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A Foundation for Objective Forecasts of Cotton Yields

By Walter A. Hendricks and Harold F. Huddleston

As part of the expanded research proqram in the Agricultural Estimates Dirision, Asricultural

Marketing Service,

used to make experimental forecasts of wields.

United States Department of Agriculture, extensive plant cheerratl
were made over the old Cotton Belt during the 1354 seasomn.
to final yields so that similar observations, taken before harvest in the 1955 seasor.
This paper summarizes the findings of the 1551
work and indicctes kow the results may be used in 1855, d

The data were studied in relation

The results are in terms o

relationships for the region as a whole and should & ot be expected to apply to ary onc iocality

wethi nthe region

“~OR THIS STUDY. a sample of about 200
.?‘.. cotton fields was selected. with probabilities
proportional to size of felds. from a list of about
3.000 farms that were erumerated in a proba-
bility area sample in June 1954 Iach sample
feld was visited as of Augnst 1 and September 1
to get counts of bolls, blooms, and squares. to-
gether with data on weevil and other damage.
On the second visit samples of open cotton were
weighed and small portions sere taken to the
nfiice for determinations of moisture loss. A third

visit to the samvple flelds was made at the end of
the season to get farmers’ reported producticn
for theentire farm and for each sample field. and
to check the amount of open cotton and the num-

ber of unopensd bolls left in the sample fields after -

harvest.

The sampling units used for plant observat tions
within fields consisred of two adjacent 10-foot row
segiments; two such doubie-row units were selected
The August 1 and Septem-

units: new units were chosen for the post-harvest

-observations.

All Bills or plants, and the burrs. open bolls,
and large uz‘.cynnei bcl'& in the sampling units
were cout;téd I‘ o {ruif counts were by seporate

categories in the v:mber 1 survev, buy ther
Were nuz:‘jz.‘d troes
In beth survers,

.
SURTe TIAH

et
GRS

z ~ M B . 247
SWNA SRLNNNSG ToT Teey i

to final yield. But two dificuitic

. .
vields reported for thess fivld

These data were studied from the viewpoint of
developing an objective forecasting procedure in
regard to yields.

The Mulriple Regres

- The multiple regression approach ordinariiy
comes to mind first in such probiems. Wihen ds. ta
on final yields are available, torather with counts
of squares, blooms. small bolls. larre bolls, and
open bolls, as of a riven date, a muitipla recression
equation presumably can be developea to describe
the relationship of fruit counts as of that date

tempting to evaluate the net recre i n cocilicinnts
in such an equation. lon cceliicients
éstimated from cbserved data often have
sampling errcrs. DBut there 15 2 still more serious
objection to this appreach. If the equation is e

be used to forecast vields in future years, it unould
describe the relationship bctwecn fruit counts and
vields over time.. In this case. that means a “be-

tween-vear’” regression. IDut v:h'm data are at
hand for only one year it is impossible to compute
the “between-vear” regression.

As stated previc usiy, CTGWOTS Wete rem'e-"'“" €0
report final vields he samnle fields av the end
of the season. I3ut thoss reporied yiclds were”
apparently at ten low o
Bureaun of Censuz ginning
a srhole,
to rejnt

I
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used for this purpese.

R
- \\
0.832

The resulting eguation is

Y =103+

ntu- -

0.2520X,-0.5703X,

In this cquation. Y is the number of larze bolls
plus open bolis counted on 2 hills in a semmpling
unit as of September 1 and the independent vari-
ables are corresnornding August 1 fruit counts on
the same hills as feliows:

- X,;=number of Iz roe bo
NX.=number o7 snuli 00‘1:
X:=number of picoms
No=number of squores

. If this equution is interpreted literailv. it savs
that the squares and Licoms present on Aucust 1
hud a greater probability of reaching tze lorge-
boll stagre by September 1 than did the small toli-.
Such a conclusica would hardly be in accord with
fact. The most reasonable interpreration thut
can be placed upon tueze results is that they arose
from the varying degrees of maturity oI plams
in ditferent parts of t e Cotton Belt and tnat the
relationship impiied by tie equation iz spurious.
It was decided not to pursue this approzcs Turther.

A “Probability of Survival” Mocel

As the standurd rauitiple-regression approach
‘Is subject to the iimitations outlined above. it was
decided 1o atten:pt 1o deduce the numerical values
of the ™met revression coefficients instead of
attempting to evaluate them from the observe.l
data. This involves setting up some sort of real-
istic hypothesis about tie probability of survival
for each category of fruit.counted as of August I,
during the period August 1 to September 1. One
of the simplest hypotheses that might be pro-
posed is that this probability is equal 1o the ace
of the fruit on August 1 divided by the age at
which it 1s "marure.”

About 21 days are normally required for a new
square to become a bloom. Hence, the average
age of the squures counted as of August 1 may be

taken as approximately 10.5 days.

Blooms normaily exist for only abour 2 days
before they become small bolls. A smail k6l be-
comes a “iarge” 5 thereafrer Hencc,
the average age of iruit in the bloom siage can

boll 21 day

betaken as 22 qa ys and thatin the smali-moil ~tam'

“as 83.5 days.

From this discussion it appears that the total
time required for a new square to reach the laroe-
boil stage is 21+2+21=4+ days. The probabili-
ties of survival may thus be estimated as shown
below.

Large bolls: +4/4:=1.000

Small bolls: 33.5/4£=.7T61"

Blooms: 22/4+=.500

Squares: 10.5/44= 9239
The equation for translating August 1 fruit counts
into an estimate of large bolls present on the same
plants as of September 1 would thus take the form,

Y=X,+0.561X,+0.500X,+0.230X,

Applying this equation to the Ausust 1 fruic
cOunts gives an estimated average of 3.1 larg
bolls per 10 feet of cotton row as of September 1.
This compares with an average of 56.6 large bolls
actually counted per 10 feet of row on that date.
Tuis suggests that a satisfactory model can b2
devised by some such approach as an alternative
to the usual multiple regression approach.

The simple hypothesis upon which the equation
1s based could doubtless be refined much furiier
but such attempred refinements would be mean-
ingless unless they were accompanied by more de-
tailed objective data with which these hypotl.eses

G

~could be tested.

The research program for the present crop vezr
mases provision for tagging fruit in the various
categories on sample plants early in the season
and tracing the development of each class of fruit
throughout the season. This should be of con-
siderable help in arriving at a valid forecasting
equation. Meanwhile, several alternative hypoth-
eses to the simple one described above have been
tried on an explom*orv basis. These all lead to
equations with coetlicients approximately equal to
those obtained above.

An Empirical Approach

Until some of the questions raised by the studies
outlined above can be answered, an approach that
compares the fruit counts in the various catezories
made on August 1 with those made on September
1, and with the situation at harvest, can be used
to determine these probabilities empirically. For
convenience, all counts are expressed in terms of
cournts per 10 feet of cotton row.

As of August 1 these counts are 78.5 squares.
23.7 blooms plus small bolls, and 22.6 large bo;;:.
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Bloom and small-boll counts were combined be-
cause the life of a bloom is so short that it did not
seem necessary to treat blooms separateiy.

As of September 1 the counts are 12.1 blooms
plus small bolls and 36.6 large bolls. Squares
were not counted because 1t was believed that
squares -present on Sentember 1 would not be
likelv to mature by harvesttime.

To complete the picture. a count of bolls picked
at harvest and a count of fruit still on the plants
after harvest are needed. It was intended to de-
rive an estimate of bolls picked by dividing the
armer’s reported vield for eacn sample field after

harvest by the weight of cotton per boll. derived

from weighings of open cotton made as of Septem-
ber 1. DBut. asstated earlier, farmers’ reports on
vields for the sample fields appeared to be at too
low a level when compared with Census ginnings
data at the end of the yvear. For that reason it
seemed preferable to base the estimate of the num-
ber of bolls picked in the sample fields on the
oficial yield estimate for the entire recion.

The weicht of seed cotton ver boil. found by
weighing cotton picked from open bolls as of
September 1. was only slightly higher than the
weight customarily assumed by cotton growers—1
pound of seed cotton per 100 bolls. Therefore,
the standard factor was used. Assuming that 1
pound of seed cotton is equivalent to 100 bolls. and
that 100 pounds of seed cotton are equivalent to 37
pounds of lint, it was possible to estimate the num-
ber of bolls per 10 feet of row picked by farmers.

The numbers of open and unopened bolls re-

maining on the plants after harvest were counted

when the post-harvest observations were taken.
Adding these counts to the estimate of bo]ls picked
by the farmer gave a total estimate of 03.8 bolls
pef 10 feet of row at harvesttime. Of this total,

91 percent represents fruit picked by the farmer’

and 9 percent represents fruic still on the plants
afrer the farmers finished harvesting. About
half of this 9 percent represants open bolls that
were missed in the hnrve:tmg operation or that
opened after harvest was completed. The re-
maining half represems boils that failed to ma-

ne those that were kilied by droucht.
ures of these ficures are worthy of
e sum of small bolls and larze bollz
1,12.1-+56.6=
ﬂx with the total boll “count™ of 62.8

ture. includi

“Several fent
noze. -Fl'\" the
counted o N
almoszt pers

i

W}'j('\“‘

637, aorees

at the end of the season. This suzf:e" that a
count of both small and large bolls 1z all that is
needed as of September 1 to estimate t'm mt:\l boll
count at the end of the season. An additional
observation is that the count of 56.6 larze bolls as
of September 1 s larger than the sum of the smail
and large bolls counted as of August 13 some of
these large bolls developed from squares counted
as of August 1. '

To formulate a mathematical expression of these
relationships, let X, Y,. and Z, represent Auguss
1 counts of squares, blooms plus small bolls, and
large bolls: Y, and Z. the September 1 counts of
blooms plus small and large bolls, and Z, the total
boll count at the end of the season.

The September 1 count of blooms pius small
bolls max be reaarded as the August 1 count, Y.
plus an unknown fraction of the .Aurust 1 square
count, minus an unknown fraction of Y, which de-
veloped into large bolls between Au
September 1:

Y, +a: X, -bY, =Y, . . . (1)

The September 1 count of large bolis contains
the large bolls counted as of .August 1. plus an un-
known fraction of the Aucust 1 square count, plus
an unknown fraction of the August 1 blooms, plus
small bolls. This last component is the same
quantity, bY,. that appears in the preceding equn-
tion. The relationship is

Z+2.X,+bY,=Z, . . . (2)

It was pointed out earlier in this article that the
total boll “count™ at the end of the season is almost
exactly equal to Y,+Z,. But to complete the
picture, let that count be represented by the larae
bolls counted September 1. pius an unknown frac-
tion of blooms and small bolls counted Sentember
1. Jtis also assumed that the fraction of bloomns
and small bolls maturing to large bolls between
September 1 and harvest is equal to the fraction
maturing between August 1 and September 1o
That is,

~ust 1 and

Zo+bY, =2, . - . (5

Substitutine the observed data for
in équations (1), (2),and (3):

the variubies

< ORT+T85 2,— 287 b=121
296785 0,287 b=00
. 56.6+12.1 b=(2.%
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The fractions, a,, a.. and b. can be evaluated from
these equations.  lsut as it is clear from the third
equation thut b=1.0 almost exactly, there is Ii
point in making an exact solution.  This value of
L could also be deduced on logical grounads alone
because less than a month is required for blooms
and small bolls to reach the large-boll stage.  Tuk-
ing b=1.0 gives

2,=0.154
2.=0.005

This means thut 15.4 percent of the Augusr 1
gaquares become blooms or simall bollsty <en:en1i',er

1 and another 6.5 percent of the ‘LL_ ust 1squarves
become laree bolls by September 1. Furihermnre,
all of the blooms, and the small and larze bolls
counted us of September 1 appear to be in the ple-
ture 4s mature cotton or unopened boils at the end
of the season. -

These relutionships permit experinental ob!
tive vield forecasts to be made from Augus
and September 1 fruilt counts during the 19535 eron
season.  On August 1 the following equation may

bLe uzea:

Z3= .—_.- - Y'l“t'él . . . (]L.)

his provides a forecast of total bolls per 10 feet
of row at the end of the season. In termis of
pounds of lint per acre, assuming 37 pounds oz
lint per 100 pounds of seed cotton, and assuming
1 pound of sced cotron per 100 bolls, the yield per

- acre, unadjusted for normal losses, would be £.67Z..
On September 1 the forecast of Z; is simply
=Y,+Z. . . . (3)

This forecast is also in terms of number of bolls

per 10 feet of row; it must be multiplied by $.67
to convert it into pounds of lint per acre.

4

A Basis for Forecasting Yields in 1955

Three distinct approaches that utilize {fruit
counts on Aurtst 1 and September 1 have been
described. Each provides a basis for forecasting
cotton yields. All the models are similar 1n that
they estimate or predict the number of mature
bolls to be produced as the first step; this number
is multiplied by an average weight of seed cotton
per boll to give the yield for the sample plot or
a given fraction of an acre. As mentioned
earlier. the multinie regression approach may not
provide very siable estimates of the net regres-
sion coeficients or a basis for determining
between-vear ccefiicients. For this reason little
reliance will te placed on this approach in 1955

The other two models are preferred as’a basis
for predicting total mature fruit because they con-
form more ciosely to the known behavior of the
fruitine habits of the cotton plant. Any fore-
cast of vield based on fruit counted as oI a given
date, however. wiil require an allowance for har-
vesting loss and for failure of bolls to open. Dur-
ing the 1954 season. losses from these combined
sources amounted to 9 percent.

The behavior of this deduction from year to
vear is not known—at present there is no basis for
assuming that the 1934 deduction represents the
usual situation or thaf it is either larger or smaller
than usual. Irn absolute terms, such losses have
been found. in general, to be related to the level
of vield. Theretore. it is hoped that the assump-
tion of a constant -fraction or a proportional
allowance for harvesting losses and unopened.
bolls may serve as a good first approximation.
The results so far suggest that detailed plant eb-
servations show much promise as a tool for making
forecasts of yields.
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