Objectve Forecasts of Cotton Yield

By Walter A. Hendricks and Harold F. Huddlestoa

An earlier paper ' oncthis susiect summarized results of studies on the 1354 crop in 10 Southern

States.

At that time three cpproaches to forecasting iyield from plant cbservations were

considered: (1) the multiple reqression approach, (2) a “probability of survival’” model, and

and (3) an empirical approcct.

This paper describes a forecasting procedure which developed

Jrom these earlier studies as more data became available and as an appropriate way of making

use of the fruiting habits of &
The most noteworthy adra=cs

Le cotton plant in a forecasting formula was better understood.
was the discovery of a simple device for estimating fruiting
rate from a maturity classizection of plants on August 1.

This 13 of major importance for

the August forecast because <l of the fruit contributing to final yield is not yet formed by that

date, After September 1, ez
reqion as a whole.

Qo

Another paper in this iseue
‘on the “probability of surcizz"" model.

OUNTS OF COTTON FRUZIT during 1954
and 1933, and the correspoziing yields de-
rived from data on ginnings, provide the basis for
the yield forecasting procedure cescribed in this
paper. That procedure makes use ¢ known fruit-
ing characteristics of the cotton piznt and pemms
plant observations collected dur:r_:_: the growing
season to be translated into incications of final
yield in logical fashion.”

Data collected in 1934 and 1935 show that, for
all practical purposes, a combined count 6f blooms,
small bolls, large bolls, and opez tolls as of Sep-
tember 1 represents the total vield potential for
the season. Muliiplying that count for small
sampling units in sample fields o7 the weicht of
seed cotton per boll (as estimare& irom open cot-
ton picked in the sample fields;. noting that 37
percent of the seed cotton is lint. and multxplymn
by the appropriate expansion factor to convert the
result to a pounds-per-acre level. mives that poten-
tial in terms of pounds of lint per zcre.

The only unknown in the foreczst as of Septem-
ber 1, or on succeeding dates, 13 the fraction of
that potential thav will go to the giz.
will fail to mature and some opex cotton is missed
in harvesting. In 1934, 9 percen: of the September
1 potential was.Jost. In 1935 the ioss was 9 per-
cont. In both years ahmost exzcily half of the

- loss was in the form of fruic that fzijed to mature;
the other half was open cotton found in the ﬁelda
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Some fruit -

Zitional fruilinq 1§ no longer an important Jactor for the Southern
This nes approach is being used experimentally in 1956.

oy Jack Fleischer reports on additional work being conducted

after harvest which either was missed in picking
or had opened after the farmer harvested the
crop. Although 1954 was a dry season and 1933
was wer, growing conditions were not sufliciently
adverse in enher year to cause any unusual
damage.

It appears that a loss of about 10 percent of the
blooms and bolls present on September 1 can be re-
garded as a “normal” situation. Applying that
deduction to the sield potential represented by the
September 1 bloom and boll count and the ob-
served weight of cotton per boll should provide a
good forecast ¢f yield as of that darte.

For an August 1 forecast the situation is not so
simple because a fruit count alone on that date
does not tell the whole story. Plants do not yet
have their full set of fruit and it is necessary to
forecast the number of blooms and bolls still to be
formed. Analvsisof the 1954 and 1955 data indi-
cates that the additional blooms and bolls that will
appear between August 1 and September 1 can be
forecast from observations on the stage of mua-
turity of the plants as of August 1. From the
mazturity classification, it is possible to compute
the rate at which plants are fruiting; that fruitine
rate can be translated into 2 forecast of the blooms
and bolls that will be added between August i
and Septemoper 1.

On August 1 the weight of cotton per boll mux:
also be predicted because little cotton is open by
that date in most of the region. Bug, it appears
likely that mature boll size is related to the fruic-

YIELDS. Agricultural Economics Research. 7:108-111. . . : e . -
. 1955. A . ing potential already indicated by tiiv Auzust 1
20 .
. : ; . N Yomiga 10€
"Reprinted Ircm Agr culzural Economics Rese earch, Vol. IX, Xo,. 1, January 1957
2 . and Research Divieion, St ::Ls:;c:—.l ’{eoc*t‘ o Service.



plant observations. In 1054 the season wis
and the fruiting potential indicated 1y e duznst
1 plant oliservations was considerauiy Lower
in 1953 wien rainfall was more
weight of seed ‘cotton per Loll wus wiss lowers I
appears logical that weather factors that are Za-
vorable for fruiting will also gzive rize o larger
bolls, so that a positive correlation should exist
-berween fruiting potentiul and boll size.
Forecasting procedures based on tiese ohzerved
relationships are being tested on the 1050 eroD
month by month as the scason pror_rre::-'-...
procedures followed and the data on w.
are based are described in the foliowing sections.
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The August 1 Forecast

The \lwust 1 fruit counts in 200 sample nelds
for 1934, and in 400 sample fields for 1035, are
shown in table 1

TaBLE 1.—Au,rru,st.-,1 fruit counts per 10 ject of row

i

Kind of fruit 165+ 1535
: Nur.ber
BGUATeS . ¢ e ecmmecmmmmmmmemmmmemoe .
Blooms and small P 28
Large DOUS e cemocc e . 22,
Total e ccccmccccmcccccacamaa 126. 8 125. 8

In these counts a boll less than 1 inch in diam-
eter was called a small boll. All other boiis. in-
cluding those that had already opened, were called
large bolls. The bloom count was combined with
the small-boll count for purposes of analysis be-
cause a bloom lasts only a few days bezore becom-
ing a small boll.

Although the total fruit count was almost iden-
tical in the 2 years, more fruit was in the early
stages of development, in 1955 because tne crop got
off to a later start that year. ‘This must ve taken
into consideration along with the total sruit couit
in arriving at an explanation of the dirferences in
finalyields for the 2 years. The maturity factor
can be introduced into the picture most conveni-
ently by classifying all sample fields 1nto taree
catecories according to the kind of fruic found on
the plants in the sample-row segments. That
classification is shown in table 2.

. cory. Thisissiz

TABLE 2.—~—Cla~~ 5ot 7 fulds by warerity of
‘/nkl.k‘:\ i .kh’]!l\f 1
I'tu'.\‘la
Kind of {ruit presvid
1udi 1055
: v Pereen Pcrccn.
Squares only G 3 24
Squares, blooms, ané smull Lull ! N4 "1.
Large bolis o el . PRSI 33. S
Total e i ¢ 1000 100. 0

Table 2 shows in 1054 T5.1 percent of the
ficlds had reaciea e ::u'"e-ooh stagre o August
1, but in 1955 oniv 5i.3 percent wore i tuat cate-
iiicant because the coIion plant
has about the . s Iruit load 1t can carry by
the time some o7 "*’u:t reaches tl‘-e 1;11'2'“:1)011
stage. If the totel ¢ Guantity of rruic in &il cate-
gories on the cotion piant on any date s vlotted
against time, the resulting chart follows o -A_mo.a
growth curve.

Fruiting ineréaszs rapialy during e fvst 3
weeks after squares begin to appeur. About 3
weeks after the Drs: sguares are fc mwed, biooms
and small bolis begin to appear and the plant is
adding fruitarits maximumrate. TFromitiattime
on, the rate at wiich rruit is added bezins to di-
minish and continues o decline for the next & weeks
unt] large boiis bagin to appear. '\V';;en that
stage is reached, tiie toral quantity of ruit on tue
plant shows lLittie .or no further increase. As
large bolls begin to appear about & weelks after
squaring starts, the growth curve may be divided
into clearly recognizaie portions which can be re-
lated to the observable stage of maturity of the
plants. .

If the maximum fruit load is represented by .
that maximum is reached about ¢ weeis .1itex
squaring begins. Because the growth cury
proximately symniemr ical, the plant ha
half its maximur: loxa about 3

e
7

o
e 10

2 isap-
s around
3 weeks aTrel sQUAT-
ing starts; this is tue stage at which b.oom; and
small bolls begin to anhear. o

All plants in the £rst category of tavle = must
be in a stage of maturity corresponding 1o 2 Iruit
load ranging anywhere Irom zero to A/, depend-
ing upon whether squares are just beginning to

appear or whether tie plants already have squares

.o ‘ 21



that are ahnost ready to burst dinto bloom. The
average plant in that category should have been
squaring for about 1.5 weeks and should have
about a fourth of its ultimate maximum Joad.

By the same token, plants that show squares,
blooms, and small bolls, but no large bolls, should
range from those on which blooms are just be-
cinning to appear to those on which some small
bolls are almas: ready to graduate to the large-
boll category. These phmb will have been {ruit-
ing for 3 } weels to 6 weel ts, with an average of 4.5
weel\s. The fruit load on an average plant in that
category should be haifway ben\un A2 and A
or 3A/4 The average plant in the second cate-
gory in table 2 thus has about three-fourths of its
total final Joad. .

These characteristics of the cotton plant mal\e

it possible on August 1 to predict the total quan--

tity of fruit that WlH be on the averaze plant by
the time it has its total final load. In terms of
A, the quantity of fruit on the average plant as of
i‘;u«-us; 1, 1954 is 0.065(A/4) 0. 154(8A/4) +
0.751(A)=0.005.\. This means that the average
plant on August 1, 1054 was carrying 90.5 percent
of its total potential load.

Reference to table 1 shows that the total quan-
tity of fruit in all categories on the average plant
as of August 1, 193¢ was about 130 units. This
figure, of course, is in terms of fruic per 10 feet
of row. Itis clear from what has been said that
0.905A=130.0or A=14+. This means that the to-

_tal potential fruit load, as predicted from the

August 1 data, is 144 units of fruit.
Similar computations may be made-for the Au-
gust 1, 1955 data. In terms of the maximum po-

' tentml fruit load, the quantity of trmn already

present on August 1 is 0.2:9(A/4) + 0.213(3A/4)
+0.538A=0.760A. This means that on August 1,
1955 the average plam was carrying enly 76 per-
cent of its total potential load as compared with
90.5 percent in 1954, - ' ,
Table 1 shows that on August 1,1955 the average

plant was carrying about 129 units of fruit, ex-

pressed in terms of 10 feet of row. The estimated
total load is given by 0.760A=129 or A=170.
This shows quite clearly that on August 1, 1955
the average cotton plant already showed a much

" higher fruiting potential than was the case on

August 1, 1954—170 as compared with 144
Jut the main forecasting problem on August 1
refers to estimating the rate at which bolls are
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Largeboisoo._. .6 36.6 .,

being for aned o 1hat date. JAn approximation to

~that rate can be Gerived by noting that the ot

quantity of fruit on the averagze plant increase:
from zero to A i about U wecits.  The increase
during the fivst 5 weeks Is abont the same as durh: Lz
the].xat Jweeks, Tueaverage weekly rate of fruit-
ing during the
approximately AL

The 1934 data indicate that on August 1 the”

rate of fruiting on the average ph e ws S apProxi-
mately 0.005 (A/C) + 0.181 (L\/6) + O..ul(O) =
0.0415A=0.0415(:+x) or 6 units per week. OL

' August 1.1953.the cm're.ﬁpond;nz AVErNge rute wis

0.249 (A/6) = 0.223 (A /G) + O 5(U)~—00770\—-
0. O« TG{170} or 15.1 units of nmt per weelk. Thiz
means thaton August 1, 1935 fruic wasbeingadac.
to the average piint at o rate 13.1/6.0 or 2.1t
times as Tast as on August 1, 1934, Table S shovw:
that in 153+ 17.4 bolis were added to 10 feet of row
between August I and September 1. Therefore.
in 1995 the increasze should have been (2.18) (17.%,
or 37.9 bolis. Tie increase which actually tooi:
place was 3 .5 bolis,

TanLE 3.—~Zloom and boll counts per 10 fect
row as of Auqust I a~d September 1

i,

<y

A 1954 ! 1953
Kind of Fruit | -

. Aug. 1 '; Sepr. 1 Aug.l Sept. :

Blooms snd small . \umacn Aumocr .’\umbcr Numilc
bOUS e e ceceeme "S T 12,1, 23,5 21 .’

o
.O
H»
(<13

i
<

LN

CTotleeia. . 51.31] 6871 43.9° 82
. i

* Change from Aug. : L

1to Sept. loooo. Lo174 +39.3

In these compurations, bloom counts were corx-
bined with boll counts so that a blooni was counied
asa boll. Apparenty,data available as of Augus:
1 can be used to forecast the number of bolls tha:
will be found on September 1 when rate of fruic
ing is brougiit into the picture to supplement tii
August 1 fruit count. Rate of fruiting can b
predicted Irom data reflecting the stage of rmu
turity of the crop. ,

To make a Torecast of the 1936 crop on Augus
1,1t was convenient to compute a conversion factc
for wransiating the weekly fruiting rate gerive
from the maturity classification into a forecast ¢
the blooms and bolls to be formed between Augs

S DRI N
- . - A e

entire G-week period is thus

* - aer—y-,



1 and September 1. Plctting the data for 1954
and 1935 on a chart :ndicated an almost. perfect
proportional relatiorn:s..p between the two vari-
ables. The slope of :e proportional line is 2.97.
In other words, the nzziber of blooms and bolls
still to be formed afier August 1 is about 2.97
times the weekly fruiusz rate computed from the
maturity classificatioz. »

The August 1, 1936 iTuit counts were as follows:

Aug. 1

count
.per 10 ft.

- of row
Squares — . 83.5
Blooms and small b . 20.1
Large bolls ._ 21.3
Total : 135.9

The classification oi feids according to August

1 maturity stage was:
Percent

of flelds

Squares only ’ 8.1
Blooms and small beis . 31.0
Large bolls 60.9
Total . 100.0

The estimated percez: of a full load carried by
the average plant on Aczust 1 was (0.081) (253) +

total potential fruit icad was 135.9/0.862=158.
Assuming, as before, tia: 53.1 percent of the plants
had a weekly fruiting raze of 15 of that quantity
and that 60.9 percent were no longer adding fruit,

the weekly fruiting rate of the average plant on
August 1, 1956 was w= 10.3. The num-

ber of blooms and bolis i0 be formed between Au-
gust 1 and September i was forecast at (2.97)
(10.3)=30.6. The towai number of blooms and
bolls one would expect to find on an average 10
feet of row as of Septemter 1, 1956 would then be
29.1+21.3+30.6=81.0; past experience indicates
that about 90 percen: of those will represent
ginned cotton, _
The quantity of cotioz per boll must also be
predicted for the Augcst forecast because no
actual weights are avaiiacie until a month later.
In 1954 and 1955 the averzze weight of seed cotton
per boll was as follows. ix reiation to the fruiting
potential per 10 feet of row computed from the
August 1 data:

Maz. fruit Beed cotton

oad, per boll,
sumber groms
1004 : 14 - 4.62
1935 170 6.03

As the maximum fruit load in 1956 was com-
puted to be 155 units, the average weight of seed
cotten per boil should be about 4.84 grams. Ap-
plying that weight to the 81.0 bolls per 10 feet of
row and muitiplying by the appropriate expansion
factor gives a forecast, of 426 pounds of lint per
acre. Assuming a normal loss of 10 percent, the

yield forecast in terms of cotton to be ginned is

383 pounds per acre.

These computations seem reasonable enough.

But some inaccuracy is introduced into forecast of

" fruit to be formed between August 1 and Septem-

ber 1 by an implicit assumption that plants in an
early stage of fruiting by August 1 and plants
already more mature will have the same total fruit
load in any one season. In dealing with a region
as large as tiis, fields in an advanced stage of ma-
turity on August i may be found where yields tend
to differ decidedly from those less mature. In
other words, there is a spatial correlation between
stage of maturity und yielding ability.

Such a disturbing association was found even
within Texas. Cotton in the State is generally
much farther along by August 1 in lower areas
than in the High Plains. Yields in the two areas
also tend to dider. Pooling all data for tl.c State,
and performing the same computations as shown
above, leads to an average yield forecast of 222
pounds of lint per acre. Separate computations
for lower Texas and for the High.Plains give
separate forecasts of 211 and 288 pounds per zere.
As about half the cotton acreage in the State lies
in each of the two areas, the average for the State
computed on & stratified basis is 250 pounds per
acre as compared with 222 on the other basis.

Because of such differences, yield forecasts
were computed separately for each State in the
10-State region. The average of the State esti-
mates was 357 pounds per acre for the region,

- which agrees extremely well with the August 1

forecast made by the Crop Reporting Board. It
also differs appreciably from the forecast of 383
pounds per acre computed from the pooled data
for the region as a whole. This is convincing evi-

. dence of need for stratification, at least by States.

In a State in which conditions are like those in
Texas, within-State stratification is also desirablae.

The September 1 and October 1 Forecasts

As pointed out earlier, the blooms and bolls
already on the plants by September 1 appear to
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deterniine the Yici.. Jtis necessary ouniv to anply
the ob=e"\'e<‘ weif_flx; oi cotton per bl to the coia-

deduct ons Tor losses that will oceur Lu\\een the
forecas: date ana harvest time. Under “norianl®
conditions the loss appears to be about 10 percent.
That Soure can be determined riore precizeiy as
experience is gained. At present. we have no data
to appraise losses that could occur in a vear when
weeviis. Gizease. or unusually cesiructive weather
factors are serious. Under such conditions losses
would be heavier. DBut until growine seasons of
that kind are actualiy encountered, and experience
1s gained as to tne edects of adverse conditions,
there i3 no basis for an ob]ecnve computation.
bep;e.umr 1 weigiuts of seed cotton per boll
appear to give reiinole indicaticns of the average
wei"i';t Tor the season. As part o t
progrini. open coiion in the selected sampling
units was picsed to ascertain the weight of seed
cotton ne 2rbollin 1954 and 1055, This was weighed
in the fieid and a small quantity taken to the otiice
and reweighed arter being air dried In 1954 coi-
ton was welghed only at the time o the September
1 visit and on the post-harvest survey. The Sep-
tember 1 weignt of seed cotton per boll on an air-
dry basis was approximately .6 grams. The
weiglit on the post-harvest survey was much lower,
but has no particuiar bearing on yield forecasts
and estimates. In 1935 all open cotton found in
the sampiing units was picked and weighed on
every visit to the sample fields. Table 4 shows the
cumulative average weight of seed cotton per boll
for the entire period covered by the observations,

- except the post- narvest survey.

.All open cotton weighed at the time of the
August 1 visit was found in South Texas only.
In tlmt area the average size of boll was consid-
erably smaller than that of the 10-State region
as a wuole. By September 1 open cotton was
found in a greater part of the region and weights
on that date, when combined with .August 1
welghts, vielded an average which diders only
slightly Trom the final cumulative average for all
cottor. picked during the season. It appears
that the September 1 cumulative average is ade-
quarte ror yield Torecasting purposes. But in view
of the ract that bolls opening eariy in the season
may be of different size than those opening later,
such citderences must be taken into account in years
when boil size is related to the date of mazurity.
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"a whole .‘nd nresents no difiicultic
the s“mplmg ‘

s —Cuwmulative avcrege wveinlt ¢
colton pcr boll <10 15533
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TaBLE seed?

Month {Field weizho . Dry weigls
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r 1 fruir counts were made foz' the first
f On that date 4“ biooms ana small
:.. large bolls were found per 10 feos
oirow. The combined count of 79.5 is lower than
the §3.2 p sont on September 1. Burrs werc

counted as oolla. The quantiry o2 cotton alreacs
picked by August 1 is nealigible for the recion ns
By Sentei-
ber 1 an t..mrecmb]e qufmtn) has been harvested,
but almost all of that is in South Texas and repre-
sents a complete picking of individual ﬁelds then
being aiverted to other uses. .

When no observations could te made in such
fields. the August 1 bloom and boil count was ze-
cepted as the boll count that would have been
found at harvesi. But by October 1 many feid:
in various parts of the region h ve been partaiir
picked, leaving additional bolls 1o be picked =s
they mature. There is reason to believe thias
counis in some of these fields were too low, par-
ticularly where cotron was snapned by h:md, be-

cause burrs are not left on the p..l 1ts.  Then, toc,
bolls may have been knocked rrom plants if me-
chanical pickers ‘were used.

Although the discrepancy is not alarmingly
large and some mortality can be expected in =
month’s time, there is reason to suspect that this

-

i
I
.

time in-
bolis and
0ils Qliu

)
e

.count may be too low—particularly for the larze

bolls. Field observations on cotion are compii-
cated by farm harvesting practices during the
season; cotton is being harvested somewhere iz
the 10-State region during aimost the entire
period covered by observations on the szmple
fields. The procedure followed in making fruic
counts under this project attempted to arrive at
counts each month so as to include bolls that had
been piciked. In other words, counts were de-
signed to correspond to total final production, nc:
merely to the portion remaining for harvest as ¢
any date.

This dilliculty svas not encountered in 193+ be-
cause no October 1 counts were made in that year.




It may not be serious. sut it iz a problem that will
reguire additional studr.  One solution m1"m; be.
to count only bolls =1l on the plahts at the ume of

“each visit to the S'\...'m. ficlds and to relate that

CouNt TO COtton 1o be Lickad only after that date.
Current ginnine cut up to that date could be
added to the forezust of cotton still to be harvested,
as computed from truit still on the plants, to pro-
vide a forecast of tiie total cron. Such a proce-
dure might not i,u satisfaciory if there is any
appreciable lag bClWQu . tile time the cotton is
picked and when it is taisen to the gin.

If such an approach is nnpracucal, an alterna-
tive would be to Gevise a procedure for getting
complete fruit counts on sample plants that are
left undisturbed in farm harvesting operations.

This would be diflicuit to put into practice on sam-" -

.

HBE not n.‘ckcd by nand. Lven
in fieids I)M\m LV Lalid. Liere 18 Do esuranee that
farmers wou.d anways leave desigiatead sample
plants undisturoed, although speciiica..y requested
o do so.

A third possibility waunid be 1o use Truit counts
of plants upon which frult had been tupzed on an
earlier visit. Disappesrance of tagwed
would provic’.c an estimaze of burrs ax

Un(:c:‘

ple flelds wien cotio

¢ wolls lost

hy

the game way as riose "A e Test Of Lae nad, Bus

the presence of tays might encourage soiie Tarmers
1o pass ub the ta zwed biants under G impression
that they were doirg t':.e sampier 4 Zavor, even
though they nad veen assured previous.y that such
plants required no )eciui ireatinent.




	page1
	titles
	.... -'- ---.- ---- 
	• 
	Objecoye Forecasts of ' Cotton Yield 
	By WaIte: A. Hendricks and Harold F. Huddleston 
	. .. 

	images
	image1
	image2


	page2
	titles
	The August 1 Forecas: 
	'\ 
	- 

	images
	image1
	image2


	page3
	titles
	i 
	OQ1()( II·') , 0'-""( 1/") , 0·':>'(-) OO--O\. 
	'=' . 
	~ .. 

	images
	image1
	image2
	image3
	image4
	image5


	page4
	images
	image1

	tables
	table1


	page5
	titles
	..•. 
	;\L~~~·' ll-_~_-:~:: ::::: ~ = = ====: = 1 
	. - 
	~: : . 
	-\ 
	. -.; \,: 
	.....• . 

	images
	image1


	page6
	titles
	.. 

	images
	image1



