head Volume

Dry matter

final net grain weight per head with sample sizes

Length Circumference Volume  Dry Matter Grain Weight
0.621 0.559 0.508 -0.043 0.550
306 306 306 281 288
-~ 0.443 0.443 -0.098 0.439
306 306 281 288

-- 0.938 0.015 0.424

306 281 288

-~ -0.004 0.427

281 283

-- 0.070

273

When the data were partitioned by maturity class for model
development, only two observations remained in the prebloom class.
The final mean net weight of grain is given as the forecast of final
grain weight per head for this class. The data sets for the other four
maturity classes were examined for collinearity using the Variance
Inflation Factor (VIF). In each class, the average head volume displayed
a strong dependency (high VIF) and was dropped from the general form
of the model. The collinearity statistics were recomputed on the new
model and no other dependencies were evident. Appendix 4 presents a
brief description of the VIF.

Each data set was checked for influential data points using the four
variable model. The same diagnostics used in the development of the
head count models were used and the same decision criteria were
applied. A total of eight diagnostics were examined (four of them were
DFBETAS). Observations flagged as being extreme by five or more
diagnostics were deleted. Decisions on observations with four extreme
diagnostics were made on a case by case basis. The total number of
observations deleted was eleven. All classes had fewer than ten
percent of the observations deleted.

A stepwise procedure was used to select the most important variables
in each maturity class. The r-square value of models produced by this
procedure were reviewed with respect to the r-square values of all
possible models. Table 8 presents the "best" regression model for each
maturity class with the sample size, r-square and mean square error for
each maturity class. The model shown is the model produced by the
stepwise selection procedure for each class except the hard dough class.
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Maturity class
Pre-bloom (1)

Bloom (2)

Milk (3)

Soft dough (4)

Hard dough (5)

In this class, a three variable model was chosen over the one variable
(circumference) model established by the stepwise process. The
selected model has a larger r-square (by 38 percent) and a smaller mean
square error (by 9 percent) than the stepwise model. The stepwise
procedure did not find other significant variables because of a lack of
degrees of freedom.

All observations that had been previously deleted were reinstated and
the influential data analysis was repeated. This analysis resulted in
only one of the reinstated observations being retained and two
additional observations being deleted. The parameter estimates shown
in Table 8 were derived from the final data set.

TABLE 8 - "Best" regression equations for
net grain weight per head

2

n r MSE Equation
(1981 average) 0.11195

45 0.361 0.00091 -0.10672 + 0.01811 (diameter) +
0.00674 (length) - 0.00196
(circumference)

32 0.634 0.00066 - 0.06762 + 0.01121 (length) +
0.00501 (circumference) - 0.08227
(dry matter)

36 0.550 0.00044 - 0.03936 + 0.01738
(diameter)

16 0.501 0.00100 - 0.06695 + 0.01023 (length)

+ 0.00840 (circumference) - 0.083870
(dry matter)

Because of the difficulties in performing the measurement, the average
head circumference was not expected to be a very useful variable. The
data do not show evidence supporting this. When the head
circumference reasurement is redefined to be more consistent, it
should be a more valuable regressor variable. The average dry matter
fraction proved to be a marginally useful variable. Although dry matter
appears in two of the final models, most of the models containing dry
matter had the lowest r-square values. Since the dry matter fraction is
an expensive data item, its value as a regressor variable should be
closely monitored in a research mode before deciding to use it in an
operational program.
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EDIT LIMITS

RECOMMENDATIONS

Reasonable edit limits must be established to insure the quality of the
data used in forecasting and estimating. This is especially true in an
operational survey since the editing of data is decentralized.
Recommended edit limits are presented in Appendix 5. These limits
were established by reviewing the descriptive statistics and frequency
counts. The frequency distribution of most of the data items is skewed
toward the larger values and the suggested edit limits reflect this.

The following list of items outlines recommended changes to the
Sorghum Objective Yield Survey procedures. The recommendations are
based on actual field experience as well as the analysis of the data
collected.

1. The optimum plot size and number of plots derived from the 1981
data is 2 units of 3 rows by 4 feet. However, while the program is
in a research mode, a plot size of 3 rows by 2 sections is
recommended for each of 2 units. This will enable the optimums to
be reexamined.

2. Redefine the head circumference measurement. The original
approach led to gross inconsistencies in how enumerators obtained
the data., A new measuring device was introduced during the
survey to improve the quality of the measurement. The new
device, made from transparent plastic, made it easier for
enumerators. However, two problemns remain. The first is how
tight should the device be drawn around the head and, second, is
that the plastic was only 10 inches long and was frequently too
short to encompass the entire head. Both problems can be solved
by defining the actual measurement to be the circumference of the
head with all branches drawn in snugly within the cylinder. This
measurement cannot be made until all flowers have dried to avoid
damaging the head.

3. Change stalk and head count questions on all Form B's. This will
help determine how to deal with the problem of identifying tillers.
During this study, several stalks that were identified as tillers in
August developed into main stalks (individual root systems and
heads) in later months. The new questions should be:

3a. Number of main stalks
b. Number of heads on main stalks

4a. Number of tiller stalks
b. Number of heads on tiller stalks

Stalks placed in Item 4a in August will not be required to remain as
tillers throughout the survey. If, as the plant develops, it becomes
apparent that a "tiller" should have been classified as a main stalk,
it can be moved into Item 3a. This approach will help evaluate,
through month to month shifts, the difficulty of correctly
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Appendix I: Forms

(TED STATES DEPARTMENT OF AGRICULTURE FORM A: SORGHUM YIELD SURVEY — 1981
ECONOMICS AND STATISTICS SEAVICE INITIAL INTERVIEW

YEAR, CROP, FORM, MONTH

121 __

Abowt the first of June s representative from our r
offies obtained some information about your farming e
eperstions. Now, s part of s research project, we [ 1 P TR
wre interestad in estimating the productios of gnia m
wrghum :‘ 'pd;ﬁn. i‘fgmﬁo.‘::“‘ ,~. SAUNGTING . .......ociiiiiririrrniirenes
sorghuss Seids Your response 10 this survey M3 NTED
woluatary and ot required by law, However, we m‘;':c.‘u
msed and sppreciate your T4
L Around June 1, you Planted or IMONBEE W PIBME . . ... ......coiinrtanenraenncratasrseararsesaanretenavan k 2 ]

sores of sorghum for sll purposes in finids in this roet. [Ty Yy —

SHOM upevens ko iret ond widh en PHOTO.

VERIFY 1he forids ond the exrvorer of sorghum

plavied 1 1he 101 ond emreved 1a 1A shodrd orvm

&f Tonie 4. OUTLINE andd loiwi on she phase off

oves repnareed i Culumn 5. MAAL secvmers cur-

Axvens ond ars iy @ aun-shetied aves of

Tottr A.
If no sorghum 1wes planted in Beet,
corvet Tobie A ond recwrn ol fore,
RECORD 1he acrvares of sorghum o be hervewed fur grow in Colvmn 8 ond ADD 1w sesel.
TABLE A
FIELD Acres in USES or CROPS other than
NUMBER TOTAL ACRES sorghum to be harvested for grain ACRES OF
(Sample field ACRES PLANTED TO | (For example: fence rows, ditches, SORGHUM
awmber is IN FIELD SORGHUM woterways, roads, other crops, ete.) | FOR GRAIN
circied.) USE ACRES
1 2 3 4 $ $
L] [ d ®
2 -t [ »
k: o [ L]
2 3 - o [
E ® |4 L]
- s . U] o
k [ * L]
- 2 (T L]
L] L. [ ]
k : F ] - []
} 0 3 °
2 N — °
"2
2 The wtal sorghum screage /Covma &) %0 5o harvestad for grain IN s Tamt i ....oooivvvienecreenees Asven 2

- Review o/t 1re1as. RE-ADD Colvmn &
B THAT RIGNT?
VES - Contmwe.
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FORM A: SORGHUM (Cont'd)
All quastions on this page spply to the SAMPLE PIELD ONLY.

If no sorglum is intended to da harvasted for grein in the daignated
ssmple field, BUT ¢ NEW field to de harvested for grein is listed in
Rbb:,&-n-ﬂ-ﬂtku becomaes the mmpis fleid to enter in

L)

3 o.w-u-dm-mmmmmm__ [103
AieiiiiiosssnsssscssnsssccscccsRocordocresor 0", .......... cenes AcTes

¥ iterm 3 s zevo, 9o to Form M.

4 5 On whet dats was this fleld planted? ( ) eteeateennttncecacacnasonns

5. What wristy of grain sorghum is plartted in this fleid? {

e What was the planting depth? .« ccvceesncscecnrcaccvascsssossssacscsnsaccasass iichos

NOW - COMPLETE FORM H BEFORE ASKING ITEM &

B "Whth your permission | will go out to the fleld snd merk off three smell units te be used
n making rtaik and head counts. ! will return to the units %o record the date of half-bloem
-and ssch month until harvest to make aounts and dlio s few
heads to detarmine their weight and size. After you have finished hervesting this field,
| will return to ask you sbout production. It will be apprecisted if you can keep a resord
of the total amount of sorghum hervested from this fieid. | will aiso go out to the field
8 fow days sfter harvest and pick up any locse grain laft in the sempie plots.

Wouid this be ol right? Y-D
Ne [ If “no ™ conclude interview end return oll forms.

6. Where shouid | lesve the heads clipped from the units?

Thenk you very much for your help,

IMPORTANT: Review this form for completenses. Record ending time and dgn name.
Caiculate the probable date of half-bloom s Planting Date + 2 months.

Caleulste the probable harvest &nuﬂudngbmttum
Copy v.lnnpnublc dates to the kit envel
Copy net acres for harvest u-nphﬂddeuﬁulur-D

172

Eading Time (Military Time)

[1;0
SatweCode. ...........
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UNITED STATES DEPARTMENT OF AGRICULTURE
SCONOMICE

FORM H: SORGHUM YIELD SURVEY - 1981
AND STATISTICE SERVICE

FERTILIZER INTERVIEW

YEAR, CROP, FORM, MONTH
(Y=t}

—
1081 |
‘:m:...'mmw&‘ﬂ.ﬂlkﬁl.’............... ......................... ...E‘ [ |

A seve entry ~ Qo 1o Form A end enter ending time.

l{h-:h——-—-—<
An Asreage entry - Continge.

2. Has this fisld boen (or will it be) Werigatad?

2, - J=1L X no Oes Sosw Code

3. Did you or will you spply ANY fertilizer on thase 1ter ¥ 0 ]
am 1) 20res in Sampie Fisld No. ? ENTER —— o
2 for No
P ACode ! entry ~Go w [em 4.
Hflem 3 hae -
A Code 2 sntry - Go to Form A, lam §.
PERTILIZER

EXAMPLES OF ANALYSIS BY KIND
Aralysis Masrs Percantage of N, P30s and K20,

Kind Analysis Examples
Ammosium Nitrate u~-0~0
Ashydrous Ammoais "3=-0~-0
N Solutions (Pressure) 37=0~-0:40-0~-0, FTC.
N Sclutions (Noa-Pressure) 32—-0-0, BTC.

Superphosphate
Mixed Pertilisers (Liquid e¢ Dry)

0—4¢8 -0, ETC
12~-13-12; 5 - 20 — 30, EIC.

(1 Fertlliser Applications
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FORM H: Fertilizer interview (Cont'd)

4 On these (1tem 1) scres, how much of smch kind of fertilizer has been or will be spplied per acre?
‘Inciude oll emounts applied specifically for this sorghum crop since preparstion of fisld begon last fall or this spring.)

TABLE A: Uns this table to record sny fertillier spplications thet INCLUDED CARRIER MATERIALR
Record sach applicstion on o sparsts lime.

L ANALYSIS FORM WAS
: POUNDS Month | APPLICA.
N KIND Nitrogen | Phosphate Poud\. APPLIED - Solié When TION
' N | 0" | KaO PER 2-Uquid | Applied?] 1. At sead-
Ache 3-Gas ing or bet
2- AMw 'T
weding
Pereant | Percent | Pwreent Enter Code| Code Enter Code
N see [T13 [T7) 0’0y 10 1Y) 12
. [1F) 14 1) ote i 2 8o 819
c 1) (11 (111 [TY] (¥ 7] T e
o [TH [17) 173 10 1] 32 (3]
" 37 1] [T 37 [T 39 Teae
N ea1 (YT [7Y) 044 (Y]] 7Y} [v1}
TABLE B: Use ths table to record anry fertilizer spolicatiors reported in POUNDS of ACTUAL NUTRIENTS.
ECLUDEgRRIER MATERIALS. Record sach ggiaﬁm on 8 teperute fins,
L ACTUAL NUTRIENTS APPLIED FORM Momth [WAS APPLICATION '
h Nivogen Phosphate Potmh 1-Solid | When [ 4.4t mdingor
N -~ “P20s” “X30” 2-Liquid |Applied? | perare
{ 3-Gm 2 - Ahw smding
1ba. per acre 1be. per acre 1be. per acre Enter Code Enter Codd Bnter Code
A s 7T 1) Y] (173 [1T)
. (17 113 e (133 1) 0]
c e 81 1) 1) 1Y) 1)
b see ey ) " e Y3
‘. 72 (7] e7a 7 76 77
’ 70 ary ) et 1Y) [1Y)
Enumenter Retun 1 Porm A, Jtem 5.
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T A T L OvASrIcuLTURE FORM B. 1: SORGHUM FLOWERING COUMTS

1981
| YEAR, CROP, FORM, MONTH -I
(1-4)
Has operator spplisd pesticides with orgsnophosphorous content since last field visit? vgs O no O
If YES. enter latest application date and name of pesticid
UNIT LOCATION UNIT 1 UNIT2 [UMIT3
Number of rows along 370
edgeoffield. ........... Dste b o _)......
F14]
Number of paces into StartigTime . ......... eeees
field..... ...........
ROW SPACE MEASUREMENTS UNIT 1 UNIT 2 UNIT 3
1. s this the same unit that was laid 20t last momth? Check
NO if this is the first visit to lay out the unit or if unit is vyes O no O ves O wo O ves O no D
relocated.
For unit(s) checked. YES =slip to Item 3. NO-complete
Item 2.
2. 5. Measure distznce from stolks in Row 1 301 02 203
tostelksin Row2 . ..., ............ Feet & Tenths . 3 ®
304 308 308
b. leasure distance from stalks in Row 1
tostelks irRowS... .. ............. Feet & Tenths . [y .

ERVATIONS WITHIN 2-ROW 8Y 3-FOOT SECTION

——

UNIT3 JALL UNITS
313 4
3. Number of stalks inboth rows . . .. . e
1Y) rn 323 YY)
4. Number of item 3 stalks with flowers. .

. Compute and record % of the total ineelt 314 . ............. vesrerssmansaraaes

.
—————————————

€. is the figure in eall 324 grester than or equel 10 the total in leem 8?2
NO — Datermine the date of the naxt visit ssing the tabie on the back page.
YES — BTOP, no more flowering visits are necesssry, the sample hes resched the flowering stege.
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FORM B-—1: SORGHUM (Cuui'd)

UNITT | UNIT2 | UNITY

32?2 320 329
7. Growthstage of sech unit ... ....
GROWTH STAGE CODE TIME TO NEXT VISIT

Mantig 10 emergence 1 8 wesks
First lost visible {Jorh.lnm 2 € wooks

4 or more lesves 3 & weoks
Fiest loaf dropped. no flag lest 4 3 woeks
Flag lesf extonded ] 10dm
Boot or head emerged [ ] Sdonn

Use the most advenced growth stage recorded for any of the 3 units to determine when the sempls should be visited
next Record the date of the next visit on the kit envelope.

Ending Time

Status Code
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UNITED STATES DEPARTMENT OF AGRICULTURF
ECONOMICS AND STATISTICS SERVICE FORM B — 2: SORGHUM YIELD COUNTS — 1981

. Nu
2

g

3

‘

YEAR, CROP, FORM, MONTH

(1-4)
MONTH CODE
Aug. 1 .. .. 2
Sept.1 ... .. 3
Oct. 1 4

Mov.t B 103 _

Has operator applied pesticides with organophosphorous content since last fieid visit? YES O NO D

If YES, enter latest application date and name of pesticide

UNIT LOCATION

Number of rows along
edge of field

Number of paces into
tield

Date (

Starting Time

Is the sample field mature?
O NO, Continue. D YES - STOP, Complete Form B-3.
ROW SPACE MEASUREMENTS

UNIT 1 UNIT 2 UNIT 3

1. Is this same unit that was laid out last month?
Check NO if this is the tirst visit to lay out the unit or
il unit is relocsted. For unit(s) checked: YES — skip

to ltem 3. NO — complete Item 2. véesO wnoO vesD w~oD vesO w~NoD
o0 302 303
2. a. Measure distance from stalks in Row 1
tostalksinRow2................ Feet & Tenths . * *
304 205 306

b. Measure distance from stalks in Row 1
tostalksinRowS5................ Feet & Tenths * ¢ *

OBSERVATIONS WITHIN 2-ROW BY 3-FOOT SECTION

m 312 313
3. Numberofstalksinbothrows ...................

318 e M
4. Number of stalks withheads .......... Meeenraaan

38 30 320
5. Stageofmaturity ............c.iiiiiiiiiennn

Pre-flower . . ... 1
Flower. .. .. 2

Milk . .... 3

Soft Dough . . ... 4
Hard Dough .. . .. 5
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FORM B-2: SORGHUM (Cont’'d)
6. For sach heed, measure the oulm diameter, head length and hesd circumterence.

UNIT 1 UNIT 2 UNIT3
Cuim Head Head Culm Head Heed Culm Head Hesd
Dismeter Length Circum. Diameter | Longth Circum. | Diameter | Longth Clroum.
(mem) Gn) {mm) {in) fom) (mm) Gn) (om)
330 (1Y [T I 34 T T 3¢ "7 3
] ) ° L . . . 3 'Y ° [
" 340 21} e 343 344 a8 46 242
3 . . * hd \d [ . [ . 3
(2] sap e "’ | 382 L L] 8 388 e
) ] . L \d N4 . . . . ]
Y 308 390 80 381 ez 363 04 288
a . . . . . * . . . s
[11] [11] [11] L1} ] 414 4 ar [1}) a8
] - A A A . A A Py 8
(1) a0 o A28 423 ars azs 426 427 :
e ° - ° . . 3 ) . - L]
a8 a9 a3 an 43 43 a4 438 43¢
 J » ° . o L] - . . . ’
a3? 438 a8 as aas 443 443 a4s 448
. . . » ° » » . . 3 [
. o 447 A a0 450 as 483 ass ass .
. ° * [] ] L] . . .
ass 488 a7 498 L11) L) an a2 463
" ° M 'Y [ . . ° . . 1
240 sat 42 343 [ 1] 48 sas 847 [ 21}
" [] [] (] (] . . L] . . 1"
e "e (1] [ ]} [ 1] 8e [ 1 1] [ 1] [ 13}
”" . . . [ - 0 o ° . 12
e 09 [ 1] [ []] ses [ 1}] aes [11] [ 111
" ] [] (] o L] [ * . . "3
a1 [1]] 0"ns [11] (11} [ 11] (11 "7y 18
' [] [] [] 3 [ (] ° . 0 "
e e (2 1] [} ] a3 [} 7 ) aas L1 1] .37
" . . . . . . . . . "
[ 2] [ 2 1] e (2 1) [ 1] [ 2] [ 2 1] [ *]) [2 1]
" » [ [ [ * . ° . . 1.
[ 12} e [ 1] 440 [ 1) [ 2 [ L}) [ 1] as
” » o o [ 3 . . . - 7
a8 .y [ 2] [T ) [ 1) [ 1] s [12] (1)
' - ° [ . - [ - . - 10
1] (1 1] 7 [ ) L 14 e .61 [ 3] [1}]
‘e [ ° . . . 3 . ™ . 1"
” 718 "s kAL 748 18 "7 "e 799
L4 L] L] - Ld > Ld * L . L4
2 80 . 7”0t . 7”2 . 7 . 84 . 788 . 788 . ny . 78 . a
a0 70 ™ 7”8 7”3 7”4 738 e 7
L] ° . o . [ . . . . az
% ”e 40 " 4R 743 T84 748 a8
3 A [y o s (] [] ® . o 29
Complete Form B-2A for resserch
ond clip sress beyond Unit 1; GotoUnit 3. Conclude
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UNITED STATES DEPARTMENT OF AGRICULTURE
Bssasmios snd Statistiss Servise

FORM B--2A: SORGHUM YIELD COUNTS — 1981

, CROP, ¢
fsoNTH copE 4
Avgt.....2
St V... 3
Ot t..... 4
Nov.%..... 8§ B ———

S U wl

Locats the resserch plants beyond Unit 1, Row 3. Skip the first § plants,
then label the next 8 plants with red flagging ribbon.
Plom 1 Ront 2 Pem 3 Mo 4 PMant &
200 204 208 t1H] 21 ]
T. Number of leaves .....ccconvvevnones
201 208 200 213 217
2. Colm diometer........ « (milimeters) . » - . -
aez 208 210 214 280
3. Head length ........ (inches & tenths) 2 2 2 o .
203 207 13 118 219
4 “m---(mm) A Py Py A A
§. Hove issf messurements on the 5 resesrch plants been made praviowsly?
NO O ves - Skip toiemd.
6. Is the collar of the flag lesf visible on il § plams?
vEs O n0 - Record ending time and return %o Form B-2.
Plant 1 Plont 2 Plant 3 Mamt 4 Plont 6
220 221 a2 2% 224
7. Pantbheight........... (foet & tenths) A 2 a a2 2
8. Maasure the length and width of all lesves on the 8 resssrch plants in inches snd tenths.
a. Plam 1
. Longth Width . Length Width —Longth Width
28 226 287 228 220 238
‘v £ " 2 2 ’- [ ]
231 ass 233 238 238 238
[} [ ] [ ] [ B 2. [ 6. o
237 230 a0 280 241 242
" A i .' X ] . .' L]
243 248 288 248 287 248
10. e P 1". 3 ° 12 °

30



FORM B—2A: SORGHUM

. Mem3
Longth Width Longh Width ‘ Longth Width
s00 01 (111 [0 ses ()
‘. - Iy " 2 [} " 9 [
08 7 000 00 e oty
4. o P s Y Py . _e .
(11 s [ J7] (11 10 (11}
7. - ry 8. 2. [y S [ ]
e 10 oze ot oaz (1%
*». . o " o . 12 . .
s Mam3
Longth Width _ . Langth W —Langth Width
24 (1] (7] (1Y o2s *29
‘- 'Y ' " 2 (] ’- [ [
20 ”1 (21 (1Y) 137 s
[ 8 o Py 8 ° 'y s. » .
e (11 238 (1) (7] a1
k A . » | 8 [ [ 9. [ [
a2 a3 [ 7] (7] sas (T3
. . . " . . 7. . .
¢ Mamae
—_Longth . Width . Langth Width . Length Width
see (71 (1) (21 Y1) (13}
1. 2 2 2. o 9 3 P .
"’ 8 (1] 97 ”se (1)
4 a 2 | 8 2 s e. . .
e 1] [ 1] [12) ses ses
’o . 2 ‘ » [} ’l ] (3
e ey see sep 7 m
. a 2 " 2 2 ”n . o
. Mot
Longth Width Longeh Width —longth  Width
2 13, (3] (3] o7e (3,4
10 (] - " [ ] L] " (] [ ]
70 (3,) (1] (1] se2 (1Y
‘0 2 [ t . ] [ ] .- L] []
04 [ 1) e (11 sss (1)
7. . Py | X e . 9. . o
”e " (11 " (TN (1]
”t L ] [ ] “' o L] ‘:- L] LJ
9. Has this sample reached the flower stage or beyond?
vEs £ no - Record ending time and retura to Form B-2

Skip the first 5 heads beyond Unit 1 or beyond the pravious dlip sres Of sppropriste), then clip the next § heads sccording %0 the
schedule below. Bag, tag and send heads to the tab. Label the last plant clipped with red flagging ribben.

August 1 ~ Row 1 September 1 — Row2  October 1 — Rowd  November 1 — Row 2

Do NOT dlip any hesds beyond Rew 3. Ending T E

Retuea to Form B-2
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UBITED STATES DEPARTMENT OF AGRICULTURE FORM B—3;: SORGHUM YIELD COUNTS — 1981
ECONOMICS AND STATISTICS SERVICE

YEAR, CROP, FORM, MONTH
-4

1038

Has operator applied pesticides with organophosphorous content since last fisid visit? YES O NO O

It YES, enter iates! spplication date and name of pesticide
UNIT LOCATION UNIT 1 UNIT 2 UNIT 3
Number of rows along S
edge of field A Date (
Number of paces into
fislo Starting Time
ROW SPACE MEASUREMENTS
UNIT 1 UNIT 2 UNIT 3
1. Is this same unit that was laid out last month?
Check NO if this is the lirst visit to lay out the unit or
i unit is relocated. For unil(s) checked: YES — skip
to item 3. NO — complete ltem 2. vEsD wOD YESD w~oO vesDO w~noO
301 302 1303
2. 8. Measure distance from stalks in Row 1
tostalksinRow2................ Feet & Tenths ° ° *
304 308 306
b. Measure distance from stalks in Row 1
tostatkginRow5................ Feet & Tenths * * *
OBSERVATIONS WITHIN 2-ROW BY 3-FOOT SECTION
m 312 313
3. Numberofstalksinbothrows ...................
s 316 317
4. Numberofstalkswithheads ....................
ne 319 320
8. Stageofmaturity ..................c.0eeiilL,
Hard Dough . .. .. 5
Mature . .. .. ]
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FORM B—3: SORGHUM (Cont'd)

8- Clip sll heads within sach row in the count sections. Record the number of heads and total weight. Bag a
tag each row separately. These bags will be mailed to the State office.

UNIT 1 UNIT 2 UNIT 3
Number Total Number Totsl Number Total
of Weight of Waeight of Weight
Heads (1bs.) Heads (tbs) Heads (ibs.)
110 m 12 13 14 115
a.Row1,Sectiont ........... . . .
18 "? "e AR1] 120 124
b.Row 2, 8ectiont ..... Pavees ® * *

7. Clip, count and weigh all heads in the seven remaining sections. Dispose of these heads when all work 1
done.

122 123 124 125 126 127
8. Row 1, Section2 ........... . . .
12¢ 120 130 k] 132 133
b.Row 1,8ectiond ........... M ° .
134 135 16 137 138 139
c.Row2,Section?2 ........... . . .
140 141 142 142 144 14%
d.Row2,Section3 ........... ¢ * .
146 7Y 18 49 150 151
e.Row 3, Section1 ........... ° . .
152 183 154 158 156 15?
f.Row3,Section2....... . . .
158 1% 160 161 162 16
0. Row 3, Section3 ........... . . .

8. Clip heads from all tive research plants beyond Unit 1, Row 3. Bag. tag and mail these heads 10 the State
office.

h72

Ending time ....

30
Enumeraior Statuscode .... i

33




UNITED STATES DEPARTMENT OF
Pl AGRICULTURE
C.E. 12-0038C-1

FORM C—1: STATE LABORATORY DETERMINATIONS -
1881 SORGHUM YIELD SURVEY — CLIPPING AREA

MONTH CODES YEAR, ¢:ROP‘i FORM, MONTH
———— -

104__

|

L

470
Date
(Sample Processed)
40
1. Wet weightofallSheadsand basket .. .........cciiiinnianiennns {grams) hd
403
2. Dry all 6 heads and record the dry weight Head 1 hd
foreschhesdindividually . .......c.cvvvininniiciinnnenns (grams) 404
Heed 2 °
406
Head 3 *
408
Head 4 hd
407
Heed 6 b

Lab Technician
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UNITED STATES DEPARTMENT OF AGRICULTURE

C.E. “200%cC2

YEAR, CROP, FORM, MONTH
(1—4)

1058

Date Analyzed { )

HEADS FROM THE COUNT UNITS

FORM C—2: 1521 SORGHUM YiELD SURVEY
ECONOMICS AND STATISTICS SERVICE Pre-Harvest Lab Determinations

Weight of Weight of Number
Heads in bags and of
bags fasteners Heads
(grams) (grams)
501 502 503
Rowt............ . .
LUnity............ 504 505 506
Row2............ . .
507 508 509
Rowtl............ . .
2.Unit2............ 510 s 512
Row2............ . .
513 514 515
Rowt.........0..0 ° .
3.Unit3............ 518 517 518
Row2............ . .

THRESH ALL ROW 1 HEADS FROM ALL UNITS

4. Weightofthreshed grain . ..........ciiiiiiiiiiiiiieiiirinenenercnannns Grams
5. Moistureof threshed grain .............ccoviiminiiiiiieiiinennannane.. Percent
Lab Technician
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FORM C—2A: 1981 SORGHUM YIELD SURVEY
Research Lab Determinations

C.E, 12-0036C-2A

UNITED STATES DEPARTMENT OF AGRICULTURE
ECONOMICS AND STATISTICS SERVICE

YEAR, CROP, FORM, MONTH
(1—4)

10885

Date

{Sample Processed)

HEADS FROM THE 5 RESEARCH PLANTS

Woeight Weight of Number
of Threshed of
Head Grain Kernels
(grams) (grams)
522 523 524
1. FirstHead..................... M * .
525 526 527
2. SecondHead .................. . .
828 529 530
3. ThirdHead .................... * ° N
531 532 533
4 FourthHead................... . . |
534 535 536
5. FifthHead .................... . ° B
537 538
6. Loosegrainleftinbag ...l . o

Lab Technician
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UNITED STATES DEPARTMENT OF AGRICULTURE

ECONOMICS AND STATISTICS SERVICE FORM D: SORGHUM YIELD SURVEY

1981 Post--Harvest Interview

MONTH CODE
e — YEAR, CROP, FORM, MONTH
(1-4)

106 __

Earlier this season, | (or a representative from our
office) obtained some information on your sorghum

acreage and made some plant and head counts in your Dute { | -

L

s70

sorghum field. 1 would like to know how the crop

turned out in the sample field. This information Stardng Time. ..............

will help us in evaluating the counts made this

seuson.

1. Enter scres of grain sorghum for grain (/tem 3, on the back of Form A).
Sample Fisld No.

2. How many acres of sorghum were or will be harvested for grain from this field? .......... P .. AcTes

If Item 2 is different from [tem 1, ssk Item 3.
If not, skip to Item 4.

Do not chonge Item 1.

3. Earlier in the crop yesr (Item 1) scres was recorded as being intended
for harvest for grain. Can you give me a resson for the difference?.

Total Bushels . ....oovvvenvavnnnaan
4. How many bushels were or will be harvested
from thess (/tem 2)8c108? .. .......... OR

Bushels Per Acte. ...coveveenenscacnans

6. Was there any significant demaege in this field due to drought, flooding,
insects, disease, lodging, hailorothercauses? .................Yss=1 No=2 ... Enter Code

If “YES", give cause(s) below.

€. Mas this sample fisld been plowed since harvest?
N0 O Complete ¢ Form E in the sample fiald
vEs O Select on alternate grain sorghum field for gleaning if aweilsble in the trect.
1 would tike to thank you for your cooperation this sasson snd hope
you will continue t0 have an interest in crop sstimeting snd crop Ending Time
reporting work. Before | go, | would like to go out 1o the field end

plck_ up any loose grain left in the sample plots to give us some STATUS CODE
measure of harvesting loss.

€En

37
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UNITED STATES DEPARTMENT OF AGRICULTURE FORM E: SORGHUM YIELD SURVEY — 1981
ECONOMICS AND STATISTICS SERVICE POST-HARVEST GLEANINGS

ey

YEAR, CROP. FORM. MONTH
-4

MONTH CODE
Now 1 : 107_

The post-harvest lieid gleanings should be compieicy
23 $00N alter harves! 8s possibie preferably
within three days atter harvest it

the sampie field has been plowed Oi1sced Datet )
o pastured since harves! select an atter

nate fieig lor gieaning il one 1s avartabie Starting Time

n the tract

Enumerator

FIELD OBSERVATION — Unit Location

Number of rows aiong edge ¢! heid

Numbe! of paces nto hielg

1 a Measure gistance from s1atks in
Row 11 s1aiks in Row 2 Feel & Tentns . N .
704 705 - 706
b Measure gistance from stalks in
Row V1 statks inR.w 5 Feel 8 Tentns . . .
GLEANINGS IN 3—FOOT UNITS
UNIT 1 UNIT 2 UNIT 3

Chech each bor as compielea

3 Pick up all heaos altached 1o Slalks and all heads ano
pieces ol heads wih kernels in each midoie Depusit ail

grainin bay laentily bag 48 ‘heaos ardpieces . { ) ( ) ( )
4 Pick up all loose grain in migdie for fisst row of each

unit Deposi in g separate bag ldentily bag as “loose

gramn’ ... .. . N e ( ) { ) ( )

5 Was an alternate held used 1or making post-harvest observations? YES NO

If posI-harves! obsewalons Cannot! be made give reason here

POST-HARVEST LAB DETERMINATIONS

[} Weight of gran fromheads ... ..
7 Weight of loose grain f1om ground

] Moisture Content ... ... . e o P,

it samples bined for test. show sample
numbers combined Date Analyzed (

DO NOT show combined sample weights in item 6 or 7.

Lab Technicien
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1. PREFLOWER
(PREBLOOM)

2. FLOWER
(BLOOM)

3. MILK

4. SOFT DOUGH

5. HARD DOUGH

6. MATURE

APPENDIX 2: Maturity Code Descriptions

All of the early growth stages of the sorghum plant before the flowers
appear are considered preflower. This includes the plant emergence,
leaf development, boot, and head emergence stages.

This stage is very short. During this time, the head may appear to have
a yellowish hue when the flower parts are showing.

Kernels are formed in heads. Kernels of grain are soft, moist and
milky. When the grain is squeezed, a milky liquid can be observed.

The grains can be easily crushed and the contents of the grains are soft
and can be kneaded like dough with only a few grains containing milk.

The grains are fairly firm but not quite mature. The grains do not
easily separate from the head. Nearly all of the final grain weight has
accumulated.

The grains readily part from the head. The grain is tough and is not
easily crushed by the thumbnail.
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APPENDIX 3: Plots of final head count vs
independent variables by maturity class

PLOT A - Monthly stalk count vs. final head count,

prebloom stage

LEGEND: A = | 0B, B = 2 088, ETC.
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PLOT B - Monthly stalk count vs. final head count
bloom stage

ACLASS=2

LEGEND: A = 1 OBS, B = 2 0BS, ETC.
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PLOT C - Monthly head count vs. final head count,

bloom stage

BCLASE=2

LEGEND: A = 1 0BS, B = 2 08§, EIC.
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PLOT D - Monthly head count vs. final head count,
milk stage
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PLOT E - Monthly head count vs. final head count,

soft dough stage

RCLASS=4

LEGEND: A = 1 085, 8 = 2 088, ETC.
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PLOT F - Monthly head count vs. final head count

hard dough stage
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LEGENDT A = | 0BS, B = 2 085, ETC.
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APPENDIX 4

A brief description of the regression diagnostics is shown below. The
formulae for the threshold values are also given, where p is the number

of

independent variables in the model and n is the number of

observations.

1.

Cook's Distance Measure (Cook's D) quantifies the effect an
observation has on the least squares estimate of the parameter
vector. The threshold values used were 0.105 (p=1), 0.195 (p=2),
0.266 (p=3), and 0.323 (p=4).

The covariance ratio for observation i, examines the determinant
of the covariance matrix from the data set with no observations
deleted and the determinant from the data set with the ith
observation deleted. The threshold value were defined to be 1 +
3p/n.

DFBETAS, for any observation i, measures the difference in a
parameter estimate caused by deleting the ith observation, divided
by standard error. A DFBETAS is computed for each independent
variable in the model. The threshold values were defined as 2 [fn.

DFFITS, for observation i, is the difference in the fitted values
scaled by the standard error resulting from the deletion of the ith
observation. The threshold value used was 2/P/n.

The studentized residual measures the magnitude of the ith
residual scaled by the standard error with the ith observation
removed. Threshold values of -2 and 2 were used.

The Variance Inflation Factor is an indication of the dependency
between the regressor variables. A VIF of 1| indicates
orthogonality in the design matrix. A value between 1 and 5
implies a weak dependency and a value greater than 10 implies a
strong dependency. Values between 5 and 10 are inconclusive. The
1981 sorghum data did not produce any inconclusive values.
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FORMS and VARIABLE

Form A

JES acres

Length of interview (min)
Planting date

Planting depth (in)

Form B

Stalk count

Head count

Culm diameter (mm)
Head length (in)

Head circumference (cm)
Volume factor

Heads per section

Weight per head (lbs)

4 - row spacing (ft)
Length of fieldwork (min)

Form C-1

Dry matter fraction (Sept)
Dry matter fraction (Oct)
Dry head weight (Sept)
Dry head weight (Oct)
Wet weight (Sept and Oct)

Form H

% nitrogen (A)

% phosphate (A)

% potash (A)

Pounds per acre (A)
Nitrogen per acre (B)
Phosphate per acre (B)
Potash per acre (B)
Total percentage (A)

APPENDIX 5:

e
[~ -2}

160

Y
OO+ e e

ANAONO VN —

| ] - ] . L[] L] ] L]

WO WWnMEeaN 0

[,
—
OO
L ] »
<=

.39
«35
23.5
48.3
258.8

33.1
34.0
1.9
97.3
34.3
36.0
38.3

Edit Limits

1981 Statistics

S

[2:d

.
ANOWVANNANARN
. e \Do°* o+ & o e e @
00— \n 00 W N — N0 O

A

.110
.149
16.5
33.7
173.0

26.
15.

64.
37.

13.

. .
I W Ooo £ O \h—\D

Min

AR r—WwWN
¢« o o o

OO W OO0

N e

—- O

O N
0

.25
.28
2.1
34.7

10

10
20
30

Max

53
202

39

45
18.9
15.9
68.6
919.7
64
.733
14.0
255

74
.89
79.4
153.9
696.5

32
60
30
300
180
50
60

Recommendations
Lower Upper
limit limit
- 500
5 35
130 190
1.0 3.5
3 30
3 30
4 14
6 14
7 27
60 360
1 15
.Ou .#
6.0 13.3
75 180
.28 .85
4.0 115.0
80.0 550.0
40 200
20 150
20 50
30 60
28 82




FORMS and VARIABLE

Form C-2
Weight in bags (gm)
Weight of heads (gm)
Weight per head (gm)
Threshing fraction
Moisture (percent)

Form C-2A
Head weight (gm)
Threshing fraction
Kernel count
Loose grain weight (gm)
Loose kernel count (gm)

Form D
Interview length (min)
Yield (bushels per acre)

Form E
4 - row space (ft)
Length of field work (min)
Weight of grain from heads (gm)
Weight of loose grain (gm)
Moisture (percent)

499.8
478.3
77 .4

.69
13.4

62.5
.75
2100.2
3.7
157 .4

11.
68.

NN

10.
92.
188.
15.

O VNN -

48

1981 Statistics

S

267.1
267.5
39.2
116
9.2

37.7
.15
1201.1
4.0
173.9

12.
31.

\O \n

2.
37.
245,
18.
I.

— WO W

Recommendations
Min Max Lower Upper
limit limit

23.8  1302.0 80

3.4 1281.6 -
3.4 384.5 15
.31 89 .4

2.5 96.6 6.0

1.3 245.5 12.0
017 .97 o4
2 7463 350

0 20.7 0

0 365 0

2 60 5

4 148 30
2.3 14.2 6.0
35 165 30
.8 1112.3  30.0
1.4 90.3 2.0
7.8 13.6 6.0

¥ U.S. GOVERNMENT PRINTING OFFICE:

1000

150
.8
18.0

130
.85
4000
8.0
300

30
110

13.3
150
600.0
50.0
15.0
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