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FINAL REPORT TO WEATHER BUREAU
4 STUDY OF WEATHYR FACTORS AFFECTING COTTON YIEIDS

1/
Walter D. Fostor

INTRODUCTION

The relationship of crop and weather would be studied far more effectively
if data tokon from sources which vary in both time and space could be analyzed
by statistical techniques designod for most efficient combination of such
materials Unfortunately, this statistical problem is a most complex onse While
1% is not the purpose of this paper to soarch for such an analysis, the latest
approaches to this problem will bo used in analyzing cotton=-weather data #hich
were obtained from five experiment stations throughout the South and Southwest
over o period of throe yoarss

The advantages of using multiple sources arc at onco apparonte A4 groater
range of weather variables is afforded. A more representative sample of fiold
conditions is obtaineds The amount of data desired can be acquired over a
much shorter longth of time. With carcful measurements taken from a uniforn
experimental design, practically all variation in yield except that portion due
to woather and soil can be removed and the residual variation, the far greatest
proportion of which is éécribable to weather, is available for statistical
treatments This method is inhercntly more accurate because it is a truer

plcture of plant response to climatic variation under actunl conditionse

;/ Research Assistant, Department of Statistics, N. C. State College, August 1948
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OBJECTIVES

1. To apply the latest statistical methods of combining data takon from
diverse sourcos so that extrancous variations involved in goneral pooling avre

oxcluded.

2¢ To use amended regression technique and to search for new techniques which

will use information already kmown about the cotton Pplant in order to refine and
neke more accurate the mathematical expressions of the relation between cotton
ond weather.
3« To predict cotton ylelds from weather datae
As To compare predictorss
i« By regressione.
ii. By ompirical necthods.
Bs To compare the various periods in growth of plant.
i. TFor independent weather variables.
ile For all weather variables jointly.
From this portion of the investigation, an attempt is made to devisc an
accurate forecast which will be available before the end of the growing seasona
4. To investigate tho distribution of weather factors used in this studye
5. To devise a punch card code for tho most efficient mothod of recording

the weathor data to be collected from the Soil Weathor projects
DESCRIPTION OF COTTON EXPERIMENT

In a complex design repoated identically at five stations throughout the
South and Southwest, four varioties of cotton were grown at two levels of ferfi~
lizer treatmente A%t each station, therc wore two planting dates per year for a

series of three consecutive yoarse

;]VThis experiment is known as the Cotton-Weather project, Sponsored by the
WlnRaTlu oy Agricultural Markoting Servicee
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As will bo shown by the prelininary tests, thero are sufficiently large yield
differences botween planting dates and betwoen statione to consider then as
influenced by different weather conditions. In this way, independent observations
are riade available as though the experiment had been continued over a 30 year period
at one location, cxcept for soil differencess

The five stations coopeorating in this cxperiment arc as follows: Florence,
South Carolinn; Griffin, Georgla; Stoneville, Mississippi; Marianna, Arkansas
and Lawton, Oklahoma. From geography it is obvious that a large range of climatic
factors wore available during the growing seasoh. At these stations, the four
varieties of cotton grown were Oklshoma Triurpb,Dixie Triumph, Shafter Acala, and
Stoneville, all of which arc varieties of Amcrican upland short staple cottone

Thus far we have controlled five major effccts influencing cotton yieldes
variety, date of planting, fertilizor treatnent, station and years Tobthese is
added a sixth, blocks. The field plan, Table 1, was replicated twice at evory
station to glve an estimate of oxperimental cerror. Furthermore, to prevent carry-
over offects from yoar to yoar such as soil depletion from affocting yield, fresh,
corpletely different plots of ground were used sach yeare In this wayy a continuisty
correlation was avolded, though possibly at the exponse of a slightly larger soil
variations. However, it was believed by the oxporimenters that this source of
additional variation was negligible.

0f the many measurements takon during the oxperiment, only those pertaining
to weather will be enumerateds Tonperaturcs recorded daily include the maximum,
ninimum, and neane Precipitation was neasurcd both by the Weather Bureau stondard
eight ihch rain gauge and by a recording gaugee ZEvaporation rates wore obtalned
fron a standard white atmometers Soil moisture at four levels, 6", 12", 24", and

36" were measured by tensiometers, duplicated at each station for greater stability
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of indexs Other weathor phenomena were indicated in the form of remarks by the
observers, such as Mindy", "heavy rain”, "partly cloudy”, etce

The adninistration ofvthe field workgwas centralized in order to make tho
procedure as uniforn as possiblc with every possible care taken to introduce
no variation other than that which is actuaily enéountered in fleld conditions.
The advantage_of working with data fron an experiéental arrangenent such as this
can be seen at once in tho homogoneity of conditions in each sub=-clags in which
the measurcments wero taken. Although the soils at the various stations are known
to be dissimilar, the fortility of oach was raised to'a naxirmun by the application
of a éressing optimumm to each locatione. By this meané, the effect of the soil
differences is minimizod except for the water content, an index of which is avail-
ablee Thus the contribution of tho soil factor is believed to be small compared
to the weather effects and it is under this asswmption that the relation of weather
and cotton yield will be estimated in this studye

~ No nention has been made thus far of the insect factor which principally

is the boll woevile The ordinary precautions of dusting the crop early in the
season against boll weevil was followed throughout the three years. For the first
two years, 1939 and 1940, thore was no noticeable effoct due to insoctse However,
in the third year, the infestation wes particularly heavy at Florence with varying
degrees of attack at other stations. An estimate of the amount of cotton lost
due to boll weevil was obtained by sampling, honce some adjustment for theso figures

can be made.
PRELIMINARY STATISTICAL TESTS ON DATA

As we have soeny the data consists of means of yield of seed cotton in pounds

per acre classified by variety, treatment, date, year, station and blocke A table
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of these means isg shaén in Table 2 where it can be seen how wldely these figures
vary; In order to investigate the magnitude of these differences, the first
Preliminary test was the analysis of variance on yiéld for variation within a
station for a given yeare For exampLe; at Stoneville in 1939, the main effects
tested were blocks, varieties, date and treatment with the first order interactions
that are of primary interést, lecay those showing variation in time. Table 3
summarizes these tests. The customaryvsignificance levels of 5% and 1% are indi-
catod in deference to the precedonce in the literature, although it is folt that
the significance levels in weather and crop weather date should be more on the
order of 1/2% and 1/10% due to tho skewod distributions often encountered in thig
type of data.

The assumption that d1fforont weather conditions were oncountored in the two

dates of planting at a single station was woll substantiated according to Tableo 3.

Furthermore, looking at the F valuc for blocks, it is scen that for the most part

there were no differoncos attributable to soil variations within stations. ¥Nor

can tho variety by dato interection be considered significant, that isy to say,
the varioties recacted similarly among thomsclves to a glven planting datos

Purthor information obtained from Table 3 shows that in all but two instencos
& respectably émall coofficient of variation existed, indicating the homogeneity
of response per classifidation.

The most important info;mation obtained from Table 3 is the general magnitude
of the error mcan square, which is a quantity arising from random variation between
replications, such as block by treatment, block by varioty, block by variety by
datey, otce It is obvious from the range of these error terms that pooling among
stations without furthor investigation would bo hasardous. As an index, Bartlett!s i/
tost for homogencity of variancos was Qgplied to these errors by yearé. Results

of this test arc shown in Table 4 wherc it is scen that the probabilitics of

i;M‘S. Bartlott, Supplement to the Journal of the Royal Statistical Socioty, 4:137
(19387). | '
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obtaining such widely varying figures in random sampling from the same popu;ation
are very, very small. Hence we are warned against casual pooling of errors among
stations within yeérs for any exact test.

The next preliminary test is concerned with investigating the magnitude of
the differences betweon stations and botween years. Again, our hypothesis that
different weather conditions oxisted at the five stations was substantiated by
tho significant between stations moan square, (Tablo 5).

4s oxpocted, the main effects account for the groeat bulk of variation with
station, date, and years which carry the climatic factor, appearing considerabhy
larger than the other contributorss As a mattor of fact, the items in Tablefﬁﬁ#_f'
which are due purely to weather and §oil comprise 85% of the total variation, le.c.

Ay

ignoring treatment and variety.
SZLECTION OF PREDICTORS

Of tho various weather elements measured during the egperiment, three seem
most comprohensive and indicative of the total influences oxerted by weather during
the growing scason. These three are soil moisture, meen temperature, and evapora~
tione Precipitation was not used since it is obvious that s0il moisture readings
are a much better indication of tho moisture available to the plante Relative
humidity, a function of temperature and amount of moisture in the air, was measured
at only three points during the day and appears to offer nothing that is not
included in an index of evaporation. Bvaporation results from the action and inter—
action of solar radiation, air temperature, wind velocity, and hunidity and thug

presents in a single figure the influence of a number of atmospheric elements

‘which if taken as individual predictors would make regression extremely cumbersome

anc empirical techniques too bulky. Further, ovaporation has been found %o be the

Y Miller, Es Cey 193le Plant Physiologys McGraw~Hill Book Company
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best'single measure of transpiration; a first approximation to the effect of
transpiration on yicld is hereby afforded.

S%nce soil moisturo was measured at four levols of depthy it was folt that
some way of combining these readihgs into one would expedite handling of the data
without serious loss of information. Brown found that in genoral the tap root
of the cotton plant extended to 2 1/2 feet while the laterals reached that dopth
and sometimes went decpore Although the maximum depth of the roots is about four
foet, the bulk of the roots scemed to lie between one'and two feet. Tron this .,
it follows that the roisture supply at 12" and 24" is the most irportant while
that of 6" and 36" might be classed together. Hence a weighted average of these

depths was computed as

£
SM = fﬁ‘:fﬁi‘lﬁ“L M2 ¥ Shae
av . 6

The figure, SMav’ was used throughout this study as the soil moisture indoxe

It is worthwhile montioning the character of the instrument which was used to
measure soil moisture. The tensiometer consists of a porous cup located at a
desired depth and connected to the surface by an alr~tight tubes The cup is filled
with wator and the resulting tension caused by a thirsty soil endeavoring to Ydrink®
the water from the cup is measured by mercury column. Thus, the drier the soil,
the greater the tension while & saturated soil exerts no tension on the Cupe
Although this instrument has been vory popular, it has two drawbacks-gl First,
its range extends over one atmosphere of tension, while the tension range fronm

saturated soil to an average wilting point is several timog as .greate On the other

hand, plant growth beyond the range of the tensioneter approaches a 1linit rather

1/ Brown, He Ba, 1938, Cobtoms MeGrew-Hill Book Company
2/ Baver, Le Dey 1940. Soil Physicse Jobn Wiley and Sons Book Co. Pe 207,
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quicklye The second dis%&vantage is an inherent hystorosise For a given amount
of soil moisturc, the instrument does not give the same reading whon moisturc is
increasing as it does whon roisturo is docreasing, although this difference is
Probadbly much less than the sarpling variation encountered in fiold conditionse
Despite those minofAlimitntions, the tensiometer 1is belioved to offer a recliabloe
Index of available soil wotore

Tho original'wcather records were roplete with temperature readings, offering
Gally nmaxirmn, rinirmn, and meane While it was a terptation to oxtend the study
to include investigation of all three, all indications from the litorature and
the cotton experts in the N. C. Bxperiment Station advised narrowing the field to
the mean temperature, o factor which combines the values of both maxirun and

ninimum roadings into oneo, though with questionable efficacye
STATISTICAL ADJUSTMENT OF DATA

Conforming for a while %o precedence, the unit of timo was chosen as the wook

-and the daily weather records were transformed into weokly neans, measurcd fron

the date of plantings This mancuver erased some of the difficulty of data missing
due to instrument failure, otce

In comparing the problem at hand, that of explaining tho variation in cotton
yieclds by means of weather factors, to the problem of estimation of a true yleld
fron data taken from sources which vary in either time or spacey, 1t is seccn that
each is a scgment of a parent nrobleme. Whon the data are collected from diffcrent
centers in the sanc ycér, Gochraﬂl/assumed a constant response with heterogencous

varisncese (4 constant rosponse with homogencous variances-is handled by the

faniliar analysis of variance without adjustment.) His solution shows the relative

1

Cochran, We Gsy 1937. Problen Arising in the Analysis of a Series of Similar
Exporinontss Supe to Jour. of Roy. Sbobt. Soe. Vole IV 31, ’
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efficiency of woighting cach mean inversely as the observed variance cormpared %o
the true variance for varying degreces of frosdon at oach centory, provided the
number of centers, k, is infinifely large. Attacking the sane problenm, Portefl/
computed thic relative e¢fficioneies for steps of k fron 2 to 20 and for varying
degrees of fraedon at nazh centers

A further complicmtion to thig problen is added wkon the responscs abt the
soveral centors are diffarcnt as well as the variancess This is the naturs of

b}

the invei?igation acaled by Cochran at presont in a Navy sponsored research
programJQ Thus far, it hos been 1oarnedvthax the most efficient e=tinote of the
true yield is the unweighted rcan in the case when the variance of the difforont
responses remains the sane from center to centers In the alternative cage, whon

the variance of the different rosponsos varies from coenter to center a systom of
partial or seni-welghts is the most offective. It ig Planned that the next pﬁase

of the investigation will cover the estination of true yield when data are availoble
not only from different locations but in different years,

It is here that the two problems begin to overlape While tho crop-weathor
guestion attem@bs to explain the variation as mainly duo %o weather, the estimation
of the truc yield is accomplished aftor all variation excopt that inherently due
to the crop itsclf has been removed. The figuros in this cotton study are begt
unweighted according to tho forogoing for usc in regrossions To rcduce o a
minimum all varintion excopt that due weather, only the yields fromrthe Stoneville
fB variety of cotion wers selected for regressibn, Stoneville being a popular,
high yielding variety of cotton grown widely throughout the cotton belte Further,

only yiolds from plants given the high level of fertilizer were considocrcde By

this means, the soil difforonces betwoon staticns are mininized sinco cach station

i Portor, Se. Hey, 1948. The Relative Accuracy of Weighting Inversely as the
Estimated Varioncee Master's Thesise N. €. State Collegos

éy-Progress Report, 1948, to Office of Naval Rescarche
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applied as the high levbl of fertilizey that Aressing consideéred optimum by the

agrononists for the local soil.

|

! REGRESSION

There are nany possiblo ways regression could be applied to this probleris
In order to handle as many predictors as possible, it is first nocessary to assume
a linear relationship between the climatic elerents and final yielde This assunp~
tion is by no mecans a new one in crop~weather research and sooms Jjustified only when
a slight impro#ement in the analysis by usc of higher dogroes is compared to the
enormous work required in obtaining it. For instance, in this study there are not
& sufficient number of observations to allow a least squares fit for second or
higher degrecs A second #ssumption is more criticals It is necessary to suppose
that the effect of a weather factor at any given period is indepcndent of the
offect at anothor period during the growing scason. Perhaps onc of the best ways
to investigatc the validity of this hypothesis would be to compute various
serial correlations and if they appear to be more than trivial, examine them in
an effort to find a form of regression or statistical technique which would be
more effootive in explaining the erop-weather relationship. However, it is believed
that this assumption involves no great error provided the weather variables do not
deviate from their expected values too greatlys

A second'great saving in the number of constants to be fitted in regression
Qas effeocted by R. 4. Fishef;/ when he 1lntroduced tho use of orthogonal polynomials
to multiple régression. This method has boen used considerably and descriptions

2/
of the process of fitting are abundant. By the use of Fisher's method, the

y/ Fishor, Re As 1924¢ The Influence of Rainfall on the Yield of Wheat at Rothamstode
Roye Soce Phils Transe Ser. B, 213, 89~142.

Davisy, Fe Ee and Pallesen, Je E. 1940, PFffects of the amount and distribution of
rainfall and evaporation during the growing season on yields of corn and spring
wheate Jours Agre Roge 6031«33,

Hopkins, Je We 1935. Weather and wheat yleld in western Canadae Canads Jours
Ress 121306=334+«

Davisy Fe Be and Harrell, G D., 1942, Relation of Weather and its Distribution
to Corn Yieldse UeSeDeAs Techs Bulls 806,
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change in yicld due to a unit of the weather factor at a givon weok can be computed,
thus showing the critical stagos with regard to a given woather factor during the
growing season.

While Fisher's model represents a groat improvement in the technique for

studying the crop~weather rolationship, it still assumes that only one weather

factor is to Do studiel at one tine, or if several are used, that each is indepon=-
dent of the offcct of the others Hendricks and Scholll/ have amended Fishorl!s
approach by setting up a model which studies the offcet of weather clements sinul-
tancously as well as separa&cly. For cxample, in thoir paper temperature, procipi-
taﬁion, and the joint effeét of tomperature and precipitation sre usod to account
for variation in corn yiclde. |

- In this study, rogressions modeled both from Fisher and Hendricks and Scholl
are computeds In o gross way, a corparison of the two is provided, although the
mainipurpose is to study the effectiveness of various predictors. For instance, the
first regression patterned after Fisher has as independont-prodictors goil moisture,
evaporation and meaﬂ temperatures Lot us call this function regression # le The
seéond, rogression # 2, follows Hendricks and Scholl and includeé evaporation,
soll moisture, and the joint effoct of ovaporation and soil moisturese Kegression
# 3 expresses yield as a function of mean tompergture, soll moisture, and the
Joint effecf of temperature and soil moisture..

The models of thesc regressions are shown in Table 6. It is not proposed in
this paper to offer a complete deseription of the development of those techniqpeS'
since full details can be obtained from Hendricks' and Scholl's article if -
desired. | '

. The data for these regressions, as explaincd before, consist of yield of sood

cotton in poun&s per acre, while the weather cloments have been averaged ovor

i/ Hondricks, We A« and Scholl, J. C. 1943, Tochniquos in Heasuring Joint Rela-
tionshipse Toche Bulle. 4. Agr, Ixp. Sta., Ne C. State Collegee

-




’ woeekly periodse Using the dato of planting, as the zero or reference point, the
weeks were numbered 1, 2, 3 etcs Since there was considerable variation in the
length of records kept by each station cboperating in this experinent, it was
necessary %o sclect those weeks affording the longest consecutive series whon all
five stations were considered at once. For instance, if station A shows weather
reéords fron weoks 1 to 6 and station B shows woeather records from wecks 2 %o s
then wocks 2 to 6 are available for study for both stationse In this namer, nine
copseéutive woeks starting with the elghth wock afteor planting and ending with
the 16th week werc available. In torms of the cotton plant, this overall period
includes half of the squaring period, blooming and the setting of young bollss

| The periods in this study wore based on the actual phenological dates and have
been dofined in torms of woeeks after planting as follows: squaring, 6~9 weeks;
blooning, 10~12 wecks, sctting young bolls, 13-16 weeks, oponing of bolls, 17-19

‘ weekss These wecks correspond almost oxactiy to those described in tho literaturoce

C. Bs Doyle and Brown-ajha.ve indicated that the period of blooming is the most

critical in the life of the plant, while the wator requirenents for squaring and

setting bolls are high.

A further step in handling the data was to corpensate for the boll weevil
damagee Though the experinent as a whole was relatively free from this pesty
certain of .the yicld figures arc low because of its The rate of infestation was
estinated by taking randon sarples of the cotton and counting the numbor of locks
por boll destroyed by the-wee{ril. This rate was expressed as a percentage and
the adjusted yiold would be that figurc which when decreascd by the rate of

“infestation becomes the actual recorded yiclde For instance, at Station A the

i Doyles Ce Be 1941. Yearbook of Agriculture: Clinmato and Man. Ppe 348-363.
2
‘ Brown, He Bey Loc cite
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rate of infestation is 25¢ and its roco;ded yield is 1200 1lbs«/acree Then the
adjusted 1s 1200/.76 or 1600 1bs+/acro. ‘Despite the apperent logic of this method,
in some casés 1t fails to adjust the yield to a credible figures Novertholoss,
for the lack of a better method, the above procedure was followeds Later in this
paper, a second nethod of adjustrient will be described though it is not applicable
to regressions

4 corparison of the three regressions is best secn in tabular and graphic
forn. In Table 6 in the appondix where tho nodels, rogression coofficionts, tests
of significance, and the nmultiple corrolation coofficionts arc giveny it is scon
that the joint rolationship of soil moisture and evaporation was casily the nost .
effoctivo of the threc models with & correlation of .73, (8% = «537)e Further
inspection shows that regrossion # 1 is fitted with nine consfants instead of ten,
while regression # 3 has only fives In rogression # 1, 8, was deleted fron the
predictors hecause it was so cloéely correlated %o Ab. When such a condition is
presont, solution for the regression coefficients is possidle by the ébbreviated
Doolittle method of matrix inversion only vhen an extrencly large number of digits
is carried throughout the corputations Since eight diglts were carried in these
calculations, 1% was deemed more feasible to drop the predictor than to atterpt
the operation with 12 or rore digits. This problem was compounded in regression
# 3 where there were so many dependencies in the matrix of normal equations that
its virtual rank was reduced to fivee

From these observations, it immediately appears that mean terperature as a
predictor is the least important of the thres déspite the slight evidence to the
contrary offerod by the t-test for the regression coefficionts in rozression # 1
in which tho three temporature cocfficients present a questionably best showinge

The quadratic terms in regression # 2 without excoption showed the snmallest

probabilitics of being obtained by chancee The fact that the coefficionts for

-



ovaporation appoar to be better estinated thon those for either soil noisture
or the Jjoint offoct of evaporation or sdil noisture is prosented without cormente
The first partial derivative of yield in rogrossion 4 2, with respoct to ,
~ ovaporation vhon evaluated for t and arbitrary values of soil noisture offers g
fanily of curves which shows the cffect of a unit of evaporation for different
water tension values on the final yiold of Stonovillo cotton at diffcront weoks
in the growing scasons Thesc are shown in Pigurc # 2. Likewise, the partial
with rospect to soil moisture lcadé to‘another fanily of curves, also shown in
Figuro st 2 Thé labels and oricntation of the curves nay be confusing unless one
renombers that soil water is measured as tension with thc result that a high tension ;
indicates 2 low amount of soil wator. The othor units are direct; evapofaxion,
for instance, is low for a low indox. Thore is another precaution to observece
Sinco only a quadratic was fittoed to the dota, it is bost not to oxtrapolate these
curvese As a nattor of fact, even near the borders of the chart, some of tho
~curves tond teward tho incredible.
Sinilar charts eppenr for the other two rogrossions, although it is immediately
apparent that with such large confidence linits as indicatod by tho t~tost§ for tho
coofficients, tho true location énd oriontation of the curves could casily beo

entiroly different.
SCORT MITHOD

Thus far, it has boen scen that rogression has been harmered by restrictive
asswiptions and norc soverely by the limited nurbor of constants that could be
fitteds These penalitics are tho price pald for the advantagos of tosts of
significance, the availability of confidence 1linits, cstiration of tho contribution
of oach woather foctor for a given weck on the final yicld and following tho well=-

known path of previous investigotion. As was indicated in the prelinminary report,



a difforont approach,’nbt nocessarily now, was intended whosc results wore to
be judeed by comparison with the regressions rathor tpan by statistical tests
of significancecs

The basic idea in this ermpirical investigation,is to put on a’quantitativé
basis the lore and experience of those who have worked nany years with cottone
By asseribling the neny obsorvations of cotton yiel&é as affectod by various types
~of weathor, & littlo experinentation in assigning values to weather factors
according as thoy arc dosirable or undesirsble leads to a scoro nethod which has
several patent advantoges over regressionQ The‘primary alvantoge is the comblotc
froodon in the simultancous usc of as many weather factors as dosireds In our
regression studies, only two variables could be handled by tho joint relationship
techniquee The floxibility innato in this approach offers a choice of nany
corparisons and investigotions with a nininun of calculations The problen of
adjusting for Doll weevil infestation is solved ruch rore of foctively. domputaxion
is considorably sirplifiod, both in construction and in use as o prediction nothods.
The improvement and exponsion of this or sinilar methods londs considersble pronise
towards a nore accurate definition of the cotton-weoather relationship which Ce Be
Doyle has concluded is not likely through the usual investigations of precipitation
and temperaturce

2/ a/ 4/ s/
Fron Doyle, Brown, McNamara and associatos, Hawking and assoclatesy Kraner

and others, genoralities about the bolieved optirmun clinatic requirenoents of the

i/ Doyles Ce Be loc cite
3/ Brown, He Be Loc cite

McNanara, He Cey Hooton, De Rey and Portor, De De 1940e Difforontial Growth
Ratos in Cotton Varieties and their Responsos to Scasonal Conditions at Groenvilley
Toxase Teche Bulle 710 USDA.

&/ Hewkinsy Re Sey Matlock, Re Le, ond Hobart, C. 1933. Physiological Factors
Affocting tho Fruiting of Cotton with Special Reference to Boll Sheddings Teche Dulle
46 Unlve of Arizona Agriculturc Expe Stae

Kraricry Pe Se 1944. Soil Moisture in Rolation to Plant Growthe Botanical Review
10: 505=5564 ,
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cotton plant for each of the periods were obtained. TFor instance, during the
period of blooning, the water requirerient is believed to be at a maxirwm, lecey o
very noist soil is bests Evaporation or:transpiiation is believed to have little
effect oxcept when the soil is dry. Tomperature is thought to have little effccte
On the othor hand, a dry soil causes excessive shedding of blossonsse

The optimunm conditions were set uwp in a qualitative sensc for this study
purposely without regard teo the wéovil and the woather conditions for its spreads
Although it is known that the weevil thrives and spreads rapidly when soil water
ié abundant, relative hunidity high, and terperature wérm, these facts woere omitted
fron consideration, since the presence of these conditions by no neans guarantces
the presence of the weevile A4 correction for the weévil is shown laters

The construction of o chart to assign quantitativo volucs to cortain combinam
tions of weathor factors was achicved first by dividing the range of cach woather
variable into suitable blockse The range of soil roisturc tonsion was found to be
0 to 60s It was cbnvenient to define 12 blocks, rumning O~5, 5~10, 10~15, otcCa,
with the convention that a reading of 10 would fall in the 10~15 block. After s
great deal of expérinentation, the most offective size of block for temperature
was found to De toen dogrees and for evaporation ten unit blocks up to 504 then 15
units to 65y ond over 65 for the last bloeke These coordinates can be scen in
Figure # 4

The second step in the construction was to define five basic clagsifications
into which the various weather combinations would falle Thesc classifications,
excellent,y good,s fair, poor, and very poor arc used to characterize the effect of
weather on final yield according to the writers on this subjects The classification |
of excellent confers a high score while vory noor on the othgr extrene confers a
low score; a plant with a high totel score is cxpected to have a high yielde Thus

the assignment of values to the classifications is scen to become a problen in

- intorpolatione
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Once the number of blocks was decided, the assignment of values to these
blocks was undertalken. In Figure # 4 where there arc 216 blocks, the range of
values was taken as 1 to 216« Then the five classifications were allotted a
numbér of blocks to corrospond approxinately with a normal distribution (although
no use is nade of this arbitrary docision.) Of the 216 blocks, ?exeellent" and
"Vefy poor" cach reccivod 22, "zood" and "poor" oach received 52, and "fair"
reccived 68e Becaouse of the impossibility of ranking/ovory block, that is, to
say of two adjacent blocks noar optinmwi that onc is better than the other, oach
classification was further graded into threc approxinately equal scts, denoted
by diffefent colors and each block of the sarie color in the sanc najor classifica-
tion assigned tho niddle value of its own ranges For instance, ther"excellent“
classification was allotted 22 blocks. These were furthor graded into ecight blocks
colored orange, seven blocks groon and seven blocks browne Counting from @16, 22

blocks would end with 195. If the orange blocks are to be assigned the highest

values because they reprosent the best growing conditions for a given period,

then they would occupy the valucs 216 down through 209« Using the middle valuo of
this ranges all the orange blocks in the "excellent® classification receive the
value 212 (When a choice between two niddle valuos occurs, the oven number wag
takens) Sinilarly, the groon blocks were evaluated at 205, thc bDrown at 198

The rest of the scheome can be scon on tho nargin of FPigure ¢ 4.' This arrangomont
was followed for ench of the four perioﬂs, squaring, blooning, setting young bolls,
and opening of bollse Since thore was considorable leoway in arranging the order
of the weather conditions from best to worst, considersble experinentation was
involved before the nost successful plen was solocteds The relative effectivenoss

of the last threc plans can bo scen in Table Ge
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Adjustnent for boll woovil damage beconss extremely sirmplee An estinate of
the rate of infostation is roquired and can bo obtained by sarpling the crop and
roporting, as was done in the Cotton-Woather project, the ratio of danaged locks
to total locks as a percontage. After the scoros for the weoks have heen added,
the total score is adjusted by multiplying it by the percentage of good lockse
Thus, if the total scorve is 1500 and the rate of infestation is 120, then the
adjusted score becomes 1500 x 08% or 1320. Should other measurable conditions
arise, further adjustment is nade in a sinmilar mannere

4s an exarple, the steps in obtaining a score will bo described in detail.
At Florence, South Carolina for tho normal Dlanting in 1939, the soil noisture
reading for the 10th weck was 11.1 while the nean torperature was 843 and the
evaporation reading was 457« Referring fo Figure 4 and using the chart for
blooning, since the 19th weck is dofinod to beolong to biooming, the correct square
is found in the bottom scction in "good" and is colored greene The value for
this square is 167 according %o the code on the nargine Likowise, the score for
the 11th weck was found to be 198+ Repetition of this process through the growing
season gives a serles of scores whose total is 1440s Since there was no weevil
demage reported, no adjustment of this scorc is necessary. Plotting this score
against the recorded yileld of 2366 ibs./acre for the Stoneville varicty, we obtain
a point, labelled for reference as 1, (scc Legond, Table 7)e Theo plot of the
rest of the points comprises a scattor dlagram, Figurec 54. Curiosity immediately'
required the application of the scoring nmethod to the yields of the other three
varieties with weeks 10=19 taken as the scoring interval. Thesc results are also
shown in Figure 5, where 1't‘is opparent that tho two high yielding varioties,
Oklahoma Triumph and Stonoville, have almost identical scatters whilc the two

lower yielding varietics, Acala and Dixio Triumph are vory similare A cubic was
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fittod by leoast squarcs to the avoraged yiclds of Oklahona and Stonoville and
nodified noar the ond points whore the characteristics of a polynonmial fit are
not true to actual trende The lower nean yielcs are satisfied with a iinear fita
Thus, Figure 6 becones a prediction chart based on a scoring interval of 10-19
weecks for varieties of cotton similar to types studied horee

However, it is desired to offer o forecasting tool which is owvailable ocarlier
in tho scasons 3y toking advantage of the flexibility of the scoring ncthod, it
is casy to obtain a dircct corparison of any combination of periods of growth and
%o learn if a scoring method which torninatoes before the time bf harvest is any
less accurate and if so, by how rmuchs 3y totaling the scores over any threec of
the four poriods and assuming a linear fit, the corresponding correlations wers
corputed and cormpared in Tadble O. Then, if the onission of given period reduces
the correlation by more than any other onission, it is céncluded that the period
onmitted has the greatest effect on yicld and is the rost critical from the stande
point of climatic factors. 3y a simple ranking test, Table 8, the blooning period
was easilyvthe rost important to final yield, followed by the periods of sotting
bolls, opening and squarings According to scoring method # 1 which is tho one
adopted in this study, there is vory little difference whether the scoring interval
is taken as 6~16 wooks or 10~-19 wocks. Thon by obsorving the scattor diagrams in
Figure # 7 and 8, where the same scheme has been followod as described above for
Figurc 5 and 6, a forccasting diagran is present which makes a forcecast available
three wecks bofore the first of tho cotton is roady to be ginned. Apparently it is
a characteristic of the scoring diagran which consistently suzgests a cubic fit
for the 10-19 woock scoring‘interyal and a linear fit for tho 6«16 waeck intcrvols

In order to obtain sufficient yicld data to evaluate all of those periods
whon nino wecks of data werc available for regression, a small amount of

extrapolation of certain weathor values was nccessarye. In hearly all of these
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extropolations,y conconitant noasurcnionts oxisted in sufficiont dotail to afford
a very intelligont guesss As a furthor justification, the range of valuos in the
individual blocks is large cnough to shsorb considerable variation fronm the truc
values Iven a gross error would probably result in no rore than the substitution
of an adjacent block for the correct one, with an undetecfable result in the final
correlatione

| While the scoring nethod prescnted is far fron elegant, it has certainly
held its own in cormarison with the other cpproaches heros A systematic cxperi-
mentation in the construction of these or similar charts by agrononic experis

would undoubtedly lead to nore accurate predictions than offered heres
FREQUENCY DISTRIDUTION OF WRATHIR FACTCRS

In the scarch for a stable pattern of frequencies of occurrence, the three
weather factors, evaporation, soil moisture and mean temperature were each divided
into small classes of five, three and two units respectively such that therc were
at least 20 classes in the rangevof‘values for each factore Whether the values
enumerated were daily or weekly, the histograms werc obviously inconsistent both
for individual stations and for pooled obsecrvations, although it was noted tha
mean terperature tended to show the least skewness of the threcs Since theso
frequency patterns are best investigated when extensive data arc available; the

effort in this direction was purposely curtailede.

CODE FOR PUNCH CARDS

A preliminary code is given in Table 9 for recording on IBM punch cards the
large guantitios of weather data‘whicﬁ are being accumulated by the Southern

Cooperative Groups At the prosent time, this codc is being revised by its author,
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Joy T. Wakcloy, to improve the index of temporature and sunlight while other

changes arc probable.

SUMMARY

Measurenents of soil noisture, evaporation, and mean temperaturc have been
ormployed to study the relationship of weather to final yield of cotton in an
identical cxperiment conducted in 1939, 1940 and 1941 at five exporimental stations
widely scattored throughout the cotton belte

The preliminary tests have shown that differences in yields botweon stations
and between years were by no means attributable to chance variation. These tests
also proved that the differences between a normal and a late planting date at the
same location werc statistically significant. IHence, from the control of other
variables in the expérimént, it is argued that the difforences in yield are due
to weather and soil, other miscellancous factors contributing practically nothing,.
Further, the variation caused by soil diffeorences is minimized by the application
bf fortilizer optimm for each location, leaving weather as the only major
influence affecting final yields The damage from boll weevil was measured and the
yields wore adjusted accordingly.

Linear regrossion in the forn developed by Re As Fishor and amended by Ve Ae
Hendricks was appliocd to theso data in preference to any othor type of rogression,
since it is feolt that these models offor tho latest and most comprehensive.
approache Threoe regressions, cach with ton constants to bo fitted, wore computed,
using various combinations of weather variables. The greatest amount of variation
was oxplained by using evaporation, soil moisturc and the joint effect of evapoTa~.
tion and soil noistures A gecond combination,’evaporation, soil noisturec and mean
torporature takon independontly, was less effective, while the third, soil moisture,

mean temporature and the joint effect of soil moisture and mean temporature was
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found to contain five internal cependencies which roduced the nurber of paranectors
to five. It was concluded that noan tomperaturc was the least offective of the
three weathor factors, either singly o? in combinatione

Applied to cotton data, the regreésions used in thig study were folt to be
insufficient, since the data pernitted.a naxirmun of only ten predictorse Cotton
is known t§ be oxtremoly sensitive to woather, a fact which roquires a nore cormpleto
description of the climatic factors than apparontly afforded by the regression
studies presented hore. In an effort to manufacture o device which approxinated
the joint effect of all three weather variables sinultaneously, it was necessary
to abandon regression and endurc the loss of the associated tests of significances,

Drawing upon the oxperienco of cotton oexpertsy a score mothod was devised
which aliotted a high score for the combination of weather factors considered good
and a low score for undesirable weather. In toerms of final iesults, the score
nethod was considersbly more‘accurate in predicting cotton yields than any of the
regressionse Due to the flexibility of the score nethod, a forecast of final
yield could be made available at the end of the 16th week from planting without
loss of accuracy. Purely as é prediction tool, the score method or similar
schemos appear to be considerably nore effective than regression and cortainly far
casior to constructe The penaltios for these acvantages are the inability %o
Place confidence limits on estinates and the loss of tests of significances

- An atterpt was made to find a recurring pattern in distribution of the

weather elements moasureds Nothing definite was discovered in several nethods of
constructing frequency diagrams. Further, should any distribution have been

offerod, its valldity would be open to scrious question duc to the relative

paucity of observationse
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Table 2: Table of Mean Yields of Sged Cotton (lbs./acre) for Planting Dates,
Varieties and Treatmontsl? for all Stations and Yearss

e e

Late pl ingz Date 3 Mo
7y E2 s3 K on

2250 2192 2170 1952 _2176

Station $Treate: Normal Plant%g Date ..
& Year tment : 1 2 3 Y4

S.C. '39: 1 2052 2374 2368 2@%4

P 2 31572 1641 1638 18540 : 1524 1570 1726 1519 1591

! Mean : 1812 2008 2002 1997 ¢ 1807 1801 1948 1736 : 100
'140: 1 : 1560 ‘1722 1716 1848 : 1158 1438 1611 1458 : 1526
P2 0t 9% 1210 1575 1455 : 1120 1116 1533 1347 : 1315
P Mean : 1262 1566 1646 1502 : 1139 1277 1572 1402 3 1420
413 1 & 1048 579 012 914 : 285 118 172 194 ¢ 512
t 2 ¢ 601 586, 595 733 267 100 105 62 : 396
! Meon ¢ 864 502 698 848 : 261 109 130 128 ¢ 454
Gas 39 1 : 1137 1110 1230 1146 : 765 663 049 624 940
t 2 11002 113 1233 1110 : g9v 843 792 550 946
t Mean : 1070 1122 1232 1123 : g3l 753 820 B9L 3 943
'40: 1 :1289 1208 1227 1330 : 1122 1041 002 904 . 1130
: 2 1038 975 1572 1008 : 1056 1083 858 699 : 1038
¢ Mean 3 1138 1089 1400 1173 : 1089 1082 870 842 : 1083
'41: 1 @ 1180 914 745 962 : 922 476 642 514 794
T 2 i Q97 723 572 738 ¢ 706 450 459 488 633
: Mean : 1038 821 658 850 : 954 4687 BS50 471 714
Misse'39: 1 22206 2227 2515 1716 165C 1424 1877 1082 : 1833
P2 $1090 2144 2327 1514 : 1754 1648 1502 1175 & 1745
? Moan 3 2052 2106 2421 1615 : 1706 1536 1690 1180 ¢ 1792
'40: 1 22130 1820 2344 1410 : 1301 1127 1492 616 : 1533
$ 2 1197 1944 2302 1548 : 1248 1177 1423 720 ¢ 1B42
! Mean : 2052 18082 2323 1479 : 1314 1152 1450 663 t 1540
'41: 1z 2476 2172 2373 2294 : 1701 1299 8o4 1630 3 1854
2 11901 2137 2161 2130 : 1603 1103 1232 1391 s 1724
P Mean @ 2228 2154 2270 2237 : 1652 1201 1058 1510 :  .v99

i/ Troatment 1 is "high fortilization" for the station in questions Treatment 2 ig
"low fortilization" for the station in questione Thege levels are consistent excopt
for Lawton, Oklahoma, wherc (10" betwoen rows) and (20" betweoon rows) were the
treatnents. -



Table 2: (Continued)

.w, -
Station :Treat~;_ Normal Planting Date _Late Planting Date ,

Mean

& Yoor : mont V1 V3 Va Vg ¢ V3 Vo Vg Va ¢
Arke. '39: 1 ;1614 1524 1735 1486 : 1473 1296 1634 1451 : 1527
$ 2 11370 1381 1071 1622 1364 1436 1753 1200 : 1497
¢ Mean : 1492 1452 1803 1504 1421 1366 1694 1366 : 1512
'40: 1 : 2433 1848 2415 1863 : 2070 1404 2082 1566 : 1960
$ 2 21903 1764 2469 1668 : 1974 157¢ 1617 1116 : 1771
: Moan 3 2203 1006 2442 1766 : 2022 1491 1850 1341 : 1066
'41: 1 : 2097 1567 1992 1930 : 1896 1480 2013 1752 : 1847
t 2 31663 1542 1545 1824 : 1713 1302 1767 1413 ¢ 1599
! Mean : 1090 1650 1763 1902 : 1804 1396 1890 1582 : 1723
0kla.?39: 1 : 176 166 175 44 142 73 128 76 ¢ 136
$ 2 & 196 162 176 196 : 114 122 106 76 144
! Mean : 186 164 176 170 : 120 100 117 76 140
'40: 1 - : 755 852 939 862 : g10 708 726 613 @ TR
¢ 2 g 840 822 807 : 795 696 714 59 767
¢! Mean ¢ 012 846 3c0 830 : 202 702 720 606 3 T
T41: 1 & 1014 753 373 924 : 540 255 231 405 3 624
¢ 2 : 9w 807 1035 915 ¢ 390 171 204 204 ¢ £99
$ Moan ¢ 998 7360 954 920 4656 213 218 350 €12

y Treatnent onc is "high fertilization™ for the station in questione Treatmens +yo
is "low fertilization" for the station in questions These levels are consistens
except for Lawton, Oklae, whore 10" botween rows and 20" betwoon rows were the
treatnentse



e &

Stations and Years:

-c{-\

Table 3¢ Analyses of Variance,for Yield of Sced Cotton (pound.s por acre) by

Actual F Ratio

sTabulated T

L=

Station : Source tdefor 1039 ¢ 1040 & 1941 : 405 & <01
: : ! : 3 s H
Florence, Se Ce :3locks T B4 . 206 : Ba79T% B.9Y™ 33 ! 5ab
tVaricties : 3 G.61M% 540P% 21,72 3.3 ! 5.6
Dates ¢ 1 1.29 : 208 ¢ 073408 446 T 8.9
:Treatments t 1 ¢ 250.93% 29,19" 3346 4.6 ¢ 849
W xD : 3 1.30 : # : 6-63** 33 ¢t Deb
WxT I 130 1.04 3 3.62%: 343 ¢ 546
Mx T : 1 # gt 10.30" 4.6 t 89
tError M.S. : 14 :109034406: 6610.696: 3179.531L: H
:Coafe of Var. (%): : 55 ¢ o3 ¢ 12e4 ¢ :
Griffin, Gae 1Blocks : 3 2,08 ¢ 1,31 @ # t 3.3 % 5ub
tVaricties : 3 365 ¢ # 3.00 ! 3Be3 2 5eb
‘Dates t 1 ¢ 118.836 : 7.95%: 0363077 4B ¢ 3¢9
tTroatnents s 1 # 1e40 ¢ Be27 1 4uB i 8.9
WxD ¢ 31 2498 @ 1.80 : # ? 343 ' BeS
tWxT T 3 S 127 £ 1 Ze3 t Beb
. D xT : 1 1436 ¢ 0.00 : 1 446 ! 802
tError M.S. 3 14 :10179.482:59394 4214 16339745622 :
iCoefe of Vare (%) $ 10,7 : 22,5 : 3546 :
H : : 3 : H :
Stoneville, Misse$Blocks : 3¢ 4.,30%; 1.62 ¢ # 3 B3 & BoS
tVarietioes T 3 71,40 41,01%% 2288 ¢ B3 ¢ Fed
Dates 1t 2544178 214,19 109,46 446 : 0eD
{Treatnents s 1 7e20%: & 2409 ¢ 4,6 ' G:¥
'WxD : 33 6.13%% & 2091 ¢ Be3 @ U5
W xT I I 4e43¥% 133 ¢ # 1 Be3 i 5,3
DT 1 Be64¥: &2 1e4l ¢ 4eb ¢ 842
tError M.S. t 14 & 9638.430:23053.064 15336504642 :
tCocfs of Var. ($): : 5«5 ¢ 9.8 ¥ 12.9 :
i/ In cach analysis of variance, the sccond order interaction Vx D x T with tuo

degrecs of freedom has been onitted.
nor is it a true error torme

This term hos no valid nmeaning for this girdy,

U Cases in which crror M. Se. greater than the M. S being testods

** Significant at 1% levele
*
Significant at 5% lovel.

-
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Table 3: (Continued)

: :  :____ Actucl F Ratio sTabuloted ¥
Station : Source tdefe: 1939 @ 1940 ¢ 1941 ¢ <05 & 401
Morionna, Arke  :Blocks P31 4.80 3 10.03"% F 3 343 2 5eB
Varioties t 3 0.7 40.47%% 64727 343 & 546
tDatces T 1 4401 ¢ Bl.R7: 270 ¥ 446 : (49
Troatnents I W # 3 15.20"  13.90M 4.6 : 849
WxD t 3¢ #F 3416 ¢ 1.88 : 343 @ 546
W xT O 1.60 ¢ 2038 # 1 343 1 546
D xT T 1 # # # t 4eb : 849
{Error M.S. } 14 120563.902:10004 4214 135401536 :
‘Coefe of Var. (4): P98 1 W4 i 1049 :
Lawton, Oklae :Blocks HI # 2.31 ¢ ReT7 1 3e3 : 546
‘Varieties i 3 1.63 @ 3.08 : 6440™ 343 : Bab
tDatesg P 1 32.25*‘: 33.50%% 3‘.‘::2'-90”‘3 446 ' Ge9
{Iroatnents L O # @ # o F ot 4eB ¢ 349
zD P30 1.02 ¢ 3-74:*: l1ed2 ' B3 ¢ 5.8
WwxT t 3 # 1.09 : j; ! 343 : B8
DxT $ 1 1.60 : * o P 446 t 3o9
iBrror M.S. P14t 9644000 4309.679:11901.054% :
sCocfe of Var. (%): : 16,0 8.6 ¢ 17.3 :

# Gases in which error M.S8. greater
*—
’; Significant at 1% level.
Significant at 5% levels

than the M.S. being tested



. Table 4¢ Test of honogoneity of error variances for yield of sced cotton botwoer
stations by yearse.

Temm— e
5 Stations
2 : 2
’ X Probability of a greator X
1939 10.07 ‘ 03
~ 1240 60462 «<Z,0001
1941 30.88 «<<Z.0001

4 Stations, Lawton omitted

2

_ x? Probability of cater X7

‘ 1939 2.73 45
1940 16.02. <001
1941 24,29 <,0001

<means "Tless than',
<§eans "Much less than".

&&



Table 5: Analysis of Variance for Yield of Seccd Cotton (pounds por acro) Conbining
Five Stations for Three Yoarse

M

Source Qefe Moan Squarc
Stations 4 25 4650, 902% %
Years 2 392704063 %* -
SxY 3 5,006,294 % ¥
Rops in Stations and Yoars 15 132,734
Dates 1 14,7444133% %
Varictiocs 3 1,051,302* %
Treatnents 1 1,308,776 % *
DxV 3 1534,922%%
Dx T 1 70,081%
VxT 3 67,2’68*
Dxs 4 1,140,663 %%
DxY 2 650400%%
DxsSx¥Y 8 291,374%%
Vx§ 12 235,310%%
vTx¥Y 6 457,423% %
vxs8x¥Y 24 102,366%*
?xS 4 302,114 %¥*
TxY 2 17’465 NeSe
TxSxY 8 160,020 ¥+
DxVx§ 12 35,152 %%
DxVxY 6 12,710 N.Se
DxVxSx¥Y 24 134,444 *%
DxTx8 4 30,754 NeSe
DxTxVY 2 79972 NeSe
DxTxSx¥Y 8 11,740 NS,
vVxTxS 12 22,460 NeSe
VxTxY 6 75132 NeSe
YvxTxSxY 24 26,0805 ¥
Blocks in Reps in Stations and Years 30 23,055
Pooled Error 240 13,304
Total 479 -

**%  Significant at 1% lovele
* Significant at 5% levels
¥.S. Statistically non~significant.
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Table 6: Table Showing Regression Models, Coefficionts, Tests of Significonce,
and Multiple Corrclation Coofficientse

Code: T = weokly mcan tomperature SM = woekly nean soil moisture
' = weokly moan ovaporation t = wook from planting date
Rosrossion 13 Y = p(T,E,sM) R = o67 B2 = a4
Hodelf T = do + acBT + e)2% + M2 + boZE + byEEt + bEEL? + coBSH + oySMb
*céﬂSMtz
Coefficients
Ab &y 8y an bo bl h‘a ¢, 91 co
=54581.05 6937 1.763 3+304 «1,008 =1,016 5,701 B4l =4566
T test for above coefficionts? Probability of a larger te
43 44 «33 «50 «50 48 «B0 «50 »580
Begropaion 2t Y = F(E,SM,E~sM) R= .73 R® = 54
Model: Y = fo + aofE + aSEY + afH6° + bolslt + DyESHE + DISHE® + coBESH + o TESMS
+ o ZHsMt?
Coefficionts
A’o 8 & a2 1bo bl b2 %y o ] Ca

34751004 19.690w0edld =4.375 23.318 ~2.254 d ¢ 334 -+868 «159 o151
T test for above coefficientst Probability of a larger te

19 o4 13 «10 20 «50 »16 «R2 27 ol2
Regrossion %2 Y = F(T,SM,T«5H) R= 3 R° = .
" YV = ] : ' e
Modol: Y = A0 + aolT + aigmt + aZT" + hOBSM + blst% + béESMt + colTgNM + ciETSMt
+o 205>
Goefficient&
4 &) a2 L by b2 °o o ¢
1'803 .33 b .223 1' 720 0097 ‘*0066

T test for abovo coofficients® Probability of a larger ¢
«004 B0 30 39 16
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‘ Table 8: Comparison of Various Combinations of Growth Periods by Threc Scoring
Methods- ’

. _
Codes S

= Squaring
3 = Bloonming
SB = Setting Younz Bolls
0 = Opening

Scoring Mothods
: Period Omitted 1 2 3

S «359 «'765 « 731

3 758 «478 «666
5B 817 »752 «715
0 +350 «'765 714
None <8329 776 . 733

The taoble shows linear correlations botween yield
and score using Stoneville variety, n = 19,

Rank of each corbination according to least correlation; iecey
' greatest loss by omission.
1 2 3 Ave Rank
) 4 345 4 340
3 1 1 1 1
S38 2 2 3 243
0 3 35 2 240




Table 93 Code for Punch Card Data

Soil-Woather Project , - Southern Cooperative Group

Thore is to be a card punched for each dey's weather record at each station for
the entire growing season. It has boen suggested that the weather record be com=
nenced two wooks preceding planting. All these variablos will not be measured
Szligly’ but thoro should be provision for recording thom on the card when they arc

one

I. Identification: Columns
Station 1
Yoar : o
Month 45
Dats : 67

IT. Clinate!
Maxirmun tompe 8=10
Minimun termp. 11-13
Meon tempe , 14~16
Rolative humidity, 9% 1718
Precipitation (measure to hundredths) 19-22
Intonsity (am®t/unit tine) 23=25
Pyrhelioncter 8 a.mi 7 2628
12 noon ¢ < 100 29-31
4 peme S 3234
differonce
Photo=tube integrator 8 a.nm. 5 3537
: 10
2/
Wind (mphe at 2 peme) 3039
24~hre wind novement ' 4041
IIX. SOil '
Temperature (2" depth; continuous record; range 0-150%F.)
Maxirmn 42-44
Mininum 4B5-47
Temperature (8" depth; same as abovo) _
Maxirunm 48-50
Minimom | 5153
Moisture (tranasform to "tension" in em. of Hy0; range 100 -
100,600
4" depth B4=57
8" depth ¢ (S 100) ~ BG~B1
14" depth 6265

1/ Punch "0000" for "mo rain'; punch "OS99" if it rainod but the amount was nok

rocorded (missing data).

%/ Punch "00" for no measureable wind; punch "99" if the reading was not taken
nissing data)e v

3/ Punch "9999" for missing datae
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Figure #2: IEFFECT OF A UNIT OF EVAPCRATION ON COTTON YIELD AT DIFFERENT

120 IZEVELS OF SOIL WATER TENSION FOR EACE WEEK DURING GROWING SEASON
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