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Cotton yields vary widely between farms in any year, and between
vears on the individual farm. In anv area—over time—there are also
wide differences among the average vields for individual farms. This
report s concernad with the reasons behind the last two of these three
sources of variafion in yield. Anything that will increase & farmer's
yield level should tend to increase his average net income and his level
of hving. Likewise, the attsinment of more stability in yields from
year to year will tend to make cotton farming less risky. An ex-
tremely low yield in a particular year may deplete a farmer’s resourees
and shrink his credit base fo such an extent that his production capacity
will be greatly curtailed. The impact of such an event extends to and
often affects first of all, the living standard and financial security
of his family. Therefore, anything that ean be done to help stabilize
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the yields of cotton should tend to make cotion farming a less pre-
carious occupation.

In this builetin certain basic characteristics of farms and operators,
along with other preduetion factors thet are subject to management
are examined in an attempt to learn the reasons for differences in
variations between farms, with respect both te the general level of
cotton yields and to yeariy yields. The results of the analysis of
yearly yields by regression methods are applied in determining erop-
insurance premium rates.
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SUMMARY

Sample data for two contrasting arcas—the Upper Piedmont of
South Carelina and Georgia and the Rolling Plains of West Texas—
were used in the study. Additionally, data Irom the Crop Reporting
Board on county yields by years, and the resulis from experimental
plots at experiment stations were analyzed in order to supplement the
findings from the sample study. The phases of the study were: (1)
Analysis of sample characteristics, {2) tabular analysis by cross-
classification methods of the relationships of operator and farm char-
acteristics to average farm yield and the coefficient of wvariakion in
vield, (3) correlation analysis of location and production factors against
average vield and the coefficient of variation in yield, (4) correlation
of production practices and nf either periodic tendencies in yield or
rainfall factors against farm yearly yield, and (5} application of the
regression equations of yearly yiclds and their standard errors of esti-
mate, to forecasts of yearly yields and computation of premium rates
required in orcler to insure specified pereentages of the forecasted yields.

Analysis of the sample characteristics disclosed a U-shaped dis-
tribution of yearly vields of farms as the time inferval of the yield
history varied from 1 +. 9 years. The array of yearly yields of farms
with yield histories of 3 years or more by yield greups gave a maod-
erately positively skewed distribution which approached the normal
curve more closely as the erop year hecame more favorable. The fre-
quency distribution of farm average yields closely approximated the
nermal eurve, whereas that of the coefficient of variation was quite
different from it. A comparative tabulation of operator and farm
characteristics, and production practices for all farms in the sample,
with yield histovies of 3 vears or mere, disciosed that the foliowing
factors were associated with inereased level of yield in the Upper
Tiedmont: Lower erosion, less steep topography, more favorable prae-
tices in obtaining seed from breeder and treating them before they
were planted, higher applications of fertilizer per acre, and a higher
percentage of cropland in cotton. There was some tendency for the
operators to be younger and to have more education where yields were
high. Loss from hail varied inversely with average yield.

In the West Texas Rolling Plains the factors associated with the
size of average vield were more limited and less regular, presumably
hecause of the high importance of variations in weather. But the
tabular comparisons disclosed that the following factors are associated
with increased yield level: Tess erosion, less steep tepography, in-
ereased vears of experience of the farmer, high pereentage of eropland
in cotton, more years in school by the farmer, less off-farm work,
lgwer loss by hail, and a lower percentage of cotten acreage abandoned.

Trom an analysis of seattered experiment station data other fac-
tors which might he hypothecated fo have an effect particularly in
{he humid areas are: pH of soil, fertilizer analysis, guantity of barn-
yard manure used, and placement of the fertilizer relative to the seed.

The data on production and yield risk obtained on farms that had
heen inherited were mpst imporiant. In hoth sample areas the opera-
tors who inherited (heir farms had signifieantly lo—er yiclds, and
somewhab higher velative vield variability than operaors who had
bought their farms. although the inheritors were not greatly below




INFLUENCES ON COTTON YIELD AND ITS VARIABILITY 5

the others in produection inputs. The explanation of why this rela-
tionship existed is involved; but the one whe inherits a farm may
fail to show competent managerial ability or to develop such ability
because he is dominated by the older generation.

Another major finding was that tractor farms showed higher yields
and materially lower relative yield variability than nontractor farms
of comparable size. Although tractor farmers tended to be superior
also in certain production inputs, the differences are probably more
than could be accounted for by these factors. It appears, therefore,
that the greater timeliness and power afforded by tractors must have
been part of the reason,

Kind of labor proved to be one of the most decisive and reliable
analytical factors in the West Texas Rolling Plains; and kind of
manager in the Upper Piedmont. In West Texas, the farmers who
employed hired labor had materially higher yields, lower relative yield
variability, and fewer crop failures. In the Upper Pledmont, white
owner-operators (men) who hought appeared to be the more efficient
operators in obtaining higher average yields and lower yield risk with
hired labor. On the other hand, other white operators and Negro
cperators obtained highest yields with family labor, which may have
indicated an inability to manage outside labor efficiently.

In the analysis of average yields and yield wvariability ngainst
factors which are subject to differential variation, methods of corre-
lation analysis were applied to & group of homogeneous farms in each
sample area, In the Upper Piedmont the analysis was confined to the
white owner-operators (men) who bought their 1946 farms, and in the
West Texas Rolling Plains to owner-operators {who bought) and to
share-renters, both classes of whom employed hired labor and hired
labor in combination with other types of labor. In applying correla-
tion methods to these data, it was assumed that the frequency dis-
tribution of average yields confarmed sufficiently close to the normal
gurve for the purposes of the study. Although the distribution of the
coeficients of variation was not normal, the analysis was performed
in order to expleore possible relationships.

The muliiple correlation analyses for the farms in the Upper Pied-
mont with only the factors subject to differeniial wvariation, along
with factors pertaining tr time and location differences, disclosed that
the rate of fertilizer application, percentage of cropland in legumes,
number of years in yicld history, and county yield, and the funections
of these four factors, explained 42 percent of the variation in average
yield between farms. In Woest Texas the number of years in the yield
history, percentage of cotton acreage not harvested, percentage of
cropland in cotton acreage harvested, yearly trend in yield, and county
average yield, and the functions of these five factors, explained 38 per-
cent of the differences in yields between farms,

No fertilizer was reported as being used to produce cotton in the
West Texas Rolling Plains. In the Upper Piedmont, the differential
response of average yield and the location of the point of maximum
average yield from fertilizer applications varied directly with the
relative level of vyield of the county. The size of the coefficient of
variation in yields deelined with increased fertilizer applications up
to 700 pounds per acre, after which there was a rise in relative yield
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variability. At any given rate of ferbilizer application the coefficient
of variation varied directly, although not stvongly, with the county
coefficient of variation.

The factor having the strongest and most consistent effect on yield
risk was the average yield level for the farm. In general, as the farm
yield level rose the yield risk declined. In the Upper Piedmont & risc
in farm yiold level of 100 pounds was associated with a decline in
the coefficient of variation of 5.9 percentage points; 8.3 in West Texas.
Agronomic results, particularly of Miller and Bauer (20, 21, 22) in
Iliinois, tended to confirm this finding® The consequences for the
individual farmer should not be minimized. As various studies show
that costs of production per unit deeline with increases in the level
of yields, it follows that the cost of risk also deelines. Farmers who
make capital expenditures on land—for increased use of fertilizer and
manures, planting of inereased guantities of legumes, and following
better practices otherwise—in order to raise yiclds also have lower
risk costs. A greater capital accumulation over time should result.

This factor—average yicld level for the farm—and certain other
factors that are subject to differential variation were correlated against:
the coefficient of variation in yield. However, the results in explaining
differences in variability of yields between individual farms were not
so satisfactory as those obtained in a correlabion of these factors with
farm average yiclds. In the Upper Piedmont, average farm yield,
acres of cotton harvested, rate of fertilizer application, years in yield
average, percentage of cropland in cotton acreage harvested, yearly
trend m yield, and county coefficient of variation, and the functions
of these seven faclors, explained 28 percent of the farm differences in
variability of yields. In the West Texas Rolling Plains, average farm
yicld. pereentage of cotton acreage not harvested, percentage of crop-
land in cotton acreage harvested, yearly trend in yield, and county
coclficient of variation in yield, and the functions of these six factors,
explained 37 percent of the differences in the coefficient of variatien
between farms. In both areas the cocfficient of determination was
comparatively lew. The analysis was extended to develop regression
eraations for forceasting yearly vields and errors of estimate for such
forceasts,

In the correlation analvses with yearly yields, the same group of
homogeneous farms used in the correlation analysis of average vields
were used, with one exception. In the Upper Piedmont the group of
white owner-operators (men) who purchased was further refined to
exelude those nob growing cotton in each of the 3 years from 1944 {o
1946, The yearly analysis was thus limited in the Upper Piedmont
in order to obtain observations on yicld and fertilizer reports, for a
veeent period and of a certain accuracy. In contrast, the yield interval
for the West Texas group of farms was of varying length—3 to 9 years.
For both samples two correlation analyses were made. In one case,
certain technieal factors were combined with previously proved peri-
adie elements in yearly yields; and in the other, the proeedure was
the same except that certain rainfall faetors were substituted for the
periodic factors,

In the correlation analyses with teehnical faclors and the pertadic

* Numbers in italies refer {o Literature Cited.
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elements against yearly yields, the following factors and their func-
tions proved statistically significant in the Upper Piedmont: Rate of
fertilizer application, average farm yicld 194446, percentape that
annual cotion acreage harvested was of average cotlon acreage har-
vested, and county yield the previous year as s percentage of the
preceding 6 years’ average yield. The index of determination was 0.58.
The factors and their functions that proved statistically significant
in the West Texas Rolling Plains were: Percentape of seeded cotion
acreage abandoned, farm average yield in 1938-46, acreage of ecofton
seeded as a percentage of the 193846 average, county average yield
the second preceding year, and county average yield the ninth pre-
ceding year. Here the index of determination was 0.44.

A 1-percent change in acreage of cotion from average was associated
inversely with an 028-pound change in vearly yield, in the Upper
Piedmoné, and with an 0.81-pound change in West Texas.

The factors representing pertodic changes in yeariy yields had the
following regression effects: In the Upp - Piedmoni, the change in
county yield the preceding year as a pereentage of the 8-year average
with fertilizer in a jeint function was asseciated with yearly yield
inversely. In the West Texas sample, a pound of change in county
vield the second preceding year was associated inversely with an
0.2-pound change in the individual farm yearly yield; on the other
hand, a pound ehange in county yield the ninth preceding year was
associated directly with an 0.4-pound change in the individual farm
yearly vield.

In the correlation analyses with technical and rainfall factors against
yearly yield the following factors were inciuded in the analysis for
the Upper Piedmont: Rate of fertilizer application, average farm
yield in 194446, Junc plus July rainfall, August rainfall, and the
percentage that the annual cotton acrenge was of average acreage.
These factors and their functions accounted for 60 percent of the
yearly variations in yield. In the West Texas Rolling Plains the
factors inciuded were: Percentage of secded cotton acreage abandoned,
average farm yieid in 1938—46, and April, May, July, and August rain-
fall. These factors and their functions explained 50 percent of the
vearly variation in yields, A I-percent increase in the percentage of
colton acreage sbandoned was associated with a decrcase in yearly
farm yield of 1.7 pounds. An increase of 1 inch in April rainfall was
associated with 17.1 pounds of increase in vearly yield, of May rain-
fall with 6.0 pounds, of July rainfall with 6.5 pounds, and a 1-inch
inerease in August rainfall was associated with a 5.7-pound increase
in annual yield.

Tests of the reliabilily of the regression equalions in predieting
vearly vields, and of the dependability of the respective standard
crrors of estimate, indicate varying degrees of suceess in estimating
actual yields and the losses that wounld be incurred in a ecrop-insurance
program under which a eoverage equal to 75 percent of the forecasted
yield is insured. Tn both arens, the regression enuations appeared to
provide reliable yield forecasts and bases for erop-insurance premium
rates In the case of farms representative of 3-vear yields in the Upper
Piedmont and 9-vear vields in West Texas. But more accurate figures,
both in yearly yield forceasts and their corresponding premium rates,
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were cbtained for the farms and for the years that were anslogous to
those used in the correlalion analysis. Use of the regression method
of forecasting yearly vields (from production practices and other con-
ditions) was less successful for the farms that had records of yield
covering 1 or 2 yenrs., _

In conelusion, this report deals with the degree of association be-
tween certain basie operator characteristics, farm characteristics, and
production practices subject to managerial decision, on the one hand,
and farm average vields and variability in annual yields, on the
other. As there tends to be an inverse relationship between average
yields and variabiiity in yields, & farmer who spends money to increase
his annual yield, thereby gaining in the short rum, also tends to
increase his average wvield—and level of living—in the long run.
Whether or not he reeognizes it, such a policy pays a profit because
it makes for less variability in annual yields, reduces the risk of a
low annual yield and increases the farmer’s chances of staying in
pusiness. The farmer will be interested in this report because it deals
with the degree of response in output that is associated with alternative
choices in management. Moreover, it is hoped that the measures of
associntion between the operator characteristies and farm character-
istics, on the one hand, and level of yield and variability of yields,
on the other, will be of value to credit and insuring agencies in extend-
Ing their services to cotton farmers,
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INTRODUCTION

One obstacle to effective planning of agricultural production is the
variability of outpubé from given inputs. Ordinarily, a producer is
not able to estimate the effects of s certain amount of inpué; he can
only guess the limits within which the response may occur. When &
wide range in response is connected with a given practice in farming,
an operator may be affected in several ways. He may refuse to adopt
the practice, or he may underbake it with extreme caution, making
small trials or cxperiments ab first, then gradually expanding its scope
as his confidence increases. His use of eapital will almost surely be
affected. If he has sufficient capital and if his source of additional
capital is reliable and adequate, he will be more confidenb and there-
fore more ready to adopt the practice and to carry it on. The ade-
guacy of his supply of capital will also influence his allceation of
resources between new and old techniques. In general, the more
restricted his working capital, for the current year and for the long
run, the less likely will he be to venture into the new and untried.
The consequences are important to the breadih and rapidity of progress
in agriculbure.

Many agricuttural problems are closely rclated to the fact that
vields are highly variable. Careful estimates of prebable variations
n yield are esseniial to the successful operation of erop insurance.
Before deciding upon 2 loan program for a farm enterprise one must
make an appraisal of the farm yield prospects. The chances of low
yields or erop failure must be taken into aceount. Any plannping that
concerns the invesiment of resourecs i farm production must recog-
nize the problem of variability of yields on the individual {arm.

Two major assumptions are made with respeet to variability in
yields: (1) That the yearly distribution of yiclds during a period in
the past, in a group of farms that constitules a proper sample, will
adequately represent the yearly distribution of vyields for a similar
group of farms in the future, under similar conditions as to geographic
igeation and length of yield history and (2) that variations in yields
from year {o year over fime are made up of three major clements—
random, man-made, and periodie, or perhaps systematie.

Many investigators have assumed that variations in yields over
time are entirely, or almost entircly, of a random nature. If this
assumption were true, most of the reasons for this study would dis-
appear. Furthermore, if the validity of the assumption were unchal-
lenged, mueh of the work of the experiment stations on the most
efficient rate of feriilizer applicalions and other diiferential factors
would beeome useless, as year-fo-year changes in poliey of a differ-
ential sort by farmers could have no bearing upon yearly respounse
in yields. That is, the assumption of randomness in vearly variations
in yield is inconsistent with that part of farm management which has
to do with inpub-ouiput response; for if the assumption were true, the
basis for rational behaviar of farmers in these respects would cease
to exist.

The sceond or man-made element in the variability of yields has
been implied, in part, in this discussion so far. When the farm opera-
tor increases the quantity of fertilizer he uses, he expects to obiain
an inercase in yicld in the same crop-year. Cbviously, there are resid-
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ual and long-run benefits to' be obtained also, bub the initial basis
of the farmer's aclion regarding inputs may be traced o his expecta-
tions in the immediate erop-year. Almost all factors that are sub-
jeet to differential action would be applied by the farmer with the
same thought in mind. For example, certain practices, such as variety
of seed used, treatment of seed, and method of planting, are expected
to affect the yield in the first year and to affect the yield level and
variability in yields if repeated over time.

The third element in yield variations 18 the periodic component, or
perhaps the eyelical changes in yield, over time, Ii is less established
than any other. A few years ago it was shown that 2 cyele of 5 to 6
years and of mulbiples of this bime period existed in yields of cotton,
apples, wheat, and perhaps of ceriain other crops (8). Although not
accepted as a final explanstion, variations in solar rediation during
June, July, and August (particularly in August} were established as
the apparent or immediate cause of the ecyele” Bince this article
appeared in 1942, peaks in yields occurred in 1842 and in 1948; with
another in 1944 as a phase of the regular 131-year eycle (1911, 1933,
1944). FEach of these three peaks has been followed (as in the cyeles
before 1942} by a characteristically sharp drop in yield the year
following the peak. If 2 periodic element in yearly yield variations
can be sabisfactorily established, the fael will be of value in fore-
casting yields in the immediate crop year, and perhaps even for some
time in the future*

These are the assumptions that concern us now, although later in
the monuseript other assuinptions are made regarding the normalily
of the disiribution of annual yields and the funetional nature of the
input-output retationships involved.

This study was undertaken in order {o increase our basic knowledge
of how individual farm yields vary over time in relation fo s mulfi-
tade of farm and operafor charaeteristics and {o farm-produetion
practices. Although the scope and other limitations of the study do
nok permit detailed applications of the results to problems of farm
credib or to regional agricultural planning, the ulility of the resulis is
demonstrated later in the foreeasting of yields and premium rates for
possible use in a crop-insurance program for cotlon.

The date for the analysis have been drawn from three major sources:
(1) Estimates of yearly county yields prepared by the Crop Reporting
Beard; {2) published results and data otherwise aveilable from experi-
ment stations, covering fertilizer experiments and other results from
various practices with cotion; and (3) basiz data on characteristies
of farm, operator, and production of individual farms, selecied as
random samples from two areas in the Cotlon Belt—the Upper Pied-
mont and the Rolling Plains of western Texas. In the Upper Piedmont,
samples of farm operafing units were drawn from Greenville and

3 Holar and sky radiation during these montbs at Washington, D. C., and New
Orleans, Le, {particularly in August), varied inversely with national yields.

4 A feclor 1o represent the periodic element in county vields is employed in
laer sectiong of this bulletin o incrense the nceuraey of forecasted yields. How-
ever, looking ahead, it should be pointed out that the periodic elements in county
yields are not the same ns for national yields because of the disturbing and per-
haps modifying effects of such factors as woods, bodies of water, mountains, pro-
vatling winds, and sther geographic nad topographic fnetors.
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Pickens Counties, 8. C., and from Cearroll, Clarke, Cobb, Douglas,
Haralson, Jackson, and Madison Counties, Ga. In the Rolling Plains
of western Texas, samples were obtained from Cottle, Pisher, Howard,’
Haskell, Knox, Mitchell, Nolan, Runnels, Scurry, and Taylor Counties.

The two sample areas represent the extremes in the agriculture
of the Cotton Belt." The Upper Piedmont has long been one of the
chief cotton-growing areas in the South. Since the middle 1920,
however, acreage has declined and although yiclds have tended to
rise, because of the selection of better land, use of more fertilizer,
and more systematic rotation of crops, the trend in production is
downward. Farms are small, tenancy is high, and mechanization has
only recently become considerable, The soils are derived basically
from granites, gneiss, and schist, and are rederiths and yelloweriths,
with the Cecil-Appling series predominating, Erosion takes a heavy
toll but the scils recover fairly rapidly even after heavy erosion dam-
age if proper emphasis is given to fertilization, erop rotation, usc of
farm manures, and contour farming, Rainfall averapes between 50
and 60 inches annually and is generally fairly adequately distributed
during the critical months of June, July, and August. Consequently,
the area has among the surest and most stable yields of any of the
cotton areas,

From practically all points of view, the West Texas Rolling Plains
is at an opposite extreme from the Upper Piedmont. Its farms are
large, although tenancy is high. Cotfon-production operations are
almost completely mechanized except for hoeing and harvesting, whieh
is done chiefly by hand and mainly by migrant Mexican laborers.
Some erosion has oceurred but the area is not so scriously affected
by it as the Upper Piedmont. The soils are reddish Chestnuts, reddish
Browns, and Blacks, and do not require fertilization. Rainfall ranges
between 20 and 25 inches and is seldom distributed by months in a
way that is favorable for the production of cotton. Therefore, yields
in this area are more uncertain and wvariable than in the other main
cotton area. It was thoughi, therefore, that this study of the factors
asgociated with yield level and yield variability would be most reveal-
ing if based on records obtained from these two contrasting arcas.

A signifieant characteristic of the figures of yearly yields employed
in this study is their accuracy; especially ig this true of yields from
1938 to 1942, figures for which eame from forms of the Agricultural
Adjustment Administration that were prepared initially from ginning
certificates. Tt should be pointed out that although the years 1938
to 1946 constituted the period of time for the study, figures for the
full 9 years were obtained for only n few farms in cach area. Cotton
farmers are highly mebile and in some years no cotton at all was
grown on some of the farms. As o major objective of the study was
to associate the characteristics of the operator and of the farm with

& Only that part of Howard County was included in the sampling arer which
jell in the Weat Texns Rolling Plains proper,

% The inclusion of irrignted farms from West Texas wns avoided in order Lo
eliminate the effecta of bud management of irrigation water and inability to time
it properly in relation to the reinfall of the aren. This poor timing is known te
have unfavorable effects on ¢otion growth. In order te avoid broadening the seope
of the study by mnother third, farms from the irrigated arens of New Mexico,
Arizoun, and California were nlso excluded from the study,
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yearly yields over time, the time interval used depended upon the dura-
tien of the operator’s ocoupancy.

In each case, yields were obtained by years from 1946 back to 1938
in accordance with the length of time the 1946 cperator had lived on
the farm. If the 1946 operator was not on the {arm and could not
readily be interviewed in the neighborhood, the farm was omitted.
1f the operator could be located, the field enumerstor obtained data
as to acreage and production of cutton from 1946 and previousty,
although in no case earlier than 1943. All other farm and operator
data aiso came from the 1946 operators. Acreage and yield of cotton
from 1938 to 1942, and, when available, other years later than 1942
(1943, 1944, ete.) were obtained from AAA office forms.

.
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CHARACTERISTICS OF SAMPLE SUMMARIZED

In this section of the bulletin some of the more important charac-
teristice of the sample dala are summarized.

(1) Of 968 farms surveyed in the Upper Piedmont, 624 reported
three or inore years of cobton yields between 1938 and 1946. The
average yield for these 624 farms wns 314 pounds and the average
coefficient of variation of individual farm ylelds was 28 percent. The
remaining 364 farms reported 1 or 2 years of yiclds, primarily n 1940,
and had an average yield of 307 pounds.

COMPARISON OF RELATIVE FREQUENCY
DISTRIBUTIONS OF COTTON YIELDS
BETWEERN SAMPLE AREAS ARD
BY KIND OF CROP YEAR

[BASED ON FARMS REPORTING 3 OR MORE YEARLY YIELDS tH PERIGD, 1936-44)

7 OF TOTAL NUMBER —— T~ T— |
! ! ! ! - 11 TEXAS

| WEST
UPPER PgEDAbEONI_Ao~poLLlNe|pLAms—
—— yoars T

omem Encellent crop ] 10
veas Poor crop

[ 20'
’—q *—-—'\{ ".0

" i A I 0 M
- - 201- 301 40)- 501- A01A O - - 201 301- 401A
50 150 250 350 450 550 OVER 50 150 250 350 OVYER

FREQUENCY INTERYAL, LBS, OF LINT

1), % DEPARTMENRT OF AGRICULTURE HEG, 47431+X BUREAU OF AGRICULTURAL ECOHDMILS

Tigurp 1—The frequency distributions of yenrly yields for all years had a grealer
posilive skewness and a muel higher nenkedness m the West Toxng tolling
Ploins than in the Upper Piedment. In hoth sample urems, nn excelleni crop-
year raised all measures of central tendency and redueed the skewness to o
small negative value, whercas n_poor crop-year inerensed the peakedness of
the distribution (sharply in the Texus sample), incronsing its positive skewness
in the Upper Picdmont bub lowering it in the West Texas Rolling Plains
(tuble 22, p. 130).

Of 662 farms surveyed in the West Texas Rolling Plains, 411 were
farms for which three or more years of yiclds were reported during
the period 1938-46. Only 1 or 2 years of yields on the other 251
farms were reported, usually in the last year or two of the period. The
average yield for the larger and longer-period group of farms was
165 pounds. The average for the smaller group was 109 pounds, The
411 farms for which three or more years of yields were reported during
the period had an average farm cocfficient of variation of 46 percent.

Thus the farms for which threc or more years of yields were re-
ported had average yields that averaged about 90 percent higher and
coefficients of variation in yields that averaged 39 percent lower in the
Upper Piedmont than in the Rolling Plains of western Texas,
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{2) The distribution of farms according to the number of years
cotton was grown during the 9-year period 1938-46, formed a U-shaped
curve, with farms most heavily ecencentrated at he extremes of the
time interval.

(3) The frequency distributions of yearly yields considered com-
positely are shown, by areas, in figure 1.7 The greater skewness and
peakedness in the West Texas Rolling Plains is accounted for by the
greater differential effcet of weather variations on a lower genernl level
of yields (47 pereent lower) in the arca than in the Upper Pledimont,

One final comment is in order regarding the frequeney distribution
of yearly yields. As expeeted, the measure of absolute dispersion of
all yiclds together was much larger then the dispersions of the yield
histories of separate farms when averaged. In the Upper Piedmont,
the standard deviation of the composite distribution was 122 in the
Texas sample, 88. The corresponding averages of the standard devi-
ations of individual farm yields was 89 and 75 respectively. Thus the
standard deviation of the composite yield distribution in the Upper
Piedmont was 1.4 times that of the standard deviations of the indi-
vidual farm-yield histories averaged, and 1.2 times the standard devia-
tion of those in the Texas Rolling Plains (Appendix table 22, p. 130).

(4) In the Upper Piedmont, the [arm cocfficient of variation in yields
tended to increase with increases in the time interval above 3 YOArS,
However, in the West Texas Rolling Plains, no significant eonneetion
was noted belween the length of the time interval aver which yields
were accumulated beyond 3 years, and the ecefficient of variation.

(8) Trends in yields inereased the cocflicient of variation of farm
average yiclds when the time duration of the yield history was long
(8 or 9 years), provided also that the rate of change in yield was
strong. The gain from removing trend from yield variation in the
shorter periods was lost by the relatively high loss in degrees of free-
dom. Of 824 farms in the Upper Piedmont, the eocfficient of variation
was corrected for 281 larms reporting 8 or 9 years of yields; of 411
farms in the West Texas Rolling Plains, 179 with 8 or 9 years of
yields were similarly corrected. The vesult was a drop in the averapge
coefficient of variation from 29 o 27 in the former sample area buf
no change in the latter. The differences in results obtained from these
simple corrections imply stronger trends in yields in the Upper Pied-
mont than in the Texas sample, which is a reflection of the greater
response the operalors obtain from faclors that are subject to differ-
ential variation in the former region.

(6) No method of grouping farms and caleulating measures of cen-
tral tendency gave nearly so high an average yearly trend value,
standard deviation, or coefficient of variation, as was oblsined by
averaging the individual farm values for these three measures. Averagoe
trend was somewhat less in ervor in either area than the standard
deviation and cocfficient of variation which were Loo low, when based

T The frequency analysis wis hased on fnrms reporting three or more years in
ihe period 193846, TFrom the standpoint of the analysis, however, the departure
of the distributions from normal in bolli aress wus nob considerced Inrge enough
to warrant the use of other forms of disiributions. In reinining the theory of the
normal curve, it wns nssumed that the aclual distributions approgched the nor-
ma! curve closely enough for the purposes of this unalysis, especinlly wilhin the
ringe of {he curve for which the resulis are most applicable.
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on county dats, by 50 to 100 pereent. These findings suggest that no
one of the ordinary measures of central tendeney is cfficient In cor-
recting for skewness in annual yields; but, more important, they
suggest the significance of diverse movements in yield in a sample of
farms and the extent to which yield aggrepates or composites provide
an inadequate estimate of the three measures of relative variability
in yields on individual farms (table 25, p. 133).

(7Y As the yearly vyields extend over a period of 9 years, there
were several time-interval choiees for comiputing the cocflicient of
variation, But because of statistical limitations, it was obvious that
farms reporting less than 3 years of yields during the period could
uot be employed if a mcasure of yield vmlablhty were to he obtained
that would have some stabiliby and relialdlity.® Between 1938 and
1042, as marketing quotas were in effect on cotton, the reports on
yleld were probably as aceurate as it is possible to obtain them. Actual
gin returns were used by the county agricultural personnel as a basis
for caleulating the yields of individual farms. An alternative was to
use only the farms for which 8 or 9 years of yiclds were reporbed,
This would have given a longer period over which the random elements
of vield variability that are attributable to weather eould have oper-
ated, and would have given a better idea of how trends in yields
affected the variability of yields. The objection to this was that the
working sample of farms would have been greatly reduced. A third
alternative was to use all farms having records of three or more years
of yields. This would have given a maximum working group of farms
but the shorter time intervals {3 and 4 years) raised questions as to
bhei:i effect on hoth average vield and the coefficient of variation in
yields.

In order to decide upon the best choice, the effects of all three
periods on average yields and the cocflicients of variation in ylelds
by vield groups were compared, for the Upper Pledmont sample. The
tabular comparisons indicated virtually no «difference botween three
groups of farms representing different time intervals. As the “three or
more years” group afforded the largest number of farms, the explora-
tory cross-tabulation anslyses were based almost entirely upon this
grouping, hub supplementary tabulations were made for other mmpor-
tant factors, using those farms that qualified under the other two time
periods (table 26, p. 134).

(8) The inelusion of zero yields (complete crop failure) inerdased
the coefficients of variation in yields of the sample farms from the
Woest Texas Rolling Plains. In both sample areas, the normal eurve
was & poor fit to the frequehey distributions of the individual farm
coeflicients of variation bub was somewhnt less so for the Texas farmng
because of the greater range (4 to 245 percent as compared with 5 to
83 percent in the Upper Piedmeont} in the farm coefficients of varia-
tion from zero yields.

{9) In both areas, the frequency distributions of farm-average yields
for three or more years during the 9-year period 1938-46, conformed
sufficiently to the normal curve to make its theory applicable. How-

8 A 2-year period was not selected as the shortest time interval beeause only
gne degree of frebdom would have been left for computing the unbiased standard
eviation. .
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ever, the normality of the distribution of average yields for sanple
farms in the Upper Piedmont was better than that for the sample
farms from the Texas Rolling Plains, The distribution of average
vields for the latter farms was in fact quite peaked.

PERIODIC VARIATIONS IN YIELDS
UNITED STATES AVERAGE YIELDS

The prevailing idea among agriculturists with respect to variations
in erop yields is that they are mainly the result of changes in weather
and that no particular pattern exists in the sequence of yearly yields,
these being in the nature of randem variations." Considerable evi-
dence in support of periodic variations in the yields of a few crops
was presented several years ago in an analysis of the influence of
solar radiation on vields of apples, eotton, and winter wheat (8). The
nature of the variations in yield of cotton for the United States is
indicated in table 27 (p. 135) which shows first differences in yields
since 1909. The 40-year period very definitely shows certain types
and combinations of periodic variations, although investigation of the
period from 1867 to 1908 shows that many of them are cbseured.’®

The most obvious periodie variation that can be selected from the
table is the sharp decline in yield which oceurred every 6 years,
Although the data do not show it in every phase, a study of unad-
justed yield dats discloses that a maximum in yield was repeated at
intervals of 5 or 6 years—rceently periods of 5 and 6 years alternat-
ing—which gives a longer phase of 11 years. Another 1l-year cycle
is present; it occurs out of phase with the more regular one above,
which may he noted in the following time intervals and their multi-
ples in number of years: 1811 (1922 missing because of the boll weevil},
1933, and 1944, Note the 11-yvear interval, and the further fact that
these vears, particularly the latter two, gave a double peak with the
recent S-year systematic movements (1933 after 1931, and 1944 after
1942; 1922 also would have given 1t with 1920 following a 6-year
movement).

Further evidence eon the periodic (nearly systematic) behavior of
rotton yields is presented in figure 2, which includes correlation co-
cfficients that were calculated by metheds described by Kendall (16).
Tn brief, a second-degree parvabola was fitted to yields from 1909 to
1948 and the deviations of the actual yields from this line were cal-
culated.'” These residuals were repeated, once as X, and again as X,

¢ There nre noleworlhy oxeeplions, for important evidence has been presented
Iy several investigators in this field in support of periodie movements in rerlain
weather factors, or in specific crops, or hath; most notable among these would
hbe A. B, Dougliss’ cycles of various longlhs in the thickness of yearly tree growih
(rings which he relntes to minfull and the Tl-year sunspol. eyele),

18§t iz probable that much of the carlier data on yieids, particulariy for the
vears helore 1920, contained many innceurncies. Even with presend techniques,
there is o possibility 1hat regression methods employed in connection with con-
dition reporls plus vurious corrections, remove B part of the sharpest variations
in yields over time, .

11 This wns donc Lo remave a very noticeable systematic movement in yields
of this character. Beginning about 1915 there is a sharp dip in yields until 1930,
after which reduced acreage, coupled with rapid ndvances in prodtiction lechinology,
enused = sharp upward trend.
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Then a scries of coefficients of serial corrclations was computed with
the pairs, increasing the lag befween the duplicated values by 1 year
in each case. The coefficients obtained are plotted in figure 2. From
an examination of this figure one is forced te conclude that the evi-
denee of & periodie movement in cofton yields cannot be ignored with
safety. The maximum posiiive correlation coeflicients (»'s} were ob-
tpined with 1, 6, 11, and 18 years lagged, and maximum negative r's
at 4, 10, and 16 years lagged,

Counting the years from peak to peak and from trough to trough,
or by ether standard methods, gives time intervals of 3 or & vears,
which are consistent with the findings in table 27, As, according &o
Kendall (16}, the tests of significance of correlograms are not avail-

CORRELOGRAM OF U. S. COTTON
YIELDS, 1909-48

VALUE OF r
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U5, CEFARTMENT OF AGRICULTURE HEG #3936.% SUAELL OF AGRIEULTUHAL FEONOMICS

Figusg 2—The number of years between peeks and between troughs varies from
5 to 6. Imtuitively, this strengthens the case for periodic movemecnis in cotion
vields.

able, one must form an intudive judgment from the general signifi-
cance of the over-all oscillatory character of the movements in the
correlogram as a whole. Obviouwsly, the undulations in figure 2 are
not random, but are periodic to a considerable degree,

At the present time, the best known explunation of the systematic
movements that occur in eotbon yieids is that given in the study by
Fulmer (8) previeusly mentioned. In that werk, an apparent tie-in
with variations in solar radiation was cstablished as a first approxi-
mation to the ultimale cause, or ecauses. Radiation data for Wash-
ington and New Orleans for May through August were examined in
relation to cotton yields, T was found that soinr radiztion in the
years of highest cobton yickds tended to be at o minimum in June,
July, and August, considered ns a simple average. The relation te
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othier crop-years was nobt so clear, prebably because of interference
from sirictly loeal weather factors. Bubsequent work has demonstrated
that August is probably the key month—solar radiation being at a
minimum for the phase in that month when maximum eotton yields
oecurred.

The hypothesis offered in explanation of the relationship, deduced
from several studics on the effect of light quality on plant growth,
was thab years of high solar radiation in August and also in the pre-
ceding months of June and July caused an abnormal vegetative growth
of the piant, to the detriment of the growth of bolls and hence later
of lint cotton. The converse occurred in years of low radiation in
August, which often was preceded by some reduced intensity in radia-
tion during June and July. In the former, gigantism in plants oecurred;
in the latter there was a tendency toward dwarfing of planis. This
may help to explain why the early-month crop estimates made some
Years ago were generally too high in years of low yields and too low
in years of high yields.

In other words, the eondition of the crop as shown by weed growth
is an wvnreliable indicator of final harvest. In further explanation of
the effects of radiation, it was hypothecated thai as plant growth
tended, according to studies of the effect of light on plants, to be
normal in size and shape only in 2 regular }ight spectrum and tended
to be abnormal, tall, and spindly (deceivingly large), in the long end
of the spectrum, the ultimate cause of the pericdic variations in yields
was the variations in quality and intensity of light, which may be
associated in some way with the recorded variations in solar radiation
over time in the months specified,

Sanmrre CounNTy AVERACE YIELDS

During the 9-year period 1938-46, the nine counties in the Upper
Piedmont which were included in the sample had an average annual
yvield of 280 pounds, an average coefficient of variation in yields of 17
percent, and an average yearly upward trend in yield of 5.1 pounds.'®
This compares with 155 pounds, 38 percend eocefficient of variation,
and an average vearly downward frend of 2.7 pounds for the 10 Texas
Rolling Plains countics in the sample. Consequently, the nine Upper
Piedmont counties ecompared with the 10 West Texas counties had 81
percent higher vields; but only 47 percent as much variation in yields
and a positive in contrast with a negative trend in yields. However,
the yields of ncither area have as well-defined eoyelical tendencies as
do the United States yields {fig. 3). This is because county yields are
more subject fo local weather factors—such as mountains, lakes, pre-
vailing wins, and large areaz of timber—and are not so greatly
influenced by over-all factors, such as solar radiation, as is the national
average,

But these yields have other characteristics which are worth noting
from the standpoint of {uture analyses of individual farm data. A
L-year lag gave the highest » (over 0.6) with the Upper Piedmont
9-counly composite yearly average; whercas 2- and 9-vear lags gave

12 All gverages given in this seetion were computed ns a simple avernge derived
from adding the rospective county figures and dividing by the number of countiss
in ench samiple ares,
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the highest r's for the 10 West Texas Rolling Plaing counties, the
2-year lag being negative and the 9-year lag positive. Moreover, the
range of valucs of » obtained with a 1-year lag in the Upper Piedmont
and a 2-year lag in the Texas Rolling Plains closely eocincided with
the hmits obtained from further lags in time, untll a 7-year lag was
reached in the former and a 9-year lag in the latter sampie area. This
indicates that a time length of about 3 years may be expected fo
cover a eonsiderable part of the range in yields in the near iemm in
hoth sample areas, although yield observations to 7 years and beyond
would add to the range of the Upper Pledmont countles. A range to
9 years would add a good deal to that of the 10 counties from the
West Texas Rolling Plains.

CORRELOGRAMS OF COTTON YIELDS IN
SAMPLE COUNTIES OF TWO AREAS
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Ficore 3~-The highest correlation was obiained wilh a I-year lag in the composite-
yield series for the 9 Upper Piedmont counties and with a 9-year lag in Lhe ense
of the 10 eounties [rom the West Texos Rolling Plains—the {ormer being nega-
tive, the Iatler positive.

The coreelation cocflicients in figure 3 indieate that the apparend
periodic movements in average yields of the two sample arcas are
inversely related. This cvidence was investigated further by putting
the two yield serics together in a Ing correlation. Results indicate
that the restduals from {rend in each area are most highly correiated
when 10 ecounties from the West Texas Rolling Plaing are in a leading
relationship to the 9 Upper Pledmoni counties by from 5 to 7 years,
the 5- and 7-year 7's being positive and the » of the 6-year being
negative,

There iz no way to test the general significance of these results. As
it is around 0.4 with cach of the three dificrent pericd-lags, our ten-
tative judmmnent is that some sort of nonsimultancous, periodic fue-
tuations are present, If lhis proves to be frue, the consequence for
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forecasts of yield between the different regions of the country might
be hnporiant. For instance, in recent years, a8 downward trend in
yvields of the sample eounties {from the West Texas Rolling Plains has
prevailed, in contrast to an upward trend in the Upper Piedmont
counties. Does the relationship forecast a downward trend in the next
few years in yield of the eastern counties and an upward trend in
that of the counties of the Texas Rolling Plains, because of a shift
in some phase of the weather eyele? The answer to this question
cannob be given now but s sufficiently long yicld :eries might permit
it to be answered satisfactorily,

GEOGRAPHIC VARIATIONS IN COUNTY YIELDS AND
THEIR VARIABILITY

Yield averages for a period of years vary from county to county
because of fundamental differeuces in seoil fertility and ciimate. As
ecriain physical condilions—climate, plant cover, type of vock, age
and weathering of rocks, and relief——determine in a general way the
kind of soils to be found in geographic regions, countics of certain
characteristics of yield tend to cluster, For instance, the average
yields in counties in the Coastal Plain differ from those i fhe Pied-
ment, and average yields for the Delta ecunties from these for coun-
ties in the West Texas Rolling Plains,

A great part of the vield differentials are aecounted for by the
fundamental scil differences and by variations in rainfall and other
climatie factors. The effect of soil is mfluential but iis eowplexity
forbids detailed and adequate treatment here. Climate is influential
and more is said about it later. But another set of geographic factors
can be measured and treated. These ave: Elevation above sea level,
degrees of latitude Norvth, and distance from the oecan. These three
factors do, in effeet, measure some parts of soil and climatic differ-
ences both compositely and complexly. For example, a figure for
the distance from the ocean reflects rainfali, humidity, variability in
rainfall, and other weather conditions, Latitude and elevation aperate
Jointly to move the plants up to a point at which they are affected by
lower humidity, differences in frost conditions, and by a different
quality of light. These influences are referred to as “bieclimatic”
forces. They were summarized as follows in the 1941 Yearbook of
Agriculture, p. 203: “For each degree of latitude north or south of
the Equator, and also for each 400-foot inerease in altitude, the date
of flowering of plants of the samne species is vetarded 4 ealendar days;
for cach 5 degrees of longitude from east to west on land areas it is
advaneed 4 ealendar days.”

To test the effect of the three location factors (clevation, latitude,
and distance from ocean) on average yields by county, & group of
selected counties from each of the working subdivisions was subjected
to multiple eurvilinear correlation analysis.’® Elevation and latitude

12 Belected on the bnsis of availability of satisfactory daia on slevaiion for
the county, These were taken from meleorological reports. Dala from nenr the
center of the coumty were given preferenve. Most of the information on fatitude
was similarly derived. Dislances from the ocenn were sealed, as was the ineasure
of latitude i eerlain cases. In all, datn from 240 connties wore ohinined hy these
methads.
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were treated as jointly influencing yield, and in cerfain areas cleva-
tion was treated as a curvilinear funetion also. The correlation anulysis
gave a significant correlation for each area, the index being highly
significant; the coefficients of regression were also generslly highly
significant (by the F-ratio method); a few functions of the main
factors were not significant ab the 5-percent point, but were retained
because of their influence on the olher coefficients.'* The results of
the application of the regression equations, given m {ootnote 14, fo
the general range of eonditions in the Siates are given in table 1.

The data in the table answer certain quesiions with respect to the
influence of geographic Tactors on yield of cotton. The only faetor to
show a uniform tendeney, in general, was latitude. In all areas except
Oklahoma and Texas, an inerease in latitude, at uniform conditions
with respeet to clevation and distance {rom the sea, was accomnpanied
by an increpse in county average yield, In Texas and Oklzhoma, the
relationship was more complex. At moderate ranges in elevation—100
to 1,000 feet—the yield dropped off with latibude at first, until around
32°; then it rose with inereases in latitude. Somewhere above 1,000
feet in clevation, however, mnercased latifude was accompanied by a
decline in eounty average vield.

Generally, clevation has a negative effect on yield although there
are excepitons, Tn the eastern cotton States, increases in clevation at
36° of latitude fended to bhe associated with ipereases in couniy aver-
age yvield. However, at 34° the average county vield declined with
ingrenses in elevation above 500 feet, and ab 32° it decveased directly
with elevation from the lowest points. In Texas and Oklahoma, lati-
tude likewise tended to increase county yield between 2,000 and 3,000
feet elevation, with latifudes around 36° and 32°. {This statement is
cualified by the fowness of eounties in these limits.}

County average vield tended to increase directly with distance
from the ocean—the third factor affeeting yicld—in all areas except
n the Delta States. Here, Mississippi Delta counties with very high
viclds upset the expeeted relationship of heavy rainfall and high
humidity at low latitudes, particularly along the ocean, to yiclds. The
effect on county vield ia the eastern cotton States was generally small
but was comparatively large in Oklahoma and Texas.

W Where X, equals yield, X clevation in feet, X lalitude, and X, distance from
the ocean in miles, the regression cquntions follow:

Eastern cotton States: X,=—376.8—1.12869.X—00002( X ;)2 4+

18.90819 X33 03369 Xa+ 00904 X, ; (Pe—5764%*: S=40.3)
Delta: X,—=—2420.63— 32823 .00016( X2) 28936470, 4

(0374 X— $6388X.; (Pe=3411%+; §=67.3)
Okilahoma and Texns: X=1124-4 4168814 H0002{X:)* -+ 3.55024X

— 209 X2 — 01598 . —.36370.X - BOI2B(N,)2; (P*=1504%*; £=56.2)
(F2=Tndox of delermination: S=S8tandurd error of estimate.)
**Ziificant at the -pereent point,
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TaBLE 1.—derage yicld per acre of collon as affecled by elevation, latitude,
and distance from ocean, 3 specified regions, period 1938461
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! Bused on correlniion naulysis of data for counties for which meteorologicn] records
showed elevation and latitude at the npyproximate center of the eounty.

COEFFICIENT OF VARIATION 1¥ Counry YiELDS

‘The coefficient of variation in county yields over the 9-year period
was compufed for each of the 240 counties.'® The measure of relative
variability thus obtained was subjeeled {0 correlation snafysis agninst
the three faetors mentioned, and the addilional faetor of county
average yield. The index of correlation was stafistically significant
ab the 1-pereent point exeept jn Oklaboma and Texas, where it was

*% The stapdurd error of the regression lne of irend was expressed as a per-
centage of the meoan, Thal part of the varistion in anuual yvields sccounted for
by trend was lhus removed 8s & source of varintion. Sec table 42, in Appendix,
for data by counties.
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significant at the 5-percent point. The regression coefficients, although
tliey were not all significant at the 1-percent poini, or even at the
S-percent point, add valuable informaiion concerning the ceefficient
of variation geographically and hence they are shown.'"

The combined cffect of elevation and latitude, when distances from
the ocean and the reapective avernge yields were held constant at their
mean values, is shown in table 2. The contrasting effects produced on

TanLe 2.—Coefiicient of variafion, as affected by elevation and
latitude, 3 specified regions, period 193846

Coellicient of variation with
north latilude~—
Region and clevation e e mammes a

32 i 34® }

Enstern:
Wl feet ... . o] o4 25, 3 35.5
d3 foet e e 27.0 3 24.6
GO0 feet . - L. L Lo L Lol H.lL . 23.5
800 feet.. . ... ... . . . 3. 205

Delin:
100 leet. ... ... .. P I S . 20.0
W0 Meel. ... .. ..o oo ol ol . 298
W0 Teet. . ... ... o o b oL 6 30.6
500 Teebo .. ... . .o .ol T e 429
1,000 feet
1,500 {eet .
2,000 feet ... .

Okluhoma-Tesas:
100 lect, ... ...
300 feet.. ... e
A0 feeto_ .. L
LOOO feet.. ... . .. ..
3000 feet. . ... Lo o.o..
3,000 feet

b Lo D2 L2 Qa2
oL In B
[FLN )

the coeflicient of variation are significant. In the castern cotton States,
as clevation and latitude increased iogether, the cocflicients of varia-
tion declined more than proporiionately. In the Delta States the
coellicients increasedd more than proporlionately, exeept at 32° |ati-
tude, where a decrease oceurred with inereased elevation. In Oklahoma
and Texas, the ecombined effeet of clevation and latitude on the coeffi-
cient of varistion is much more complex. The two factors combined

16 Where X, equals the eoefficient of varialion, X: counily average yield, X,
clevation, Xy latitude, and X distance [voimt the ocedn in miles, the restlis follow:

Eastern cotion States: Xy=1527— 021324 . 11492\ |- 66100V
D0353.X,X 03711 ; (P2 ABB0**; S=:6.1)
Delta: X=88.70— 04706.X:— 25330\ — 80135, 4- (07685 — 004021,
(F2=7114**; 5=6.7)
Qklahema-Texng: Xy=—1I32.83—00155X 4 .16201.X7— 0000017 (\;)2 4
T677T9X ,—.03868(X,)2— 00167 X, — 28461 - 00045 (N L) 2 (P2= . 1200 ; S’:!’l.‘l)
{Pz=Index of delermination; S=S&tandard error of estimate.)

**ZBignifiennt at the l-percent point, *Significant i, the 5-pereent poin.
4
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to inorease the coefficient of variation until an elevation of 1,000 feet
and 34° latitude were reached; after that, except at 32°, the coefficient
declined with increases in elevation. The risc in variability around
32° can be associated with the movement into the High Plains of
Texas where good yields of cotton from the land are less certain,
although yields average somewhat higher than in the Low Rolling
Plains, The decline after 1,000 feet and 34° latitude shows the influ-
ence of the better cotton lands in middle Texas which produce higher
and more stable yiclds. The drop in the coefficient of variation at
369, with increases in elevation after 500 feet, reflects conditions in
the east-central part of Texas where some counties had only moderate
variability in yields.

Referring back to the other two areas, the deeline in relative yield
variability with increases in latitude and elevation in the ecastern
States is associated with movement into the Fiedmont where soils are
better and there is seldom an exeess of rainfall. It is well-established
ihat the Piedmont is about the surest cotton arca in the East. In the
Delta, the drop in variahility at 32° latitude with increases in eleva-
tion shows the effect of moving from the low-lying lands of Louisiana
and Mississippi to higher lands where drainage is better and rainfall
not so excessive. The sharp inerease in the coelficient of variation at
greater latitudes, and after 1,000 feet, is caused by the highlands of
Arkansas,

Although not so significant statistically with respeet to their regres-
sion cocflicients or their assoviation with the county coeflicients of
varintion as were elevation and latitude, the other lwe factors in-
cluded in each correlation analysis (distance from the occan in miles
and county average yield) showed well-defined relationships. Both
were strongly negative; thab is, the size of the cocfficient of variation
in county yields declined in all areas as dislance from the ccean
inereased; also, the same negative relationship existed, and more
sharply in all three arcas, as county average yields increased.

The highest regression of distance from the ocean on the coefficient
of variation was found for counties in Qklahoma and Texas, with
the Mississippi Delta and the eastern cotton States following next in
that order (footnote 16). However, despite the sizes of the regression
coefficients which were based on a sample of counties in each area, a
study of figure 4 discloses that the effect of distance from the ccean
on the county coefficient of variation was very irregular in Qklalioma
and Texas. Jixcept in the Corpus Christi area and south Lo the Rio
Grande, the county ecoefficient of variation tended to decline as dis-
tance from the ocean increased, until interior Texas was reached;
after that lhe coeflicient of variation rose with further inereases in
distance, particularly in the dircetion of the Texas panhandle and
western Oklahoma,

In this connection, the low variability in eounty yields of the irri-
gated areas should be noted, as it reflects better control of the water
supply (fig. 4). The heavy rainfall near the coast of Texas and the
high humidity apparently affect cobfon adversely. Movement inland
leaves these conditions behind, At some distance, presumably around
300 miles, the optimum for the area is reached. Further increases in
distance beyond this point bring the continental type of climate—low
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and very unccriain rainfall, but also lower humidiby, which is a coun-
teracting favorable factor.

From the corrclation analysis of the theee location factors and the
county average yicld, the cffeet of county yield on the county coefii-
ciend has been caleulated. The following tabulation shows ihe results
when the other three [actors—elevation, latitude, and distance from
the ocean—were held constant at their mean values in the regression

analysis.

COEFFICIENT OF VARIATION IN COUNTY AVERAGE
YIELD FOR PERIOD 1538-40

PERCENT

2320 ond under
J21.25
=126.30
E231-235
24 and over

U. 5 DEPARTMENT OF AGRICULTUAE MEG, 47481-F OUREAU OF AGRICULTURAL ECONCMICS

Fiere 4—The smnillest county coefficienis of variation in yield oceur in the
irrigated aveas, in central Texns, the Deltn, nod the Upper Piedmont., The high-
est county cocfiicients of verintion are in western Texas, Louisinna, the enstern
hilly aren {northwestern Alsbamsa, eastern Mississippi, and weslern Tennessee),
and the middle Constal Plain. With the exception of the middle Coastal Pirin
end eentral Texns, the counties lhat nre high in average yield iend to be low
in relative varialion of yields, Daln, by countics, are given in lable 42, in
Appendix.

Cosflicient of variation cetviaeted
from rogreaswn cocfficwnt

County average yleld: Engtern Delte  Chinkepn and Teorus
278 39.0 36.8
25.7 34.2 277
23.6 294 18.5
21.56 24.6 ces

The relationship was negative. A unit of increase n average yield
was associated with the greatest reduetion in relative yield variability
in Okishoma and Texas and the sinallest in the eastern colion States.
The ratios for Oklahoma and Texas to the Delta States were 2 o0 3
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and to the enstern cotion States aboul 5 to 1. This is probably not
a significant comparison, as the regression coefficient for Oklahoma
and Texas fell short of significance at the 5-pereent point.

In recoguition of the marked pssoeintion found between level of
vield and varinbility of yield and the rclation this factor is expeeted
to have to future work in this field, the county average yield for 1938-
46, and the coefficient of variation in county unnual yields during
this period were computed for each county n the Cotlon Belt for
which there was a conbinuous reeord of vields for 8 or 9 vears. The
results are shown by countics In fignres 4 and 5. Because of the detail
involved in presenting these data for 707 counties, only a few gen-

COUNTY AVERAGE YIELD OF COTTON

POUNDS
D208 and under
[5201-250
&3 251-300
3R 301,350
351 and over

U, 5, BEPARTMENT OF AGRICULTHRE HOG, dfdes-2  QUREAD OF AGRICULTURAL ECONOMICS

guae 5~—The higher yielding counties ure in the irrigated arens, and in the Della,
Upper Piedmont, and middle Coastal Plain. The lower-yiclding ¢ouinties som-
prise all of Okdshoma and Texns, as well as westorn Arknusas and Toulsisng,
and the enstern hilly avea (northwesiern Alabama, castorn Mississippi, and
western Tennessee). Dudn, by couniies, are given in luble 42, Appendix,

cral comparisons are possible, The highereyielding counties are in
the irrigated arcas, and ip the Delta, Cpper Piedmoent, and middie
Coastal Plain counties, while the lower-yiclding counidies comprise
all of Oklahoma and Texas, western Arkansas and Louisiuna, and tie
eastern hilly section {northwestern Alabama, castern Mississippi, and
western Tennessec).

A comparison of the data shown on figures 4 and 5 with respect to
the counties in these areas indieabes an inverse relationship between
yield level and yield variabiliby—although comparatively low. The
counties most difficult to place in this relationship are those in the
middie Coastal Plain nnd eentral Texas. High yields are typical of
thc counties of the former hut the coefficient of varintion is moderately
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high, The reverse is true of central Fexas, where medium to low yields
are associaied with moderately low coefficients of variation,

The data in figures 4- and § were paired by counties in a eorrelation
‘anglysis, employing a double frequency table. The result was that an
r of —0.4250 was found, whieh is significant af the l-percent peint.
The regression equation is: Y=38.1—4.726X, where Y is the coeflicient
of variation, X the county average vicld in hundreds of pounds, Thus,
for the Cotton Belt as a whole, a 100-pound increase in county average
yield during the period reduced the county ecefficient of variation by
4.7 perceniage poinis.

Returning to the multiple corrclation analysis above {pp. 22 to 26)
in which three lveation factors were included, along with the county-
sverage yield, as independent variables, it was found that this approach
when applied to countics by subregions of the Coiton Belt reflected
somewhat more acourately the influence of level of yield on variability
of yields. For example, the net regression of county average yield on
the county coefficient of variation per 100 pounds of increase in yield
was as {ollows:

EfJcet of {00-pound fncrease in couid y yivld

Bastern, cobton States. ... 2.1 percentage points decrease in the
county coefficient of variation

4.8 pereentage peoints deercase m the
eounty coeflicienb of variation

Oklahoma and Texas... 9.2 percentapge points deerease in the
county coeflicient of variation

The regression referred fo above is “net” beeause the influence of
clevation, latitude, and distance from the ocean have been taken into
account by the correlation analysis,

Although it appears that level of yield more sharply influences yield
variability in Oklahoma and Texas, this must be conditioned by the
fact that estimates arc not expected to coincide as regulaly or as
closely as in the eastern or Delta States, because the regression co-
efficient for Oklzhoma and Texas lacked signifiance atb the 5-percent
point,

FACTORS AFFECTING INDIVIDUAL FARM AVERAGE YIELDS
AND THEIR VARIABILITY

FrEQUENCGY DISTRIBUTIONS oF AVERAGE YIRLDS AND OF ¢1iE
CORFFICIENTS OF VARIATION

The typical feature of the distributions of average yiclds and the
coefficients of variation wns their positive skewness. Bub the distri-
butions of the coefficients of variation had by far the largest skew,
0.28 and 0.38 in the Upper Piedmont and the West Texas Rolling Plains
respectively, compared with only 0.09 and 0.08 f{or the respective
distributions of average yields, A characteristic of the distributions
was their difference in peakedness. Tn the Texas sample, the average
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yield distribution showed a very large peakedness but the coefficient
of variation was only a moderately peaked distribution.*”

Opposite conclusions are true for the Upper Piedmont sample. Here
average yields were distributed in nearly a normal pattern while the
coofficients of variation formed a more peaked distribution. The x*
test indicated that the normal curve may be a reasonably close
approximation to the distributions of average yields for both samples
but thab, as one would expect, this was not the case with the distribu-
tions of the coefficients of variation.

The coofficient of variation as a measure is comparable to the
standard deviation. In the Upper Piedmont, a well-distributed and
adequate rainfall; eoupled with more effective soil-management prac-
tices, keeps the upper limits of the range in coefficients of varistion
much lower. In the Texas Rolling Plains, in contrast, the greater
variability in seather conditions, the effects of which can be modified
only a little by management practices, causes yields to vary through
a wide range—from zero to many times the mean. The corresponding
coefficients of wvariation were therefore widely dispersed. Irrigation
brings noteworthy exceptions. Attention is called to the fact that the
coeflicients of wvariation of county yields in the irrigated arcas are
lower by far than in other western counties and compare favorably
with those for eastern countics. This was due partly to the higher
average vields that prevailed in the irrigated areas (fig. 5). However,
when water is available through some irrigation system it is usually
due to publiec policy and not fo superior management on the part of
the farmers.

- Basic OPERATOR CHARACTERISTICS

The more basie characteristics of operators of cotton farms in the
South considered in this study are tenure status, color, sex, age, origin
of operator, years of schocling, years of experience in growing cotton,
and method by which owner-cperated farms were acquired. In one
form or another each of these characteristics reflects the degree of
control of the resources necessary for production, the conditions under
which competition is met, and the skill, alertness, and progressiveness
with which the operator carries on the production and marketing
Processes,

TENURE STATUS

Tenure status is an indication not only of present control of re-
sources but of current progress in their aceumulation. An owner obvi-
ously has a tremendeus advantage over a tenant in eontrol over the
factors neeced in production and in ability to acquire the additional
resources needed from ecredit agencies. Because he has assets, he is
not subjected to the same discount for moral risk as the tenant, and

17In this and fulure diseussions of yield, it will be understood that yield is
compuled on n harvested-nerenge basis in the Upper Piedmont and on a planted-
nereage Lnsis in the West Texas Rolling Plains. As the percentage of cotion
acreage ahandoued was low (0.2} in the Upper Piedmont, the yield on a har-
vesled hasis is o near the yield on & planted-nereage basis that it iz sufficiently
comparable to yield as computed for the Texns sample, '
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capital rationing, as s rule, operates less forcefully on him than on
the tenant.

In table 28 (p. 136) comparative data are given for the major classes
of operators for the two sample areas in which three or more years
of yields were reported between 1938 and 1946, According te the
definitions of operators used in this study, the dominant types of
operators in the Upper Piedmont apparently were owners and cropper-
tenants;'® and in the West Texas Rolling Plains, owners, share-renters,
and standing renters. Both owners and cropper-tenants in the Upper
Piedmont sample had higher average yields than the other two tenure
groups {estate-operated farms and other tenants) during the three
periods for which comparisons of yield are made. In faet, except for
the averages hased on three or more years, cropper-tenants have a
small edge in both size of average yield and 1n smaliness of the coeffi-
cient of variation. (See pp. 14-15 for a discussion of the statistieal
aspects of this measure of yicld dispersion of the individual farm.)
In the West Texas Rolling Plains the two major temure classes—
owners and share-renters—also had the edge in average yield but
were excelled by the standing renters in smallness of the coefficient of
variation. Qwners and share-renters in this area also had more favor-
able yearly trends in yvields, as indicated by the fact that the farms
among each class that reported 8 or 9 years of yields during the
period 193846 had a less rapid rate of down-trend in yields than did
standing renters of ‘‘other” operators.

Perhaps the eomparatively favorable showing made by cropper-
tenants in the Upper Piedmont should be explained. Because of their
greater control over resources and greater independence in farm oper-
ations, it was to be cxpected that owners would show up betler with
respect to both production functions. But it was somewhat of a sur-
prise to find a group of sharecroppers on a par with owners with
respect to yield level and yield variability. Even though the group
name {eropper-tenants} is deseriptive, their status is no$ that of the
typieal sharecropper. By definition, such operators are operating ten-
ants. As a general rule they live at some distance from the landlord,
and exercise all the major decisions of an enfreprensur. Their tenure
is of considerable duration; they do neot move every ycar or so, as
do many sharecroppers. As the landiord lives apart from the cropper-
tenant and usunally has considerable capital, the eropper-tenant gen-
erally is provided with all he nceds in the way of fertilizer, seed, and
other supplies. As may be seen from table 28, the typical cropper-
tenant used only 20 pounds less fertilizer per acre, on the average,
than did the typical owner-operator. Typically, landlords lived in
cities or towns. They were lawycers, doctors, or other professional men
who had few hesitations about supplying the needs of the farm.

Table 28 shows that the 8 or 9-year {arms in the Upper Piedmont
had an upward trend in yields, whereas in the West Texas Rolling
Piaing they had an cqually large downward trend. This was s definite
distinetion between the two sample areas for the period.

18 Cropper-tenants are operators who own no workstoek or equipment but
who live apart from the iandlord nnd cxereise most of the decisions of the entre-
preneur. They are therefore considered as bene fide managing tenants.
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Two additional distinctions between the two sample areas have to
do with the differences in acreage planted %o coiton and the corre-
sponding yield. Acreages per farm in the West Texas Rolling Plains
average about five times more than in the Upper Piedinont, whereas
vields averaged about half as much, The percentage of planted acreage
not harvested was higher in the Texas Rolling Plains but loss from
hail averaged higher in the Upper Piedmont, although in neither sample
area did losses from hail loom large during the period under study.

COLOR OF OPERATOR

A second basic chavacteristic of farm operators studied in the Cotton
Belt is the color of the operator. Negro farmers appear as an important
group only in the Upper Piedwont. Of 411 farms reporting three or
more years of yields, 1938-46, in the Texas sample only 2 were desig-
nated as other than white. They were probably Mexicans. In the
Upper Piedmont, however, 11 percent were Negro operators. The
status of Negro farmers in the Scutheast is more precarious as regards
tenure than that of while operators under corresponding conditions.
White operators have more cholee in selecting land and, in some
instances, they may even take less discount on Joans than do Negro
operators. Apparently, white operators control proportionately more
of the needed resources of production and can gain additional needs
more readily and under more favorable eircumstances than can Negro
operators. Moreover, the higher cducational level of the white opera-
tors makes them more alert to the adoption of the iatest and more
improved techniques of production. The effects of these and other
factors on their average yields and yield variability are shown in table
29 (p. 187).

The data reveal that, depending upon the period, white operators,
both owners and tenants, were from 20 to 60 percent higher in average
yield and {rom 15 to 40 percent lower in yield variability.!® As
between white owners and tenants, there is little difference in either
average yield or cocfficient of variation, although both tend to favor
the white owner-operator group. But in the case of the Negro opera-
tors, the owners had both a lower average yield and a higher coefficient
of variation than tenants—from 4 to 16 percent lower average yields
and from minus 5 fo plus 80 percent higher coeficients of variation,
"These differences were necounted for by the smaller farms the gwners
operated (8.2 aeres of cotton compared with 12.1 acres) and the
smaller quantity of fertilizer used per acre on eotton—50 pounds less.
A sclectivity factor probably also existed in the kind of land use. As
the average Negro owner probably beging with a smaller capital than
the average white owner, he is more likely to sctile in a submarginal
farming locality.

It is to be noted that the 8« or 9-year farms of both white and Negro
owners had a more rapid upward trend in yields than those of ecorre-
sponding groups of tenants. It is suggested that the longer tenure of
owners in both groups accounted for the difference. The ability to

39 A subdivision from the Texns sample wns not included because the number
of farms other than white are Loo few.
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improve a farm and reap its benefits is related to tenuve and to the.
prospeets for continued occupancy. Obviously, owners are more advan-
tageously placed in regard to all these considerations,

SEX OF OPERATOR

A third difference between farm operators that may be taken into
account is sex. In order to hold constant the influence of raeial dif-
ferences, comparisons according to sex of the operator are given only
for white operators (table 30, page 138). Apparently, only a small pro-
portion of the operators in the Texas sampie were women. Although
in the Upper Piedmont, women constituted 7 percent of the total white
operators reporting three or more years of yields between 1938 and
1946, in the Texas sample, they made up only 1 percent. It appears
that on both production counts {average yield and coefficient of varia-
tion) irrespeetive of the period taken for comparison, the men were
better farm operators than the women.

Farms operated by women were from 11 {o 18 pereent lower in
average vield in the Upper Piedmont and frem 3 to 5 percent lower
in West Texas, Although there was one exception in cach of the
three periods compared, women owners showed somewhat higher
variability in yields than men. As the women operators in the
Upper Piedmont applied an average of only 20 pounds less fertilizer
per acre than the men, these differenecs, in this area at least, cannot
be accounted for by differences in quantity of fertilizer used.

A woman is partieularly disadvantaged in operating o farm in com-
parison with a man who ean withstand the heavy work and the
routine of supervising labor with less strain, Moreover, a woman
operator's ability to pay is investigated by credit agencies more care-
fully than a man's ability to pay and this is to her disadvaniage in
obtaining and using ercdit. As a woman operator is probably unable
to spend as much time in the field with the farm labor, her farm-iabor
efficiency may be lower. In the Upper Pledmont, 51 percent of the
women operators employed sharceroppers as eompared with 25 percent
for all operators. This is an easy way to avoid responsibility for super-
vision of labor. The technical knowledge of agriculture and under-
standling of new technigues on the part of the women may be less
thorough than that of men and women may lack experience and tech-
nical agricultural training. This may lead te a lessened ability to
visualize and undersiand the more complex agricultural processes. This
tendency is reflected in part in reports of enumerators that 46 percent
of the farms operated by women in the Upper Piedmont were severely
eroded as compared with 29 percent for all farms,

in 1946, in both samples, women operators had been growing eotion
3 to 4 years longer, on the average, than their male counterparts. They
operated somewhat larger cotton acreages in the Upper Piedmont on
an average; but in the West Texas Rolling Plains the average eotton
aereage on farms operated by women was hardly two-thirds of that
for the farms operated by men®™ Both Iactors {longer peried of
occupaney and larger acreages} in the Upper Piedmont reflect the

20In these comparisons only the Upper Picdmont sample had enough white
women operators (37) to render the differences conclusive,
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fact that farm properity has been inherited, or that possession was
gained by other parallel methods. (Fifty-cight percent of the farms
operated by white women in the Upper Piedmont were acquired by
inheritance a3 compared with 16 pereent for the white male-operated
farms.)

HOW FARM WAS ACQUIRED

As the amount of capital available te the operator in farming de-
cidedly influences his success, the inheritance of [arms should provide
an initial advantage. That 1t does, from the standpoint of available
capital, cannot be denied; but according to comparisons between
owners who hought and owners who inherited, the inheritors covered
by this study made a less favorable showing in average yield and yield
variability than did the purchasers. This means that eertain counter-
balancing unfavorable factors connected with inheritance fend to
overcome the initial advantage of a gratuitous capital investment.
Comparisons bebween these two operator groups as to vield and yield
variabilily, and certain operator characieristics are shown by sample
areas in table 31, page 139.

The data show that the gperators who bought their farms averaged
9 tn 12 percent higher yields in the Upper Piedinont and 4 to 6 percent
higher in the West Texas Rolling Plains®' Stability of yields also
tended to favor the purchasers, partieularly in Texas. Alsc, the West
Texas Rolling Plang date on yield risk, showed that there was a
greater abandonment of cotton acreage among inheritors (2.3 pereent
as compared with 1.9). It was found that yiclds for the longer-period
farms {those with 8 or 9 years of yields) had a more rapid upward
trend in the Upper Piedmont snd a less rapid downward trend in the
Texas sample*® On the part of the purchasers, this may indicate a
more rapid adoption and exploitation of the new techniques of pro-
duetion and the cumulative effect of soli-hmprovement practiees.

Further examination of the data shows wherein operators of pur-
chased farms were superior and inferlor, so far as eperating practices
are concerned, to those inheriting farms. It is apparent that they were
not greatly supevior in production faetors, certainly not enough so to
explain the diffeventials in yields. Although a bigher percentage of
inheritors oceuplod more severely ervoded Tarms, the differences were
not jarge otherwise. In the Upper Piedmont, purchasers used 30 pounds
wors fertilizer per acve and had a somewhat better reeord as regards
the treating and cleaning of planting seed. But all these differences,
even taking into account the existence of somewhat less erosion, prob-

2t A study in Tilinois of the factors affecting suceess of farm louns (f) Lends i
confiem these results. The autliors (Ackerman and Norton) found that, although
inherited fanns were more valuable, louns mnde on purchased farms were more
sueeessful than those on foms sequired by isheritance o gift despite the fact
that the soils of inheriled famns were considered superior to those on farms
purchased. No indieation was given s to why the loans on these farms wero
more suecessful,

22 Peginning with {(nble 31, the f-year averages have been omitied primarily
heeause nolhing new [ added. This period was included in the Inst ihree tablos
referred to in order to demonstrate {o the reader thint the other lwo periad
avernges {3 or more yews nnd § or O yenrs} show the relalionship about as
afficiently as the 3-yenr period avernges (1938-42) hased on ginning records, Foe
this veason, ro further referencee in this study is made to the S-year period,
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ably are nob enough fo account for the higher average yield of those
farmers who bought their farins, especially when the greater educa-
tion and younger average age of the inheritors are taken into acecunt.
Some of the difference may be due to managerial ability and the con-
ditions under whieh the two classes of {arms ave operated.

For analytical purposes, the conditions under whieh farms are ac-
quired by inheritance may be divided inte tweo major eategories—
those left in the natural course of evenis to the nonresident ehild,
and those left as consideration for the echild’s having remained on
the farm.

Farms may pass by inheritanece to eity relatives, or to farmer rela-
tives who live in the eommunity or on an adjoining farm. In the
former case, the inherited farm would, as a rule, be operated as a
tenant farm, and the effects on vields and yield risk would be those
of typical tenant-operated farms with uncertain teaure. But if the
heir lives in the community, or on an adjoining farm, he would be
likely to have the familiarity with and inferest in farming to capi-
talize on his inheritance. Tarms of this kind would be expeeted to
show up move favorably with respect to average yicld and yield
variabifity than other groups of farms.

When a farm is bequenthed as a reward for the child’s remaining
on it, although the factor of interest can be reasonably assumed, the
operator may be of someowhat lower inherent managerial ability and
less malurely developed than the typical owner-operafor who hought
his farm with money saved or radzed through some financial institu-
tion. Although the purchased farm usually reflects the owner-operator’s
likes and judgment in its seleetion, the inherited farm does not neees-
garily show either. Those who inherit farms might be expected to be
somewhat less bholdl and energetie than their brothers who acquired
land by other means, or who left the business of Tarming altogether
to find city employment. Furthermore, their managerial development
might be hindered by the dominabion of the older generation, which
could prevent them from relflecting the aleriness and progressivencss
in farm aperation that their age might warrant. On these farms this
may mean that by the {ime the father retires or dies, the younger
man has passed his physical prime and has heeome set in the ways
and methads of an older generation.

In order te test the possible effect of parental inRuenee on the
development of managerial ability, the 59 isherited farms in the
Upper Piediment were examined for the degree of experience that the
operators had obtained on the farm before they assumed active opera-
tion. (Owing to tabulation limitations il was not pessible to analyze
similarly the 33 inherited {arms in the Texas sample.) Tk was found
that only 18 of the operators had acquired considerable experience on
the farm before becoming itz eperator. Furthermore, the inheritors
with expericnee belore inheritance appeared to be less nble than the
other inheritors in several ways. Although they planted more acres
to eotton {17.6 acres compared with 14.7), their average vears of
schooling were fewer; they used about 50 pounds less fertilizer per
acre on the average, and they tended {o use inferior practices in the
acquisition and treatment of planting seed. On the other hand, they
had some favorable production {acters, as compared with those inheri-
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tors whe had had ne previous experience; that is, they were younger,
more experienced, engaged relatively less in off-farmy work, and planted
a higher ratio of legumes to cotion acreage harvested.

But despite these apparent counteracting influences, inheritors with
previous experience averaged 40 pounds of lint cotton less than inheri-
tors without previous experience, and 56 pounds less than purchasers.
This amounts to 13 and 17 pereent lower average yiclds, respectively.
The bases of comparison are the averages compuled [rom three or
more years of yields reported during 1938 Lo 1946,

There was no significant differcnee in yield risk. When the com-
parisons were made on the basis of 8 or 9 years of vields, however,
1t was found that although the differcatials in average yields were
somewhat narrowed, the differences in yield risk became more notice-
able. The rigk was 4 percentage points higher than for inheritors
without experience and 12 pereentage points higher than for purchasers.
Furthermore, the trends in yield showed significant differences. The
inheritors with experience had a downward trend of 4 pounds yearly;
those without experience on the farm before inherviting it had an
upward trend of 6 pounds annuaily, which equaled the annual In-
provement in yvield far the operators of purchased farms,

Therefore, these data indieate that if the length of previous experi-
enee on the inherited farm were held constant, the difference between
the aperators of purchaged fanns and the aperators of inherited farms
would be nareowed considerably. especially with respeet to average
vield. Although the aumber of operators with previous farming expe-
rience wha inherited farmis iz somewhat small for the significance
desired, the results give some support to the opinion that the son who
remawms on the farm with his father may have less inherent managerial
ability and less chance for its development than the son who strikes
out on hisz pwn,

Further study will be required, however, hefore definite conelusions
can he drawn repavding some of the points ralsed here, The {ather-
son farm operating agrecments, which have reccived much attention
recently, are an aftempt to Tormalize the division of managerial re-
sponsibilities belween a [ather who wishes {o retive or hegin “taking
it casy” and a son who has the opportunity e, or must, remain on
the home farm, Within the framework of a husinesslike agreement,
the son (or =on-in-law) who remaing would have a better idea of the
boundaries within which he can make his own decisions. Such agree-
ments shioukd make farming on the home Tarn more atiractive to ajl
home-staying heirs.

YEARS OF SCHOOLING

Nutierous farm-management stodies have shown a positive relation-
ship hetween years of sthooling and type of cdueation en the cone
hand and sueevss in farm business on the other, They have demon-
strated fairly conclusively that although laber income tends to inerease
greatly us a result of yvears spent in school, an agrieuituraj training
contributes much to the influence of educalion on profits from farm.
g, Factors nssoelated with the inercase in edueation and in labor
income in a nere witimale sense were size of business, efficieney in
produclion, and cfficiency in marketing, The directness of cm:sa"tien,
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or association, is not clear as these are, to a considerabic extent, a
function of education and ability, or both. Level of cducalion may
or may not be analogous with managerial ability.

The data obtained from this study by ecross-classification against
years of schooling showed that a relationship existed belween years
of schooling and average yield but that any relationship that existed
between years of schooling and variability in yields was too irregular
and complex to mean much. In the Upper Piedmont, according to the
figures, the average yield increased with education through the 9-to-
11-year group, then dropped off, and variability of yields declined.
1n the West Texas Rolling Plains, average yicld was apparently not
affected by years of schooling but the coefficient of variation increased
with the number of vears, Thus education appears to have had an
opposite effect on stability of yields in the two regions. These con-
tradictory findings in the two arcas suggest that years of schooling
may not he as closely related to the size of an operator’s average yield
and the variability in his annual yields as seme of the other {actors.

Agrieultural cdueation of farm operators f{avorably affeeted aver-
age vield in both regions bui, according to the data, had an irregu-
jarly unfavorable relationship with velative yield variability. As agri-
culfural training of operators ineveased from high school and beyond,
average vields (although on a higher level than that of the non-
agrieuiturally trained) declined in the Upper Piedmont but rose
slightly in the Texas zample; vield variability showed a tendency to
deeline as agricultural training inereased bheyond high school, but
remnined on & higher level than was true for nonagricultural groups
in the Upper Piedmont. Lower average yiclds for the group of farm-
ers beyond high school were apparvently due to the greater emphasis
on size of the cotion enterprise at the expense of land quality.

Although in the Upper Piedmont, cotton acreage of the high-schooled
operator group exceeded that of the fourth-to-seventh grade group
hy 20 to 31 percent. the group trnined heyond high school had cotton
aereages that excceded by 79 to 118 percent thal of the fourth-to-
seventh grade group. In the Texazs Rolling Plaing the differentials were
roughly analogous—10 to 17 and 84 to 103 pereent respectively {lable
32, p. 1411, Evidently the better sehooled group of aperators found it
more ceonomic fo sacrifice average yield to some extent lor the greater
advantages realized from larger acreage and greater lotal production.
Rennomics realized from pushing machinery and managerial ahility
to near-capaeity use would be the chief consideration, especindly in the
Texas sample.

The reason why the agriculturally trained operators tended to have
higher unceririnty of vields, it is suggested, is hecause of the greater
interest and alertness of this group of farmers in intreducing prog-
ressive changes. The more rapidiy new techniques are introduced,
the less time is lefi for long trial, and corsequently mere errors are
made in both scleetion and use. This supposition iz partlally sup-
ported by the more rapid upward trend in yields found among
ihe 8- or 9-vear farms of this group of operators in the Upper
Piedmont: and it is partialiy disproved by the larger downward trend
in vield for the agriculturally trained than for the nonagriculturally
trained operators in the Texas sample,
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A diserepancy also arvises from the differences in relative abandon-
ment of acreage. In the Upper Piedmont, comparatively speaking,
the agriculturally trained operators had the higlest sbandonment of
acreage of any group of operators, whereas in the Texas Rolling Plains
they had the lowest. In the former ares, the higher rate is probably
a reflection of speed and alertness on the part of the operators in
using the land for ether purposes, while the lower rate in the West
Texas Roling Plaing 15 perhaps an indication of lack of suitable alter-
native enterprises, considering the time left to replace the acreage of
cotton that shows prospects of poor yield. Where it s possible, as in
the Upper Pledmont, to plant a subsequent erop on land planfed to
cotton that has been abandoned, there is an incentive to do so in order
to make usc of the fertilizer already applied on the cotton. In the
West Texas Rolling Plains. on the other hand, as the rather scarce
harvest dahor is paid at picce rates, littie is lost by contipuing io
harvest poor crops. in this area, whether eotton was picked or left
fas a fallure or near failure} the effeet of abandonment on average
vield and the ecoefficient of vield variabliity woere the same for lhe
purposes of this study, as beth yvield measures were computed on the
hasis of planted acreage in the Texas sample.

YEARS OF EXPERIENCE

As no two farms are exactly ahke, cach time an operalor moves
he must learn the eharaecteristics and bhebavior of the new farm by
trial and error. whieh requires thune. Moreover, any scheme of land
management of any degree of complexity, such as a rotation svstem,
fertilization and liming, and dranage and terracing, may nol refurn
full benefits uniil several years have clapsed. Therefore, the duration
of the operator's cecupaney has a bearing on his yields and on eother
measures of his sueccess on the farm. Low-quality management may
show cither poor yiclds or a decline in yields, whereas management of
high quality would be expeeted {o reflect gains.

In figure G are shown ihe average vield and the coefficient of varia-
fion for varying time intervals of experience and necording o major
groups of operators. The dair indieale that maximum average yields
were obiained by operators who had had around 11 vears of experi-
enee grawing cotion on the 1946 farm in the Upper Piedimont and
aronndd 20 years of o\perivm‘? in the Texas Rolling Piains, The “mis-
ccllancous’ operators, who averaged highest vield at around 28 vears
of experience, formed an exception that was not particularly significant,
az it was based an only a few cases,™

An addifional effeet of experience was that the minimum cocffieiont
of vardation in farm yields tended tn oecur simuttancously with the
maximum in yield; one group of operators in each revion (fother
white” aperators in the Upper Piedmont and share-renters in 1he Toxas
Rolhing Plaing) showed rather large differentials bebween the extremes

23 The definition of “farm” varies somewhat from thet used heretofare, In
order (n eliminnie differences in the averages, due lo varying numbers of venrs
upon which they are based {particulariy the offects of lhe 3-year farms), records for

F I furms not reporiing 5 years of yields during 193812 were omitted, This redured
the sumber af records and {ended to assure rensonnbly conslant fime inlervals
as basoes for the averages.
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RELATION OF YEARS OF EXPERIENCE OF
FARM OPERATOR TO COTTON YIELDS AND
THEIR YARIABILITY IN TWO AREAS
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Fiauss 6—The oplimum effect of experience on yield and relative varinbility of
vield nppears to have been renched at approximately 1l years in the Upper
Piedmont and at about 20 years in the Taxns Rolling Plains, exeept for the
miseallanecus clnss of operators which renched it ab arcund 28 years. In both

aress, the minimum in yield variability ngreed closely with the maximum aver-
age yield, or departed from it to oiy o miner extent.

and a strong inverse correlation with the curves of average yicld. The
managers with the hest records in the two samples were white cwner-
operators {men who bought their farms) in the Upper Piedmont and
share-renters in Texas. The lines for each in the chart strikingly con-
firtn their superiority, for each had a sharper and move distinet increase
to the maximum in average yield, and contrariwise a sharper deeline
to the minimum in the coefficient of variation, than any of the other

groups of operators in each area.
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With reference to all groups, the rise in yield with years of experi-
ence to o maximum refiects the period required jor operators to learn
the soils of the farm and crop-weather relationships, and to work out
o thoroughly satisfactory system of land management for the fann;
whereas the deeline from maximum yield with further inereases in the
duration of oceupancy indicates the influence of the aging of the opera-
tor and hjs dechning interest and alertness in agricultural progress.

ACE OF OPERATOR

The age of the operntor may be expected to affect the yield fune-
tion, as it is relabed to ovther factors that have a more direet con-
nection—such ns physieal staming, cducational level, progressivencss,
and eapital nceumulation. When the operator performs most or all
of the Tarm work, the effect of age on physical staming will affect
the resalts. Much {arm work in eonncetion with the production of
cotion, especizlly in areas in which mechanization is not eommon, is
heavy. In these areas, younger men would have an edge over the
older farmers. In the case of educational level, other things being
cqual, the younger farmers are likely to be in better position,

Obviously, educational facilities and scholastie eontent differ today
from those of 25 years age, and beth are expeeted to continue to
improve. Therefore, the younger Mrmers mighi be expeeted to exeel
the older farmers in edueational level and in progressiveness,

Even if educational tevels are equal, the older farmers may be less
openminded toward new developments in agricutture. Age brings in
its wake inereased caution and conservatism. One aspeet of age that
favors the older farmers is the matter of accumulation of capital. If
a farmer has been moderately suceessful and thrifty, he usually has
more papital accurmmlated, either in veal estate or ather invesiments,
than the younger farmers. But the Jrtter may have a eredit advantage
in being able to present their business plans in a more favorable light
ant more optimistieally,

In the West Texas Rolling Plains aren, it was found that age of
operator was not closely related to average yield. In the Upper Pied-
mont, however, avernge yickds for white owner-operators (men) wha
purehased were highest ‘in the apge group under 31; for other white
operators, in the age group 31 to 40, and for Negro operators, in the
age group 41 to 50. Thus the wmaxiinum in average yield inereased one
age group of 10 years with each ehange in operator's group.

In the Upper Piedmont, the difference in average yield from highest
to lowesi was 1313 pounds, or 28 percent {with a sccondary penk dif-
ference of 50 pounds, or 15 pereent} for white owner-operators (men)
who purchased; 46 pounds, or 14 pereent, for other white operators;
and 112 pounds, or 35 pereent, for Negro operators. Therefore, 1he
sharpest, differential was indicated {or Negro operators. As n matier
of fact, it appenrs that as the efficiency of the mnnagerial group
improved, the effect of age beeame less marked, For instance, the
effect- of age is apparently more pronounced for “other white” opera-
tors than for white owner-operators {men) who hought their 1946
farms—the highest quality of managers of the three groups (8g. 7).

In the Upper Picdmont, the increase in effect of age as the quality
of managenent declined is dirertly assoeiated with the degree of physf-
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RELATION OF AGE OF FARM OPERATOR
TO COTTON Y{ELDS AND THEIR
VARIABILITY IN TWO AREAS

UPPER WEST TEXAS
PIEDMONT ROLLING PLAINS
AV, LBS. LINT 7] | i i

— Qwoars who purchired
400 == = Share raniers h
| »eveOther cparators

200

- 300
|
i

L s White owner-oparators
{malas who purchased} _

100

| = Other while aparators
[ wess Colored oparztors K

| ! § o
Xy

60

40

0
30& 30 Al 51- 6. 71 & 40 & 4i- 51- 674
UMNDER 40 50 6C 70 OVER UNDER 50 &G OVER

AGE IN 194b

*COEFRICITNT OF YARTATION

W 5. BEPARTRENT OF AGRICULTURL HEG. £794%.% BUREAY OF AGRICULTURAL CLONGHICT

Fraure 7.—Maximum avernge yields were obirined by the groups of operalers at
difierent age levels, altheugh the differential due Lo age was rathor small in the
West Texns Rolling Plains. There wis no strong relalionship between age
and the coefiicient of vuriation in yields. In lhe Upper Piedmont, no relation
conld be delecled: bub in the West Texas Rolling Plains varinbility of yield
sended 1o increase with nge, with (we operaior groups showing definile maxima
—fowner operaloss” in the 41 to 50 age gvoup, and “olher operalors” in the
51 to 60 nge group.

cal participation in produetion of cotton. Negro operators partieipated
8 great deal more than did white owner-operators. This was borne
oub by the fact thab 92 percent of the Negro operators used family
labor, whereas only 52 percent of the white owner-operators did so.
In other words, the operators who got the superior results apparently
spent a higher perceniage of their time in managing laber and in
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looking after other business matters of the farm. Consequently, physi-
nal stamina was related less closely to sueecess in producing colton
than in the ecase of the operators who did the work themselves. Bub
the betler edueated and better informed groups of operators were able
apparently to manage their hired help sbout as well at any age.

Age of operator apparently affested very little the size of the coeffi
cient of wvariation in the Upper Piedmont. But in the West Texas
Rolling Plains the coefficient of variation tended to rise sirongly as
age increased. However, the groups of farms operated by owners who
purchased and those operated by other groups of operators showed
peaks in variabilify of yields, followed by considerable deeline in the
cocfficients, the penks oceurring at the age groups 41 fo 50 and 51 to
60 respeclively. It is suggested that the unfavorable effect of age on
stability of yields jn the Texas sample was beecause of the slowing
effect of age on decisions, and on their exceution. In an avea subject
o great vieissitudes of weather, timing is important.

ORIGIN OF OPERATOR

In his analysis of the lending operations of the Federal Land Bank
of Springfield, Hill {15) found that both operator’s origin and previous
experience had a significant bearing on the success of loans. Bor-
rowers from the same farming region (the Northeast} who had had
previous farming experience had about half the foreclosure rete of
borrowers from the same region who were without previous farming
experience. Boyrowers who came from other regions and whoe had no
previous farming experience in the Northeast had a foreclosure rate
about four times that of the former and about double that of the
latter. Hill atfributed the very high foreclosure rate among bor-
rowers from other farming regions to mistakes in choosing farms rather
than to lack of experience. Kither they lacked judgment in selecting
a good farm, or they were sold one at n price in excess of its actual
worth. This failing is indirectly the result of laek of experience in
judging the performance of different soil types and the importance of
such factors ns drainage, topography, and nearness to market.

The majority of the operators who reported three or more years of
vields came from loeal farms—=89 percent in the Upper Piedmont and
57 percent in the West Texas Rolling Plains. Next were those from
farms elsawhere in the Cotton Beli-—17 perecnt were thus classified in
the Upper Piedmont and 37 percent in the Texas sample. Only & very
minor percentage came from loeal towns or cities. But somie funda-
mental diffevences in yields and in produetion factors are found among
these groups of operators, as shown in table 33 (p. 142). The data
show that operators from local fowns and cities had the highest yiclds
hut also the highest relative variability in ylelds. This group also
had by far the highest percontage of abandonment of acreage in both
samples—1 percent in the Upper Pledmont and 4.3 perecent in the
West Texas Rolling Plains,

In the case of the other two groups of operators, the relation to
yield was not consistent. In the Upper Piedmont, operators from loeal
farms had a higher averapge yield than those from farms clsewhere
in the Cotlton Belt and a somewhed lower variability of yields, Bui
in the Texas sample, the opposite relationship existed between the two
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groups. Operators from elsewhere, now farming in the Texas Rolling
Plains, in addition to having higher yields and lower coefficients of
variation than operators whose origin was local, planted an average
of almost 10 acres more cotton, but planted a somewhat lesser per-
centage of it on the eontour {n practice highly recommended for
conservation of both soil and water in the Rolling Plains of Texas)
with no higher percentage of abandonment than operators from loeal
farma.

Because of the contradictory relationships to the yield factors of
the two groups of farm operators with farm backgrounds, eonclusions
are possible eoncerning only operators from local towns. Although their
number in each aren was comparatively small, the extent fo which
they differ from the other two groups was striking. They obtained
higher average yields; but from two standpoints they were poorer risks
in regard to yields beeause they had higher variability of yields and a
higher percentage of acreage abandonment. The greater yield risle
of these operators indicates two operator characteristics—more experi-
mentation with new techniques of production and quicker aceceptance
of losses as shown by the higher percentage of abandonment of planted
cotton acreage, (This is partislly affirmed by the fack that those farms
among them whose records of yiclds covered 8 or 9 years had a more
rapid upward trend in yield or a less rapid downward trend.} Appar-
ently the operators were more ready to plow up lands that showed
poor prospeets for profitable yield or they did not bother to hire labor
to pick over such fields. The other groups of operators might have
had them picked anyway, thereby reducing the ratios of abandonment
but with no material affect on yield.

As the other two groups of operators (those from loeal farms and
from farms elscwhere in the Cotton Belt) in both sample arcas showed
a different relationship to yield and yield wvariability, no adequate
explanation can be made of thetr effects. It is suggested that in the
Upper Piedmont the more unfavorable showing of the operators from
farms elsewhere in the Cotton Belt may be attributed to shorter
experience on the 1846 farm (average of 4 years) and to the use of less
fortilizer (80 pounds less on the average). They may alse be handi-
capped in some cases beeause of lack of long-standing acquaintance
with the local sources of capital. Bub in the Texas Rolling Plains,
as shown previously, share tenants show up as favorably as owners.
They probably invest most of thelr funds in farm maehinery whieh
requires o comparatively large amount of capital. Consequently, in
an area in which weather conditions are unfavorable for high and
stable yields, greater flexibility in choice of cotton farms afforded by
a capital set-up in breadth and not depth is apparently significant in
explnining the differences, Such operators can keep trying out farms
until they obtain the hest possible advantage [rom the standpoint of
the contingencies involved.

ILLNESS OF OPERATOR

The effeeb of 1llness on yearly yields was investigated, but no analy-
sis was made of the relation hetween degree of illness and average
yviclds or the size of the coeflicient of variation. All farms that reported
illness during any of the 9 years were brought into one group and




42  TECBNICAL BULLETIN 1042, U. 8. DEPT. OF AGRICULTURE

those reporting no illness were hrought into another group, Then a
comparison was wade of the average of the yearly farm yields for the
two groups. In tabulating the yields for the group for which illness
was reported, all years were included irrespective of whether illness
was reported for the entire period. No analysis was tried with the
other method which suggests itself-—that is, averaging for comparison
only -the yields that coineided with a year of illpess. This would have
necessitated splitbing the yields of some farms but the resalts might
have shown an even greater difference.

Degpite the shorbcomings of the method employed the results do
indicate that iliness of the operator en farms in the Upper Piedmont

RELATION OF ILLNESS TO YEARLY YIELD
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Froure 8 —llineys apparently had o striking and significant effect on yeerly yield
iz the Upper IMedmont but in the West Texas Rolling Piaing there was no
definite reintionship, The extent to which hired lebor and tractor-drawn ma-
¢hinery are employed ia the West Texus Relling Pjuins reduces the significance
of eoperstor’s health and siamina to cotion production and helps to expiain
the lack of connection betwean iliness and yearly yiclds in this area.

reporting three or more vears of yields was assoctated with a strikingly
lower yield compared with the operators who reported no iliness. 1il-
ness of the operator would affect his ability to work and, if sufficientiy
sertous, his abiliby to supervise his farming operations. But in the
West Texas Rolling Plains there is no regular relationship (fig. 8).
The average yields in the Upper Piedmont for farms on which opera-
tors reported illness but for which less than 3 years of yields were
available, also showed lower average yields than occurred on the “no
iliness” farms. In the sample from the Plains 56 percent of the opera-
- tors employed hired labor as the only source, compared with 8 pereent

in the Upper Pledmont,
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The percentages of farms using sharecropper labor as the sole
source of labor were 4 and 20 percent respectively. Therefore, the
typical operator apparently depended less on his and his family's
labor in the Texas Rolling Plaing than in the Upper Piedmont. Con-
sequently, sickness would have a less direct bearing on the ability of
the average operator to cultivate his cotton in the Texas Rolling
Plains. Furthermore, the faet that operations were completely meeh-
anized reduced the effect of illness in at least two ways: By providing
a source of power subject to higher rates of operation for longer dura-
tion in a critical period and by reducing the arduousness of the work.

The conclusion is that iliness affects yearly vields unfavorably in
the Upper Piedmont through the inability of the operator to get the
necessary operations done; but that in the Texas Rolling Plains there
may be little or no over-all effect because of greater dependence: (1)
On hired labor, {2) on mechanization, and (3) on neighbors who often
help out in such an emergency. Cotton is generally picked by migrant
labor in the Plains so the operator in this area would not be as much
concerned in this regard as the grower in the Upper Piedmont who,
along with his family, often harvests much of the cotton produced
himself.

Professor Bonnen of Texas Agrieultural and Mechanical College adds
another reason why illness may Dbe less of a limitation in the Texas
Reolling Plains, He states that “moisture conditions control time of
planting and ususally the optimum period for planting is quite short.
If it is missed there may not be another opportunity. In the Plains
country it is not uncommon for neighbors to move in with large
numbers of fractors and prepare and plant or cultivate a sick person’s
erop.” (From a letter dated July 20, 1950.)

Basic FarmM CHARACTERISTICS

The basic farm characteristics which are examined here in relation
to average yield and yield variability are topography, soil erosion, soil
texture, and soil color. These four fundamental natural traits of the
individual farm have a vital bearing on fertilizer requirements, main-
tenance of fertility and prevention of soil erosion, and the possibilities
and economies of use of farm machinery.

TOPFOGRAFHY

Topography is of material importance in crosion control and in the .
economics of farm-machinery use, Topographical ratings given indi-
vidual farms by the enumerators indicate (table 34, p. 143) that in
both samples, steepness of topography influenced average yield and
variability in yields. As the relative steepness of topography inecreased,
average yvields declined, whereas the coefficient of variation of yields
tended to inerease. Topography influences average yield because ero-
sion and leaching are likely to increase with steepness of the land.
Limitations on the use of modern labor-saving machinery increase as
the roughness of the topography increases. Although the increased
effectiveness of machinery on level land may not be a factor in higher
yields, indirect effects from improved soil tilth and greater timeliness
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of operation would be expected to have a bearing on average yield
and its relative variability.

The resulls of several other researchers tend to confirm these general
findings. In an investigation of the effect of land quality on farm
organization and yields in Tennessee, for crop-years 1938 and 19349,
Bonsor (3) and others concluded that “as the slope inereased in steep-
ness there was a decrease in corn yield, even within the same soil
series.” In & study of factors affecting success of farm loans in 7 coun-
ties in Illinois, covering the loan experience of 827 farm loans hetween
Marech 1917, and May 1933, Ackerman and Norton (f) found that
“the percentage of forcelosures was higher among farms with a roll-
ing topography . . . than among those on level land.” This indicates
a topographic disadvantage in cither yieids or other factors for finan-
cial success.

DEGREE OF EROS510N

The degree of erosion found on a farm reflects the extent of good
land management and the cropping system in use; it also indicates
for the future the exfent of soil building needed, the character of the
land management required, and the vields that may be expeeted,
Obviously, other things being equal, vields may be expected to be
considerably lower on eroded soils than on uncroded scils of the
same type,

Latham {17}, in experiments at Moores, 8. C.. on mixed A-, B-, and C-
horizons collected from exposed horizons at different locations in the
area ¢f the South Tyger River Project, demonstrated that over the
4-year period 1936-39, with similar fertilizer treatments, the A-hori-
zon was more than three times more productive than the B, and 11
times more productive than the C-horizon, He found that, as the C-
horizon was so low in the seale of productivity to begin with, addi-
tions of organie matter gave relatively the greatest inerease in yields
on this kind of soil. This experiment was condueted on the Cecil soils
which predominate in the Upper Piedmont sample.

But experiments on more deeply eroded soils in the Western States
show that similar conclusions are valid there also. Bennett (2) ecites
an experiment at Tyler, Tex,, which showed that the fertilized subsoil
of Kirvin fine sandy leam gave yiclds 43 percent helow those on the
unfertilized topsoil, He explained the lower vields on subsoils by the
deficiency in organic matter, impaired structural cfficiency, and re-
duced availahility of maisture and plant nutrients,

In order to test further the effect of these factors on vield and vield
variability, enumeratars were instructed to grade the degree of erosion
of each farm visited, both by observation and in eonsultation with
the operator.®® This method was erude bub under the eircumstances
it was probably the best approach. Tn figure 9 are shown the effects of
degree of crosion on yield and its coeficient of variation by important
operator categories in the Upper Piedmont and by types of labor used

* Trom the standpoint of degree of erosion, there were soven possibile ratings—
none, searcely none, light sheet erosion, heavy sheot erosion, nll topsoil gone,
ocensional small gullies, and numerous gullies. Euumerators were mostly em-~
ployees of the Agrieuliural Adjustrent Administraiion office and were familiar
wilh erosion and wifh ils effact and problems.
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INFLUENCES ON COTTON YIELD AND ITS VARIABHATY

EFFECT OF EROSION ON COTTON
YIELDS IN TWO AREAS

UPPER WEST TEXAS
PIEDMONT ROLLING PLAINS
AY.LBS. LIRT f
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Figupe 0.—Although the level of yields varied with the managerial or labor
group, increased orosion lowered Lhe avernge yield of all groups. In the Upper
Pledmont, where crosion was more cleasly identified, its cffects were propor-
{ionately greater as the efficicney of the muunngerial group declined, presumably
beenuse of the greater promium which heavily eroded soils placed on good
innd munsgement, Yield varinbility tended lo inerease with degree of crosion
in the cuse of ull operntor groups in the Upper Picdmoeszt and one of the twa
Inbor groups in West Toxuns,

in the West Texas Rolling Plains. In both samples, yields declined
with the degrec of crosion but the decline in the Upper Piedmont
sample was sharper. In this sample, the differential in average yicld
associated with degree of crosion also increased as the cfficiency of
the group of operators deelined. The groups of operators given in the
chart roflect manngerial abiliby to obtaim and uiilize the faetors of
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production. The differential in average yield from light to heavy
erosion was 25 pounds, in the ease of the white, male owner-operators
who bought their farms; 43 pounds for other white operators; and
80 pounds for all Negro operators,

In the West Texas Rolling Plains, a similar tendency for the average
yield differential to widen with ¢ecline in the quality af the labor
employed ** was also apparent. It was especiaily marked in the
low-officiency labor groups—eroppers and family labor. On those
farms that used hired labor and combinations of it with other bypes,
the grades of crosion set up by enumerators affected average yield
very little. However, in the case of farms using cropper or family
labor and combinations with hired labor, the decline in average yield
from light to severe erosion was 37 pounds. This amounts to 24 per-
eent and is quite significant for Texas.

As there is comparatively little severe crosion in Texas, the term,
“severe crosion,” may not have meant the same thing te enumerators
there that it did to enumerators in the Upper Picdmont, where a great
deal of severe ervosion and extensive gullying is found.*® Furthermore,
beeause of differences in the fundamental processes of soil formation
(downward pereolation in the Southeastorn area and upward percola-
tion in western Texas), fertility is not greatly affected by soil crosion
in the West Texas Rolling Plains but is seriously affected by it in
the Upper Piedmont. The greatest influence of erosion in this area on
average yields would appear to be through the effect of soil loss on
soil strueture and organie matier.

In both sample aress, the inercased differential in average yield
from so1l loss, associated with kind of operator or type of labor, reflects
the premium on good soil management that the more severely eroded
soils require. Operators with sufficient capital and necessary know!-
edge ave able to move more quickly, effeetively, and surely, to mini-
mize the effeets of a heavily croded soil,

In the Upper Piedmaont, yield variability showed an irregular ten-
deney to inercase with erosion. There appeared alse to he a differ-
ential Increase In variability of yiclds as between owner-operators
andd. Negro aperators; that is, not only did variability of yields rise
with soil erosion but it rose more rapidly in the case of Negro opera-
tors. In the West Texas Rolling Plains, only those farms using cropper
ov {amily labor and combinations with hired labor showed a strong
tendeney for variability of yields to rise with degree of crosion. Hosw-
ever, hoth elasses of farms showed » strong tendency to abandon

#=Type of operafor appears o he considerably less imporlant 1s an analytivad
fncior in The Texas sample (hon U kind of fabor employed, which refleets man-
agerial ability not only to diseriminale in hiring capable help, but in other
manageriad finelions as well,

8 Professor Bonnen of the Tesas Agrienltural and Mechanical Collega ques-
tiong the exislence of “heavy” erosion in (he Texns Rolling Plains on the basis
of the Soil Conservation Serviee mapping of 32584 acres which showed only 88
pereen! maoderiabe erosion and 0.7 pereeni severe orosion. The results indieated
are not fo be considered as analogous to SBeil Congervation Service conecepts of
crosion—exeepl a3 those which egmeiile with the concepts of degree of erosion
of agrienltury]l workers who hod Juul much exporience with facmers in the arven.
Appearanee has perhaps played a luge part in all of these valings but (he results
indicate (hat an objective basiz has heen determined by whivh valuable informas
lion us Lo yield and yicl rizk for individual farms may he inferred.
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coiton acreage as the degree of erosion increased. The effects of ero-
sion on the percentage of abandonment rose sharply as the efficiency
of labor employed declined. This is shown in the following tabulation:

Parcentage of cutton
acreage abandoned

Hired tabor and Cropper or fumity
combinations  fubor and combBinationd
with other fypes with hired labor

Light erosion . 1.7
Heavy sheet erosion . 3.0
Heavy loss of topsoil and gullying . 210

SO1L COLOR

Rice and Alexander (27) rank the different soils, classified accord-
ing to color, in the following order of productivity: Dark-brown to
black, red or reddish-brown, yellow, gray, and white. They caution
that color in itself is not important but that it often serves to indicate
other soil conditions that are. The dark-brown and black in soils
are often caused by a higher content of humus, which is associated
with a favorable soi} structure and adequate supplies of nutrients such
as caleium and nitrogen. When these colors are due to & high con-
tent of some mineral or to poor drainage, the soils are likely to be of
low quality.

Red soils owe their color mainly to compounds of iron, that is,
unhydrated iron cxides, which do not exist in poorly drained soils;
therefore, such soils have good drainage and aeration and are very
favorable to crops. The yellow in soils is believed to be caused by
hydrated iron oxides. Many yellow soils are imperfectly drained;
others appear to have acquired their yellow color because of previous
poor drainage. Consequently, these soils are inherently of low pro-
ductivity. The gray color in soils may be due to lack of sufficient
oxygen or to low content of organic matter and iron. Soils with re-
duced compounds of iron are commonly gray or bluish gray and may
be mottled with yellow or rusty brown if the water table fluctuates.
Normally, they support a very specialized or stunted vegetation.

As with topography, erosion, and soil texture, the enumerators rated
each farm with respect to its soil color in order that the possible bear-
ing of color on the yicld factors under investigation might be learned,
That the very rough descriptive terms for soil color arrived at by the
enumerators arc related to the problems being analyzed is indicated
in table 35, p. 144. The data there shown indicate that both average
yicld and the eoefficient of variation in yield varied in both samples
rather significantly with the soil-color characterizations of the farms.
The racking from high to low in average yield, of the seil colors in
the Upper Piedmont sample, was dark-red, gray to gray-yellow, red
to pray-red, and other colors; in the Texas sample, the rankings were
dark-red, red, and gray-red, dark-brown to black, gray to gray-yellow,
and other colors. With one exeeption the rankings in relative vanability
of yields were the same.

The difference in average yield from highest to lowest was 51 pounds,
or 16 pereent, in the Upper Piedmont, and 18 pounds, or 10 percent,
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in the West Texas Rolling Plains. Differences in the coefficients of
variation were 33 and 12 percent respeetively. Apparently, the pro-
ductivity differentials between soll colors were less distinet in the
Texas Rolling Plains. Further, the order of preduetivity as deter-
mined differs from that reported by Rice and Alexander (27). The
differences are probably due to the influence of erosion on soil coler,
which is especially important in the Upper Piedmont where loss of a
gray topsoil gives a red subscll in whole or in part, depending upon
whether part of the gray A-horizon remains as a sheet or in islands.

Bome phases of the highly productive Cecil soils of the Upper Pied-
mont Have a pgray A-horizon. When eroded, they might very well
fall into the third color-group for the area. If uneroded, or not greatly
eraded, they would fall into the second color-group. On the other
hand. the dark-red color-group, the first and the highest yielding of
the four classes shown, would include the reddish Ceeil soils, which
are quite productive and widespread, and the Davidson series which
is the best of all.

A few obher points may be made from the data in iable 35. Fer-
tilizer applications apparently did not account for the differentials in
vield and yield variabilily. Except for the last soil class, which in-
cluded only 6 farms, the quantity of feriilizer applied was nearly the
same for all soll-color groups. Only 20 pounds mere were applied on
the average in the first group than in the second and third groups.
But in both samples, with only one exception, the percentage of cotten
acreage abandoned was highest on the soil eolors that rank lowest.

The conclusion is that rankings of soils according to color showed a
fair degree of differentiation between average vields and uncertainty
of yield.

SOIL TEXTURE

The texture of soils is of great economic importance. The coarser
textured soils are often devoted to crops that reguire much hand labor.
These are light soils, generalty of low fertility, and quick to warm
up in the spring. This last-named quality gives them an advantage
of earliness which is hmportant in moving truck crops to market at a
profitable priee. On the other hand, the finer textured soils—the clays
in particular—are likely to be heavy and stiff. Usualily, they require
heavy machinery for tillage and the systems of agriculbure vsed on
them tend to be more extensive,

Certain other aspects of soils which have a bearing on crop growth
are also indicated by texture. Texture indicates drrinage; it has a
hearing on structure; and it is related to the readiness with which
certain minerals becoine available. The sandy soils, particularly the
conrser and deeper =ands, often lose moisture too guickly and are
low in natural fertility. Clay seils, although they are a great deal
more fertile, may he too compact and have poor aeration.

Texture was judged by the enumerators in the way explained in
connection with other physieal characteristics. The relation of texture
to yields and their variation is given in table 38, page 145. In hoth
samples, the sandy soil had by far the highest vields and in the West
Texas Rolling Plains they also had the lowest coefficients of variation
in yield. In both arcas, the clays made a rather poor showing in
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average yield—ithe lowest in the Upper Piedmont and the next lowest,
in the West Texas Rolling Plains—and they were associated with the
highest yield variability.

The poor showing of this class of suils is undoubtedly a refiection
of soil erosion, espeeially in the Upper Picdinont where, after somne
years of erosion, the very desirable sandy clay loams become clays.
Also, in both samples, this soil group kad the highest abandonment of
cofton acreage. In the West Texas Relling Plains, the alluvial svils
were the lowest of the thice soil groups in average yicld. The greater
availability of moisture in these soils, which are low-lying, was
reflected, not n a high averame yield as was expected, but in eom-
paratively low variability of yields {(next to the lowest of the three
soil groups) and in the lowest percentage of aereage abandomment of
the three texture groups siudied,

Facrors Susjeer 1o MANAGEMENT

Most of the factors examincd herefofore are basie ov long-run; that
i, they are either fixed for the operator's life (as with sex, race, or
education) or are subject to change over a long period (such as soil
erosion). In contrast, the short-run practices to be considered next
may be changed at will or in a comparatively short period, by the
operafor. Therefore, his ability to manage or to influence vield vari-
ability favorably is more closely related to such faetors as kind of
zeed, seed treatment, kind and rate of fertilizor applied. erop rotation,
ete, Differences with respect to these practices pose all of the problems
of uncertainty as to yield discussed above.

SOME EXPERIMENTAL RESULTS

As only a few crop-and land-management praciices could be ineluded
in the questionnaire, some comparable fertihzer results and additional
resulls from practices based ou experimental Jaia, are presented in
the Appendix, which beging on page 107, The cffeets of sueh lactors as
winter eover crops, liming, pH value of soil, and crop rotation, and
of these practices in various combinations on the average yield, variabit-
ity of yvields, and trend of vields are shown, Additional information is
presented as Lo the effects of fertilizer practices—uates, elements, and
placement—and the tonnage of barnyard manure wsed, Many inier-
cating relationships are presented but the muain conclusion is that—
irrespective of soil type, location, and other conditions—good land-
management practices influenced favorably the average yield, yield
risk. and the trend in yields,

EFFECT OF TRACTVORS

Tractors have inereased very rapidly on Ameriean farms since 1940,
The inereuse has been relatively more rapid on the farms in the South-
eagt®? One source (4) estimates that about 38 percent of ihe land

27 Prom January 1, 1940, to January 1, 1845, the tolal incrense in Llraclora on
fayms in the United Slates was 57 percent; from January 1, 1945, to May 1, 1948,
nnother 34-pereent incrense occurred, This should be compnred with increases of
114 nnd 55 percenl respeelively for the Southenstern Stales. Bee D, Q. Mesick
(18} and A. P. Brodell and J. A, Bwing ({).
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breaking was done by tractor power in the Southeast and 35 percent
in the Delta, in 1946, although much lower percentages of the culti-
vation were done by tractor power in these areas. Perhaps their
greatest influence on cotton farming in the Southeast, and particularly
in the eastern part of the Cotton Belt, has been through the reduc-
tien in number of cotton farms and the increase in n more extensive
system of agriculture (7).

Tractors possess tremendous advantages for agriculture in the South
not only because they increase efficiency in operation and save feed,
but also because of various technical effects produced by them. They
provide greater flexibility in farming operations and greater timeli-
ness in doing critical jobs which tend to produce a better soil tilth.
Both factors, and especially soil tilth, could have a bearing on crop
yields.

Green and others (0) in a study of tractor power on farms in
North Carclina found that yields were higher on tractor than on non-
tractor farms. However, no explanation was offered as to why this was
true. Trdactor farms were larger than nontractor farms and it is not
unlikely that they were inherently more productive and their operators
more progressive in applying the latest techniques of production.

Tractors were used in cobtton growing con all farms in the Texas
sample. In the sample from the Upper Piedmont, 42 percent of the
farms with three or more years of yieids reported tractors used (either
as owned tractors or hired) sometime in the period; and 25 percent
of the farms with 1- and 2-year yields,

A comparison of tractor and nontractor farms in the Upper Pied-
mont according to various operator and farm characteristics and pro-
duction factors, by tenure class, for farms reporting three or more years
of yields is given in table 37, p. 146. No similar comparison can be
given for the farms from the West Texas Rolling Plains becauge trac-
tors were used on all sample farms in that area, As tractor farms tend
to be larger, the nontractor farms in the comparison have been limited
to those reporting 10 or moere acres of cotton harvested during the
peviod. The data show that, irrespective of the tenure class, tractor
farms showed higher average yields and lower coefficients of variation
than nontractor farms.*®

On owner-operated farms the advantage in yield from the use of
tractors varied from 14 to 20 percent and they showed 11 percent
less yield variabiiity than farms without fractors, On the tenant-
operated farms the advantage when tractors were used was 10 to 26
percent in yield level and 14 to 23 percent in yield risk. Study of
the comparisons in the table reveals that almost without exception
the tractor farmers were superior to the nontractor farmers in hoth

28 Only farms reporting tractors used in cotton production more than 50 per-
cent of the time during the period were used in the comparizons, in order to
nssure that the practice was firinly established. However, a cursory examination
of tractor farmers who employed them less than 50 percent of the time during
the peried revealed that the relationships discussed below were sustained, nlthough
with less of a differential in yield over the nontractor farms, There was also more
irregularily in the supparting farm and operator chiwracteristics. Examination of
similar dats for farms reporting 1 and 2 years of vields alse confirmed the
advantages of tractor {arms over nonlractor farms and showed that operator and
farm characteristies had 2 distinet bearing on production results,
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land factors and production practices.”" They reported a less steep
topography and less crosion; they applied more fertilizer, had a higher
legume ratlo, used better practices in acquisition and treatment of
seed; they had a higher level of schooling, and were from 2 to 3 years
younger, The extent to whieh the more favorable showing of these
farmers was due to superior land and to the production practices
enumerated eannot be assessed, although certainly it made up some
and perhaps a major part, of the difference. This means that the trae-
tor as such is probably not the chiel rveason for the yield and yield-
risk differentials shown. Even if the tractor is not a major factor in
the higher vields of such farms, for the purposes of this study it pro-
vides & means of identifying farms with advantages in average yield
and with respect to uncertainty in yields.

KIND OF LABOR

It has been shown {25) that hired Iabor is less expensive, consider-
ing the work accomplizhed, than either sharecropper ov family labor,
When help is hired for eontraet wages, there 1s more incentive to
plan the work program so that the maximum amount of work will be
obtained for the wages paid. In the ease of cither family or sharceropper
labor these motives do not exist, as in these cases the wage rate is
determined by thé quantity produced. When the operator wishes to
do little supervision or planning ei his work program he depends upon
the sharecropper system. Pamily labor orviginates on smail favms and
iz usually low in managerial ability.

The type of labor refleets not only the efficiency of the labor but
alzo the progressiveness of the operator, A veeent study (7} of Southern
agriculture has demonstrated that sharceropper labor is uneconomic
under customary sharing arrangements on farms that have high yields
and on farms m the Bastern part of the Cotton Belt, particularly,
which have become mechanized or are in transition to a high degree
of mechanization. Hired labor works much better with mechanization
because the operator gains the beacfits of savings in labor,

The growing emphasis on crop rotations with leguminous crops,
liming, and strip cropping, is not compatible with the old shareeropper
system, because the curation of oecupaney usually is not long enough
for the laborer to gain much of the henefit. Singe 1930, the number
of sharecroppers on southern farms has decreased (7), chiefly for the
reasons cifed. The move toward larger farms with hired laLor is in
line with the general trend toward commercial farming. The invest-
ments in machinery and land that are required for the operation of
larger cotton acreages with hired labor are made possible only by the
reduced cost per pound resulting from cencurrent gains in efficiency.

In figure 10 is shown the relationship of the different kinds of
lahor used on thice groups of eotton farms in each area to yield and
to yield variability. The labor groups were determined according to
the specialized type of labor in use. When one or mare types of labor

W Among the owner-operated farms one exception nppears; the operators of
lrgclor farms had fewer yenrs of experience growing colton on the 1946 form.
There are {wo exeeptions in Lhe cuse of the Llenant-operaled tracfor farms: Their
operalors had fewer yenrs ol experience also and lower regularity in poisoning
for contrel of the boll weevil.
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RELATION OF TYPE OF LABOR TO AVERAGE
COTTON YIELD AND YIELD VARIABILITY
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Froure 10—In the Upper Piedmont, the highest yields on white owner-operaled
farms {men who bought their farms) were obtained with eropper and hired
labor, while other while operalors and Negre operators were more successful
wilh fumily laber. In the West Texas Relling Plnins, highest average yields
were obltined with otlher types combined with hived labor, or with “hired
labor alome. In neither sample, however, were lhere consisiont effecls of type
of labor on yield variabilily, although in the Texas Rolling Plains variubility
tended irregulnrly to increase as the quality of Ianbor declined.

were used in combination or when one type of an carlier period was
displaced by another {ype at a iater period, some ecombination of labor
types was considered the type in use. It is seen that the type of labor
associated with the most favorable average yieki and yieid stability
varied with the area and by groups of farms, In the Upper Piedmont,
highest average yiclds were assoeiated either with sharveeroppers or
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with hired hands on white owner-operated farms which were bought
and operated by males; whereas the highest average yields for the
other bwo groups of operators (other white operators and Negro) were
associated with family labor. The better yields obtained by these last
two groups with family labor is a further reflection of their lesser
managerial ability.® Apparently they can ncither select the highest
type of shareeroppers or hired hands nor can they manage either type
eflectively. However, they do obtain a comparatively higher response
from self-help and from family members,

In the West Texas Rolling Plains, either hired laber or combinations
of this type of labor with other types gave highest yiclds to all three
groups of operators. Farmers who employed sharecroppers as their
sole source of labor obtained lower average yiclds than with any
other group—from 26 to 44 pounds—or 16 to 23 perecent lower than
those employing the most cffieient type of labor {combinations or hired
labor}. Tamily labor showed up but little better than sharceropper
labor insofar as average yields were concerned—irom 6 to 12 pounds
higher. Therefore, the proper type of laber in the West Texas Rolling
Plains was associated either with mueh higher yields over “other”
types of labor, or the higher average yields were brought about by
some other combination of factors such as land quality and farmiog
practices, which in turn were due to better manngerial ability.

No regular association between variability of yields and type of
Libor was apparent in the Upper Piedmont but there tended to be a
dircet velationship botween yield stability and efficiency of labor in
the West Texas Rolling Plains. An important factor in the higher
vield risk in the Texas sample was the pereentage of cotion acveage
abandoned, whiel inereased as the quality of lahor deelined.

Prreetage of cotton wevcage gof arvesfed

Iy . fheners u'h:.; Shar Oe‘h;r
FU}J(’- G-f labor: purchageed rintera operators

Combination of types of labor...... . — 0.5
Hired labor . 10 8
Tamily labor . T 2.5
Sharecrapper labor JU . '11.0 4.5

1 One {nrm.

The effect of type of labor on percentage of abandonment, a signifi-
cant factor in high wvariability of yields, reflects the quality of labor,
poor work hahits, and ather factors that eontributed to the inefficiency
of labor, A managerial factor appears nlso. Apparently those opera-
tors who make mistakes in their cholee of labor and s management
wight. he expeeted also (e err in seleetion of land most suitable for
cotton,

YEARS SINGE SEED WERE OBTAINED FROM BRLEDER

Cotton produeers musl renew  thelr seed stoek at fawrly frequent
ntervals i arder Lo preserve the purity of the strain and thereby to
assure vields of a ecrtain level and a product of desirable quality.
Tnformation was abinined {o test the effeet of sced-stock rencwal under

. 30 Xess than thal of while owner-operators (men) who bought their farms. as
indicated by the approximately 20-pound differential in average yield when either
shareeropper or hired labor was the Lype.
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field conditions. The data indicated that the effect of age of planting
seed on average yield and yield variabiliby was not uniform as between
the two areas. In the Upper Piedmont, both average yield and vari-
ability of yields were affected Iavorably by the recentness of the aced
received from the breeder, but in the Texas sample no eonsistent rela-
tionships could be detected. Apparently other major factors so demi-
nated yield and yield risk in the West Texas Rolling Plains that they
obscured this measure of seed guality.

In the Upper Piedmont, the highest yields were obtained with seed
planted either directly or 1 year from the breeder. Where seed is
planted “1 year from the breeder,” direet plantings have already
oveurred and the plantings made were for the seeond-crop year, Yield
differentials with this seed practice in that area were large, ranging
about 50 to 60 pounds. Except for the owner-operntor group, vari-
ability of yiclds tended ko increase strongly with the number of years
that had elapsed since the seed were bought from the breeder, In the
case of owner-operators, the highest ylelds were nob obtained with
seed planted directly from the breeder bub from sced planted one
year from the breeder. This relation was nob unexpected. IE has been
shown (I8) that seed must become acclimated to the (atitude, the
growing season, and other local factors, espeeially if it is produced
some distance from where it is used. The effect of this factor, how-
ever, did not appear in eonnection with the other groups of operators
irn this area, both of whom had much lower yields than owner-operators,
although it may be that other factors operated to obseure its influence.

EFFECT OF SEED TREATMENT

Seed treatment ineludes the cleaning of seed to remove {forcign
matter, {rash, and black sced, and its treatment against “damping off"
by the use of a mercarial powder {some form of Ceresan).*!

The data indicate that the effects of seed treatment as between the
two areas were about the same as these asscciated with quality of
seced. However, the relationships between seed treatment on the one
hand and level and variability of yields on the other were stronger in
the Upper Picdmont, with the cxeeption of average yield for the
owner-operator group. The deerease in average vield as the regu-
larity of seed treaiments deelined varied bebween 50 and 60 pounds,
whereas the coeflicient of variation in vield increased aboui 35 per-
cent.  Consequently, the effect of this practice on both average yield
and yield risk must be regarded as marked and significant,

In the West Texas Rolling Plains, there appeared to be no connee-
tion between seed treatment and either yield level or yield variabili-
ty. Yet the relation to relative acreage of cotton abandoned was

marked, as shown helow:
Porerntoge of cotion wereage mnt haevested

iy . frpeafora enpluying Operafurs e plinging
RG{]‘E{G.? lty 01{ seed freatment. leived lubor Juwiby amd crnpper fubor

Always a 1.7
Sometimes 7 2.3
5.6

3t Rotlen shank is one suech disense; ib cnuses young plants to die and produce
& poor stand, Treatment of seed wilh » mercury dust before planting is o rocom-
mended remedy.
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This tabulation apparently indieates that regularity of sced treatment
was rather elosely associated with abandonment of cobion aereage,
which also inereased as the cfficiency of the employed farm labor
declined, In conclusion, although [vequency of treatment of seed was
not closely associated with size of average yield in the Texas sample,
it had a close connection with the relative abandonment of cotton
acrcage planted. Therefore, it must be taken into account in caleu-
lations of yield risk and 4 might also be eonsidered in setbing premium
rates in crop msurance.

MANAGEMENT FactTors SUBJIECT 10 DIFFERENTIAL VARIATION

Foarmers may vary several production faetors within wide limits,
both qualitatively and quantitatively, Chief of these inputs that are
subject to differential, variation are fertilizer applications, crop rota-
tions with legumes, quantity of labor used, and quantity of seed
planted per acre. All are subject to qualitative and quantitative
manipulation. Both kinds of adjustments arc especially applicable to
fortilizer, for the operator not only has a choice of analysis and rate
per acre bubt he may also make his sulection according to sources of
the different plant-food elements. Data were obtasined in the ques-
tionnaire only on fertitizer applications and growth of leguminous crops.

The cffect of labor in a qualitative scnse has already been treated.
{8ce p. 51). Only the farms in the Upper Piedinont sample reported
use of fertilizer and produetion of legumes. However, scveral other
factors arc considered in this section, such as percentage of eropland
in cotton aecrcage harvested, percentage of eotton acreage not harvested,
size of cobtton farms as measured by cofton aercage, average yield, and
certain other factors mdirectly related, as asge of eperator and years
of experience growing eotton. None of the latter factors is as subjeet
to managerial adjustiment as arve fertilizer and legumes. Bub any of
them may represent managerial choice, as in the case of peveentage
of eropiand in eotton harvested and pereentage of cotfon acreage not
harvested; or managerial growth and eapacity, as indicated by total
acreage of cotion harvested; or the operator’s general production cffi-
giency, as in the ease of average yield.

Percentage of cropland in cotton acreage harvesied indieates the
quality of the land, as the morc cotion that can be grown in compe-
tition with other crops, the more suitable apparently the land is for
cotion up to o certain point. This limit would appear to be set by
differential cotton yiclds and the erosive characteristics of the soil,
The percentage of cotton acrcage not harvested is apparently duc io
managerial venfuring onto lands that arc marginal for cotton and
to managerial cheice in {aking losses quickly and moving prompily
to use the land for some other purpose. Inercased size of farm, as
measured by acres in cotton, shows the manager's ability to grow
larger cotton acreages either by accumulation of capital or by a com-
bination of capital and credit.

“Growth” of the operator in this respeet is perhaps a reflection of
progressiveness in other ways, as in the introduction of the latest
methods and practices, cte. There is a close assoeiation between aver-
age yield and the velative progressivencss of the farm eperator in
acdopting current practices, and the degree to which these practices
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are continued over several years. In gemeral, the higher the average
vield, especially if it is for several years, the more likely it is that
the operator has adopted the latest techniques and that he is farming
& good soil well. On the other hand, an operator with low average
yieids would be cxpected to be at the opposite extreme in all of these
factors,

ArpPLICATION OF CORRELATION METHODS TO ASCERTAIN
Probucrion Funcrions

Regression methods were used to ascertain the degree of association
between some of the factors mentioned above and farm average yields,
and between these factors and the coefficients of variation in annual
farm yields, Such methods are particularly adapted to a study of
these relationships, because of the varying lengths of the periods of
yields and for other reasons. In the Uppeor Pied%nant, the analysis was
based upon reeords for 272 white owner-operators (men) who had
bought their farms; and in West Texas, upon the records for 203
owner-operators and share-tenants.

The procedure employed in the correlation analysis was one of trial
and error in the choice and combination of factors. To the basic fac-
tors of time duration of yearly yields, trend in yields, and eounty or
losation, was added in turn each of the factors diseussed above, These
that proved to be sipnificant were combined into an over-all multipie
curvilinear regression analysis, All regression eoeflicients that did not
prove to be significant in this second stage, or werc otherwise deemed
unnecessary to any of the funelional relationships, werc dropped, and
a re-solution was made, The results were then studicd for each lactor
in turn to gain some idea of its funetional nature and behavior. The
general procedure used in this sort of anajysis was o hold all other
factors in the regression analysis constant at their mean values, and
to ealeulate the neb effect on average yield and the coefficient of vari-
ation of the factor left ab ifs appropriafe values.

Table 3 summarizes by areas the factors included in this phase of
the eorrelation analysis. This table includes a list of all the quantita-
tive factors and the respective fypes of funchions that were corrclated
against either average vield or the coefficient of variation. The inelu-
sion of any faclor as an independent variable in relation to either
dependent, variable in the {wo areas is indicated by “ves”; ils exclu-
sion hy “no”; its significance, when included, by the asterisk. The form
of the function used—lincar, simple parabola {footnote 4 in table 3)
or a joint function—is also similarly designated. Conscquently, this
table catalogues in fabular form the factors studied by correlation
methods agamst average yield and its eoeflicient of variation, how
they functioned in influencing either dependent variable, and whether
a statistically significant relationship was obtained.

These points may be illustrated with the factor “poreentage of crop
acreage harvested.” Té may be seen that it was cmployed in a para-
bolic function in hoth sample areas against average yield, and also as
a joint function with application of fertilizer in the Upper Picdmont,
Only as a parabolie function, however, did it prove to be of statistical

_significance in one ares—the West Texas Rolling Plains, This factor
was also related {o the cocfiicient of variation in both areas, as a linear
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funetion in the Upper Piedmont, and as a parabelie function in the
Texas sample. Both relationships proved {¢ be significant ab the
1-percent point. Other factors may be traced out similarly in table 3.

Irom a study of table 3 14 is possible to learn the functional nature
of the factors that proved statistically significant in explaining aver-
age farm yields and the cocflicients of variation in annual yields; but
only the mechanices of the relationships are apparent, net their nature
and possible causal connections. This more detailed treatiment remains
to be given in the following pages.

An additional comment may be made concerning the correlation
coefficients in table 3. They are based on the composite of all factors
listed in the table which proved statistieally connected in a signifieant
way (or otherwise neccssary), cither as linear, parabolic, or joint func-
tions, or some combinations of these, with the dependent factors.

It may be seen that the highest index of correlation was obtained
from the analysis with average yields of farms selected from the Upper
Piedmont sample, whereas the lowest was obtained in conncetion with
the ecoeflicicnt of variation of the same farms.®® The latier was rather
low for the Upper Piedmont farms, primarily because of peakedness
of the distributlon of the coefficionts of variation, so thab fests of sig-
nifieance are of doubiful value. (If they could be aceepted with full
validity, the F-ratio tesk indicates significance ab the I-percent point.)

With regard to the basic factors, all independent variables except
farm average yields in the Upper Piedmont, years in yield history,
trend, and county average yicld {(measurc of loeation}, proved to be
highly mmportant in the regression analysis. In the Upper Piedmont,
the analysis showed, however, that neither {1) trend nor (2} number
of years in yield history had a significant connection with average
vields, Bub member of years was considered necessary in the analysis
because of its highly significant joint cffect with legumes. Detailed
consideration follows of the faetors subject to differential variation
by the operator.

APPLICATIONS OF FERTILIZERS

Fertibizer practices used on the sample farms in the Upper Piedmont
varied a great deal among the nine sample counties. Heaviest rates
and highest analyses were applied in Greenville and Pickens Counties.
This may have been bruc because of the higher response obiamed from
a higher and better distributed rainfall, 2nd from soils which naturally
have a higher capaeity for fertilizer. In most of the Geergia counties,
neither the rainfall nor the soll conditions ave as favorable to maxi-
mum cxploitation of fertilizer as in-the two South Carolina counties.
Therefore, fertilizer is applied at lower rates. The differences in these
counties are recognized in other ways.

The CGeorgia eountics are nob considered from various points of
view to be as favorable for cotlon as are the South Carclina countics,
Inherent differcnces are reflected in the differences in levels of yield,
whoreas the relative ccrtainty of the crop is indicated by the differ-

32 The farms selected from each sampie Jor annlysis by correlation methods of
factors npainst [avm average yields and furm eoecflicients of varintion have been
previonsly deseribed,  (See page 56 Both average vield and lhe cocfficient of
varintion of the individuar! {nrms were based on the yield history, 1938-48, bui
for 3 or more yenrs’ duration.
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TasLE 3.—Summary of correlation results obtained with spectfied fuctors
against average yield and the coeflicients of variation of seleclted sample
Jarms, by areas!

West Texns
Upper Pledmont, Rolling Plains
Kind of
Independent factor function Coefli- Coeffi-
Average [ cient of | Average | cient of
yield variu- yield varia-
tion tion
Factor included or not in
analysis:
Basic factors:
Yield;
Years representerd__ | Linenr_ ... __ * Yos * Yeg **Yos “Yes
Trend . . ... _. Parabola .| Yes ey **Yes **Yos
Jointly with
YRATE. .. Yes **Yes **Yes **Yes
Counly loeation. ... Linear._._.. **Yes *Yos **Yes Yes
Joinily wiith
fertilizer_ _[**Yes No No No
Managemenl factors:
Rate of fertilizer appli-
cation _ ..o Purabols *__J**Yes **Yes No No
Percentage of cropland
legumes_ . _.___._.. Parabols *. _|**Yes Yes Nu No
Jointly with
Fertilizer_.[**Yes Yes No No
Cotton ucrenge har- |
vestedo oot Linear._. ... Ng **Yos No No
{ Puraboln 4.} Yes Na * Y oi **Yog
| Jointly with
¢ fertilizer_.! ¢ Yes “*Yesg No No
Percentage of cotton | i
acreage not hurvested| Linear. . . _ No No **Yes **Yes
Correlation results ]
e e s 5 ....... B FAOGG30 {03599 **0.G387 |+#0.5002
Y e mmmam e e 4202 L1311 3836 33927
P S [ G4.6000 | 10.5000 | 38.6600 | 15.6000

! Based on farms us rigidly defined previeusly. See p. 50,

* Not significant, but retained beeause, jointly with legumes, it is significant al the
l-percent point.

2 Significant st 1-percent point jointly with trend.

+ Bimple type, or of the form Y =a+bN X2

® When this factor and its funetions were included, the joint efTect with fortilizer
was highly significant but percentage of cropland and its functions were dropped
singe 177 =.4184, u ratio somewhat lower than with them omitted.

§ Ohtnined from multiple correlation analysis with all factors in above tubulation
which proved significant plus other [zctors which were included Jor reusons noted.

#* Significant at the l-pcrqent point. ‘Tcsts were derived secording to the F-ratig
method. 1n order to apply this method, it must be assumed that the devintions from
the correlation surfuce oceur in an approximately random mauner, which it s believed
the data in this study do sufficiently for the purpose of the study. The F-rutio for
R, P, or 7 is the ratio of the meun varignce associated with the regression equation
to the mesn square of the error of estimate. The F-ruiic for individusl regression
cocfficients was computed similarly, that is, the mean square of the variation assoei-
ated with each regression coefficient was expressed es u ratio to the mean square of
the orror of estimate. The F-tubles found in many standard statisticn! texts indicate
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erices in size of the coefficients of variation. Greenville and Pickens
Counties had county yields each averaging elose to 350 pounds, whereag
yvields in each of four of the Georgia counties averaged nearly 250
pounds and in each of three others nearly 275 pounds. In the ease
of the county coefficients of variation, the story is somewhat different.
Practically all of the counties had coefficients of nearly 15 percent but
Clarke and Madison had coeflicients of 25 and 20 pereent respectively.

The analysis by cross-classification showed that the specified sample
farms had different responses from fertilizer applications in the dif-
ferent counties, Farms in Georgia counties had the lowest response
and had lower limits to its use, The combined effect of fertilizer and
location on farm average yields and upon the coefficients of variation
in annual farm yields is shown in figure 11. As previcusly mentioned,
all other factors ineluded in the corrclation analysis were held con-
stant- at their mean values in arriving at the relationships shown in
figure 11. It may be scen that the efiects of quantity of fertilizer on
farm average yields were affected by the county’s inherent ability to
produce cotton, measured by county average yields; and, also, that
the quantity of fertilizer used and the farm coefficients of variation in
yield were closely related {o the eounty coefficients of variation in yield.

Both farm average yield and cocfficient of wvariation varied directly,
but less than proportionately, with their respeetive county average
yields and cocfficients of variation in yield. The individual farm co-
efficients of variation, although they wvaried divectly and less than
proportionately with the county coefficient of variation, tended to reach
their smallest values (lowest yield wvariability) with applications of
about 700 pounds of fertilizer. The effeet of applications of fertilizer
in the different locations on the individual farm's average yield was
much more complex. Farm average yields rose as applications in-
creased to a certain point, but the maximum vyield varied with the
county average yield; the higher the county average yield (or inherent
ability to produce cotton) the higher the rate of application possible
before the limit in yield response was reached.

The county location also influenced the differential rate of response
{that is, the rapidity with which farm yields rose with additional
applieations of fertilizer), the rate of increase in yields from addi-
tional units of fertilizer being more rapid in the counties of highest
average yields.

As shown in figure 11, 350 pounds of lint cotton is the approximate
county average vield of Greenville and Pickens Countics, 8. C., where-
as 250 pounds is the approximate yield for most of the Georgia coun-
tics, although Carrall, Haralson, and Madison Counties had average
vields of about 275 pounds. In the case of the county coefficients of
variation, 15 pereent is a reasonable approximation to all counties ex-
cept Madison and Clark Counties which lhad 20 and 25 percent

whether the ratio is significantly larger than unity—at the !-percent point, 5-percent
»oint, or of no significanee; and the conclusion that any particular cocflicient of eorre-
}n'iir_m or regression ceeflicient has one chance, five chances, or more than five chanees
in 100 of having vccurred by accident. Significance nt the 5-percent point b least,
but preferably at the 1-percent point, is required in order to reject the Null hypothesis,
that is, that the relationship occurred by chunce. Below and in sueceeding pages highly
significant means significance at the 1-percent point, wheress signifieant means sig-
nificance nt the S-percent point. * Significant at the 5-percent point,
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COMBINED EFFECT OF FARM LOCATION AND
FERTILIZER APPLICATION ON COTTON
YIELDS IN UPPER PIEDMONT

AV, LBS, LINT B ! T
- weww In counties with higheat yields 7
500 wmamm §n counties with medium yields
| eoes |0 counties with lowest yields ]
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400
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Fiqure 11.—The differentinl response of farm average yield and the point of
maximum yield to lertilizer applications varied directly with the relative yield
level of the county. In genersl, the higher the productiviiy of ihe counly, as
measured by county average yield, the groater was the differential response of
farm nverage yield from fertilizer and the forther to the right was the point
of maximum yield, In the case of the farm coefficients of varintion in colton
yield, an application of 700 pounds of fertilizer gave the minimum point of
varinbility. At any given rale of fertilizer applieation, the farm coefficient of
variation varied direetly with the county eoefficient of variation.,

respectively. In making up the two sections of the chart, average
vields and the coefficients of variation by location were paired; that
ig, the high county average yields were plotied with the low county
cocfficients of vamation, and viee versa, in accordance with the ten-
deney for the county relationships to be associated in this way. (See
P 26-27.)
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PERCENTAGE OF CROPLAND IN LEGUMES

Uniil the AAA program was instifuled, cotton [armers were more
careless in their treatment of the soil and were rather haphazard in
related production practices. The growing of legumes was the excep-
tion rather than the rule. Few farncrs followed any systematic crop
rotation. In the Upper Piedmont ai least, the more fertile upland
soils were sclected for cotion. Corn received sceond choice—botiom
lands and worn-out low-yielding upland soils. The general practice
was to plant coiton until the land had to be used for less impertant
crops beeause of erosion or, if the erosion were severe, turned back
to trees. When the Soil Conservation and Domestic Allotment Act went
into effect, the cotton-acreage reduction program was tied in systemi-
eally with a soil conservation program which required the growing of
legumes, the aercages of which were in some way reiated to ihe
acreage of cotbon and other soil-expleiting crops. With a much reduced
acreage of cotton and a considerable aereage of legumes, the average
cotton farmer had to rotate his cotton land and adopt a system of
agriculture which favored this practiee® DBub the higher the pee-
centage of cropland in legwnes the more probable it is that cotton
was produced In some sorb of sequenee with these other crops; also
the higher the percentage of cropland in legumes the more frequently
would eotton follow legumes in reasonably close sequence. Hence it
would derive some of the benefits of the legumes—increased nitrogen
and hwmnus, and inereased protection of the seil from erosion and
leaching.

In table 3 it was shown that the percentage of cropland in legumes
did not significantly affect the {arm coefficients of variation; but that
its relationship to farm average yield was highly significant during the
period of the study. Therefore, no further reference to the effect of
lerines on the farm coefficient of variation is made here. However, o
more thorough study of the effects of legume intensity on farm aver-
age vield follows. The net effeet of percentage of eropland in legumes
on yicld considered in connection with eounty loecation, and rate of
fertilizer application is given in table 4. The data show that farm
average yield was a join function of legume intensity, fertilizer appli-
cation, and county loeation. All three factors were statistically signifi-
cant (table 3).

These expeeted farm average yields were cateulated on the basis of
the respeetive regression cocfficients. They indicate that rate of appli-
cation of fertitizer was the chiel factor in the response of yield (o
relative legume intensity. At an applieation of 400 pounds of fertilizer
there was little response of farm average yields from legumes; andl
after 20 percent of the cropland in legumes there was a downiurn in
average yield, But with a fertilizer rate of 1,000 pounds per acre, the
response of farm average yield to increases in percentage of eropland
in legumes was strong throughout the limits of legume intensity.

The date do aot provide direct answers to these differences but
it is suggested that differences in soil capacity for fertilizer, brought
about by cvosion and in other ways, was probably a factor. This may

93 There was no wuy by which infermstion on specific rolutions could be in-
cluded in the queslionnaire without inereasityg greatly the complexity of lhe
nnalysis,
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also mean low rates of fertilizer use, thin soils, inadequate manage-
ment, and other unfavorable farm conditions. The poor response of
farm yields from various intensities of legumes with low rates of
fertilizer applications reflects these indireet influences. Also, the point
of maximum average yield from percentage of cropland oceupied by
legumes varied with the rate of fertilizer application. With an appli-
eation of 400 pounds, this point was in the vicinity of 20 percent of
the cropland in legumes; with 700 pounds, 40 percent; and with an
appiication of 1,000 pounds the maximium percentage of cropland in
legumes was beyond the limits of the calculated yields.

TasLe 4.-—Ezpected farm average yield of colton as affected by fertilizer
application, percentage of cropland in legumes and county average yield,
Upper Piedmont

Expected farm yvernge yield of cotlon
when county average yieid is—

Rate of fertilizer application and

pereentage of cropland in legurmes

250 300 350
pounds pounda pounds

Pounds Pounds Pounds

400 pounds of fertilizer and percentage of
vropland in legumes, percent:
0

279 310 341
282 312 343
270 30 340
273 302 333
254 290 320

700 pounds of fertilizer and percentage of
croptand in legumes, percent:
10

1,000 pounds of fertilizer and percentage of
cropland in legumes, percent:

10 306 337 408
325 376 427
348 389 441
347 308 449
350 402 453

A significant relalionship shown by the table is the influence of
fortilizer on the ecounty differentials in farm average yield. Other
things being equal, locality differences in average yields reflect to a
considerable extent the inherent ability of the respective soils or soil
groups to produce cotton. It appears that inereasing the rate of fer-
tilizer application widens these differences. This indicates that the
better-producing localities gain more, relatively, from high fertilizer
application than do the low-producing localities, That 1s, the low-
producing localities lack the capacity to use efficiently a high rate
of fertilizer application, and this apparently indicates that a first step
for these loealities might be an improvement in management prac-
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tices, sueh as planting leguines, adopting erop rotations and erosion-
eontrol messures, using barnyard manure, improving the preparation
of seedbeds and improving other eultural practices.

EFFECT OF TIME BURATION OF LEGUME PROBUCTION ON AVERAGE YIELD
IN THE UPPER PIEDMONT

A problem in crop rotation with legumes is the effect of the time
duration ef the practice on farm average yields, Obviously, the longer
any given rotation with legumes persists, the greater the accuunula-
tion of seil humus and the more the soils are otherwise improved.
Thus it may be expecied that the cumulative effects of ecrop robation
will be a function of time.

The length of the rotation cycle is an aspeet of the effect of legume
production on crop yields, The shorter the cyele, ether things being
equal, the more quickly are results fo be expected and the greater
will be the effect on average yield of a given time duration of the
practice. As mentioned earlier, it was not possible to obtain from
the farmers in the sample scourate estimates of their pereentages of
cropland deveted to legumes for the carlier years of the period
193846

But irrespecbive of whether confirmation of a connection beiween
production of cotion and production of legumes can he established
directly, it may be reasonably assumed that when the two erops were
grown on a given farm, some sort of rotation or exchange of land
probebly existed between them. Furthermore, the higher perceniage
of cropland in legumes, the more frequently and directly was this
exchange likely fo have cecurred. When the aereage of legumes oecu-
pied a third of the land and cotlon close to a third, the chances are
good that some soré of 3-year rotabion existed. But when the per-
centage of legumes was very low, say 10 percend, the chances that
there was a rotation are poor. If an exchange occurred at all, it is
likely to have been unsystematie and irregular.

in figure 12 the combined effect of time, f{ertilizer, and pereeniage
of cropland in legumes on {arm average yields is given.®® The data
show that ferfilizer had an important cffect on the influenec of the
other two factors. Although it was the time duration of the practiee
at & given percentage of eropland in legumes and a given rate of
fertilizer that raised the level of farm yields, the rate of fertilizer
application determined the differential in rate of response in farm
average yield to additional perceatages of eropland in legumes,

As between different rates of fertilizer applieation, the gencral aver-
age of the farm yields appears to be near the optimum ab 700 pounds.

34 Evidenlly, the estinnie obtnined was subject to considernble memory bins
as time retrogressed. The figures arc good for recent years bub poor for earlier
years of the period. Actually, the differentiation cstablished for the Inst 3 yeurs,
which tended o be the level given for all years, may be regarded as n fair
approximation of the diflerentintion for all years for iwo reasons: (1) The big
change in crop praetices occurred in 1038, the new system in effect beginning
then; (2) fermers are given to habits and ure likely to follow n pattern in crop-
ping proctices once it is established.

35 The fretor for locnlion hns been assumed constant al its meas value. Al
regression coefficients were highly significant except the one for thme; bub time,
jomntly with legumes, gave a joint function which was very significant.
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This is in line with previous findings when the lueation [actor was held
gonatant. Ree p, 600

As the time interval decreased with all three rates of lertilizer apphi-
cation, but especially with 400 and 700 pounds, the pereceninge of
cropland in legumes appears to exert a ncgative influence oo yields,
Actually it 33 the quality of the land that was reflected. 1f soils were
in such condition that they required a high percontage of legumes {say
5 pereent), mueh zuitabie land for eolton must not have existed. 1f
this condition arose as a result of soi crosion, it i3 io be expeeted
that the rebuilding proeces required great eraphasis on legumes and
grasses, with such soll-depleting erops ag cotton kept in a relatively
minor posifion.  Consequently, in o short poriod these solls would not

COMBINED EFFECT OF FERTILIZER,
PERCENTAGE OF CROPLAND IN LEGUMES
AND DURATION OF LEGUME PRACTICE ON

AYV. COTTON YIELD IN UPPER PIEDMONT

400 LBS. 700 LBS. 1,000 LBS.
FERTILIZER FERTILIZER FERTILIZER
AV, LBS. LINT
: |= “i.. 9 ylcius ! I i ‘H’ [ r y
A00 —"L o years } Time duration af legume practice
* : : -} yanrs i v I i N
350 ' b r i
300 —s TS R et
; - 3, ezt
250 - ~ e
- i - - .
200 b——; i |

10 20 30 40 10 20 30 40 16 20 30 40 50
P CROPLAND IN LEGUMES

©OF CEPARTHEMT or & RT LT RE KEG 179dTax Bofn by OF 4364 U, YLANL EDLN 4TS

Frgear 12--The asseviulion between pereentages of cropland in legumes and aver-
age yeld depended on mte of {ortilizer applienlion and the time over which
legunies had been planted, In geneml, e longer the time nterval and the
hgher the rate of Tertthzer applieation, the grentey the difference in average
e el re -.ul!mﬂ' frosn acdditional porcentages of eroplmd pluntod lo legtnmes.

Show up faverably in avernge yields even though a high peveentage of
the crophund was planted (o legumes, Bit as the e interval ineroased,
the effects would (emi o acceumulate and the yields would rise more
rapidhy thun those on soils that initially were bigher in produetivity
but on which a smaller percentage of cropland was in tegumes. This
would indieate n very long eyele i the rolaton or no totation ut all,
The greater response of vickls Lo Intensive use of logumes amd high
rates of fertilizer appiieations i3 i line with ngrovomie resulls, Seils
thus (regted, especindly iF they have depth, have a greater capaeity
for utilising fertilizer, The greater quantity of humus and the more
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favorable structure of these soils enable them to absorb the high rates
with less chance of damage to the érops (rom residues of ferlilizer dur-
ing periods of unfavorable moisture conditions,

PERCENTAGE OF CROPLAND IN COTTON ACREAGE HARVESTED

The percentage of cropland devoted to & erop over a period of years
reficets, for many farms, the equilibrium point of the particular erop
relative to the other crops grown in combination with it In general,
the percentage of cropland a crop is able to held in competition with
other crops indicates the relative favorableness of natural and eco-
nomic conditions for this particular erop. Consequently, shen crop-
ping systems have bheen worked out, the production response is
expecled to vary directly wiih the relative proportion of the crop-
Iand given to the enterprive in any given area with reasonahly hono-
genecus conditions as regards the vatural factors of erop growih.™

In the corrclation analyvsiz, the relation of percentage of cropland
in cotton {o farm average yvield was not statistieally signifieant in
the case of the farws selected from the Upper Piedmont sample. But
againsgt the coeflicient of variatien of these farms this factor was
significant, Tn the West Texas saumnple, the pereentage of cropland
in cotton showed a statistically significant relation to hoth farm
average vields and cocfficients of variation. The reasons the relative
pereentase of eropland in cotton was not related to Farm average vield
in the Tpper Piedmont, as outlined, 1ust be sought in the factors sub-
jeet to differential management. which are more nunmerous m ihe
Upper Picthuont than i the West Texas Rolling Plaing, Two of (hese,
rate of feriilizer applicalion and pereentage of cropland in legumes,
could overeome the differential effects on average vield of land quality
{percentage of cropland in cotlond, The faet that a study (9 of
this relationship based em census data for Soulth Carclina for 1929
gave results In aceordanee with the theory indicates that the large
inereases in fertilizer amnd Tegumes accommpanying the AAA limilations
on aeveage in the later period may have obseured the relationship.

The relation of pereentage of eropland in eotton ta the farm cacfhi-
cients of varintion in the Upper Piedmont was highly significant and
inverse, however. The nel effect i= shown by the following tabulation:

. Carfficic ot nf
Pereenfage of eropland Y colton aercayge harvesiend: __rariation

38 The comparntive Imporianee of ecoilon in the eroplind organizaiion in the
period 193816, appears on first thought noi to refleet a frep entorprise economy
beeause of AAA operafions, But on second consideealion L must be regader
as {he dominanl fuef, a5 the Agriculturnl Adjustment Admiunistrntion began with
an economy which had veached o competitive adjustiment, from which in genernl
il mngle proportionate redurtions in acvenge. The resulting difforen{ial varinlions,
whivh 1938-18 represcuts, therefore rellecl the original compolilive equilibria more
than ather Torces, The differsntinl effecia on yields will differ in the Woest Toxus
Relling Plains from 1hose in the Tpper Plndmont beeavse the nalueal eomditione
for growlh of petion are quite different,
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The reason yield varisbility tended to decline with increases in the
percentage of cropland in cotton is not elear, as there was no significant
relation with average yield,

Below are shown for the West Texas Rolling Plains the relationships
between percentage of cropland in cotton (acreage harvested), on the
one hand, and farm average yield and the coefficient of variation in
farm ylelds on the other. The data indicate that the percentage of
cropland in acreage of cotton harvested was positively related to farm
average yields and negatively related to farm coeflicients of variation.

. At
Percentage of cropland in cotlon ncreage harvested: teorage Corficiout of

10 ..., 138 68
. 152 57

166 49

178 43

38

36

1Taclors included in regression analysis: Years in wield, county average yield,
irend in yieid, percentage of cropland in cotton mereage harvested, and percentage
of cotion nob harvested. Results: P?=.38365; P=.6387 (highly significant);
S§=386; all b’s were highly signifieant. In obtaining values of the dependent,
nlll factors, except the independent {actor above, were held constant at their mesn
vales,

* Taplors included in regression anulysis: Years in yield, trend in yield, county
coeflicient of variation, percentnge of croplarnd in cotton, and pereeninge of crop-

land not harvested. Results: P2==3327: P=5%2 (highly significant}; $§=15.6.
All regression coefficients were highiy significant excent years in yield (over 5
pereenl) and county coefficient of svariation which frll short of the 5-percent
peint by & small margin. All independents were held constant at their mean
values except per¢entage of cropland in cotton.

It is apparent that, althuugh hoth relationships were strongly in-
clined, the response of each dependent variahle to percentage of
cropland in cotton was less than proportionate; that is, the rates of
change dropped off at the higher percentages, The pereentage of crop-
land in cotton was inversely related to variability in yields primarily
beeause of the direet assoelation between size of the cotton enterprise
on the farm and the pereentage that the cotton acreage was of the
total acreage in cropland. It is gencrally recognized that as crop
acreages inerease, yield variability declines. This fact is recognized
Iy the Federal Crop Insurance Corporation by granting of reductions
in rates based on size of erop acreage insured.

In the West Texas Roiling Plains, these relafionships are markedly
gignifieant in estimating farm average vield and vield risk, because a
factor external to the manager’s yearly production adjustients is pro-
vided for panging the velative vield level of individual farms. 1t is of
decided signifieanee alzo for farm-management theory as the resuits
help to cxplain the relation of both enterprise specialization and size
to profila in farming over the short run,

The greater relative showing of the Texax Rolling Plains in the net
regression offeets implies that differentials in quality of land are proh-
ablvy mere important in that area In explaining differentials in farm
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average yield than in the Upper Piedinont, where specific management
factors (fertilizer, legumes, ete.) have a greater bearing on yields and
thus tend to obseure the effect of land quality.

PERCENTAGE OF COTTON ACREAGE NOT HAHVESTED

In the West Texas Rolling Plains, the percentage of cotton acreage
abandoned loows large in some years and on some farms, particularly
on those on which a large percentage of the labor is either family or
sharecropper. (See p. 53.) Also, that abandonment deelines with in-
creased frequency of seed cleaning and/or sced treatment before
planting. {See p. 54.} Crop failure is largely a result of weather
conditions—the nearcr rainfall is to the himit for erop survival and
the more unreliable it is, the higher the probability of erop failure.
But the differences in relative crop failure between farms in an arvea
of given weather characteristics depends, in addition to the two man-
agement factors discussed, upon many other management factors nob
enumerated.

If, as demonstrated, the percentage of cropland harvested of some
specific erop represenfs its competitive equilibrium in competition with
other erops, the acreage of that erop not harvested reflects errors in
jutdgment of the various cperators in adjusting to the respective farm
equilibria which vary from farm Lo {arm, depending upon the rela-
tive adaptahifity of land resourees to the produetion reqguirements of
the enterprise in question, compared with competing crop enterprises.
The adjustments must determine the praper relationship of cotton to
other erops, discounting the vagaries of weather,

The correlation apalyses (table 3) of the effeet of percentage of
cropland in cotten acreage harvested en average yield and yield
variability in the West Toxas Rolling Plaing also included the per-
ccntage of eotton aereage not harvested as a varinble factor, Thus,
there was opportunity to esplore the relationship bebween relative
abandonment onr the one hand and [arm average vield and coefficient
of variation on the other.

The results were as foHows:

Average Coeficient of rari-
Percentuge of cotton acreage not harvesied: '™ nedicicut ‘,j’;t,;:;"."

177 44
175 46
164 53
152 61
139 70
126 79
i13 88

t The sune {nctors were included in the regression nnalysis as diseussed shove.
Sec pnge 68, looinotes I and 2; and all other varinbles {except percentage of
cotion not harvested) were held eonstant at their respective mean values in pre-
paring Lhe estimates.

The net regression values show the extent of the inverse correlation
between relative abandonment and average vield, and of the direct
relation bebween abandonment and yield wvariability. (On the basis
of the correlation analyses, the regression coefficients in both cases are
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significant at the 1-percent point.) In cach case, the change in average
yicld or the coefficient of variation which accompanicd & given per-
centage change in relative abandonment was more than proportionate.
Quality of land, as a production function, was obviously lower on
farms that had the higher pereentages of abandenment.

Errect oF Sizi oF CorroN ENTERPRISE AND AVERAGE Y1ELD

Size of cotton enterprise and average yleld arc more in {he nature
of general and cateh-all variables. They do not indicate the differen-
tial manipulation of produetion factfors, Rather, they reflect the sue-
cess the operator has achieved beeause of his judgment in managing
inputs skillfully, The size of the cotfon cnterprise in the Cotton Belt
is a good measure of size of business, Ownership of a farm indicates
relnlive suceess in oblaining profits from the farming operations and
then pyramiding them, In the case of o rented farm, it indicates the
operator’s ability to maintain a large-seale going concern under n
more inflexible but alse more compelling cost strueture. Average vield
likewise rveflects the operator’s success in cbtaining profits and pyra-
miding them, but less strongly so than size of cotton enterprise.

5IZE OF COTTON ENTERPRISE

Tn the cross-classifieation analysis with size (acres) of the cotton
enterprise against the cocefficient of variation, a strong inverse rela-
tionship was found for the Upper Piedmont sample but only an irregu-
lar one for the Texas sample. In neither sample was a connection found
hetween acreage in colion and average yield on individual farms.

Inclusion of size of the colton enterprise and average yield in the
correlation employed in the study of factors that are subject 1o differ-
entinl varigtion through management, discloses that only in the Upper
Piedmont was there a significant association between acreage of cotton
and eoeflficient of variation. The net regression effect of acres of cotton
harvested on the coefficient of variation in the Upper Pledmont works
out as follows:

Acres: Carficiont af yorintion !
28
25
22
18
15

! The nehb regression coeflicient as determined was significant at the I-porcent
point. P=A4965 and was likewise signifieant at the 1-percent point. The following
fnetors were hcld constant nb their mean values: Yearly (rend in yield, lecation,
and avernge fnrm yield.

The inverse connection is probably due to the fact that, other things
seing equal, the percentage of toial costs represented by cash costs
tends to vise as size of farm increases.®™ This would tend to make
larger farms more vulnerable to fluctuations in yields and would force

a7 Thig is based in geoeral on the idea that The managers of large furms must
hire more labor reliively (or clse ndvance ralions to sharecroppers) than (he
eperators of small farms who would have primarily family labor with whieh to
reckon.,
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their operators to give preater attention to risk-redueing practices in
eonneeckion with yield.

The lack of a relation between acres of cotbon and the eoefficient
of variation in the West Texas Rolling Plains is parbly explained by
the greater homogeneity of the farms sclected from the sample and
by the conncction bebween cotéon acreage and some more direst pro-
duction faetors which may obscure the eficet of size.®® In the Texas
sample, there were fewer Negro and also fewer women farmers, fewer
small farns, more tractor operation {100 percent), and a higher per-
centage of hired labor, The last factor, incidentally, was one of the
major eriteria employed in cheoosing the farms from the Texas sample
for use in the eorrelation analysis. The connection between aereage
of cobton, on the one hand, and yield level and yield variability on
the other was obseured by some of the more direct production factors.
A study of the cross-classifieation data indieates that both years of
schooling of the operator and the percentage of cropland in cotion
acreage harvested, were related to size of the eotton enterprise.

EFFECT OF AVERAGE YIELD ON VARIADILIEY OF YIGLDS

It is an accepted agronomie principle that good land management
improves the fertility of the land and the physieal structure of the
soll in the course of time. As already shown, soils that have a high
humus content have a greater capacity for fertilizer, and are therefore
less subjeet to yield variability. As the humus eontent is raised and
the physical strueture of the soil becomes more granular and other-
wise more favorable, its water-holding capacity is improved and crops
grown on it do not suffer so wuch from irvegularities in rainfall.
In general, the level of yields that a farmer maintains is a good measure
nob onty of his scil's fertility and physical structure bub also of his
manageient of the factors that help to ereate these and other desivable
«0il characieristies.

In a previous scetion, the percentage of eropland in cotton acreage
harvested, as o measure of land quality, was analyzed. Apparently
there is a eonflict hetween these {wo measures of land quality (per-
eentage of cropland in cotton and average yield); however, the net
effeets of each were ascertaimed by correlation analysis. The neb effect
of average yield on the coefficient of variation, obiained by holding
other factors in the respeetive regression cquations constani at their
mean values, was as follows:®®

3% The eross-classifieniion analysis of size wilk coefficient of vavintion wns basod
on all farms. As this analysis group inchided various tenure elnsses ond kinds of
tabor, removal of ihese differences by sorling alfected quality of management Ly
remeving cerlain low-cfRciency operators, (See the analysis on kind of Ilnbor,
P 51-53.) Thus the improved homogeneily wilh rospeet to eportors removed the
rffeets of more divert production fnctors; henee the disappenrnnee of size of
eolton enterprise as a factor influcneing the relafive varishility in yiclds.

30 In the Upper Piedmont, P=.5552 (highly significant) and P2=27805; in the
West Texns Rolling Plains, P=6817 (highly significant) and P2=.3680, Factors
held constant ab their mean values: Upper Piedmont—yenrs cotlon grown, trend
in yield, loention, rale of ferlilizer appliention, pereeniapge of cropland in colton
harvesied, and avernge neres of enilon hervested; in the West Toxas Rolling
Plaing—years colien grown. trend in yield, localion, perceniage of ecrepland in
cotlen havvested, vercenluge of eroplend in colion not harvested, and averape
cotion acreage planted.
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UPPG?‘ Piedmont: Coofficient of eorigtion )
100 pounds average yield * 41
200 pounds average yield _ 35
300 pounds average yield 29
400 pounds average yield 24
500 pounds average yield 8

West Texzas REolling Plains:
100 pounds average yield * 52
200 pounds average yield .......... ... ... 43
300 pounds average yield 34

* Net regression coefficient of average yield on the dependent variable (co-
efficient of variation in yield) was significant 2t the I-percent point.

In both sample areas the net relationship was strongly inverse, and
the respective regression coefficients were significant at the 1-percent
point. For each 100-pound increase in farm average yield, the coeffi-
cient of variation declined an aversge of about 6 percentage poinis
in the Upper Piedmont and 9 percentage points in the West Texas
Rolling Piains.*® At intermediate yields in the Upper Piedmont, this
means that a 33-percent inerease in farm average yield was accom-
panied by a 17-percent decrease in yield variability; whereas in the
West Texas Rolling Plains, a §0-percent increase in farm average yield
was associated with a 26-percent decrease in yield variability. Thus
in neither ares was the yield inerease proporfionate fo the decline in
yvield variabilily, the ratio ab intermediate yields being aboui 2 $o 1.

Investigations at the Illinols Agriculbural Experiment Station by
Miller and Bauer (20, 21, 22) into the effect of land feriility, soil
treatment, and rotations, on yield variability of corn, wheat, and other
erops in the rotation, support these conclusions. Using 10 plots at 17
loentions in their State, they tested the effect of manure with lime, and
with lime and roek phosphate; also crop residues with lime, rock
phosphate, and potash in the various experimenial combinations, en
the yield and the stability of yield of corn and wheat, for 15 yeass.
They show that the most effective treatment or combination of freai-
ments redueced average wariafion of corn yield by about 30 to 50
percent below the average wvariation on untreated plots, and that of
wheat yields by 30 o 40 percent; although in the case of three major
soil groups the reduction in average variation of wheat yields during
the 15-year period was nearer 60 percent. Also, in similar experiments
during a more recent period on all crops in the rotation, they show
that the most effeetive treatment reduced the average yield varialion
of all erops compositely 25 {o 50 percent.

Their main conelusions are that: (I} Fertile soils produced the
highest vields and with the greatest regularily, from year to year;
{2} untreated infertile soils were very irregular in yields; (3) cexcept

40 The geographic analysis of county cocfficients of wvariation {ef, p. 27) fo¢
the counties frowm Oklahome and Texes gave an almost identical net regression
cffect as farm average yields (82 perecniage points eompared with 9.3 per 160
pounds of increase in yield). On the other hand, the geographic analysis for the
Hastern Siates wos mueh less suceessful in obiaining the relatioaship beiween
farm average yields and their coefficicnts of variation {2.1 percentage points com-
pared with 5.9 per 100 pounds of incrense in average yield).
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for sandy and hilly soils, al! poor and medium feriile soils showed a
large inecrease in yield stability with soil treatment, which also raised
the level of yield; (4) good farming methods were rewarded by in-
ereased crop yields whieh at the same time redueed yield variability
and made the erop more predicéable.

These findings are of the ubmost signifieance for the individual
farmer. According to cost-of-produetion studies it follows, from the
relation bebtween yield risk and yleld level, that variability in cost of
produetion per unit for individual farms over a period of years should
also deeline as yield increases, This apparently indicates that risk-
bearing cosb is an inverse function of yield level, Therefore, there is a
strong ineentive for farmers {o make the necessary expenditures of
eapital and. effort to raise the yield level of land as a method of
redueing both average unii cost and average risk cost. This would
result in a greaber surplus, over time, and thercfore more rapid accu-
mulation of capital and economic progress.

The tendency of relative yiecld variability {o decline with increases
in average yield, although less than proporfionately, means that the
corresponding standard deviation tended to Increase with average yield,
even though less than propertionately. The significance of this rela-
tionship to premium rates for crop insurance may not be fully appre-
eiated because the effeet on premium rates is not readily apparent.
When the standard deviations of annual yields inercase less rapidly
than the corresponding average yields, the premiums per acre will be
less on high-vielding farms than on lew-yielding farms, under a sys-
tem of crop insurance which insures for a fixed percentage of the
farm’s average yvield. This is elecarly shown by the premium rates
ealeulated below for {wo yield levels, with fwo assumptions as regards
the yield risk:

Assumed
aversge
vield

Coefficient
of varistion
in yields

Standard
deviation
of yields

Insured
yield (75
percent
coverage)

Premium
per
acre !

Premium as
percentape
of average

vield

Constant
yield rigk:

Declining
yield risk:

Percent

30.0
30.0

Pounds

GG
120

0
a0

Pounds

150
300

150
360

Pounds

6.8
156

9.8
4.1

Pereent

3.4
3.4

! For metheds used in caleulnting crop-insurance premiuvm rates, sce Appendix,
pp. 117-119.

With a constant yield risk, the absolute premium increased with
average yield bué the proportion of average yield required to meet the
premivm payments remained constant. With a deelining yield risk, as
average vield incrcased the premium decreased both absolutely and
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relatively.”* That the high-ylelding farms would have lower crop-
insurance costs, as a general rule, than the low-yielding farms is in
aceordance with the realities of the situation, and is due to the con-
stant percentage coverage, coupled with the tendency of relative yield
risk to vary inversely with the size of average yields.

FACTORS INFLUENCING AVERAGE YIELD

Because of the marked influence of average yield on yield variability
it is desirable to examine in greater detail the reasons for the variation
in level of yield. Obviously these variations are due mainly to land
quality, production practices, and managerial efficiency. But from the
standpoint of this study, it is desirable to learn the actual details under
cieh of these headings,

No measure of Tand quality was obtained in the study bubt cetain
factors that have a bearing on soil fertility were obtained. Two of
these (soil erosion and topography), along with certain indices of
production practices, are given in table 38, p. 148, by yield levels for
ench of the two sample areas. These comparative data throw con-
siderable light on the factors that ave related to level of yield. In the
Upper Piedmont, high yields occurred concomitantly with lower ero-
sion, less steep topography, more off-farm work, more favorable prac-
tices in obtaining seed from brecder and in freating them before
planting, higher fertilizer applications per acre, and a higher per-
centage of eropland in cotton.?®

When farm vields were high it was usually found that the farm
operators were in the younger age groups and in the groups that had
had a fair amount of schooling. Hail loss also varied inversely with
average yield. In the West Texas Rolling Plains, on the other hand,
the factors associated with level of vield were more limited and less
regular, presumahblv because of the greater influenee of weather and
the more »igid definition of the group of farms under examination.®®

In the Upper Piedmont, hoth ernsion and topegraphy showed an
inverse relationship with level of yield. As they ereased, average
vields deelined. There was a slight tendeney for the increase in oper-
ator's age to he assoeiated with average wield; hut it is suspeeted that
this apparent econnection was due to the influence of experience, which
is also directly and more strongly related to level of yield. Tt should
be nated that the 1946 age of opovators in the West Texas Rolling
Plains averaged around 48 years, or from 5 to 8 vears vounger than
the average in the Thper Piedmont. Conzequently. the age factor
was nearer the oplimuny (82) for farming opernfions in the Toexas

"V This result is in accordanee with {he relationship of yield risk In average
yield Jound in the study.

*2 Bnsed on 317 white owncr-operators (men) who hought the furms occupied
by them in 1846. The farms included in this seetion are thus the same group
that was analyzed above by correlation methods,

42 Based on owner-operators (those whe bought their farms) and share-rentors,
both groups of whom emplayed enly hired Iabor. In nn earlier section, the con-
nection between type of Inber and average vield wns shewn to be strong. Con-
snquently, mueh of the differentintion in avernge yield for the sample has been
climinated by thus rigidly defining the farms under study.
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sample than in the Upper Piedmont. High yields were also asso-
ciated with a high percentage of cropland in cobton,

Other factors associated with level of yleld in the West Texas
Rolling Plains were years of schooling, off-farm work, loss by hail,
and percentage of cotton acreage abandoned. Operators with high
yields also had spent more years in school. Presumably yields were
affected by the greater alertness and progressivencss which education
had given these operators. Off-farm work of the operators tended to
be negatively eorrelated with average yield in the Texas sample, in
conbrast with a positive relation in the Upper Pledmont. In the West
Texas Rolling Plains, the vieissitudes of weather and the extent to
which farmers there employ hired labor demand more supervision by
the manager. In the Upper Piedmont, weather is not so eritical and
the sharecropper system of labor calls for little attention. Hail loss
per acre in the West Texas Rolling Plains was also inversely related
to average yield and this was likewise true of the Upper Piedmont.

The percentage of cotton acreage abandoned is the final bub net
the least important [actor to be discussed in this connection. Iis in-
fluence on average yield and production risks in the West Texas Roll-
ing Plains has been investigated in previous seetions., It was found to
have a negative relationship to average yield with this group of farms,
as with all others. One effeet of abandonment on average yield is
obvious—it spreads less production over a given acreage. (In the
Texas sample, yield is on a planted, or seeded, acreage basis.) Other
effects might arise indirectly through weakened financial resources
that would have a bearing on the ability of the operator io hire
adequate labor and to buy other production inputs in the most desir-
able quantities,

Esrivarine EqQuaTions

In corder to provide maximum efficiency in forecasting either aver-
age yield or the cocflicient of variation, the signilicant or otherwise
highly important factors from the last several scetions have been
combined into sver-all regression equations for cach area. The resulis
arc given in tables 5 and 6. In these tables, a deseription of the
independent variables and their respective stalistieal functions, the
units of measure used for the independents, the regression coeflicients,
the F-ratios of the regression coefficients and the Beta eoefficients, are
shown for each independent [actor in both sample areas. Also ineluded
are the indexes of correlation, the cocflicients of determination, the
standard errors of estimate, amd the values of the constant “a.”
Thus all data nocessary to the formulation of a complete regression
cquation, the interpretation of eaeh regression coelficient, the deter-
mination of the relabive importance of caeh such coeflicient, and an
estimate of the error that might be expected to atiend the application
of the respeclive equaetions, arc listed in convenient form.

Tor illustration, the equation for cstimating average yield for simi-
lar {arms in the Upper Piedmont is given. When X, cquals average
yield in pounds, X, rate of ferlilizer application in 100 pounds, X,

44 This may be cxplained partinlly by the dilferences in the sample component
between the two areas. The group of farms under investigation for the West
Texas Rolling Pleins are operated by ownors and shurerenters (nboul one-third
of the latter) while in the Upper Piedinont the operators are all owners,
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years in average yield, X, percentage of cropland in legumes, and X,
the county average yield (in units of 100 pounds) for the period 1938--
46, the equation is writien as follows, with “a”=4.4, and other values
from the first seetion of table 5,

X,=4.4+46.7791X,~4.4478 (X,) >~ . 1840X,~
2.1022X,—.0248 (X ) *+.2817X, X +
2705X,X+33.6517X,,+6.8883X,X, .

‘TABLE 5.—Summary of correlation resulls for analysis of specified fuctors
against farm average yields as reported by farmers for three or more years
during pertod 1988-46, in hwo sample areas

“ratic of
. Regression | Fyatio ol g
Fuctor Unit coeflicient. ;gg%gf;’g coefficient

. Upper Piedmont: !
FXq, Baote of fertilizer up-
plication:
Y 46.7791 **154.9
XNa (Xy) —+.4473 **1B1.0
Xy, Yerrs in yield gverage_ it —. 1840 4
X3, Percentage cropland
in legumes:
; 1 percent. —2,1022 **30.3
{Noy? — 0248 20149
(N (N, 2817 442
(Na) {Xe)aoons .2705 *437.9

106 pounds. .. 33.06517 **30.0
| (.\rsj L.\—u)- R §.8883 241

t=4d,4
P_’_:.: s 1 =-43950; Prau =-_U[3995“; P . |£=-420‘35i§l,z 1 =04.62
{#?=lndex of determination; 5 =standard error of estimate.}

Waost Texug Rolling Plains: *
Xy, Yeuars in yield average.| 1 year .o ... 18,3460
A, Percentage cotton ncre-
age not harvested 1 percent —2.57061
FXs DPercentage cropland
in cotton acreage har-
vested :
XNeoomimenimi e ameu-] 1 poreent 1.8548 **51.1
—.00492 **8.3

(Add 150) +10 | —20.6178 **37.5
(X2 8276 #2349
(X)) (X5) ..o  —748%4 *x49 9

100 pounds. . _| T6.60692 **20.0

o =083 ~ _
P_"i|,-| e 1 =A079 P ||=“_.{.'l357"; P20 e =.3830; 5., .., n=38.06
{12 =Tndex or determination; & =standurd error of ostimate.)

1 Based on 272 while {male) owner-operated furms which were purchused.

* Based on owner-operated Tarms, which were purchased, and on share-rented furms,
both clusses of which were operated with either hired lebor or hired labor in combina-
tion with other types of labar during the petiod. There waus 4 total of 203 [arms in-
volved.

** Significant at the 1-percent point.
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TaABLE 6.—Summary of correlation resulls from analysis of specified faclors
against coefficient of variation in yelds reporied by farmers for lhree or
more years during period 1988-46, in hwo sample areas

F-ratio of Bote

regression ;
voefficien
coefficient | ocieient

Regression

Fuetor Unit coeflicient

Upper Piedmont: !
X, Fn.rm Average yield,
19384 100 pounds. .. —5.8601 3.7
Xy, Acreq of cotton har-
vested —.0(82 7.7
fX,, Rate of fertilizer ap-

plication:

—a.4a700 **31.8
3354 **8.2
X, Years in yield average [ 1 v —.2485 1
X7, Percentage of cropland
in cotton acreage har-
vested I percent —~,a876 **26,2
JE4TN—X. (XN X9 0050 **30.5

JX, Yearly trend in yield:

\ (Add 1530} +10 —6.3300 **(8.7
22004 **g4,1
J (a.B)— 0038 *G.d
Xin, Count.y average co-

efficient of wveriation,
193816 3289 3.4

a=1049 _ _
P_Z'I.! .. 10=.3082; Py . 1\1'—"-5_"')52; P ow0=2700; S .
{F*=I1ndex of determination; & =standard error of estimate.)

Woest Texas Rolling Plaing: ?

Xa, Average farm yield,
1938-40 ? 100 pounds. .| —9.4236

X, Years in yvield average. | | year........ 11.3608

X5, Pereentage cotion ucre-
uge not harvested 1 pereent. . ... 1.5088

fX5, Percenteze cropland
in cotton acreage har-
vesbed:

1 pereent. __.. -—1.1375
(X2 0092

{Add 1a+10 —6.1011
2448
£(5,8}— (m (No..._ 1 —.6218
X County average co-
efficient of variation,
1938-46 I percent G486 3.3

it =83.06 -
PYoe  w=3974; Pra . 10=.0304""Y; f”] 2, 10=3005; ¥ 2 .. 10=1521
{Pt=1ndex of determnmtlon 5 =standard crror of estimate.)

! Bused on 272 white {male) owner-operuted furms which were bought and nol
inherited,

t Furma reporting 3 ar more yvears of yields during the period.

3 Based on owner-operated farms which were purchased, and shuare-rented furms,
both elasses of which were operated with either hired luber or hired labor in combina-
tion wi;h other types of labor during the period. The fotsl number of Terms invalved
was 203.

** Significant st the l-percent point.
* Significant at. the 5-percent point.
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The index of determination is 0.4202 while the crror of estimate
cquals 64.62 pounds. The F-ratio for each regression coefficient is
alse shown. It may be seen that all were statistically significant at
the l-percent point except number of years in yield average, which
was not significant. However, this factor is jointly related to percent-
age of cropland in legumes, the regression coefficient of which was
highly significant. In the last column of this section of the table arce
given also the Beta coefficients which, by comparison between the
different independent factors, make possible the determination of the
relative importance {o the analysis of the different independent fac-
tors. For example, quantity of fertilizer applied has a larger Beta
coefficient, by far, in both funetions, than any other factor or its fune-
tion. This indieates that it makes a relatively larger contribution (per
standard deviation) to average yield than do any of the other three
independents, or their functiona, which were included in the regres-
sion equation,

Tables of this sort give in compact form all the quantitative infor-
mation it is necessary to know concerning a correlation analysis. In
tables 5-10 data of this =ort are given. Their use in formulating
regression equations and in deducing other useful information about
the correlation analysis is exactly as given abave.

AVERAGE YIELD

In fable 5 are given for cach area the faefors (with their respective
functions) which were found to be important in explaining average
vield, The chief {actors in the Upper Pledmont, hased on size of Beta
cocflicients, are as follows: (1) Rate of fertilizer application; {2} rate
of fertilizer application juintly with county average yield; (3) per-
cenfage of cropland in legumes jointly with time interval of yield;
(¢) percentage of eropland in legumes; (3) rate of fertilizer and per-
centage of eropland in Iegmnes jointlv: {(6) county average vield: and
{7) time interval of yield.*®

Thus only four factors, together with their functions, explained 42
pereent of the differences among farm average yields during the period.
{Averages are for farms in this group which reported three or more
years of yields during the period) The remainder of the variability
was accounted for by soil type, topography. and other basic factors
which also caused farm average yields to vary. Nevertheless, the
42-pereent explanation of variations in farm average vields was Lighly
significant. The imporfanee of quantity of festilizer applied and legume
practices uscd, in this pereentage, is indicated hy their respective
coefficients of regression and Joint funetions with other factors. The
regression equation for esthmating average vield from these fuctors is
given above. (See . 74,)

Tn ihe West Texas Roelling Plains, the following factorz proved to
e influeniial in explaining the differences among farms in avirage
yield (in order of relative importance): (1} Yearly trend in yield;
(2) time Interval of yield; (3) trend and time jointly; (4) perceniage
of erapland in cotton acrcage harvested; (5) eounty average vield;
(6} pereentage uf eotlon acrcage nob harvested.

1% Not significant bul included bepause of the high significanee of thiy fueclor
when considered jointly with legumes.
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These five factors and their functions explained 38 percent of the
variation in average vields among farms. With two exceptions the
factors differ from those found to be important in the Upper Piedmont
aren. Furthermore, they are mostly uncontrollable by the manager,
although there would appear to be some exception in the case of per-
centage of cropland in cotton acreage harvested, and percentage of
acreage not harvested. These two faetors are subject to a considerable
measure of control by proper seleetion of land and use of keen judg-
ment in production. The relatively large influence of {rend in yield
emphasizes the mportanee of weather, particularly eyeles in weather,
which override most actions and decizions that the manager might
otherwise take*"

Although fertilizer is not adaptable to the arca, and erop rotation
with Tegumes coes not have the place of importance that it has in
the Tpper Piedmont, an operator in this area is not wholly without
techniques to influence favorably the trend of his yields. Both large
terraces and contour cultivation help to conserve moisture. A rotation
with fallow land prior to the planting of cotton is also helplul. Aveid-
ing the planting of eotton after a moisture-deploting crop, such as
potton or grain sorghums, has been (ound to he helpful. An effective
way to increase trend is by selection of land, particularly when this
is coupled with shrinkage in relative acrenge planted to cotton over
a period of vears, as during the AAA period, and hence during many
of the vears from 1938 to 1942,

Although the general trend of yiclds of the 10 counties and also of
the sample farms in Texas was downward during the period of the
study 1838-46, it appears that, had the acreage refrenchment program
nal heen in cffeet, the yearly rate of decline in yiclds would have been
even greater. From thiz it may be concluded that weather conditions,
which were more unfavorable than usual, were of great importance
fluring the period of the study.

COEFFICIEXNT O VARIATION

In fable G iz given all the inforrafion neeeszary to formulate an
estimating equation for predicting variability of vields in cach area.’
But eertain defieiencies may seriously limit their use. In the first
place, the diztribution of coeflicients of variation was too peaked. espe-
ciallv in the Upper Piedmont, to give sufficient validity to tests of
sipnifieanee hased on normal distribution theory.

Second, two [lactors—=size of the cotton cuterprise and average
vield—refleet in part some of the more direet production functions
that are included: so there ix a lendeney, through alloeation hetween
the Tactars in the correlalion angly=is. to reduee the relative inpor-
tanee of the more direet produetion Tactors while the more remote ones
aequire some of this importanee. Consequently, although the index of

16 Tn the sense of a sorics of yews of low rainfall followed by a series of yeurs
of relntively high rainfall, and vice versa,

17 Although they are given here for study and for ofher possible uses, it is
not believed thal erop-inmuiranee preminm rates should be determined in this
way. The abnormality of the distribution of the individual values of the ecoefli-
rient of varintion makes the chanee for error oo greal, especially in the Tipper
Picdmont and similar arcns. A more desirable procedive would be to base them
an the errors of Toreeast of individual furm yoarly vields over time, See pp. 97-90
and 117-119,
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corretation is enlarged, the nature of the net effect of the “closer”
production factors on the coefficient of variatlon fends fo become
obscured. Tor these reasons. it i doubtful whether the Iegleaaiun
cquations have nuieh value for estimating the cocfficlent of variation,
especially for the Upper Pledmont and similar areas where the dis-
tributicn of the individual cbgerveations of the coefficient of variation
departs rather seriously from normal. Despite these shortcomings, it
is believed that considerable light is thrown on some of the causes of
relative wield vaviability, and that an examination of the data in
table 6 in further detail, from this point of view, is justified.

The factors that were uniform for both sampIEa in explaining yield
risk were average yield, trends in yields, time interval of yields, per-
centage of c1op]and in cotton acreage harvested, and county cocfficient
of variation {althouglh in neither area was the coeflicient quite signifi-
canf at the 5-percent point). Two other fuctors were important in the
Upper Piedmont—acres of cotton harvested and rate of fertilizer
applications. One additional factor was important in the West Texas
Roliing Plains—npereentage of cotton acreage not harvested,

The factors that ranked highest in importance in the Upper Pied-
mont, aceording to the Bein cnefﬁcients, were yearly trend in yield,
amount of fertilizer vsed, fertilizer applied and percentage of crop-
land in eotton (jointly}, percentage of cropland in cotfon acreage
harvested, and farm average yield, In the Texas Rolling Plains, the
ranking of the factors was: Time interval of vield, time and trend
jointly, yearly trend in yield, percentage of cropland in cotton acreage
harvested. percentage of cotton acreage notha1vc~ted farm average \'mId
anel county coeefficient of variation. The seven uulependent factors and
their funetions explained 28 percent of the individual farm differences
in yield risk in the TUpper Piedmont, whereas six independent factors
and their functions accounted for 37 pereent in the West Texas Rolling
Plains, Therefore, the correlation analysis with the coefficlent ol vari-
ation was somewhat more effeetive in the Texas sample than in the
Tpper Piedmont sampie

FORECASTING YEARLY FARM YIELDS BY
CORRELATION METHODS

So far the factors ihat have a bearing on average yield and varia-
bility of vields have been explored, 1f has heen demonstrated that
those more elesely associated with the level of average yiclds conform
reasonably well with agronomie principles and that the results were
statisties 1]]\' significant. “Tn the case of {he coefficient of varialion the
resuits have not been so conclusive. Although certain {aetors have
been established as important in relafive yield variability, the rela-
tionships cannot be regarded az highly denpendable for the distribulion
departed too greatly from normality for the dependable application
of testz of significance to the carrelafion resulis, Furthermare, even
though the factors were demounstraied as statistieally significant, the
low index of determinntion suggestz that a crop-insurance program
hased on the cocfficient of variation might be unduly risky.

Exceptions may be made fo {hese points in the case of the West
Texas Rolling Plains but net strongly so, as a better alternative
appears. This alternative for premivm rates for crop insurance is the
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estimation of yearly yields from a regression ecqualion for a homo-
geneous group of farms with the crop-insurance premium rates based
on the errors of forecast. Such a procedure would give a fiexible rate
structure and would alse provide a reasonable degree of sceurity for
the insurcr, as the probabilities in the situation would be subject to
measuremaent,

This section of the bulletin was designed primarily to explore the
pussibility of foreceasting annual farm yields, and only incidentally
to establish the functional character of certain management {actors
subject to differential (year-to-vear) variation. From this viewpoint,
it was thought that the inclusion of the average yield as an inde-
pendent factor was desirable as it reflected the best available estimate
of the expectation of annual wvield. Tts inclusion provided the only
way in which between-farm differences in productivity, due to soil
fertility, topography, and other natural conditions, could be included.
The average vield was repeated for every year in the yield series.

EsTivatine YEARLY Yriewps ix TiiE UprpEr PiepsoxNt
FARMS INCLUDED IN THE ANALYSIS

Phe farms included in this analysis were those operated by white
pwner-operators  (men) who bought the farms on which they were
living in 1946 and who grew cotton during the 3 years from 1944 to
1946. The 198 farms that met these requirements provided a good-
sized homogencous sample, with 594 yearly yield observations. The
study in the Upper Piedmont was confined to this 3-year period in
order to obtain vield observations, paired with fertilizer applications,
which were as accurate as praciicahle. From the questionnaires, it was
found that farmers reported very little increase in their rates of fer-
tilizer usage between 1938 and 1946. This indicates that the farmers
were likely to report to enumerators the same quantity of fertilizer
for the earlier vears that they did for the more recent years.

Examination of TSDA Crop Reporting Board estimates of fertilizer
used per acre in producing cotton by farmers in South Carolina and
Georgia during 1944, 1943, and 1946, reveals that there was practically
no variation during this period in the State averages. Consequently,
the ahove-mentioned bias in farmers’ estimates of rate of fertilizer
applied to cotton was avoided approximately by confining the analysis
to the period 1944-46. No farms with less than 3 years of cotton yields
were used as it was believed that the recentness of experienee on the
farm might affect {he results. A use was found for the yield records
for less than 3 years, however, in testing the applicability of the regres-
sion estimates of vields and erop-insurance premium rates.

FACTORS INFLUENCING YEARLY FARM YIELDS

Revatiox ofF Tecrxicat (COEFFICIENTS OF PRODUCTION AND AVERAGE
YieLp 70 Yearty Fary Yieens—In table 7 are summarized the fac-
tors that proved mest important in the correlation analysis in esti-
mating yearly farm vields., Only three faetors are involved, although
one other (pereentage of county yield the previous year as percentage
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of the G-year eounty average yield) proved statistically significant in
a joint function with rate of fertilizer applications.*®

For the most parb the factors included are those that might be ex-
peeted to be most highly asscciated with variations in yearly farm
vields. Thesc are fertilizer and changes in quality of land. The rela-

Tasue 7—Summary of correlation results from analysis of specified
Jaclors against yearly farm yields in the Upper Piedmont, 194446

F-ratio of Beta

regression s
o coefie
coofficient ) Coefcient

Unit Regression

Factor coefficient

FX., Rale of fertilizer applica-

tion (including ammonin):
Y 00 pounds. . 10,4721 *72.8
XNk {Xa)z —~.G815 **38.7
X5, 194448 form averape yield ® 8858 | 3** 750.5
J{2.5)—X, Y D136 **103.4
J28—X, {Xa) {(XN5) s — 046 **31.8
Xy, Percentage annual acreuge
harvested was of average
agrenge harvestod. . . Pereeni —.2797 *3.9

=285 _ _
Pl o=8887; Pre . o= 767277 P%a | s=.5845; Siz ., s=T42
(2 =Index of determination; 8 =stendard error of estimate.)

! Hused on 198 white ewner-operators (male) whe bought the farms which they
were operating in 1946, and who uHso reported 3 yenrs of yields between 1944 and 1946,

* The average was repeated for each year in the period s & means of removing
differenges in yield level between furms.

* The F-test is of questionsble validity becanse of difficulties in determining degrees
of freedom with this factor, See lootuote 2 nbove,

¢ County vield previous year us percentnge of avernge of county yields for 6 pre-
eeding yenrs, This Inetor proved statistieally significant only with fertilizer in & joint
function.

** Significant at the 1-pereent point,

* Significunt nt the 5-pereent point.

tion of rate of fertilizer application to yearly vields is obvious; an
inerease would be expected to increase yearly yield, other things being
cqual, and viee versa.*® The quantity of fertilizer applied was treated
in the analysis as a parabolic funciion. The negative second-degrec
part of its cquation indieates that when fertilizer rates were very high

42 Two addilional fuctors (age of the aperaior and years of cxpericace on the
146 favm) und thelr lunclions weve tesled for (helr significance or coniribution
to the correldion nnulysis, Only nge and s sccond-depree funciion seemed
stalistieally sigaificant, by the Foraiio method, but it veduced the value of somg of
the net regression cocflicients withoulb incressing the coefficien! ol determinution,
reducing i, in fact, beenuse the joss in (degrees of freedom from the increased von-
stants smore thee mwade up for the gain in the correlation index. Consequently,
detniled study and analysis of both age and experience have beon omitted.

49 The regression analysis was designed to measure the year-to-year changes
of the ciors on yedrly yield. In {he ease of fertilizer, there are also residual ov
long-run effecls, which wre reflected in yield level, As o given fevtilizer penefico
of some duration affecls soil characler—iilth, sirclure, cle.—they are best reflected
us lopg-run influences.
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the influence of fertilizer on yearly yield prospects was negative,
However, i.: net effect cannot be so simply deduced as fwo other
functions of this factor are joint with other factors—farm yicld level,
and the preceding year's county yield relative fo the 6-year county
average. To pet the true cffect of rate of fertilizer use on yearly varia-
tions and eotton yield, all of these interrelationships must be examined

stmultanceously, This has been done in figure 13,

COMBINED EFFECT OF FARM AVERAGE
YIELD, FERTILIZER, AND RELATIVE COUNTY
YIELD PREVIOUS YEAR ON YEARLY FARM
YIELD, UPPER PIEDMONT, 1944-46

250 LBS. AV. 350 LBS. AV, 450 LBS. AV,
FARM YIELD FARM YIELD FARM YLELD

AV.LBS. LINT "o g7y YIELD PRECEDING YEAR | [
450 120%, of b-yaar av. yield = X
i ——— Ioo?o " " " "

400 - aoﬁ'}o " E u‘ " -
1

350 | parsanpetratrttsysed
300
250 e
200 |
400 600 800 400 600 800 400 600 800 1,000
LBS. OF FERTILIZER {INCLUDING AM!ONIATES) PER ACRE

. 5. DEPARTMENT OF AGRICULTURE HEG. 47948-% BURLEY DF AGRICULTHRAL [CONONICE

Figure 13—Yearly yield response from applications of fertilizer was a function of
farm average yield and the percentage lhat the county yield the preceding
yenr was ol the G-yeur averape (periodie influence). The point of maximum
vearly yield from fertilizer applieations incregsed diveetly with averape frm
yield. With an applieaiion of 600 pounds of feriilizer the farm average vickd
was 250 pounds and with $00-1,000 pounds of fertilizer the farm average vield
waes 450 pounds. The relative lowness of county yield the preceding year, as o
percentage of the 6-year avernge vounty yield, also affected the loeniion of the
point of optimum yearly yield from lertilizor, As ihe percentage which the
county vield was of the 6-year average declined, this point moved to the left
when farm average yields were 350 or 450 pounds.

A factor which measurcs changes in quality of land from year to
year has been reflected in the analysis indivectly, as no direct measure
of Iand gquality was obtained in the field enumeration. It has been
indicated by expressing cotton acreage harvested in a particular year
as a percentage of the average acreage harvested during 1944 to 1946.%°
The regression, as expected, was negative, For cach 1-pereent increase
in noreage harvested above average, yearly yield declined 0.28 pounds
on the average.

50 4 low percentage of collon ncreage relntive to average nerenge indlieales an
-improvement in land quality because the smaller relative acreage permits the
fermer more lntitude in selocting the most favorable fields for cotion. The con-
verse i8 trug of a high percentage of colion urcreage relative to average fcreage.
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In the joint function with fertilizer, a measure of the preceding
year’a county yield has been included. This was done in order to
measure any tendency for high yields to be followed by low yields,
and vice versa. County yield the previous year as a percentage of the
6-year average in an independent vole failed to show statistical sig-
nificance, and it appears that there may not be much direct periodic
effect. But indivectly, through its influence on fertilizer response, &
definite and signifieant conneetion with yearly yields was shown. As
the regression coefficient was negative, the indication is that the higher
the county yield in any given year relative to the G-year average, the
more the effects {rom fertilizer applications en individual farm yvearly
yields are reduced the following year.

A final factor indicated in table 7 remains to be discussed. This js
the farm average yield for 194446 which influences yearly vields by
establishing their base, or the level about whieh they fluctuate. This
factor was important to the correiation analysis as it tended to reflect
difierences in produetivity between farms, There was no other WRY
to do it in the analysis with the data available. As & measure, aver-
age yield—in addition to reflecting produetivity—probably reflects
some production practices whieh are due to management, such as fer-
tilizer applications in & long-run sepse; but it is believed that both
inherent productivity sud produetivity that has been established by
crop rotation, the planting of legumes, ete., over a long period are its
primary determinants. The importance of average yield in the analy-
sis is shown by the fact that 1 pound of increase in it aceounted for
an 0.88-pound increase in yearly yield. The Beta coeficient of this
factor is 1.77, the largest by far of any of the other factors included
in the analysis. Measuring each factor’s importance by its Beta coeffi-
elent, gives the following ranking for the factors influencing yearly
yield in the Upper Piedmont: (1) Average farm yield; (2) rate of
fertalizer applieation; (3) rate of fertilizer and average yield jointly;
{4) percentage annual acreage harvested was of average acreage har-
vested; and (5) rate of fertilizer and the percentage that the county
yield the previous year was of the 6-year average, in a joint relation-
ship. :

The relationships oublined above are more emphatically porérayed
in figure 13. The joint relationships of farm productivity, ehange in
quality of land, and change in county yield the preceding year from
the 6-year average are shown in this chart, Although all the factors
were closely associated with changes in yearly yields from their re-
spective averages, the greatest changes were associated with rate of
fertilizer application and the percentage that the county yield the
previous year was of the 6-year average. In genersl, the lower the
county yield the year preceding, compared with the 6-year average,
the lower the cotton acreage harvested was relative to average; and
the higher the rale of fertilizer application, the more yearly yields
tended to exeeed the farm average. This relationship avises because
the prospects for the succeeding crop, land quality (land seleetion),
and quaniity of fertilizer are combined in such a way as mutuslly to
reinforee the influcnee of each other. That is, the kind of response from
fertilizer in any given year is related to the sorb of erop-year and the
quality of land on which cotton is planted.
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The figure also shows that the differenéial responsc in yearly yield
from rate of fertilizer applieations was related to level of yield
(measure of soil eapacity) of the farm and the relative {nvorableness
of the erop year. in genersl, the higher the farm average yield and
the lower the percentage that the county yield the previous year was
of the 6-year average (aud the more favorable the prospeets of the
currenb erop year relative to the preceding), the greater was the dif-
ferential response from different rates of fertilizer application, It is
seen from the regression equation that at any level of yicld, o greater
fertilizer response was obtained when theve had been a comparatively
low county yield the previous year relative to average; and conversely,
when the counby yield the previous year had been high relative to
average. That is, the joint cffect of fertilizer and favorablencss of the
erop vear were the dominant forces in determining the differential
effect of fertilizer on yearty yields,

It appears that the point of maximum yearly yields from applica-
tions of fertilizer when the county vield the previous year had been
80 percent of averagoe approximated BOO pounds in cases where the
Farm average yield was either 250 or 350 pounds; but that it was ahout
1,000 pounds if the farm average yield approximated 450 pounds. Buf
with counby yicld thc previous year 20 percent above average, the
maximum oceurred with 200 pounds less of fertilizer ab cach of the
three levels of farn yield shown—oceurring ab 608 pounds of fertilizer
when average farm yields were either 250 or 350 pounds and at 800
pounds if average farm yield was 450 pounds. It is apparent alse that
the differential response from fertilizer was less when the county yield
the previous year had been 20 pereent above average than when it
had been 20 pereent below average,

Ruuarion or Tremwican Coprricisnrs or PropuctioN, ik AVER-
AGE YIELDS, AND RAINTALL Facromrs 7o YianrLy Yisuns—Iln he pre-
ceding section, a measure of the tendency toward sequence in yearly
cotton yields was cmploved in the correlation analysis in order o
include in the yearly yield forecasts, roughly the influence of weather
condibions as they might vary, periodienlly or cyelically. The inde-
pendent factor which was introduced for this purpose was county yield
the previous year expressed as a percentage of the county 6-year aver-
age vield. In this scetion, rainfall during certain months was sub-
stituted for it. The monthiy rainfall datn were Junc-plus-July rainfail
and August rainfall.®*

The Inetor for June-plus-July rainfall was ineluded as a second-
degree parabola under the assumption that in a humid region such as
the Upper Pledmont, an optimum ramfall for growth of cotton is
probable. In the case of August rainfall, a linear relationship was
used because the preliminary analysis indicated that a constant nega-
tive relationship cxisted. Al other factors are as included in table 7
above, with a few execeptions. Fertilizer was included also as a joint
function with June and July rainfall as ib is during these months that
the largest vegetative growth of the plant takes piace, Also the fac-
tor for June-pius-July rainfall is entered jointly with August rain-

51Tn exploratory snalyses with various rainfall faclors against cously average
yielqsidthe fartors seleeted here were esteblished na those most important relative
to yield.
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fall under .the assumiption that deficiencies or excesses in one period
or montli might be made up by excesses or deficiencies in the other.
The resuits of the analysis are shown in table 8. It is seen that the
regression coefficients were highly significant excepi for the first-
degree function of Jupe-plus-July rainfsll and the percentage thas
the annual acreage of cotton harvested was of average acreage har-
vested. Both were significant ab the 5-percent point by F-ratio iesis,
Substitution of the two rainfall factors and their several functions

Tasre 8,—Sununary of correlalion results from analysis of technicel, rain-
Fall, and other specified faclors dgainst yearly farm yields in the Upper
Pledmont, 184446

F-ratio of
regression
coefficient

Bety,

Regression :
coefficient

Factor coefficient

JX= Rate of fertilizer applica-
tion (including smmonia}:
X

100 pounds. - _ 3.8592 377

Xg)2 ~1.1169 **00.3
Ay, 194H€ average yield 2 ___ 8325 | 782
F(2.5)—X, 06203 |  **158.6
J'Xs, jI(umaz plus July rainfall; 4

—28.7249 *5.5
Xe 2.4787 77

J2, 6} 8367 R Y%
ey August rainfall 4 in 27.3016 740
J(6,1—X, —3.7380 *(i5.2
Xy, Pereenta%e snnual acreags
of cotton harvested was of | -
average acreage harvested. .. —.3368 4.9

u=97.8 _ _ .
Pi\.!! o 9= 6042; Py L., 9¥-77:{3"";P21.<_- o9=.50974; 812 ., +=73.1
(PP? =Index of determination; 8 =standard error of estimate.)

! Based on 198 white owner-operators {male) who purchased the farms operated
by them in 1946 and who alsa reported 3 years of yields between 1944 and 1946.

2 Spg footnote 2 to table 7.

2 Hee footnote 3 to table 7.

¢ For the following wenther stations iu or near the sminple counties: (reenville,
Clemson College, Athens [, Gillsville, Carlton Bridge, Atlnnta Airport, Tallapcoss,
and Newman.

**Significant at the 1-percent point.

*Bignificant at the 5-percent point.

far the percentage change in the county yield from the G-year average
increased the adjusted coefficient of determination only slightly (from
0.5845 to 0.5974). 'This indicates thai the regression equation based
on the technical coeflicients with the periodic factor in ecunty yields
are almost as effective as with the two rainfall factors,

A study of table & diseloses that the signs of all {aclors previously
enalyzed in this seetion (fable 7) remained unchanged but thai the
size of all regression coefficients was lower, with {wo exeeptions. The
regression ccefficient for fertilizer and average rield jointly was almost
doubie the previous value, whereas the regression coeflicient for change
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in cotton acreage was enlarged from 0.28 to 0.34 pounds for each per-
centage point change in aecreage of cotion from average. As the index
of determination was somewhat larger, the presumption is that a paré
of the effect of the factors shown in the previeus analysis was affected
by the rainfall factors. On first consideration, it appears that the
regression coefficients for the two rainfall factors, June-plus-July rain-
fall and August rainfall {in the sign of the coeflicient) are opposite to
those expected, the former factor being negative and the latter positive.
But on closer examination, it is seen that the joint funetion of the
two factors is of great significance. Consequently, as once before, it
beeomes necessary to study together all factors that operate jointly
with the rainfall factors. This is done graphically in figure 14.

Ignoring the differential effect of fertilizer the lines in this chart show
that yearly vields deelined relative to farm average yleld as June-
plus-July rainfall inereased, assmining an August rainfall of either 8
or 12 inches. On the other hand, under an assumption of 4 inches of
August rainfall, yearly vield was less, with 10 inches of June-plus-July
rainfall, than with 5 inches, bubt greatly inereased if June-plus-July
rainfall was 15 inches. This shows, in general, that yearly yields de-
clined relative to farm average yields as total rainfall increased in
these three critical months, but that if June-plus-July rainfall was
10 inehes or more the yield rose as August rainfall dropped toward
4 inches, and perhaps below, This indicates that an excess of rainfall
in June and July may partially ecompensafe for o later low rainfall in
August; it also shows that a high relative rainfall in Augunst more than
compensates for low rainfall in June and July. The conclusion is that
a low August rainfall was more important to high yields thanm high
rainfall in June and July.

The graph also shows that a low June-plus-July rainfall was asso-
ciated with yearly vields that were eomparatively stable relative to
their respestive averages, hut that their instability increased as June-
plus-inly rainfall increased. Furthermore, it appearcd that the amount
of June-plus-July rainfall, up to ab least 15 inches, was the strategic
factor in the differenbial response of vearly vields from applications
of ferbilizer. The differential response from fertilizer also appeared
to be influcnced by the average yield for the farm, and inercased
directly with inercases in average farm yilelds. For example, ab three
levels of yield—250, 350, and 450 pounds—it was noted that with a
June-plus-July rainfall of 5 inghes, the point of maximum returns in
vearly viclds was reached with an application of 600 pounds of fer-
tilizer; with 10 inches of rainfall the maximum was reached at 800
pounds: and with 15 inches of rainfall in June and July, it was reached
when 1,000 pounds of {e) tlizer were applicd.

Tn every case, the peint of the maximum in vearly yields from appli-
enbions of fertilizer incrveased as the level of Tarm yield increased. For
ench § nehes of inercase in June and July rainfall, the quantify of
fertilizer required to give maximum yearly yields was increased by
200 pounds. Thercfore, the conelusion might be that neot only a high
soil capacity but also a high amount of rninfall in June and July is
required for a high rate of fertilizer application {o give high yearly
yieids in the Upper Piedmont.

A further conclusion from this scction is that high June-plus-July
rainfall, eombined with low August rainfall, influenced yearly yields




86 TECHNICAL BULLETIN 1042, U1, 8. DEPT. OF ACRICULTURE

EFFECT OF LAND PRODUCTIVITY,
FERTILIZER, AND SUMMER RAINFALL
UPON YEARLY COTTON YIELDS, UPPER
PIEDMONT, 1944.46

r———— JUNE PLUS JULY RAINFALL ~——
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Ficume 14—The greatest stabilily in yearly yiolds with respect to farm averuge
vield was assoglated with low June-plus-July rainfall, while conversely the
greatesh instability was associnted with high June-pivg-July rainfall, The lowesl
yearly yields relative io the fwrm avernge were nssociated with high June-plus-
duly rainfall combined with high August rainfall, whereas the highest yields were
related to high June-plus-July rainfall coupled with Jow August rainfa)l. The
highest differentinl respense i yearly vields from increased ferkilizer applica-
tions came when June-plus-July rainfall was high, On the basis of the résults,
it oppears that high yemrly yields relative to form avermges may be expected
either from low June-plus-July rainfnil] coupled with high Aupust rainfall or
irom high June-plus-July rainfe]l combined wilh low August rainfell, but more
so from the latfer combination.
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directly by a certain incremend, while from the favorable effect of
high June-plus-July rainfall on fertilizer effect, yearly yiclds received
an additional increment. A low June-plus-July rainfall combined with
a high August rainfall gave high yearly yields also but apparently with
very little or no stimmlus from applications of fertilizer. As the first
rainfall combination (or sequence) appeared to give higher yearly
yields than the second sequence, the difference was apparently due
to the fertilizer increment. Also the greatest variabibity from the aver-
age of yearly yields, was associated with the first rainfall combination,
wibh fertilizer likewise responsible because a very favorable response
i yearly yield was obtained with a rale of fertilizer application con-
siderably in excess of the quantity required for the optimum (700
pounds} in yield variability.

EstiniatiNg YEARLY YIELDS IN THE WEST TExas RoLLing PrLains
FARMS INCLUDED IN THF ANALYSIS

In this analysis with yearly yields, two major classes of operators
were ineluded: Owner-operators who bought the farms oceupied by
them in 1946, and share-renters, As indicated previously, these two
categories of farms have many similarities in utilization of cropland,
level of yield, and variability of yields. For purposes of the analysis
they were rendered even more homogeneous by & rigid specification as
regards the kind of labor employed. The requirement in this respest
was that both classes of operators employ only hired labor, or hired
labor in combination with other types.

Contrary to the procedure in the Upper Piedmont (where limitations
on the time interval had to be made in ovder to obtain fertilizer data
of maximum usefulness) varying ume intervals in the yield recowrd,
1938 to 1946, were used; but in no ease was a yield duration of less
than 3 years used. Consequently, this procedure gave for the analysis
of Texas dafa an assoriment of farms with yield intervals varying
from 3 to 9 years. When all farms with missing values in any year
were eliminated, 203 werc left. In connection with these farms there
were 1,374 yearly yield observetions. Although varying time intervals
in annual ylelds miroduce certain difficulties in regard to comparability
over time of some of the independent factors, it does give the sort of
eross-sectional sample which a crop-insuranee program would face.

FACTOHS INFLUENCING YEARLY FARM YIELDS

The correlation approach used in conncction with the Texas sample
was similar to that employed for the Upper Piedmont, except that no
strictly technical factors of production werce available (teehnical in
the sense that they are subject to differential variation by the man-
ager). First, eertain factors of land guality and a measure of abandon-
ment of cofton acreage were combined with county yields in two time-
lags to refleet certain periodic movements in yields which appeared
to be present.* Next, the county-yield factors were replaced by monthly
rainfall factors during the growing season.

52 I Lhe annlysis with aggregates, the correlntion of yearly county yields gave
highest corvelation cosffivients for the second and ninth preceding yoars,
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The results from the first analysis are given in table 9. Five inde-
pendent variables were included: Percentage of sceded cotton acreage
abandoned, 193846 average farm yield (for periods varying in dura-
tion from 3 to 9 years), acreage of cotton seeded as o percentage of
the 1038-46 average, and county yield lagged 2 and 9 years respee-
tively. All were significant statistically at the I-percent point. These
five factors compositely accounted for about 44 percent of the yearly
variations in yields of these Texas farms during the peried.*® Farm
average yield appeared to be the chief factor in explaining individual
differences in vearly farm yields. The second most important factor,

TABLE 9.—Swummary of correlation resulls from analysis of specified factors
against yearly farm yields in the West Texas Rolling Plains, 1938-461

Foratio of

. Regression . Beta
Factor Unit : TCEression "
coeflicient coefficient cocfliciant.

Xy, Percentage of seeded cot-
ton acreage abandoned 1 pereent —1.7636 *e7.d —{.159
X, 193840 farm average yield 3 Pound 0500 | 2 **502.2 480
JX:, Acreage of cotton seeded
as a percentage of 1938-46

1 percent —.8158 1210
(X0} (X9 0048 “*17.9

~.2049 **41.2
4254 *+280.3

e=67.1 _ _
P2y 2= 4485, Py g, 13=0652%% Py | 15=4401; 812 .. 15=08.7
{PP* =Index of determination; 8 =standard error of estimate.}

! Based on owner-operators who purchased the farms operated by ther in (946,
entl share-renters, both elasses of whom employed hired labar or hired laber in com-
bination with other types. A total of 203 farms involving 1,374 yenrly yield ohserva-
tions.

2 Averagey based on 3 or more yearly yield reports during the period. The nverage
vield was repested for each yeur w1 the period as a means of removing differences i
yield level between farms,

? Foragie tests are ol questionsble validity because of difficuity of determining
degrees of freedom.

¢+ Acreage of cotton seeded in any year expressed as a percentage of the average
seeded acreage for the farm’s time interval {3 or more years) during period 1938-44,

** Significent at the 1-percent point.

82 The analysis with the five factors in table 9 was alse extended ta include
age and years of experience with parsbolic functions. Only years of experience
and its function gave a statistically significant regression coeflicient (at the
S.percent point); however, the index of determination was not rnised by this
{actor. In fact, the porrected index of determination was somewhrt lower than
that obtained with the five factors in teble 9. The conclusion is that in the Wost
Texas Rolling Plains neither age nor experience had a significent bearing on
yearly vields when the farms were owner-operated (by owners who had pur-
chased) or share-rented, and where hired labor or hired Izbor and some combina-~
tion of other types of lzbor was used, These factors might have been more ¢losely
associated with the size of yearly yields if they were the farms and their oper-
ators had been less rigidly defined in this analysis.
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as measured by the Beta coefficient, was the ecounty yield the ninth
preceding year. The relationship was positive, and for each pound of
inerease in county yicld the ninth preceding year, the expeetation on
the average was for an increasc of 043 pounds in the current annual
yield.

The percentage that the annual acreage of cotton seeded was of the
average acreage seeded appeared to be a third main factor. For cach
1 percent of increase in acreage secded above average for the faem,

TanLe 10.—Suwmmary of corvelation results from anolysis of lechnical,
rainfall, and other specified factors against yearly farm yields n the West
Texas Roliing Plains, 1935-46

F-ratio of
regression Beta
coeflicient

Unit Regression

Faetor coefficient

eocthcient,

X., Tercentage of seeded cot-
ton werenge uwbundoned ... .} 1 percent —1.7438 “*74.4 —g.162

X, 1938-46 furm avernge yield % Pound O757 | 722 88

N, Aprib radnfall ... 17.1046 **337.4 201

X, May rainfull ¢ . 5.9081 *431.2 150

X, duly rainfall ¢ ; 6.475 **41.2 NE

SX's, Acreage of cotton seeded
ns n percentapge of 1938-16
RVErapge: 5

Xoe wno e men e

Ny TRRIDR I 5, £ B 7% 'Y DI L0066 *427.8 069
X, August rainfall ¢ 1inch 56624 **30.8 113

1 pereent — 776 **113.1 =17

a=—+4.0 _ _
e n =.4014; Pys ,, 0=7081%% P2a 0 =.4984; S0 .. 0=65.0
{72 =Index of determination; 8 =standard error of estimate.)

! Based on owner-operstors who purchased the farms occupied by them in 1946,
and shure-renters, both clusses of whom employed hired labor or hired laber in com-
bination with other types. The 203 farms thus defined had 1,374 yearly yields.

? Avernges based on 3 or more yearly reports during the period, The avernge yield
was repeated for each year in the period as & means of removing differences in yield
level and between farms.

1 Bee foninote 3 of table 9.

t For the following weather stations in or near the sumple counties: Abilene, Bal-
Iliingéer, Big Spring, Haskell, Knox City, Muaday, Paducah, Snyder, Rescoe, and

OGAan.

s Averages based on 8 or more yearly reports of cotton ncrenge seeded.

** Bignificunt at the 1-percent point.

yearly yield declined 0.82 pounds, on the average. The assoclation
hetween this faector and the yearly variations in cotton yield was more
than twice as great as in the Upper Pledmont, where a 1-percent
increase in acreage harvested above the farm’s average caused a de-
eline of 0.28 pounds on the average.

The other jackors ranked in order of their imporiance were as fol-
jows: Pereentage of cotton acreage abandoned and ecounty yield the
second preceding year,

Roth factors showed a negative relationship with yearly yicld in
the West Texas Rolling Plains, For cach 1-percent increase in aercage
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abandoned, yearly yield decreased 1.76 pounds. In the case of county
yvield the second preceding year, each pound of increase was associated
with an average decrease of 0.20 pounds in yearly yield.

The results obtained from a second phase of the correlation analysis
with yearly yield in this sample arvea ave given in table 10. The dif-
ference between the methods used {o obtasin the resuits shown in this
table and in table 8 is that rainfall data were substituted for the
county-vield data that were used in the two lagged relationships. Four
rainfall factors, April, May, July, and August ramfall, replaced the two
eounty-yield facters; all other factors remained as in table 9. (These

. factors were selected on the basis of relative importance established

by correlation analysis of various monthly rainfall data against county
average vields,)

The over-all result was favorable in thet the index of determina-
tion was inereased {rom (.44 to 0.50, representing an increase of M4
percent in the explained variability. Again, as above, {arm average
yvield was the main factor explaining differences in yearly yield, Next
was April rainfall. Other factors ranked in order of importanee, hased
on size of the Beta coefficients, were percentaze of sceded acreage of
cotéon abandoned, annual seeded acreage as peveentage of the farm
average seeded acreage, and May, July, and August rainfall,

The net effect of a I-percent inerease in cotton acreage abandoned
was & reduction of abeut 1.7 pounds in yearly vield—a value cloze
to that shown in table 9. On the other hand, the regrossion effect of
changes in aereage sceded from the farm average acreage seeded was
eonsiderably reduced in importance—a 1-pereent increase was asso-
ciated with a 0.68-pound deercase in yearly yield. This may be com-
paved with the 0.82-pound decrease menbioned above (table 8). The
difference may be attributed to the inclusion of the four rainfall factors,
some of which, particularly April and May rainfall, had a direct bear-
ing on relative abandonment of cofion acreage. The regression effeets
of 1 ineh of rainfall on yearly farm yiclds in the Texas sample were
as follows:

R({f?!f({” N Paule inerense
Y 1 17.1
Y i e e 8.0
T 6.5
August ........................................... 5.7

Thus, an inch of April rainfall had almost three fimes as wuceh
effect on yearly yields as any of the cther three monthly rainfall fac-
tors. The preat importance of rainfall in this month may be due to
its bearing on stands of cotton. As the area is subhumid or semiarid,
enough moisture to “get the crop up” is often of eritical importance
in the production of any erop, for without an adequate stand the
affectiveness of later worle on the erop and of rainfall in later months
are greatly reduced.

The fact that rainfall in 4 of the 5 months during which the cotton
crop matures failed to be wore elosely associated with yearly yields
in our caleulations s unexpeeted. But this failure to establish greater
importance probably can be explained by the inability of reports from
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the weather stations to reflect accurately the rainfall received on the
farms in the sample. Observations from only 10 stations were em-
ployed for the sample of 10 counties. This is about one set of observa-
tions for each county in the sample. In an agricultural area as dry
as the West Texas Rolling Plains, it is apparent that a vastly greater
number of weather observations should be used if the range of varia-
bility in rainfall is to be reflected, thus making it possible to establish
more accurately the association between rainfall and yearly yields.
In & humid area in which rainfall scidom goes below, or even ap-
proaches, the critical limit, a large number of scparate observations
would not appear to be so imporfant. Despite the defieiencies in the
data regarding Texas rainfall, the four rainfall factars, correlated
against vearly yields in the Texas Rolling Plains, accounted for a
higher proportion of the variance in vesrly vields than did the two
rainfall factors in the Upper Piedmont.

As abandonment of cotton acreage is so important to the success
or failure of a crop-insurance program in this area, certain factors
thought to have a bearing on it were analyzed by correlation methods.
The factors included were age of cperator, years of experience of
operator, and the four monthly rainfall factors mentioned. The index
of correlation which resulted was very small and not statistically sig-
nificant. Furthermore, only the regression coefficient for vears of
experience was signifieant at the 5-percent point. Other trials, whicl
included percentage change in acreage of cotton seeded, produced no
hetter results.

The poor showing in the correlation analysiz with abandonment of
cotton acreage may he explained by the fact that the group of farmns
under investigation had very low abandonment as a whole. As pre-
viously shown, at least one of the facters, type of labor, which caused
a high rate of abandonment of aercage, was climinated by definition.*
The second factor, seed cleaning or treatment, or hoth, was shown also
to have affected significantly the abandonment of acveage. Although
not specifically eliminated by definition as in the case of type of labor,
this second factor may be of little importance becsuse superior man-
agement by the group of operators under consideration may imply
superiority in this respeet also,

CROP-INSURANCE PROGRAM BASED ON REGRESSION
EQUATION OF YEARLY YIELDS

In the analysis so far factors that influence farm averape vyield,
varinbility in annual yields and trends in yields have been studied.
The factors that influence average yield and yield varishility are
regarded as useful in setting up productivity and risk categories of
farms. Tt is believed, however, that premiumt rotes in crop insurance
could not be calculated from the coefficient of variation of the yield
series for the individual farm. When groups of farms are thus treated
the frequency distribution of the coefficients of variation is too ab-
normally skewed for normal curve theory to be applied.

54 Farms wilth hired labor showed n very low abandonment of eotton acreage;
those with fumily and sharecropper lnbor, a vory high raie. See p. 53,
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A further difficulty of sueh an approach is that the yearly yield
forceast, which sueh a procedure implies, would be based on the respee-
tive farm aversge yields. By this method, the average yield would
be assumed as the most probable expected yield for any givea year,
and all years in the future would be assigned the same prospective
yviek!. The results uncovered in this study indicate that this agsumption
regarding future yields on any given farm is too unrealistic and teo
inflexible to meet the realities of the sifunation, or to atiract the better
farmers into an insurance program. Obvieusly future yield expeeta-
tions for a particular farm are dominated by dynamle rather than
static forces. These dynamic forees inelude both processes of growth
and processes of deeay. The processes of growth ave influenced by the
introduction of new techniques. inereased experience in production,
ehanges in characteristics of operators {(such as age fo a cerlain point},
which influence yields favorably, z favorable eyele in weather eon-
dilions, ete. The processes of decay arve seil erosion, the loss in physieal
strength thab comes from the aging of the operator, an unfavorable
evele in weather, ete.

Somelinies the proeesses thatb raise yields compete with these that
lower them. For example, an alert youthful operator, who is intro-
ducing new teehniques as rapidly as possible, may still find that his
crop is subjeeted to an unfavorable weather cyele. Contrariwise, the
forces that lower the vield may be in conflict with a faverable weather
evele and other factors assoclated with high-yield farms. The oppo-
gite influcnces of the weather cyele on drends in farm yields are illus-
trated by the two sample areas for 1938-46. The trend in yields was
upward in the Upper Piedmont but downward in the West Texas
Rolling Plains, beeause of opposite cffeets of the weather during the
selected period.

Some faetors thal introduce changes in the general character of the
farm’s yield over thine are subject {o the veolition of the operator. The
factors of production that he may manipulate in changing the course
of his yields arve rate of fertilizer applieation, crop rotation, shift in
farm organization, kind of labor, {reatment of seed, use of tractor
power. and many others. In the correlation analyses, the regression
coefiicients of zome of the factors that determine yearly yiclds of farms
were caleulated, as well as those of other vield faetors external to
the larm whieh might be used successfully in preparing forecasts of
the yearly yiceld. (The external faetors were! Previous yearly yield
of the county expressed as a percentage of the §-year average county
yield in the Upper Piedmont, and county yields the zecond and ninth
preeecling vears in the West Texas Rotling Plains.) Consequently, hy
employing the regression equations, it is pessible to forecast, with
iknown error, the vield of individual farms for the year ahead—once
produetion plans are known for that year.

The forecast would not he expected to give any farm's vearly vield
exactly but a series of such yvield foreeasts should average out. Bach
farm forceast, however, would be wilhin the error limits of the respee-
tive regression cquations. This method would enable realistic and
flexible vield forceasts for groups of farms, and would reduee the
cost of guaranteeing any pereentage of the respeetive Tarm-yield fore-
casts depending upon the reduetion in the variance of the original
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yield observations that is accounted for by the ecausal factors included
m the regression equation. The results would be & radical departure
from yield forecasts based on yield histories of individual farms, or
some areg normal yield.**

Some ides of the success with which yields could be forecasted, and
of the possible saving to farmers in premiums from this inoreased
ability of the insurer to look ahead in estimating yearly yields, is
indicated by the results obtained from the eorrelation analysis. (See
tables 7-10.) The results from both areas indicate that the size of
the eoefficient of determination was inereased materially by including
the farm average yield as one of the presmmned causal factors asso-
ciated with variations in yearly yiclds.

In the Upper Piedimont, average yield and three otheor factors ex-
plained 58 percent of the variation in ammual yields. In the West
Texas Rolling Plains the average farm yicld and four other factors
explained 44 percent of the variation in yearly yields. It is believed
that insurance coverages and rates based on regression-forecasted
vields and their corresponding errors of estimate would be more equi-
table and adequate than can be obtained by any other method.

TEsTS OF ApEQUACY oF REcRESSION EQUATIONS Iy PREPARING
Forecasts oF YEArLY YieLDps aNDp Cror-Insurance PrEmiuar RATES

Table 11 gives the results of testing these regression equations and
their standard crrors for both sample areas, under four sets of con-
ditions as regards type of farm and time intervals. Test I is based
on a sample of farms taken from those used in the correlation analy-
sis. Test ITT is analogous with test I as to charncteristies of both farm
and operator, but differs from it in that no farm in this group was
used in the correlation analysis because the time interval (1- and
2-year farms) was considered too short. Test IT in each area is
similar to test T with respect to length of history of yields; however,
farms in this group were not used in the correlation analysis, and
their characteristics contrasted sharply with the farms included in
teat 1.

In test II, for the Upper Piedmont, another condition was imposed
hy excluding all farms operated by Negro operators, both owners and
tenants. These farms differed drastically from the others in average
yield and size of the coefficient of variation in yields. Test IV was
closely analogous to test II in the respective areas, differing in that
the time duration of yields for these farms was only 1 and 2 years.
In all tests, yearly yields were forecasted, premium rates were com-
puted for 75-pereent vield coverages, and loss-costs were caleulated.™
The foreeasted yields may be compared with the actual vields and
estimated loss-costs may be compared with the computed premium

55 The mapping of counfies into productivity nrcas does not remove the necos-
sity for a yield forecast for farmers who participate in o erop insurance program
bnsed therzon. As the insurance gunrantee of necessity specifies some yield or
yield group, it must be determined by some yield average or normal yield for
the area. Consequenlly, yield expeetntions for crop insuranee hecomeo assump-
Lieng based nn these norms, and arp subject to most of the erilicisms of fum
average yields based upou yield histories.

56 For methods of computation, see Appendix, pages 117-119.
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TasLe 11.—~Tests of reliability of regression equalions of yearly and average yield, and the dependability of error of estimate of
yearly yields in estimating crop insurance premium rates for groups of farms of varying relationships to those in the correla-
tion. analysis ‘ ,

Farms with 3 or more Farms with 1 or 2
years of yields vears of yields

Test 1+ Test IT2 | Test III 2 | Test IV *

Upper Piedmont.:
Yields:
Number..___

o
88
Q200 =W 8
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Percentage diflerence
Dats for 75-percent crop insurance:
Average {or all farms:
Loss-cost
Computed premium rates ¢
Toss-cost margin
Percentage margin on loss
Federal crop insurance rate, 1945
West Texas Rolling Plains:
Yields:
Yearly
Average
Foreeast
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Percentage difference _Percent.. ..
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Data for 75-percent-crop insurance:
‘Average for all farms:
Loss-cost:
Computed premium rates 6. _
Loss-cost margin
Percentage margin on loss

. - 16.0 23.
13.6 14.0 13.4

3 —2.0 —9.
-=12.0 —42,
13.

Percent. __ _ 49.
K 713.0

Pound . 1

1 1n the Upper Piedmont, the correlation analysis was based on 198
white owner-operators (male) who bought the farms occupied by them
in 1946 and who also met the further condition of having produced
cotton in all 3 years from 1944 to 1946. Of the 594 yearly yields thus
employed in the correlation anslysis, 100, or a 17-percent sample, were
selected at random by year and farm to test the equation and metliod
of computing premium rates.

In the West Texas Rolling Plains, the correlation analysis was con-
fined to owner-operators who bought. their 1946 farms, and share-
renters, both classes of whom used hired labor or hired labor in com-
bination with other types. The yield interval varied from 3 to 9 years.
As there were 203 farms without missing values in any of the cells, the
total yearly yields represented were 1,374. Of this number, 138, or a
1}(1)-percent sample, were selected at rindom by year and farm for use in

the test.

2 Based on all farms in sample outside the correlation group (317 in
Upper Piedmont and 206 in the West Texas Rolling Plains) which re-
ported 3 or more years of yields. In addition, all Negro operators were
omitted in the Upper Piedmont, which left 237 farms in the group. In
the West Texas Rolling Plains there were 204 farms outside the corre-

lation group. A random selection of 14 percent of the yearly yields in
the period 1944-46 for the Upper Piedmont and a 10-percent random
selection of the yearly yields in the period 1938-46 for the West Texas
Rolling Plains were- made in order to perform test IL.

3 Test I1T was based on all farms similar in characteristics to those
in the correlation analysis except time duration of yields. However,
only the 1946 actual vield was used in the comparison with estimated
yield for each farm. In each sample, a 100-percent sample on 1946
yields was selected.

# Test 1V was hased on farms dissimilar in characteristics (as in test
1I) to these farms in the correlation analysis. In the Upper Piedmont
the 1- and 2-year farms, excluding those in test 11, were further refined
by dropping all Negro operators. In both areas, the analysis pertains
to the 1946 yields and the sample selected on this year was 33 percent
of the total cases in the Upper Piedmont and 50 percent of those in the
West Texas Rolling Plains.

51946 actual yield.

11; Computed according to methods set forth in the Appendix, pp, 117-

7 Basis of FCIC 1946 premium rates.

ALTIIIVIYVA SLIANY THIA NOLLOD NO SADNHATINI
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rates and with the 1945 FCIC premium rates {or the 1940 rate in the
case of the 1- and 2-year {farms).

The results indicate that the regression equations might be suc-
cessfully applied to the longer-period farms, either with characteristics
like those included in the correlation analysis or without closely anal-
ogous charncteristics, to forceast yearly yiclds and premium rates in
connection with a specified yicld coverage. Furthermore, the average
Yoss-cost for the sample of yearly yields, for farms over the years
included in the correlation analysis, was lower than the average pre-
mium rate, indicating favorable experience In crop insurance. (The
yield period was 194446 in the Upper Pledmont and 193846 in the
Wesbt Texas Rolling Plains.) The forecasted yields for both tests I
and 11 in the Upper Piedmont agree closely with actual yiclds, on the
average; but in the West Toxas Rolling Plains the forecasted yields
were materially lower than the setual yields. The reason for this
differcnce is that the time period for the Upper Piedmont was the
same as in the correlation analysis, whereas in the Texas sample all
average yields were adjusted to a 9-year hasis in order to improve the
yield cxpericnce. (Average yield was one factor in the regression
equation.) As n downward trend cxisted for most sample farns in the
West Texas Rolling Plains, the adjusted average yields were lower to
that extent. Conseguently, this reduction Jowered the forceasted yearly
yields relative to their corresponding actual yields {becaunse the latter
were taken at random in all periods irrespective of the time duration).

The fsct that the regression coefficients could be applied with such
a high degree of success to a group of farms not incinded in the cor-
relafion analysis indicates that fairly dependable regression coeffi-
sients must have been established by the correlation analysis. Also,
the higher level of loss-costs and premiums for the mare heterogencons
long-period farms shows the greater risk involved in writing insurance
on these farms.

A final comment may be made concerning the small size of the
computed premium rates compared with the 1045 FCIO rates in the
Upper Picdment. The differcnce arises because more than half of
the variability in yields was removed by the regression analysis, in
contrast with the FCIC rates which did not take into aceount the
factors that infuence variability of wiclds. In the West Texas Roll-
ing Plains, the premium rates by both methods are in elose agree-
ment, despite the fact that the regression cocfficient accounted for
44 percent of the vaviation in yearly yields, This indieates that the
vield varighility in the West Texas Rolling Plains was actually
higher than reflected in FCIC rates, an expeeted vesult on the Iraxis
of the results in the main part of the analysis,

T4 follows that the rates derived from the regression equation are
more flexible, more in line with the yleld risks involved, and relatively
cheaper on the less risky farms, because they reflect in part the ability
of the regression coefficients to forecast yearly yields. Thus, the more
successful the forecasts, the lower the error of estimate of yields and
thfl:) more cquitable the premiwm rates for crop insurance would tend
to be.

In applying the regression equations to forecasting yearly yields for
the 1- and 2-year farms, it was first necessary to estimate the average




INFLUENCES ON COTTON YIRLD AND ITS VARIABILITY 97

vield for a tonger period for the [arms selected for this phasc of the
analysis, This was accomplished by using the regression cguations
for average yield given in iable 5, page 74. The procedure thereafter
in estimating yearly yields and eomputing premium rates was the same
as with the longer-period farms. Bub it is apparent from tests III and
1V that the methods can be applied with only quostionable suceess to
farms having a record of one or two yearly yicids.

ArprLicanion or Recressiox METHOD 10 A Cror-INsurANEE PHOGRAM

The first step in applying the method would be to establish for cach
major type-of-farming area, or for these type-of-farming arcas that
are closely related, the chiel factors that influence yearly yiclds and
their regression coefficients for the major eategories of farms, In the
interest of simplicity in operation, it would be advisable to limit the
number of factors to be included in the regression cquation.

In the Upper Pledmiont, the quantity of fertilizer applicd, the aver-
age farm yield, the pereentage that cotton acrease harvested was of
average aercage, and the percentage that the county’s previous yearly
vield was of the G-year average yield, and their various functions, were
found to explain 58 percent of the yearly variation in yields, both over
time and between farms. In most humid eotton areas, these factors
might be adequate. In the subhumid and semiarid areas of the Wost,
a different sot of factors would be required (table 9, p. 88).

A problem in the correlation analysis would be to determine the
regression coeflicients for each major category of farms in each area,
if necessary, such as were caleulated for a homogencous group of
farms in each of the two sampie areas inchuded in the study.’ In both
arens, however, the analysis against premium rates indicates that the
regression values could be applied with only slight crrov to other farms
with long-period records in the same homogencous areas. Therefore,
it is believed that an estimating equation based on the observed regros-
sion coefficients for an important, homogencous group of farms might
be applied to forecasting yields for all long-period farms of similar
characteristics in an area, and to other long-period farms in the avea,
tonfatively.

The use of a regression equation in cstimating yields and crop-
insurance preniium rates would require infornation on a farmer's yield
average and his planned production inputs for the coming crop year.
With these data and certain information as to the county yield for the
previous year, in relation to the 6-year average county yield, a farmer’s
vield prospeets for the year of insurance could be evaluated. This
cstimate of vield, together with the caleulated error of the estimate
obtained from the corrclation analysis, wounld perinit the establishment
of any level of insurance and of ascertaining its cost tc the farmer.
His planned production npuis (fertilizer and eotton acreage} would
he entered on the contract and would become eonditions precedent to
his performiance of the contraet.

®7In the Upper Piedmont. this group consisted of the owner-operated farms
of white males who had bought their farms, whereps in the West Texns Rolling
Plains it consisted of owner-operntors who had bought their 1946 farms and
share-renters, both classes being further limited to those who used hired labor
or hired lnber in combination with other types of labor.
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An ilustration of the applieation of the regression method of com-
puting the crop-insurance ecoverage and rate for an individual farm
is shown in table 12, This farm, operated by a white male owner who
had bought it, had 56 acres, of which 27.7 were in cropland. An aver-
age of 6.3 acres of cotton were grown, on which the 1944-46 average
yield was 231 pounds. If is presumed thab this farmer plans to grow
5.2 acres of cotfon in the year of insurance and expects to apply 600
pounds of fertilizer per acre. Therefore, his proposed cotton sereage
would be 83 peveent of his average acreage.

TanLe 12—8xamnple of use of regression method in ealcululing coveruges
and premium rates (applied Lo a farm record oblained in Greenville County,
. C.

Expeeted

Planned | cantri-
input bution

to yield

Unit of TRegres-

measure son

Factor Symbol
value

(1) (2) (3) {4) {3} (6)

Pownds
X 100 pounds. .| 10.4721 (.0 G2.5
(Xa)® —.6815 -24.5
193446 average yield of X 88.56821 20:4.6
cotton.
Fertilizer and average | XNaX5; 1.3640 19.0
yield of cofton.
Fertilizer and pereentage —. 0466 —27.7
previous year's yield
of cotton is of avernge.
Percentage cotton acre- ; 1 percent —.2797
age planted is of aver-

Fertilizer

BEC.
Constant additive value. ] Pound

Estimated yield [ol-
lowing year

Estimated error
75 percent cover-
[T (
Crop insurnnee
premium cost
peracre ...

1 See Appendix, p. 117119 for method of caleulation.

The three factors—rate of fertilizer applied, percentage that the
cotton acreage is of average, and average vield—are those required of
the farmer if {he method is to be applied. Another factor (not re-
quired from the farmer) is the figure for the county yield for the
previous year as a percentage of the average yield for the county over
the six preeeding years. Although the Iatter percentage apparently
was associated to a negligible degree with the annual yield for &he
farm, it does seem to be associated with farm yield through a joint
association with fertilizer. The relative size of county yield for the
previous year appears to reflect o tendency for good and poor erop
vears to veeur at intervals of 5 or 6 years. In 1945, the average yield
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for the county in which this farm was located was 99 pereent of the
preceding 6-year average.

With the three farm factors and one county factor, the regression
equation was used to ascertain this farmer’s yield prospeets for the
year in question, Al computations appear in table 12. Column 4
shows the regression coefficients for cach factor, eclumn 5 the planned
inputs, and eolumn 6 the cficet of cach factor on production {column 4
multiphied by column 5). The addition of «ll effects, plus the value of
the eonstant “a,” results in an estimated yield of 236.8 pounds, with a
caleulated “error of estimate™ of 74.2 pounds. With a covorage cqual
to 75 percent of the predieted yield, this farmer would have an insured
yield of 179.8 pounds per acre. His premiwm rate would be 8.9 pounds
—derived from the crror of estimate (74.2 pounds) by mctheds de-
sevibed in Appendix, pages 107-119.

Under field eonditions it would be nceessary to earry out the cal-
culations shown in table 12. This could be donc either on o caleulating
machine at the office from basic data obtained from the farmer when
the application was taken, or carlier. A table similar to table 12 could
be prepared [or each insured farm, or the stubs and eaptions could be
reversed and the calculations for several farms could be made on one
sheet,

The caleulations on coverage are simple and are quickly made. The
premium ratc would be learned by reference to a previously prepared
table or graph, The yicid-rate relationship could be graphed with the
estimated yield on the X-axis and the premivm rate on the Y-axis,
Varying coverages could be plotted as different lines on the graph. If
the crvor of estimate were considered to vary (it was not, here}, a com-
pletely new graph would have to be prepared. In any event, the sot
of premium-rate graphs or tables would apply to an entive type-of-
farming area or areas, and this might include a great many farms.

The advantages of using the regression approach for a crop-insurance
program are, (1} it would provide a flexible set of vields and rates
to refieet basic conditions, (2) it would show variations in production
plans, and (3) it would indieate any tendeney toward periedic move-
ments in yields. To the extent that periodic variations exist and their
presence is reecogrized, a bhasis would exist for farmers to profit ab-
normally f{rom buying insurance when the cxpectation is for a poor
crop year, and to lose out in buying it when a good crop year is in
prospect. The regression method removes much of this hias. An addi-
tional advantage of the regression approach is that certain important
production inputs, reflected in the regression estimate of the fureeasted
yield, could he written into the contract as controls, and could be made
specifie gonditions for the farmer's performance of the contrach. The
disadvantages are that the method may be more cumbersome for
use in the field than the present area-wide coverage and rate sehedules,
Under the proposed plan, annual {prospective) yields would be recal-
culated as the program progressed. However, the method lends flexi-
hility and inerensed cquity to the coverage and rate strueture, based
on fairly well-established relationships, so thab the lower-visk farms
have lower rates and the higher-risk farms bave the higher rates.
Thus, adverse seleetivity is redueed.




100 TECHNICAL BULLETIN 1042, U.S. DEPT. OF AGRICULTURE

CONCLUSIONS

The three components of variability in yields are periodic, man-
made, and random. In the national yield series for cotton, oyeles of
5 or 6 years and multiples of this time interval have persisted for at
least the last 40 years. Although the over-all national eycle musé be
reckoned with, local geographic factors appear to exerb a much greater
influence when the yield average applies to limited areas and to eoun-
ties. In the 9-sample counties from the Upper Piedmont in the Cotton
Belt, a periodie element appeared in the preceding yearly yield when
expressed as a percentage of the 6-year average; the relationship was
inverse, and showed up in the individual farm yields. In the Texas
10-sample counties a periodic variation was isclated for the second and
ninth preceding years, the former being inverse and the latter direcf.
Both types of cyclins! variations were also found in the yearly yields
of mdividual farms.

The man-made variations in yield may be separated into three raajor
categories—those subject to management, those associated with oper-
ator characteristics, and those assoeiated with the inherent character-
istics of the farm—which, although not controllable, are subject to
managerial selection, Certain eharacteristics of the farm which were
found to be associated with variability of ylelds were: Soil texture,
soil color, and topography (affecting level of yield only). The char-
acteristics of the operator that were associated with yield variability
in the Upper Piedment were: Tenure, color, sex, origin of operator,
years of schooling, years of experience, and how farm was aequired if
owned. In the West Texas Rolling Plains, many of the same factors
were similarly related, but some differed. They follow: Tenure, sex,
age of operator, ovigin of operator, years of schooling, years of experi-
enee, and how farm was acqu’ed if owned.

The factors subjeet to management foliow. In the Upper Piedmonté:
Degree of erosion, kind of labor, extent of use of tractor. years “seed
were planted from the breeder,” regularity of seed cleaning or treat-
ment or both, rate of fertilizer application, percentage of croj land in
cotton, size of cotton enterprise, and average farm yield. In the West
Texas Rolling Plains: Degree of erosion, kind of labor (this affected
also the percentage abandonment), regularity of sced treatment (this
affected percentage abandonmaent only), percentage of cropland in cotion,
percentage of eotton acreage not harvested, and average farm yield.
Because of limitations of sample size, it was not possible to ascertain
the extent to which the qualitative factors were mmtually exclusive.
But the net effects of the factors that were subject to ifferential varia-
tion were determined by eorrelsiion methods.

Obviously, not all the factors that affected average yield or yield
variability conld be studied, but some attention was given o them as
determined by experiment station results. These results disclosed that
these additional factors influenced wvariability of yields: Analysis of
fertilizer, application of barnyard manure, rotation of crops, use of
winter cover erops, application of lime, pll of snil, and fertilizer place-
ment with respect to seed. Fertilizer applied in eonlaet with the seed
or in close proximity thereto apparentiy produced very low average
yields and very high variability in vields, whereas fertilizer plaeed
in bands 3% inches to each side of the seed produced high average
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yields and high yield stability irrespective of the distance of its place-
ment below the seed.

The percentage of abandonment of eotton acreage in the West Texas
Rolling Plains—the only area in which if was statistically significant—
was found to be associated chiefly with five factors: City-originated
farm operators, severity of soil erosivn, elay soils, relatively low-
efficiency labor, and irregularity of seed cleaning or treatment, or ooth.

The final element in yield variation is due to one or more random
factors. An exhaustive analysis of this factor or factors could not be
made. Nor is it possible to indieate its relutive importance compared
with the other two clements in yearly yields, as the sample and the
methods available did not permit elimination of all elements explained
in part or wholly by other factors. However, certain weather factors
were ineluded in at least one fairly comprehensive analysis in each
sample area along with certain of the factors that were subjeet to
differential variation. In the Upper Piedmont, June-plus-July rain-
fall and August rainfall were included; in the West Texas Rolling
Plains, April, May, July, and August rainfall. The net cffects of each
seb of rainfall factors on yearly yield in the respective sample areas
probably constituted random influences. Their contributions to yearly
yield were significant in both sample areas but were far greater in the
West Texas Rolling Plains,

In both sample areas it was found that, as average yields inereasced,
vield variability declined relatively but increased in absolute terms,
although less than proportionately.”® Stabilily in yields provides an
added incentive to obtain high average yields and places a premium
on the production practices and management necessary to attain them.
As more factors were subject to differential variation in the Upper
Piedmont and as the increase in yield from factors common to both
sample areas was much greater in that area than in the West Texas
Rolling Plains {because of differences in rainfall}. the stimulus to
redueing yield risk by building up the productivity of lands and other-
wise raising the level of yield would be comparatively sreater in the
Upper Piedmont., Furthermore, as absolute yield variabiiity increased
proportionately less than average yield, the cost of insuring a fixed per-
centage of yield would vury inversely, both absolutely and reiatively,
with average vield,

Therefore. the cost of insuring a given percentage of the farm-
average yield is an inverse function of vield level. Also, because unit
costs of production decline as yicld rises, the risk eost is in a wav
a function of the cost of production, in that it parallels cost of pro-
duction in being inversely related {o average vields. Therefore, when
a farmer makes capital outlays to raise the level of vield on his farm,
his gains are twofold—lower eosts of production and lower risk costs
per unit.

The returns {o capital invesiments in land and in production ini-
provements are enlarged by this gain in risk cost, which may come
as a windfall gain ¥f net reeosnized by the farmer as one of his rea-
sons for making the expenditures of capital and effort in the first place.

%% Other siudics have also established this relationship. See articles hy Mrieier
snd Baoes (20, 21, 29). Hanrrow (72) hns established the same relationship for
whert yiekis in tha Great Piains,
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In any event, {armers who have the foresight to make such outlays wiil
probably have a more rapid aeeumulation of eapital over time.

Other findings of notable signifieance to an understanding of cotion
cultare in the South were the eficets on average yield and yield varia-
bility of eolor and sex of operator, farm inheritance, tractor use, ero-
sion, percentage of eropland in cotton, kind of labor used, and ferfilizer.
White operators had an advantage over Negro operators in average
yield and yield stebility in the Upper Piedmont. Men operators showed
an equally large differential eompared with women operators in both
areas. In both sample areas, operators who inherited the farms they
were living on in 1946 had a lower average vield and somewhat higher
coefficients of variation, although in certain produection practices and
operator characteristics this group of operators excelied those who
bought their farms. The differences between these two groups in pro-
duction cffciency were apparently due fo the superior managerial abili-
ties of the operators who bought rather than inherited,

In the Upper Picdmont, tractor farms had materially higher yiclds
and lower cocfficients of variation but they were superior also in most
production practices. This raises a auestion as to whether tractors
were dircetly responsible for the dirferences, but as an indieator of
average yield and yield risk they may serve as a reliable index. In
hoth aveas, average vield declined with inercased degrec of erosion,
and also with declines in efficicney of operators in the TUpper Pied-
mant ‘and with quality of labor in the West Toxas Rolling Plains.

Variahility of viclds showed an irregular tendeney to inerease with
degrec of crosion, Percentage of cropland in cotton was not elogely
associated with size of average yield in the Upper Piedmont but was
inversely related to the size ol the eoefficient of variatian, In the
West Texas Rolling Plaing, however, percentage of cropland proved
to lie a chicl factor in beth production factors, It was directly asso-
ciated with average vield and inversely related to yield variability.

In neither sample area was kind ol labor related to variability in
vields, but it had an influential hearing on average yield. In hoth
areas, the more officient nperators obtained higher average yields from
hired lahor or [rom hired labor in eonbination with other types,
whereas inadequate operaturs were more favored by family and share-
cropper labor. In the West Texas Rolling Plains, the kind of lahor
was closely related tu cotton failare, which increased strongly as the
efficicncy of both the operator and his labor declined. In the Upper
Piedmont, the efficet of rate of fertilizor application on average yield
varied with location. The cocflicient of varialion, however, reached a
minimum with applications of about 700 pounds—a point considerably
short of the maxinum for average yield. The tendency of the coefii-
clent of variation to reach n minimum short of the maximum, n
average vield. from fertilizer applications, wis eonfirmed by data on
fortilizer cxperiments at several points in the Cotton Beit.

White {men} owner-operators who had bought their farms proved
to be superior operafors in the Upper Piedmont, whereas shave-renters
were superior in the West Texas Rolling Plains. In both areas, kind
of labor was 2 stable analytical factor from several points of view and
it was markedly so in the West Texas Rolling Pluins.
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As many factors affect average yield and yield variability, a erop-
insurance program based on only these twu measures might prove to
be inadequate in the long run. However, regression forecasts of yearly
vields, based on a limited number of basic [actors, and those subject
to differential variation, indicate that a crop-insurance program based
on this approach would have been a success from the loss-cost view-
point during the years of the study. The preparation of annual fore-
casts of yields from an area regression equation for a homogencous
group of farms and the erop-insurance premium rate [rom its error of
estimate provide several advantages.

The loss-eost of the insurance (premium cost fo the farmer) would
be more accurately measured and thercfore be made more equitable
among farmers. The lower rates to farmers having high average yields
and Jow variability in yields would increase the desirahility of the
insurance to them; while the higher rates to other farmers would tend
to require them to moure nearly pay their own way. Moreover, the
method would provide a flexible yield and rate structure. As several
factors of production would be included in the regression cequation,
these In themselves would give a large combination of ennditions to
reflect, individual differences helween farms.

First, there would be considerable latitude for cstablishing ecate-
gories of farms according to qualitative differences between them, such
as color of operator, tenure status, ete. Second, a vegression procedure
to n certain extent gives administrators of crop insurance more con-
trols over production performance. All factors in the regression equa-
tion that are subject to differential variation could be written into
the eontract and become conditions precedent (w its performance,
Third, ag a regression equation would he get up to estimate yearly
vields, there would be less neeessity for contractz of several years'
durat.on, although they might continue to be dezirable fromn the stand-
point of lowering the cost= of administration. Fourth, the faetors that
refllect periodic variations in yields wlieh are Included would tend to
deereage visk selectivity against the mmsurer by redueing the applicant’s
ability fo outguess it as Lo vield cutecame in the year of insurance.

A fow sugeestions muy be offered relative to futurve studies of this
=ort. Additional bagie information should he obtuined on seeding and
eulluvai practices, which would Include details on placement of fer-
tilizer, That more acecurate information un the physical chacacteristies
of individual farmx iz required appears evident from the relationships
obtained in thiz =tudy even with crude measures of soil type, erosion.
and topography. Ezperially are accurate details on seoil iype and ero-
ston needed,  Information should be obtalned as to asset structure or
compesition and, i possible. as to the relalive sise of Gxed and vari-
alie coste. The flmlings here imply that farts with an nflexible cost
struceture had lower variubility of yichds than other farms in the cate-
aory, presumibly  beeause the fuetuations in yields that eould he
abrorbed without serously affeeting the producing unit were more
Timited.

Annlysiz of (he heteragencous and unstible tenure graups indicates
the need for incluston of a large nuwmber of “lower” elnss farms. This
would require some form of sample siratifieation, or supplementary
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sampling, along tenure lines in order to obtain & relatively larger
pumber of such units than of the more homogeneous owners.

A final point may be made in regard to the yield series. As long
bistories of yield are needed for farms in semiarid areas, field cnum-
eration is of limited apolicability, Even with such crops as eotton,
in which production is measured in easy-fo-remember units, it is not
possible to go back in time over 3 years without the risk of serious
memory bias. In the case of most other crops, it is not likely that one
could get records for more than 2 years with no serious error.

In a humid area, 3 years may give considerable information as to
yield variability and perhaps enough informaticn for an initial program
of crop insurance, but it is obvious that a time duration of greater
length would be required for 8 broad and adequate program. 1t appears,
therefore, that historical data on individual farms must be built up
from the Agricultural Conservation Program, crop insurance, and
cooperative accounting records wherever available. But these sources
will seldom prove to be adequate. Therefore, some system of keeping
records of key data (yield, acreage, fertilizer, ete.} for a group of
representative farms, supplementary to the limited data which can
be obtained by field enumeration, would need to be developed.
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APPENDIX
ResvLrs FROM AGRICULTURAL EXPERIMENTS

Any study of experimental results from agrieultural experiment
stations in the South is subjeet to many obstacles. Many publications
are gut of print and some are not readily accessible without consider-
able expenditure of effort that takes time. A more important difficulty
is the lack of comparability between experiments from different loca-
tions un the same subject. The differences in loeation are imporéant
but are not nearly so scrious as are the differenees in soll type and
treatmient of the soil before and even during the eourse of the experi-
ment. Rotations, crop sequences, and manure and fertitizer treatments,
vary greatly in these researches,

However, by studying the conditions of the experiments some uni-
fving characteristies may be found, although they arc often only
remotely unifying. Consequently, eonsiderable judgment was applied
in the assembly and elassifieation of experinents in" vrder to get them
in reasonably similar groups and to obitain resulls that were logical
amd subject to valid interpretation,

RESULTS FOR PIEBMONT AND COASTAL PLAIN SOILS

In table 21, pp. 154-135, are given, in eondensed Tori, the result of o
few representaiive experiments on the suils of the Picdmont and the
Coastal Plains 1245 30 33 34). The experiments were made within
the 30 years between 1914 and 1943, The effeets are shown of winter
cover erups, Jiming, pH value. evop rotations, and of some of these in
various combinations o {11 average yield, (2) the coefficient of varia-
tion in yields, and (31 trend in yield. In addition, in order to aid in
interpretation, the table contains information on the loeation of the
experiiment and the =0l type, fertilizer praetices, and crop rofation
Followed 1 the experiment,

The data show many significanc relationships bot the main eon-
clusion 1= that, trrespeetive of =oil type, laeation, and other conditions
teet influence any given experiment, higher average vields, greafer
vield stability, and sharper upward wends in yiekls resulted from goad
than From poor land-management practices. With one exception, crap
rotation of cution improved the yield and lowered yield variability,
The exeeption concerned rotation with fertilizer in the s-year experi-
ment at Florenee, 80 (L 634, pp 42-43). As 1,000 pounds of fertilizer
were applied, it i< apparent on the basis of other vesults, that the
minimum peint in yiekl variability attributable to quantity of fer-
tilizer applied had already been passed. (See g 11, page 600

In the ease of winter legumes, the story is substantially the same
as with erop rotation—average yield was raised and yield variability
was lowered by growing and turning under Austrian peas for green
manure, The one exeeplion n yield variabiidy occurred in the 8¢
Joseph'’s (L.} experiments {33, pp. 7-8). These experimients which
were of 6 years' durafion, were conducted on Sarpy sandy loam, a
s0il of very low fertility, without benefif of fertilizer. It would appear
that the inerease in organie matter was to some extent harmiul to the
crop. TFertilizer would have helped undoubtediv, Sarpy soil is deseribord
as of very low [lertility at St Joseph's. However, in the Mississippi
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Delta it is regarded as one of the more produetive and dependable
soils for cobton produection.

Striking results uppear both with liwe and pH in the experiwents
that took place on the heavier soils, The effect of lime on the light
soils is more intricate and difficult to interpret. In the experiments at
Clemson, 8. C., {80, p. 87 of 86 annual report), on Ceeil sandy loam
{a heavy soil), the eflect of lime, on botl mereasing yields and reduc-
ing yield variability, was notable. Although the variability of yields
dechined with the usage of lime and fertilizer in combination, the
application of lime without fertilizer gave the highest percentage in-
crease in aversge yields and also the largest percentage decreuse—by
far—in the variability of yields.

The tests of eotton yields ngainst various pEls bear out the findings
with regard to lime, Befween 5.0 and 6.5 pH, each 0.5 inerease in pH -
raised cecidedly the average yield and lowered the vavinbility of yields.
I} is not easy to explain this relationship, as cotton is gonsidered an
acid-tolerant plant 1t 1s suggested here that the increase in pH may
have increased 1be availability of certain minerals (already present)
as plant food elements in the heavy Cecll soils. The physical condi-
tion of the soil was undoubtedly improved and perhaps some minor
clement, or eloments also were made available.

The use of lime, cither alone or with green manure crops and in
conjunction with fertilizer, on the Tifton sandy loam in Georgia (a
light soil of low fertility) tended to lower yieclds and to increase vari-
ability of yields, (33, ». 32). The best response with varying rates of
fertilizer eamme with green manures, the poorest with lime, and there
was an intermediate respense when both green manures and lime were
used. Typically, the coefficient ol variation dropped off with increased
applications of fertilizer when combined with green mantre, reaching
a minimum with an application of 300 pounds of 2-8-6, whereas yields
continued to rise with increased applications of fertilizer. On the other
hand, combining fertilizer with grecn manures and lime reversed this
tendeney, causing variability of yields to inerease with increased ratbes
ol fertilizer application.

The only cexplanation to be offered for these relutionships is that
the light sandy suil in question, which iz naturally deficient in inin-
crals, was probably low in organic matter. The application of lime
or & large application of fertilizer may have provided a concentration
of plant. fool and brought about increased biologieal activity in the
soil, As the soil is sandy, no evdinary improvement in physieal strue-
fure was preobable. Therefore the conclusion here drawn js that, with
the expesimental facts available, extensive management of the soil by
the use of fertilizers and lime on such =oils may be complicated and
subjeet to difficultics.

A majority of the trends in yields were negative, not so much
because of the freatment, ov lack of i, as because of unfavorable
weather and boll-weevil eonditions which existed during the pevicg of
the cxperiments. ITowever, an examination of trends shows that,
almost without exception {pH is an exception}, as the treatment
increased in scope the trends were favorably affected. They declined
less than they did under the lower type of practice being compared.
That is, trend in yield tended to be improved by betier land
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management, cither from a large trend to a small negative or from
a small minus or small positive trend to a healthy upward trend. The
conclusion here drawn js that the desirable phases of soil management
increased the level of yields and the yield stability and that the gain
probably extended beyond the experimental period.

RATE OF FERTILIZER APPLICATION

In figure i5 is shown the cffect of rate of application of fertilizer
on yield and yield variability at threc main locations in the Cotion
Beib. The results are based on 18 experiments—& in South Carclina
and Georgia (5, 11), 6 in Mississippi (11, 23, 28), and § in Texas (26).
{E. B. Reynolds of the College Station Staff supplied additional infor-
mation for both the Angleton and College Station experiments by
correspondence,) Ab least 16 soil types were represented, although the
majority were for Coastal Plains seils, Despite determined effort by
the authors to sclect experiments that were similar in basic conditions,
considerable heterogeneity existed with respeel to erop rotations, to
residual cffcets ab the beginning of the cxperiments, and to changes
in experimental controls during the course of the experiments. Despite
these dificulties, the results ave in accordance with expectations, and
the irregularities are not large cnough lo preclude interpretation,

Without dwelling on differences between ihe oxperimental groups
at the different loeations, several tendencies which have o bearing on
the main study are selected.®™ For one thing, it is apparent that the
response of yield to fertilizer applications was positive up to the limit
of the rates on all except onc soil eategory—the four terrace and bottom
soils of Mississippi—where output reached a maximum at 1,800 pounds.
Also, typical of such experiments, the response was greater from the
earlier than from the later deses. Irregularifies are to be noled between
600 and 1,200 pounds in both input-cutpuk series for the South Coro-
lina and Georgia experiments, bué the relationships shown leave little
doubt of the underlying {endeney for increased yields to result from the
use gof increased amounts of fertilizer.

In the ease of the coefficient of variation, shown in the lower scetion
of figure 15, a well-defined minimum was detected in all experimental
eategories, although more strongly so in the case of the South Caro-
linn and Georgin experimenis. The lowest eccflicient of variation in
vields (highest relafive stabilily), took place between 400 and 1,000
pounds on the Constal Plains soils and between 200 and 8006 pounds on
Piedmont seil in South Carolina. On both categories of Mississippt
soils, ib cecurred bebween 600 and 1.2060 pounds; and at 400 pounds
as an avirnge for the five Texas experiments. In no soil category did
the greatest relative stability in yields coineide with cither the greatest
or the least change in input-outpul response. It tended to coincide
with that part of the response curve in which the rate of inereasc in

5074 is noled (fig. 15) that the Piedmont soil in South Carolina and Georgin
appenrs at a lower level of yicld in the eaddy steges of the rates and contrviwise
the variabilify ranges higher. In Mississippt, the differences belween upland and
bottom soils ave in the same divection, and are much larger. As the former is
based or only onc cxperiment and the latter on only two, no sigeificanee shouid

be attached cither to the diffcrences or to the associntions at this point, aithough
they are in line with findings from lhe farm surveys. Sec pp. 57-G1,
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EFFECT OF FERTILIZER UPON COTTON
YIELDS IN THREE AREAS

S. C. AND GA. MISSISSIPPL TEXAS

{AMNALYS5:3.0.58-3) {ANALYSIS: 4-B.4] {ANALYSIS, 4-12-4)
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TCOEFFICIENT OF YARIATION

U 5 QEPARTMENT OQF ASRICULTURE NEG. 47950 X  BUPEAL OF AGRICULTHRAL ECONONICS

Ficune 18~In all States excopl Texus, variability of yields avernged higher on
unfertilized soils, Avernges for the experiments in af) States shew (hat yields
responded (o inureased {oriilizer applieations ai the higher rates, exeepl on the
hottom lands in Mississippi, where a decline oeeurved between applications of
1,800 and 2,400 pounds, There was some Ireguluvily in response nt rales be-
tweon 600 sud 1,200 pounds in the Bouth Carolina snd Ceorgia esperiments:;
but the tendency for inerensing yields to he associnled with inercased usc of
fertilizer appears te underiic the irvegulnrities. The minimum cocfficieni of
variation sppenrs {© hiave been renclicd on the four Constal Plains soils {in South
Curolinn_and Geergin) between 400 und 1,006 pounds; on both eategories of
soils in Mississippi bebween 660 and 1,200 pounds; and on five soils in Texas .
at 400 pounds, as an average. Ouly onc kind of soil wus roported for the
Piedmonl—Cecil gravelly sandy lomm in Soulh Caroling, on which the minimum
was reached al 200 pounds of Tertilizer, with a secondary minierum nt 500 pounds.
{Brsod on 16 exporiments condueled over yelalively lone periods betweon 1020
and 1940.)
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vield was moderate. and after the rate of increase had begun to
climinigh.

The higher variability associated with the carlier stages of the out-
put eurve is perhaps due to the slow build-up in concentration of
Jertilizer in the soil relative to plant needs, and that in the later stages
to an approaching excess councentration of fertilizer and henee damage
to the plant in some seasons. So far as the intermediate stages are
concerned the greater instability of the output curve probably veflects
an approach to the optimum concentration of fertilizer fov plant
growth, considering the differences in soil texture, depth, tilth, eontent
of organic matter, water-holding capacity, and variations in the weather
by seasons,

With the exception ol the Texas experiments, all soil eategories had
the highest variability yields when no fertilizer was used. In Texas,
the variability wus just slightly higher when 200 pounds were applied
to the five soll types, on the average, than from the unfertilized soils.
In Texas also, rainfall averages much lower than in any of the other
loeations. Morcover, the soils in much of Texas tend to run high in
minerals because of soil processes which favor their retention, so the
Texas soils do not have the need for fertilizers which some cotton soils
in the Eastern States have. They are in a higher seale of fertility anc
the response of neither yield nor yield stability to lertilizer applicn-
tions ran he as great as on =oils that hegin at a lower seale

Trom the foregoing dJiscussion, it is apparent that not only the out-
pubt response hub the effects of fertilizer on yield variability vary with
the inherent fertility of (he soil, the soil humus, the various factors
of physical structure, awd the elimatie factors of the locality. Con-
sequently, cach major soil type may be expeeted to have its own
preuliar characteristies as to output response and optimum  yield
stability from fertilizer applications, That the 16 experiments sum-
marized In figure 156 tended to have considerable individuality in this
last-named characteristic is shown by the data in table 13. These data
have been summarized as a frequency count to show where each mini-
mum coefficient of variability of yields fell with respect to the various
fertilizer rates in conneetion with the 16 cxperiments, In two of the
three locations, 9 or 10 experiments had different rates for highest
vield stability. :

Tn the Texas experiments, the loeation varied less but oven so the
five experiments had three different minima for the ecoefficient of varia-
tion, Despite the great vange in the minima, however, the character
of the deerease to each of them and the character of the increase ahove
them make the respective rate means of the minima for the group of
experiments fairly representative, as shown in figure 15. These results
are comparable with those obtained from the eorvelation analysis with
larny surveys from the Upper Pledmont.

PLANT-FOOD ELEMENTS

The effect of the three major plant-food eleincats (nitrogen, phos-
phorus, and potassium) on yield and its variability is given in fig-
ure 16, The results shown are based on the five experiments made in
South Carolina and Georgia (71, §). As before, Jack of uniformity in
the basie experimental eonditions affects the results, but the averages
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indieate the influence of the different elements on yield risk. Obvicusly
the results from so few experiments afford only an indication of pos-
sible relationships. To gain a comprehensive and relisble view of these,
many experiments, or a sampling study of sufficient scope would be
required to provide the necessary statistical significance.

TaBLe 13.—Location of point of lowest coefficient of variation in yields
Jrom fertilizer experiments in different regions of the Cotion Belt

Experiments

Fertilizer Eastern States * Mississippi ¢ Texus
application

Different | Minimum | Different | Minimum | Different | Minimum
rates rate rates rate rates rate

Pounds Nuwber | Nwmber Nuwber | Number Nwawiber | Number

3

L

b

[ EST I R LN A R T
[l N Won e R B e 0 )
qun

2,400 ..

t Four experiments ln Seuth Caroling and one in Ceorgin (7, pp. 15-16; 11, wp. 8-10,
32; 28). Of the five experiments, four were on Cosstal Plgin soils. On three experiments
3.3-8-3 fertilizer was used, ot one 2.5-9-5, and on the other 4-8-3. Period of experi-
ments—I1920 to 1934, but primearily between 1920 and 1927,

® In the Mississippi experiments (12, pp. 17, 19, 28; 28) 4-8-¢ {ertilizer was nsod
en five experiments, and 4-8-8 on one, Period of experiments—1925 to 1940, but
primarity betwean 1931 and 1940,

* In the Texas experiments 4-12-4 fertilizer was used on ail {five} plots (26, pp. 11,
13, 18, 24}, Pericd of experiments-—1927 to 1940,

The data in the chart indieate that, despite the great differences
between the two soll categories, the minima in the coefficient of vari-
ability agrced except for nitregen, which was at 3.3 percent on
the sandy Coastal Plain soils and at 5 percent on the Cecil gravelly
sandy loam (Piedmont soil). Contrary o the effect of rate of fertilizer
application on yield variability, the highest coefficient of variation
was nob always found on the soils receiving zero percent of the ele-
ment in question.®® More variability was associated with some of the

59 Zero pereent for an element does not mean zero fertilizer as in the cose of the
raied. As the ploi-rates varied between 669 and 1000 pounds per acre, one may
question whether an element effect on vorinbilily or an imbalonce effect is
obinined. The minimum in variability with rates of fertilizer application was
reached between 408 and 1,000 pounds on the Coastal soils and between 200 nnd
800 on the Piedment soil. Therefore, the experiments bepgin with near the opti-
mun guantity of fertilizer for yield stability except for the ejement studied.
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COTTON YIELDS AS AFFECTED BY
VARIATIONS IN PERCENTAGES OF
FERTILIZER ELEMENTS USED

NITROGEN PHOSPHORUS POTASSIUM
LBS. OF SEED COTTON J[ ! I _“

o Coastal Plain {4 expis. )
§ 1,200 me e Piedmont (| axpt.)

1,000

800

600

400

xperimental chservations

PERCENRT
T COLFFICILNT OF YARIATION

U 5 DEPARTMENT OF AGRICULTURE BEG 27951 X BUREAY OF AGRICULTHRAL ECONORICS

Traure 16.—0n both kinds of soils the significant points (maximum average yield and
minimum coefficient of variation) agreed yather closely except for nitrogen for
which the minimum coefficient of vaviation apperently ocewrred at a higher
concentration on the Picdmont soil (Cegil gravelly sandy loam) than en the
four Coastal Piain =oils, The results indicate tha yield variability might be
minimized with respect to all three elements with 2 commercial fertilizer analy-
siz of 5-8-1 on Cecil gravelly sandy loam and 3.3-10-1 on the Coastal Plain soils.
To achieve a maximum iz average yield the analyses apparently would have
to be 10-10-4 and 8.3-8-1 respectively. The poinb of most economicai use of
the fertilizer clements, however, would be somewherc beiwecn the analysis
maximizing average yield srd that minimizing variability of yields. {Based on
4 fertilizer experiments in South Carolina—3 in the Ceastal Plain ({f, pp. §-10)
and 1 in the Piedmont (6, pp. 16-16)—and 1 in Georgin Coastal Plain (11, p. 32)
.0 which varying quantities of the fertilizer elements were used.}
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higher concentrations of nitrogen and petash than at zero content, in
the case of the Piedmont soil.

From the standpoint of average yield some effects of the different
elements are worthy of note. Only nitrogen was associated with a
strong positive influence on average yield throughout the range of the
experiments on both kinds of soils; although some irregularities appear
for the intermediate percentages.” Phosphorus was associated with a
regular and consistent increase to 8 percent, on the average, for the
Coastal Plain zoils. On the Piedmont soil the increases in yvield asso-
ciated with inereased conceniration were more erratic, although they
persisted longer. The experiinents indicate no definite cffect of potas-
sium on average yield.

Considering the average yield and the cocfficient of variation to-
gether, apparently the greatest stability in yield from nitrogen was
in the intermediate stage of the input-output curve, where a moderate
rate of increase in output from input prevailed. In the case of phos-
phorus, the greatest stability occurred near the upper limit of the
output curve where the inerease in yield was at a low rate. With
potassium. yields did not appear to be much more stable at one point
on the yield curve than at aneother, in the case of either kind of soil.

According to these experiments, the minima in variability of vields
from all three elements may be obtained by using eommercial fer-
tilizers analyzing 5-8-1 and 3.3-10-1 for the Piedmont soil and the
Coastal Plain =oils, respectively. The maximum average vield could
be realized only by applying much more concentrated analyses o the
two categories of soils—about 10-10-4 in the Piedmont and 8.3-8-1 in
the Coaztal Plain. These statements are not infended 2s recommien-
dations of fertilizer analysis or of fertilizer use but only as summani-
zations of what five experimients show. The peint of cconomic use,
however, would probably he somewhere between the analysis maxi-
mizing average yeld and that minimizing variability of yields.

FERTILIZER PLACEMENT

Many other problems in use of fertilizer affect variability of yvields—
time of application, Iertilizer supplements, size of fertilizer particles
in relation to soil texture, and sources of plant-food clements. All have
been shown experimentally to have a bearing on average vield, and {o
affect somewhat the variability of yields. The scope of this investi-
gation, however, dees not permit much further expleration. Tn this
connection, a series of cxperiments, the results of which should be
examined, pertains to the efleet of nicthod of fertilizer placement on
average yield and yield variability. This is an important question and
these vesults indicate some of the effcets to be expected from careless
and excessive use of fertilizer,

These experiments were conducted during 1930-33 at Florence, &, C.,
on Ruston and Norfolk sandy soils (11, p. 97). Fertilizer of 4-8-4
analysis was applied at the rate of 800 pounds per acre. The variable
under investigation was the distribution of fertilizer—as to dircetion,
distance, and dispersion—with respect to the sced. Where used, the
quantity of fertihzer {800 pounds) varied in distribution from eontaect
with the seed to 3 inches below it, and was dispersed in single and
double bands,
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The resulis of these experiments ave given in table 14. Ferlilizer
placed in contact with seed, in concentrated bands, and of insufficient
depth, produced the poorest yields and the highest cocfficients of varia-
bility (in excess of 100 percent), beeause of the zero yields which
oceurred. This may be explained on the ground that an excess con-

TaBug 14.—Placemen of fertilizer relative fo seed on average yield
of seed colton and yleld variability!

Yield of seed cotion

Placement of fertilizer
relative to seed Coeflicient
of

variniion

Stundnrd

ey Fh
: ‘g deviation

Pounds Pounds Pereent

No fertilizer used 1,388 552 40
Fertilizer placed in contact with seed 173 294G 166

Fertilizer placed in 135-inch single band:
1inch belowseed. . ... . ... . 272 T 172
2 jnches below seed ... . .. .- ... ... 1,074 474 44
3 inches below seed . . . oo ..o oo 1,292 378 29

Fertilizer placed in 37 s-inch single band:
1 inch below seed R 316 520 135
2 inches below seed 1,321 414 31
2 inches below seed 1,482 407 27

Fortilizer mixed with seed.. . o 1,309 423

Fertilizer placed in bands 11y inches to each
side of seed:

1 inch below level of seed . . ... .o .. 1,530

2 inches below level of seed. . 0 L. £,535

3 inches below level of seed . .. .. .. 1,578

Fertilizer placed in bunds 31y inches to cuch
side of seed;

1 inch below level of seed . . s 1,604 344

% inches below level of seed. . ... e 1,608 370

3 inches below level of seed 1,620 34t

t Bused on fertilizer experhments nt Florence, 3. C., 1930 to 1933; where used,
fertilizer was applied ot the rate of SO0 pounds of 4-8-4 per acre; soil types—uston
and Norfolk line sandy loxn {17, p. 81},

centration of fertilizer prevented the sced from germinating. Bands
of fertilizer, to each side of the seed and placed 3 inches below it gave
the highest yiclds and generally the lowest variabilily in yields. As
the unfertilized soil also produced comparatively high yields, indi-
eating good soil, only the proper location of the fertilizer relative fo
the sced made 1t possible to obtain an cconcmic return from the use
of fertilizer. It is apparent that the higher the rate of fertitizer appli-
cation the more important become the details of its distribution. This
is a management problem and apparently it has a significant effect
on the average level of yield and an even more vital effect on stability
of yields.
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BARNYARD MANURE

Although barnyard manure supplies some of the ajor plant-food
elements, its greatest influence on plant growth comes from its effect
on the physieal structure of the soil through its contribution of
arganic matter, and as a stimulus to bacterial activity. Its effect on
the structure and tilth of soils in the South, which have long been
avercropped by cotton and scoured Ly erosion, cannobl be over-
emphasized. Manure will increase crop yields from a “gall spot” or
from lands that have lost all of the A-horizon more readily than fer-
tilizer will, and with less danger of crop loss. Agronomists recognize
this and have encouraged farmers in the region to use barnyard manure
for these purposes when it is available, The characteristics of many of
the soils, especially the upland soils, present strong arguments for
increased livestock farming in the Soutl,

Results of only a few experiments can be found in which the effects
of manure on yields have been measured on a controlled basis over
a period of years. Also, in putting together the few experiments that
are available in report form, the difficultics encountered from incom-
parability as to conditions, uf course, affect the results. Three of these
experiments were selected to typify what might be expeeted from
applications of manure {26; 28; 30, p. 94 of 58vd annual report.) The
reader s reminded that the resulis provide only indications, not con-
clusions, as to what manure can do, because the number of experitnents
is smoall.

The resulis arc presented in comparative charis in Azure 17. Tn all
three experiments, applientions of manure had a favorable influence
on both average yield and yield stability. Surprisingly, the greatest
effects were obtamed from the soils in Mississippt and Texas, espe-
cially Mississippi. These differences in response can be explained
largely by the differences in soil fertility at the beginning of the
experiments. The Ceeil soil at Clemson had been subjected to good
soil management agver a period of years; it was in a high state of
fertility. In addition, these plots rceeived 600 pounds of 4-8-4 fer-
tilizer and a side applieation of 100 pounds of nitrate of soda.

Previous studies of the effect of fertilizer on vavinhility of yields
show that this rate of application gives just about maximum vield
stability. Thercfore, the Clemson soil shows the effect of a high rate
of fertilizer application combined with additions of manure, on yield
level and vartability of yields. There were further gains in stability
of yields and in average yield but not so much as from the relatively
poorer Ruston soil in Mississippi. On the other hand. the Clemson
experiments resulted in greater gains in average yields and lesser aning
in yield stability than were obtained on the Texas soils.

On the basis of the Mississippi and Texas experiments (26, 28), it
appears that minimum variability of yields was realized with 8-10 fons
of manure, whereas the limit of increase in yields appears to he some-
where bevond the sxperimental limit of 12 tons. !

51 The Clemson experiment involved only fwo rates of manure applieation,
from which the points of matimum yield and minimum yield varinhility were
not apparent. The point of greatesi economic return is almost always short of
the point of maximum physical output, beeause the equality of margiaal returns
with marginal costs occurs earlier.
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EFFECT OF MANURE ON COTTON YIELDS
AT THREE LOCATIONS

CLEMSON POPLARVILLE, COLLEGE

COLLEGE, S. C. MISS. STATION, TEXAS
{CECIL SANDY {RUSTOMN 5iLT {LUFKIN FINE
LOAM®) LOAM) SANDY LOAM |
L8S, OF SEED COTTON ] I i i |
1

¢=Exparimantal chservations

1,600

1,200

i

0 4 8 (+] 4
TONS OF MANURE PER ACRE

+ 800 FONMDS OF 4 8 4 PLUS 100 LIS OF HITRATE OF SO04 WEAL AFFLIER TO BOTH FLOTS
FEQFMICIENF OF VALIATION

o5, DEFARTMEN" T1 ASRICLTIRE MHEG, 47953.% B REA OF AGTICULTUR &L, FCONIYICS

Ficuke 17 —Increased applieations of barnyard manure were associaled with higher
average vields and lower varinbility m yields, The minimum coefficient of
variiion appeared Lo occur around 8 or 10 tons.

Mertons Usep iy Compurineg Cnop-Insurance Preanum Rates

The method outlined below is based upon the assumption that the
errors of forecasting any yearly yield arc randomly distributed ae-
cording to the normal curve of error. As, in any erop-insurance pro-
gram, only those actual yields that fall short of the guaranteed yield
would result in loss, only ihe contingencies of such cccurrences as
reflected by only one tail of the normal eurve of crror need be eval-
uated. This can be made clear by examining figure 18. This figure
represents the normal probability curve. OY is its ordinate and OX
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its abseissa. The ordinate measures the occurrences in ratio to unity
{or one), whereas the abscissa designates the possible errors in- fore-
casted yields. The problem in calculating premium rates in crop
insurance consists in evaluating the deviations in aetual yield below
the mean (or the level of yicld selected) and the frequencies of their
oceurrence. The departures below the insured yield must be combined,
then, with the probabilities that they will cceur. When these two are
put together, the actuarial rate, or cost of insuring the foreeasted yield,
or any percentage of it, is obtained,

In figure 18, Af is the forecasted yield per acre; € eguals the level
of the forceasted yield that will be insived; A represents the total con-

NORMAL CURVE WITH LABELING TO SHOW
FUNCTIONS OF SYMBOLS USED IN
PREMIUM-RATE CALCULATIONS

o X

U % DEPARTHONY OF AT AICCLTURE NEGC 47951-%  AURCAY OF AGRICULTHAAL (CONAMICS

Fraurg 18—Aren “A as a fractions! parl of the lotul nrea under the curve,
repres:_enls the probabilily that the forccssted vield will fall below the insred
yvield “G.”

tingencies {portion of the total aren wider the eurve) falling between
O and o; b i3 the ordinate ({requeney of oceurronce redueed to a doci-
mal fraction of the total} of the curve of errors ab the vield level to
he insured. In the problom, o represents the standard ervor of estimate
of the yearly yield in question.**

The formula for the loss which would be expected per aere for a
farge number of farms under a given yield puarantee is:

=04 ¢ (b)—A (M—-C)

52 The standurd erver of cstimale has heon used instead of the slandard evor
of forecust {by Heney Sehultz) as n lnge number of farms are studiod, Also
much labor in eompuiniion wns saved by using the standard ceror instend of the
error of forecast. TFurlhermore, with a fuirly high index of correlation, it did
not appear thol ihe stundard civor of foreenst would have incressed the rale
greally exceptl in a very few cases.
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All symbols are as deseribed above except L which equals the ac-
tuarial value of the loss per aere.® The loss may or may nob be taken
as the premium rate, depending upon whether corrections are to be
made for risk factors not evaluated by the regression cquation, and
whether administrative expenses are to be ineluded. In applying the
formula, only twoe values must be obtained [rom the regression equa-
tion, M {orccasted vield) and ¢ (the forecasted yield's error of esti-
mate),

To show the applieation of the formula, it is assumed that the yickd
forecast for an individual farm in the vear of insurance, under several
conditions that influcnce yield, is 348 pounds of lint cotton per aere;
angd that the error of estimate of this yield is 105 pounds. This means
that there are two rhances in three that the forecast will be off not
wore than 105 pounds, either plus or minus; and wnder the assumption
that the errors are symmetrically distributed, there would be only
vne chanee in three that the foreeast will be 165 pounds too hich or
ton low for any given vear, and ene ehance in six that it will be too
low by 105 pounds. This gives some idea of fhe zize and probability
uf the loss that might be =uffered, The formula enables us to evaluate
hoth the possible departure in vield and the relative frequency of
~uch veeurrences, Under the assumption that only 75 pereent of the
fureeasted viekl would be insured, a lavge part, or 87 pounds 1348
2811 of the Hmit of 105 pounds would be ruled out,

The sohution of the formula follows,

M =248 poannds of lint per aere
C=75 pereent coverage, ar 281 pounds per aere
e= 113 pounds per aere
M-=C "
2083

A= 5000 24967 =.2033

6=.7086

L=ldeibni— 413 =0

=045 L0800 -.2033  1348-261)

=420 (. 70801--.2033 187

=20.76—17.69

=12,07 puund=

R Y B . . . . . .
With 7 = 0.83. .1 i~ obtained from a wable of areas for ihe normal
eurve, and & Trom o table of onlinates, The proof of the reliability of
these resul= mny be demonstraied by nnmerieal integeation. A simple
procedure would be 1o break up the area of the novmal eurve from (f
to zero inlo merenients of 0.1, and nwmitiply the departure from 7 to
the middle of each inerement by the proportion of the tetal aren under
the normal curve fafling in that increment. The many resulting prod-
wis should then be added. T this ease. 121 pounds were obtained,
which is very ecloze 1o that obtained hy wse of the simple formuli
given nhove,

s« 'The fermula is an adaptation of ome used in he 1945 program by the Fed-
rral Crop Insurance Corporation, See Baskiy, CARLISLE W. ANALYSIS OF PREMIUM
TATE DETERMINATION FoR corrox ciop iNBumaNes, Thesis (MA. Vieginin) on file
in Alderman Lilieary, Universily of Virginia, Chartoltosville, Va,




TasLe 15.~~Charactertstics of cotton farms and operalors sampled in specified counties of the Upper Predmont

} ‘Sout..h
' Carolina ’ Nine
Unit ‘ toun-
Haral- | Juck~ ties
son son

Georgin

i
i - -
% Green- | Pick- Clarke Douglas

ville ens

f Namber..} 115.0 | 110.0 100.0 { 118.01 114.0 | 100.0 | 115.0| 115.0 | 988.0

yields, 1038—46...___... .0, .. -. ... . Pereent.. 4. 74.0 49. . 710 55.0 | 5701 68.0: 03.0
Cotton harvested per farm in 1946. ... ... ! Aere i 11.9 6 2 0.¢ 13,5 8. 18,6 H
Boil characteristics: . o i ‘

Percentage of operators reporting-— !

Severe erosion....... ... .- ... .. ' Pereent .
Steep and hilly topography. . B I | [} Qe
Average olpemtor’s characteristios: :

R
—&

b3
Years of schoolingz...... . . ... . _.! Number..
Operator's age iIn 1946 __ ... 0.3 Year... ..
Years -of experience growing coiton on 194G |
farm._oooean. . i ewnt Number,
Percentage of operators-- i
Engaging in offefarm work in 1946.. .. ...} Percent .
Whose origin was a local farm- ... .. 0. do o #
Whose origin wus a farm elsewhere in
Cotton Belt.oooc..v o L. oLou Ao dol o
Percentage of farms owner-operated. .. ... .| . .do.._,
Farm practices:
1948 rates: :
Commerciul fertilizer applied per acre. v 100 Ibs...
Ammonia applied peraere. . ... ... Pound. ..
Average during period operated, 1938-46:
Ratio of legume acreage harvested to
cotton acreage harvested
Percentage of cropland in cotton acresge |
harvested. ... ... .. Percent.. .
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Average percentage of operators reporting
followlng practices during period 1938-46:
Sper labor employed * Percent.....| 30.01 35.0 7.

from breeder 1 year or less. . ._...-. i 10.0{ 37.0} 10.

Seed cleaned and/or treated regularly be-
fore planting celo,. oo 690 8R.0 6.

Farms reporting yield:
1045 - o e oo em i amem e et Number_._o| 108.0 | 92:0 | 66.
JO40 . . e mavw e ! 90.0 | 99.0] 10t

Average yield of cotton: )
D . 300.0 | 422.0 [ 356.
349.0 | 367.0 | 286

10.0 32.0 18.0
32.0 15.0 23.0

0

0

G 79.0 48.0 46.0
0l 66.0 86.0 55.0
.0 011020} 100.0 99.0
0 34501 337.0 333.0
0 298.0) 277.0 317.0

+ Reported as the sole souree-of labor. If eropper labor iwas used in combination with other types, it was not counted.
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TABLE 16.--Characleristics of cotton farms and operators sampled in specifie

i
H
H
‘
1
1
i
;
1
|

d counties of the West Texas Rolling Plains

Ttem

Unit

|
: Cottle
i

Fisher

Haskell

How-
ard

Knox

Mit-
chell

Nolan

Runnels

Seurry

Taylor

Ten
coun=
ties

Farms. ... i
Percentage of furms reporting 3 or
more years of yields, 1038-46...
Cotton planted per farm in 1946 . -
Percentage of cotton planted not
hiarvested in 1946
Soil characteristies:
Percentage of operators report-
ing—
Severg erosion.. ...

Nuumnber

Percent .. .

Acre. . oL

Pereent .

Steep and hilly toy)oé;z;];l;sr;j ca

Average olperator's charucteristies:
Years of schooling.. ... .. ...
Operator's age in 1946 ... ..
Years of experience growing cot-

ton on 1946 farm.__ .. ..o .
Percentage of operators--
Engaging in off-farm work in
1946 S
Whose origin was  Tocal furm.,
Whosc origin was & Tarm else-
where in Cotton Belt.. ... ..
Percentage of farms owner-oper-

Number: . .

Year ...

Number. . . .;

Pereent. . .
coda Lol

ated ol

Farm practices:

Percentage of cotton acreage—-
Planted o1 the contour
Planted - after cotton and

grain sorghums... o,

46,0

61.0
118.2

5.9
38.0
0
9.6
#8.4
6.9

77.0

58.0
81.7

Q7

47.0

64.0
107.1

15.3

85.0
65.0

™
[

1.1

66.0

50.0
81.7

5.9

84.0

49.0
71.8

2.5

&

101.0

58.0
85.1

3.9

17.0

05.0
36.5

LG

662.0

62.0
87.9

3.9
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Average during period opcmte(l,
1938-46:
Percentage of cropland in
cotton nerenge-harvested, .
Hired Inbor employed *
Seed from breeder 1 year or

less
Seed cleaned andfor treated
regu]nrly before planting .
Farms reporting 3 ield:
1945

oo
acdoeaon

L [ T

Sdo. ..

Number:...}

Pound. . ..
R [ S

37.8

62.0
66.0

44.0

506.0
66.0
137.0
102,0

1 Basig of hired employees only.
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TasLe 17.—Characteristics of cotton farms and operators sampled in specified regions accordi'ng to time duration of yields reported
during period 1938-46 ‘

Upper Piedmont West Texas Rolling Plains

1 and 2] 3 or more All farms lLand 213 or more All farms

in sample y;?;fdgf y;;;’éﬁlgf in sample

years of | years of
yields vields

Number._..|. 364.0 624.0 988.0 251.0 411.0 662.0
Cotton planted per farm in 1946 A 11.5 15.4 13.9- 88.6 87.4 87.9
Cotton planted not harvested, per farm, in 1946 d .1 5 4 6.0 2.5 3.9
Soil characteristics: :
Percentage of operators reporting—
Severe erosion
Steep and hilly topography
Average operator’s characteristics:
Years of schooling
Operator’s age in 1946 -
Years of experience growing cotton on 1946 farm____._ . . | Number. ...
Percentage of operators—
Engaging in off-farm work in 1946 Percent. ...
Whose origin was & local farm
‘Whose origin was a farm elsewhere in Cotton. Belt
Percentage of farms owner-operated
Farm practices: :
1946 rates:
Commercial fertilizer applied per acre____.______. __._._.| 100 pounds_
Ammonia applied per acre Pound. .. _.
Average during period operated, 1938-46:
* . Ratio of legume acreage harvested to cotton acreage
harvested ,
Percentage of cropland in cotton acreage harvested
Percentage of cotton acreage planted after grain sorghums
or cotton
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Average percentage of operators reporting following prac-
tices during period 1938-46:
Crop(fer labor employed only *.___ . . . @
Hired labor employed only * ) 52.0
Seed from breeder 1 year or less 7. 2. 24. 41.0
Seed cleaned and/or treated regularly before planting . 51 . 57. 36.0
Farms reporting yield:
1945 . . Number.... . 539, X 102.0
1946 o e g O X 94. - 221.0
Average yield of cotton: '
1945 132.0

103.0

1 Not applicable. 3 Not caleulated. :
2 Reported as the sole source of labor. 1f crop{)er labor was used in 4 Computed for hired labor as sole source; if combinations were
combination with other types, it was not counted. employed, they were not counted.
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TaBue 18.~—Comparisons of yields per animal or per acre, coefficients of
variation, and other statistical measures for the Uniled Sinfes and selecled
States and counties

Coeffi- | Stand- "
cient of ard C_:oetﬂl-r
dater- errar | CiEBUO
mina- | of egti- :5“’”“:
tion 3 mnte on

Average
yield 2

Milk: s

Pound 108, . **0.74 946,20
eedo_ o . . **58 | 128.50
PR T , N **83( 12260
—-udo.__ . . .30 176.80
R s T 5. . e TT 68.30
T oo . . —-.25 81.36

Eggs: United States Dozen . . ** 04 2.40
Corn: United Sintes Bushel 32,50 . *44 3.50
Wheat: United States_____ ~o-de L) 1670 . * 53 1.30
Oats: United Sfates oL 32.60 . 20 3.00
Hay: United States Ton 1.35 04

. .33
Potutoes: United States__ .| Bushel | 151.60 . rr 83 13.00
Beans: United States -.-do_._| 956.00 . i 6.60
Watermelons: United
St

Number| 281.00 . .06 29.30
Tobacco: United States. __| Pound [1,051.60 . 84 47.20

Cotlon:

=
e D =YD L0 D00 M ) L B O LD LD RS

_o.do ) 238.00 4. .35 22.090
-_do__.| 314.00 . .14 (33,60
Greenville County %|.__do___| 352.00 . O 33,40
Richlend County *._|___do__.] 244.00 . 28 78.80
Mississinpl ---do__.[ 329.60 . 11 66.20
Leflore County 5__ .| __do___| 413.00 . 04 6160
Lauderdale County 3. ._do___| 195.00 . 0 88.30
Texus —eateo ) 169.00 . 0 18.80
Ellis County » ---tdo._ .} 176.60 5.4 *— 46 21.00
Haskel! County 5._.{___do___| 170.00 . 01 £9.60
Jim Wells County 5. . _do___| 124.00 . 30 37.20 30

* Computed on the basis of 11 vears of yields (1938-48) because of eyclica tendeney
in some crops. See pp. 16, 17, and 135.

® Based on U. B, Department of Agriculiure estimates,

? Varintion in yield which is explained by trend, or time.

1 Standard error of estimate expressed ns 8 percentage of the nean.

% 193646 duta.

** Bignifieant ab the i-pergent poind.

* Significunt at the 5-percent point,
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TasLE 19.—Yield and coefficient of variation of specifiéd crops,
United States, averages 192748

- Yield Coefficient of variation !

Percent- Percent-

‘i&gvz%rfgg iig;aegffg age in- | 1927-37 | 193848 | age de-
! crease crease

Bushels | Bushels | Percent

13.50 16.70 24
23.30 32.50 39
27.70 32.60 13
111.60 | 151.60 36
84.00 96,00 14

Tans Tons
1.17 1.35
Number | Number
Watermelons 28100 | 281.00
Pounds | Pounds
Tobacce 802.00 |1,051.00 31 20
Cotton lint:
United States 18R.00 | 258.00 a7 14 jt] 36
South Carolina 236.00 | 314.00 33 10 20 +100
Mississippi 222,00 | 320.00 48 23 20 13

Texus 146.00 | 1G9.00 16 21 11 48
California, 473.00 | 599.00 25 5 12 + 140

L As o trend line was fitted to the 11-year period, the coefficient of variation repre-
sents the standard error of estimate expressed as a percentage of the mean.

2 The pluses show an increase; all others indieate a minus or decrease.
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TABLE 20.—Summary of sampling detazls for Upper Piedmont
and West Tezas Rolling Plains.

Upper West Texas
Piedmont * Rolling Plains t

Percent-~ Percent-
Farms age of Farms age of
totel total

Noumber | Percent | Number | Percent

Sample:
Aerial photo:
Farmsg: 3
Contacted:
Usable eotton farms
No cotton grown during 1938-46_
Not obtained for other reasons .

Total contacted

Not contacted

Total farms. .o ooom e

Supplementary, large farms:
Large farms:
Usable cotton farms
Not contacted

Summary:
Farms:
Usable cotton {arms 888 64.0 616 9.3
Contacted but not usable 254 18.3 116 122
245 17.7 366 20.5

1,387 100.0 1,038 160.5

$ Qreenville and Pickens counties, 8. C.; Carroll, Ciarke, Cobb, Douglrs, Jackson,
and Madison counties, €in.; no feld report from the enumerator for Huralson County,
Ca. could be abtained.

_* The West Texas counties inelude Fisher, Howgrd, Huskell, Knox, Mitchell, Nolan,

Ttunnels, Scurry, and Taylor. The field report from Cottle County was ineomplete.

¢ Units correspond to AAA contrack farms. The units here used are not gtrictly
comparable with usuni operator units used in farming, but it is believed this deficieney
does not concern a significant number of farms; nor does this shortcoming appear to
be serious for the purposcs of this study. Units with operator’s dwelling outside the
mapped photo were excluded from the sampling universe.

+ Only one operator in ench sample aren refused to ecoperate in the study.
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TaBLE 21.—Sample cotton farms clossified according to ime-duration
of yields for period 1938-46 !

" West T
Upper Pigdmont Rolfﬁfg 121’;’;1 s

Years in vield record
Percent- Percent-
Farms age of Farms age of
total total

Nuwwnber Perecent Number Percent

210
G

— 13
b
-

Ul

D00 -] DD
&~y o 22 00 00
[l W I § e

4 133
100.0 6562

3
=

! After editing the yields for discrepancies and obvious duplicutions, the distribu-
tions by time intervals were changed somewhat. For instance, the total number of
i- and 2-year farms in the Upper Piedmont was increased from 341 to 364 and in the
West Texas Rolling Plains from 230 to 251, which means that the number of larms of
3 or more years' duration was decreased correspondingly in the two samples.
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TaBLE 22.—Absolute and relative distribulions with measures of ceniral
tendency, dispersion and skewness by kind of crop year, Upper Piedmont
and West Texas Rolling Plains

Farms reporting 3 or more yearly
yields in petiod, 193846

Excellent crop Poor crop

All years year 1 year *

Percent- Percent- Percent-
Farms | ageof | Farms | ageof ;| Farms | age of
report- | farms | report- | farms | report- | farms
ing TepoTt- ing report- ing report-
g ing ing

Number| Percent | Number Number | Percent

Upper Piedmont:
Yield in pounds:
1-50

[
R mE 5 S % o

[EPW
0 SO0 e e O e S 13 1D
o kb owoo el

S| ook Ok R AT D
= T e e DA G D bt
*—owtamwgmgﬁgw

S| wolREmR o

[r] P WP O 0N o
rn o oBLERERTH:
EEEEESRRIETRR

SOL-560_ . _____.._
S51-600
601 and over

2 2REEEITE B o
SEITBBZZZR3S

2
5
2

Mode . oo
Standard deviation.__.
Skewness

West Texas Rolling Plains:
Yield in pounds:
Zero yield
1-50

gl
o

— G T
= 19 e =I5 S DG e
[0 e e A
8 55 D63 X0
ESEBI=

REEYghs
S
RBBISIS
=] 00 & 5 &N £ 1 A e = D

TRRI=IB=2=S
ShBoDeee

@
Fald
19 & W e T 83

8

=-{ S oW

12
~I

2 k-
1

B3 2| 383888
&

Standard deviation. ..
Skewness

[~
1 &
&n
=]

1 1043 in Weyt Texas and 1944 in the Upper Fledmont.
21641 in the Upper Piedmont and 1946 in West Texas.
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TaBLE 23.—Comparison of yield of cotion on sample farms with yield s
reported by Crop Reporting Board, by counties in Upper Piedmont and
West Texas Rolling Plains, 1946

Sample farms County

: yield as
reported

Reporting by Crop

cotton Yield Reporting

grown Toard

Sumple
yield ns
percentage
of county
yield

Region and county

Number Paunds Pounds Pereend

U]:Eger Piedmont:
uth Carolina:
Greenville X J48.6 349.0 100

a9 366.7 342.0 107

37 382.6 258.0 110
106 202.3 240.0 117
319.0 204.0 108
208.0 228.0 131
100 277.2 246.0
101 285.7 254.0

9 317.2 279.0

Total or average._.. { 309.5 277.9

West, Texas Rolling Plains:

107.7 95.0
101.6 9L.0
118.2 102.0
(8.2 00.0
130.8 120.0
04.0 96.0
139.0 120.0
a7.4 78.0
92.9 96.0
97.6 66.0

Total or average____ 108.6 034
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Tasue 24 —Estimates of acreage and yield per acre of cotlon, as given from
memory by farmers in 1947 compered with data reported ansnually io the
Agriculturel Adjustment Administration, 1948-46*

Difference between
Re Mgi;iaby 1947 estimates and
AAA reports

Percent-
To AAA
annually Actual aff\ gf

Numnber Acres Percent
Upper Piedmont: *
Acreage harvested:
256 . 144
142 3. 12.9
25 . 7.2
14 3 4.1

‘Total or average:
194346 - 437 . i34
194436 181 . 122

Yield per acre harvested:
1943 256

Wegt, Texas Rolling Plains: *
Acreage planted!

Total or averuge:
194346 ...

140
03

t AAA or subsequent organizations,

2 Bused on Pickens County, 8. €., and Catroll, Clarke, Cobb, Douglas, Huralson,
and Jackson counties, Ga. Theére were no duplicated acreages or yields in the other
counties.

* PBased on Fisher, Haskell, Hnox, Mitchell, Runnels, and Taylor counties; the
other counties in the sample had no duplicates in nereage or yield.

* Lesg than 0.5 percent.
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TasLe 25.—Four measures of central lendency to trend, standard
deviation, and coeffictent of vartation of farm yields of colton

Trend based on farms reporting
8 or 9 yenrs of yields in
period 1938-46

' T
Upper Piedmont Ig?i?g Plains

Up Down | Average| Up Down | Average

Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
Trend:
14 —10 6 4 -9 -5
13 -11 3 4 —9 —5
16 -9 3 2 -8 | -3

15 —10 8 =10 —d

Standard deviation: )
Average ! 40 a5 48 36 53
Median 43 39 46 54 o0

67 50 43 3
Average of individual
farms * 91 86 78 82 g1

Average of individual

Percent | Percent | Percent | Percent | Percent | Percent

11 11 28 31
12 12 27 3t
16 14 23 26

Coeflicient of variation:

Average of individual
farms 2 26 27 435 46

! Weighted average.
t Avernge of individual farm avernges. The stundard deviation and the coefficient
of varistion were corrected for the trend.
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TaBLE 26.—Effect of length of yield on average yield of collon and
coefficient of variation, by yield groups, Upper Piedmoni, 1938-46

Ratio to 193842
Coothi- average
Period and yield Furms | A‘:?rﬁfe cient of -
vie variation . Coetli-
Yieid gient of
variniion
Nuntber | Ponnds | Pereent
Yields of cotton:
5 years, 193842
6-100 pounds. - ... ___. {1}
101-200 . ..d0. oo 22 168 44 1.00 1,00
201-300__ _do. ... 123 238 41 1.00 1.08
301-400__ do__________. 127 335 26 1.00 1.00
401-500. ..o oo 40 440 23 1.00 1.00
S01-600___do_ ..o 9 211 17 1.00 1.00
G01-700_...do. ... (%}
Mean. oo cneenada v 344 28 1,00 1.00
8 or 9 vears, 1938-46:
0-102 pounds. ... {*
101-200__ do_ . ..o _. 20 1790 30 1.07 B4
201-300._.do_ oo . ___. 92 252 30 1.07 97
3400 __do______..._. 107 347 26 1.04 1.00
$01-500__ _do_ ..o, 449 440 22 1.00 96
01000 . .do. oo .- 1t 534 17 99 1.00
B0L-700.__do. . ool {t}
Mean. o e icc e 350 27 1.02 1]
3 or more years, 1038-4t:
0-100 pounds. . . ooo.o 4]
101-200__ _do. oeeoeeeeee 42 174 39 1.04 84
201300 O e 230 253 30 1.07 Rirg
301400 ___elo_ oL 235 345 26 1.03 1.04
401500 don oo o 88 449 20 1,00 87
S01~H00. 80 n e mes 15 537 18 k1o 1.06
GO1-700. __do_ oo . )
Moo oo e cieeideeaacaaa 50 a7 1.02 A6

U Less than 3 farms.
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Tanve 27.—Yield of collon and first differences, United States, 190549

Yield First difference
Pounds Pounds

203.8
156.5 —47.3
176.2 +19.7
215.0 +38.8
2014
192.3
215.4
178.5
165.6
167.4
164.1
185.9
186.7
132.5
148.8
136.4
1G5.0
173.5
192.%
161.7
163.3
164.2
157.1
2115
173.5
212.7
171.6
185.1
100.4
269.9
235.8
237.9
252.56
231.9
R72.4
254.0
298.9
253.6
235.3
207.3
3i1.2
284.0

o+ 1+

44+
BN b 4t 29 I
S D000 5 O e 9

|
+4Es
O i i D T O O S GO RO DO DN G DO S o ek

*

|
t.\::;n]
ot




Tasre 28.—Relation of tenure status to farm average yield and coefficient of variation

Item

Upper Piedmont

West Texas Rolling Plains

- Qivner

operated

Estate

Cropper
operated

tenant 1

Owner
operated

Standing
rented

Share
rented

Other

operators

Farms reporting 3 or more years of yields,
193846 .- inenian it nmacmma
Years of experience in 1946 growing cotton
on current farm
Avemge corresponding to 3 or more )‘earl y
yields reported, 1938-46:
Cotton planted
Percentage of planted acreage not har-
vested
Total fertilizer apphed per acre planted._.
Percentage of cotton acreage planted on
the contour
Hail loss, lint per acre per year
Federal erop insurance premium rate for
75-percent coverage for 1945
Average yield
Average coefficient of varistion
5 years of yields, 1938-42:
Farms reporting. .o ... L
Average yield
Average coefficient of variation
8 or 9 years of yields, 1938-16:
Farms reporting_ oo cooimii s -
Average yield
Average coefficient of varistion
Average trend in yearly vield of lint._ ...

Number.....

P 1

100 pounds.

Percent. . ...

Percent_ ...

Number.._...

Percent.. ..

Number.....
Pound
Percent_ . ...
Pound

459.0
19.0

e P
=S o, o
Lol 2 -~J

o3
Bt =t
Noo

S8
=NE2Y BEdS NSo -
[ Rom ¥ e Y] oCO (o Yol M (&)

wio
10 1Y
SN

39.0
9.0

23.0
13.0

36.8 19.8

0
4.9

*
7.9

b
4.8

10.0
310.0
27.0

13.0
318.0
27.0

11.0
338.0
26.0

15.0 6.0

11.0
206.0
30.0

28.0
271.0
33.0

33.0
291.0
31.0
6.0

258.0
14.0

73.0

2.0
©
92.0

9

12.9
166.0
47.0

117.0
191.0
43.0

115.0
180.0

46.0
—6.0

[
ESo

[y
y—t Gl =
ococa coo oo Wi

[+

%S S

g

)
w0 D

103.0

10.0

86.3

1.1
Q)
89.0

2

14.4
169.0
440

46.0
203.0
41.0

48.0
176.0
48.0
-4.0

6.0
60

147.6

~~
WSO

8
WO

ooe 5o

i—‘QlH
RE R
COOD

[

! Managing cropper. See pp 28-29 for a more detailed discussion.

*:Cash, standing, and share tenants.

.

1 Estate operated, cash renters, and cropper tenants.
¢ Not applicable.
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TanLe 29.—Data relating to yield of collon, by yield groups and by color
and tenure of operator, Upper Piedmont

Operator

White Negro

Owner | Tenant | Owner | Tenant

Years of experience growing
cotton on current farm, 1946._} Number. ... . 8.0
3 or more years of yields re-
reported, 1038-46:
Farms reporting - - - - _____ 3. 106.0
Cotton acreage planted ;i . 16,4
Percentage of planted acre-
age not harvested Pereent._ .. . .1
Fertilizer applied per acre
planted 100 pounds._
Loss of lint by hail, per acre
per year Pound
Federal crop insurance pre-
mium rate for 75 percent
coverage for 1945 10,2
Average yield 326.0
Average coefficient of varia-
tion Percent___. 27.0
5 years of yields, 1938-42:
Frarms reporting Number ___| 266.0
Average yield Pound....| 318.0
Average coefficient of varia-
. tion Percent. ... 27.0
8 or 9 years of yields, 1038—40;
Farms reporting Number.__.| 2140
Average yield 340.0

Average coetlicient of varia-
Percent....] 260
Average trend in yearly yield

of lint 6.0
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TasLe 30.—Dala relating to yield of cotton, by sex of white operators,
Ugpper Predmont end West Texas Rolling Plaina

Upper Weat Texas
Piedmont Rolling Plainsg
liem

Male | Female | Male | Female

Years of experience growing
cotton on current farm, 1946_| Number.___ 16.0 20.0 12.0
3 or moere years of yields re-
Egrted, 1938-46:
arms reporting 514.0 37.0 403.0
Cotton nereage planted 17.2 17.9 17.8
Percentage of planted acre-
age not harvested Percent_ ... 2 1 1.7
Fertilizer applied per scre
planted 100 pounds. X 5.0 {1)
Percentage of cotton acreage
on the contour Percent__. . {1 a2.0
Loss of lint by hail, per acre
Per year Pound_____ 2.3 Ni
Federal crop insurance pre-
mium rate for 79-percent
coverage for 1945
Average yield
verage coefficient of varia-
tion Percent-._.
5 vears of yields, 1938-42:
Farms reporting Number._.__
Averege yield

Percent_ ___
8 or @ vears of yields, 1638-44:
Farms reporting Number._..-
Average yield
Average coefficient of varia-
i Percent, ..

Pound

! Not applicable.
* Tao few cases to be significant.




TaBLE 31.—Comparison of effects of purchase and of inheritance of farm on farm average yield and coefficient
of variation, and other specified factors, Upper Piedmont and West Texas Rolling Plains

Upper
Piecﬁnont1

West Texas Rolling
Plains 2

" Acquired
b

Acquired
by inherit-

y
purchase ance 3

Acquired

Acquired
by inherit-

3 or more years of yields reported; 193846

Cotton planted (1938-46 average)
. Peruentage of cotton acreage planted not harvested
tors’ characterisiics:
Years of schooling
Age in 1946
Years of experience growmg cotton on 1946 farm
Percentage of operators engaging in off-farm work in 1946
Farm practices:
Average fertilizer applied
Ratio of legume acreage to cotton acreage harvested
Percentage cf cotton acreage planted on the contour,
Percentage of cropland in cotton acreage harvested___
Percentage of farms in severe erosion class, 1946 3
Percentage of cperators reporting:
Cropper labor employed
Hired labor employed
Seed cleaned and/or treated regularly before planting
Average yield
Average coefficient of variation

Number.. ..
Percent.. - __
Number._.._
Year_......
Number____
Percent____

100 pounds.

Percent_ ...

317.00
16.40
.20

7.50
55.00
18.00
27.00

5.20

84
()

26 00

59.00

0
65.00

ALITIGVISVA SLI ANV ATHIA NOLLOD NO SHONANTINI
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TaBLE 31.—Comparison of effects of purchase and of inheritance of farm on farm average yield and coefficient

of variation, and other specified factors, Upper Piedmont and West Texas Rolling Plains—Continued

Upper
Piedmont

West Texas‘ Rolling
Plains 2

Acquired
b

purchase

Acquired
by inherit-
ance 3

Ac({)uired
Y

purchase

Acquiréd
by inherit-
ance 3

8 or 9 years of yields, 1938-46:
Farms reporting
Average yield
Average coefficient of variation
Trend in yearly yield of lint

Number____

157.00
351.00
25.00
6.00

32.00
313.00
27.00
4.00

96.0
180.0
45.0
—5.0

17.0
170.0
46.0
—8.v

! Based on white owner-operators (male).

- * Based on all owners. As there were only 5 female operators of farms
among the 411 farms for which 3 or more years of yields were reported,
it was not considered necessary to rerun ‘the class with these 5 farms
omitted. It is believed that data analyzed for these minor cases are
iyﬁ(iiciently comparable to the more highly refined data for the Upper

iedmont.

 Farms were classified as to method of acquisition on the basis of
how the major part of the farm ‘was acquired.

4 Not applicable.

¢ The degree of erosion was determined by the enumerator, generally
an employee of the Production and Marketing Administration office, by
observation and in consultation with the operator of the farm.
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TanLe 32.—Data relating to yield of cotlon, by years of
schooling of operater

Percent-
Cotton age of Coeffi-
planted | cotton | Aversge [ cient of
per acreage | yield * varia-
farm aban- tion
doned

Farms

Number Acres Pereent | Pounds | Percenl
Upper Piedmont;
Years of schooling:
12 15.2 . 282 40
o7 13.1 . 292 30
295 14.1 . 3045 28
93 18.2 . 312 27

18 17.0 . 352 31
111 18.5 . 342 25

129 i83 . 344 26

12 and over:
Agricultural training:
With

West Texas Rolling Plains:
Years of schooling:
0

Agricultural training:
With

12 and over:
Agricultural training:
With 139.8 190
23 126.1 6 163

40 130.2 . 171

1 Yield per harvested acre in the Upper Piedmont, but yield per piunted acre in the
West Texas Roilling Plains,




TaBLE 33.—Data relating to yield of cotton, by origin of operator

Upper West Texas Rolling
Piedmont Plains

Farm ' Farm
Local | oo chere Local elsewhere

town N town :
orcity | ' :'C}(élt,:on or city { *® ggfgo n

Years of experience growing cotton on current farm, 1946__{ Number____ 14.0 13.0 11.0 13.0
3 or more years of yields, 1938-46:
Farms reporting 103.0 152.0
verage corresponding to 3 or more yearly yields reported,
1938—46:
Cotton acreage planted
Percentage of planted acreage not harvested
Fertilizer applied per acre planted 100 pounds_
Percentage of cotton acreage planted on the contour.._.| Percent.._.
Loss of lint-by hail, per acre per year Pound
Federal crop insurance premium rate for 75-percent
coverage for 1945 . ..o
Average yield
Average coefficient of variation Percent. ...
8 or 9 years of yields: )
Farms reporting Number____
Average yield
Average coefficient of variation Percent____
Average trend in yearly yield of lint
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1 Not applicable.
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TABLE 34.—Relation-of degree of steepness of topography to farm average yield and coefficient of variation

West Texas

Upper Piedmont Rolling Plains

Level e Level )
and Hilly and Roll-

gently gently ing

rolling rolling

and
steep

£

Averages corresponding to farms reporting 3 or more years of yields,
1938-46: ,
Farms reporting Number..._| 234.0
Cotton acreage planted
Percentage of cotton acreage not harvested Percent ... __
Fertilizer applied per acre planted 100 pounds_
Percentage of cotton acreage planted on the contour Percent._ ...
Percentage of eropland-in cotton acreage harvested __________ cememes
Average yield i .
Average coefficient of variation . Percent.._.

[

334.0
78.7
1.3
®
92.0
37.0
169.0
45.0

(]
=00
=]

B OO =N R

oo
OO
Sooo wuo

B bty
SHETEw
oo

M

O 0D i o~

8 or 9 years of yields:
Number..... . 4. R 148.0
Average yield . Pound . . . 179.0
Average coefficient of variation . Percent_ ... . . . 47.0
Average trend in yearly yield of lint Pound...... X X . —4.0

1" Too few cases to be significant. 3 Not calculated.
2 Not applicable.
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TasLE 35.—Relation of soil color to farm average yield and coefficient of variation

Upper Piedmont West Texas Rolling Plains

Gray Red Red Dark | Gray

to to Other < to brown to Other
gray- gray- | colors gray- to gray- | colors
yellow red red black | yellow

3 or more years of yxelds, 1938-46: :
Number._...| 368. 160.0 90.0 5. . 109.0 . 31.0
Years of experience on. current farm,

1946 16. 16.0 15,0 X R 12.0 i 12.0
Average correspondmg to-3 or more yearly
yields reported, 1938~46:
Cotton planted R . 13.4 . . 89.6
Percentage of planted acreage not har-
vested . ; : 3 . 2.0
Fertilizer applied per acre planted.. 100 pounds. X . 49 5. *)
Percentage of cotton ac reage on the con~
tour Percent... ... (1) 93. 0
Loss of lint by hail, per sere per 3ear-..__ Pound . ... . . 4
Average yield._ - . R X 166. 0
Average coeflicient of variation Percent.. . _. K . iR 45.0
8 or 9 years of yields, 193846:
Farms reporting Number. ... . 5. . X X 48.0
Average yield . X 287. R 182.0
Average coefficient of variation Percent._ - . . . . 41.0
Average trend in yearly vield of lint Pound. . ... . X J X —6.0
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TasLe 36.—Relation of soil texture to farm average yield and coefficient of variation

‘West Texas Rolling

Upper Piedmont Plains

Sandy | Other
Clays loam tex-
soils tures

Allu-
vial
soils

Sandy
soils

Average corresponding to farms reporting 3 or ‘more years of yields,
1938-46:
Number. .. .

1
[ |
L

*»
~ b

[
e OO
S
bt b
=

Cotton acreage planted
Percentage of cotton acreage not harvested Percent_ - _..
Fertilizer applied per acre planted 100 pounds.
Percentage of cotton acreage planted -on the contour Pereento -
Percentage of cropland in cotton acreage harvested
Average yield ..o i ede e mmam e imimeaea
Average coefficient of variation Percenti. _ ..
8 or 9-vears of yields:

~_ i3

w;s ‘ng
gE BRE3 .
OO OO0 VWIS
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SBZE SES3o
OO0 OO0 [ S Y]
13
ICI'S
WO
SO= BN

Number__...

i
=82 &

&S
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Average yield
Average coeflicient of variation R Percent.... ..
Average trend in yearly.yield of lint Pound

[
B NI O N~

clike SO®

[
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oo 000 Vil
-

oo codboe W

!
&

Y=t

! Ineludes gumbe and buckshot soils. 2 Not applicable.
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TABLE 37.—Characleristics of cotlon farms and operators, by use of tractors by owners and tenants, Upper Piedmont

Use of Tractor

Owner

Tenant

No use
reported ?

51-100
percent
of time

No use
reported !

51-100
percent
of time

3 or more years of yields, 1938-46:
Farms_ . il i
Cotton planted (1938-46 average)
Percentage of planted cotton acreage not harvested .
Loss of lint by hail, per acre per year. ... _.______ T
Operator’s characteristics:
Years of schooling
Age in 1946
Years of experience growin,
cotton on 1946 farm
Percentage of operators engaging in off-farm work in 1946___
Percentage of farms in 1946:
In severe erosion class.. ...._..
With steep and hilly topography
Farm practices:
Average fertilizer applied
Ratio of legume acreage to cotton acreage harvested
Percentage of cropland in cotton-acreage harvested
Percentage of operators reporting following practices:
Cro(i)per labor employed
Seed from breeder 1 year or less
Seed cleaned and /or {reated regularly before planting
Poison regularly to ¢ontrol boll weevil
Participation in Federal crop insurance 2
Average yield. ... . .l ...
Average coefficient of variation

Number.__.

Pound

Number___.

Percent.. .. ..
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1 Reporting 10 or more acres of cotton harvested.
2 Percentage based on participation during one or more years for 1942, 1943, 1945, and 1946.
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TABLE 38.—Relation of farm average yield (o operator and farm characteristics, and production practices

Yield per farm

‘West Texas Rolling

Upper Piedmont ! Plains 2

351

0-250 | 251-350 | pounds 0-125 126-225

pounds { pounds and pounds
. over,

3 or more years of yields, 1938-46:
Farms reporting Number.....
Years of experience growing cotton on 1946 farm
Age of operator in 1946
Years of schooling of operator. Number......
Perceutage of operators engaging in offfarm work Percent. ...

Soil characteristics:

Percentage of operators reporting:
Severe erosion...
Steep and hilly topography

Percentage of operators reporting following practices:
Cropper labor employed ?

. Hired labor employed 3
Seed from breeder I year or less___ -

Seed cleaned and/or treated regularly before planting
Poison regularly to control boll weevil

Average corresponding to 3 or more years of yields. reported,

1938-46:
Cotton acreage planted .l ool i ——— ] ,
Percentage of cotton acreage not harvested_ . _. .. _....._ w-u| Percent. . _
Loss by hail, per acre per year
Fertilizer applied per acre: 100 pounds..
Percentage of cotton acreage planted on the contour. .. Percent. .. . .
Ratio of legume acreage to cotton acresge harvested. .. ._.....
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Percentage of cropland in cotton acreage 24.0 27.0
~Average yield. . .. ; ’ : Pound.....| 212.0 307.0
Average coefficient of variation. . Percent_ - .. 33.0 27.0

8 or 9 years of yields, 1938-46:
. Farms reporting . Number...... 25.0 54.0
Average yield 2220 | 3150
Average coefficient of variation 30.0 26.0
Trend in yearly yield . 7.0 8.0

73.0
182.0
47.0
—0.0

H
h88e B]8
DOOQ POD

1 Based on 317 white owner-operators (male) who purchased their 3 Caleulated for farms with one kind of labor only. When the specified
farms. kind ‘was employed in combination with other kinds of labor, the farm

2 Based on 204 owner—operatdrs and share-renters who employed WB“S gounted negatively in deriving the ratios.
hired labor only and those who employed hired labor in combination Not calculated.
with other kinds of labor. 5 Not applicable.
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Tasre 39.—Relation of 1945 Federal crop-insurance premium rates to Jarm average yield and coefficient
: of variation, and to other specified faclors

1945 FCIC premium rates
{75 percent coverage)

West Texag

Upper Piedmont Rolling Plains

0-10 | 11-15 0-10 | 11-15 | 16

ounds
hounds 1d n I
i pounds. | pounds oF over

3. 79.0

Years of experience growing cotton on 1946 farin 16.0 p 13.0
Age of operstor in 1946 X X R X 51.0
Years of schooling of operator Number...._ . . . X 8.0
Percentage of operators engaging in off-farm work Percent._ .. . . . . 26.0
Soil characteristics:
Percentage of operators reporting:
Severe erosion. ... oeoo ool
) Steep and hilly topography
Percentage of operators reporting following practices:
Crop{)er labor employed !
Hired labor employed # .
Seed from breeder 1 ‘vear or less
Seed cleaned and/or treated regularly before planting ‘
Poison regularly to-control boll weevil I s s SO
Average corresponding to 3 or mare yearly yields reported, 1938-46: :
Cotton acreage planted. ... .. .o il Acre_. .. ..
Percentage of cotton acreage not harvested Percent. - ..
Loss by hail, per acre per year e Pound .. ...
Fertilizer applied per acre : 100 pounds.
Percentage of cottoir acreuge planted on contour_ . . __... ... . ..} Pereent.. -
Percentage of cropland in cotton acreage. .. oooooiiioomieon . don. ...

Farms reporting 3 or more years of yields, 1938-46 Number__..| 410.0 i 19. . 21
5 18, 1
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Percentage of cropland in legumes
Average yield
Averzsge coefficient of variation unadjusted *
Average coefficient of variation adjusted &
8 or 9 years of yields reported, 1938-46:
Farms
Average yield
Average coefficient of variation
Trend in yearly yield
1945 FCIC premium rate (75 percent coverage) per acre
1945 FCIC rate (75 percent) in percentage of average yield, 1938-46_. ..
Average standard deviation . :
Percentage of all operators participating in Federal crop insurance for 1
or more years during period, 1942-46
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1 Calculated for farms with one kind of labor only. If the specified
kind was employed in combination with other kinds of labor, the farm
was counted negatively in deriving the ratios.

2 Not calculated.

3 Not applicable.
4 Trend in yield has not been removed.

5 ('il‘rend in yield was removed for all farms reporting 8 or 9 years of
yields.

ALITIGVIUVA SLIANY ATHIA NOLLOO NO SHONTNTINI

1€




TaBLE 40.—Relation of participation of operators in Federal crop-insurance program to farm average yield
and coefficient of variation, and other specified factors!

Operators participating in FCIC program

Upper Piedmont ‘West Texas Rolling Plains

Sor4 3ord | lor2

years years Never

Farms reporting 3 or more years of yields, 1938-46 Number.... R : . 18.0 80.0 307.0
Years of experience growing cotton on 1946 farm K . X 18.0 12.0 12.0
Age of operator in 1946 _ ____ e e e e 48.0 48.0 48.0
Years of schooling X X 8.0
Percentage of operators engaging in off-farm work 11.0
Soil characteristies:

Percentage of operators reporting:

Severe erosion
Steep and hilly topography

Percentage of operators reporting following practices:

Cropé)er labor employed 2
- Hired labor employed 2

Seed from breeder 1 year or less

Seed cleaned and/or treated regularly prior to planting

Poison regularly to control boll weevil
Averages corresponding to 3 or more yearly yields reported, 1938-46:

Cotton planted

Percentage of cotton acreage not harvested

Loss by hail, per acre per year

Fertilizer applied per acre 100 pounds.

Percentage of cotton planted on the contour Percent.__.

Percentage of cropland in cotton acreage

Ratio of legume acreage to cotton acreage harvested

Average yield I

Average coeficient of variation Percent.____
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'8 or 9 years of yields reported, 1938-46:
Farms. . _____i.c_ et e i e ot
Average yield
Average coefficient of variation
Trend in yearly yield
1945 FCIC premium rate
Percentage 1945 premium rate is of average yield *

Number_.._

105 o P Sree
[t e K Y Y o ]

;GFCIC program was available only during 1942, 1943, 1945 and
1946.

T Calculated for farms with one kind of labor only. If the specified
kind was employed in combination with other kinds of labor, the farm
was counted negatively in deriving the ratios.

3 Not calculated.
¢ Not applicable.
s For period 193846 for farms reporting 3 or more years of yields.
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TasLe 41,—Relation of $oil type and soil treatment to average yield and coefficient of variation and other statistical measures at

specified locations in the Cotton Belt (Bdsed on resulls reperted by experiment stations)

Locention

Type of soil

Period

Fertilizec

Analysis

Quantity
per uere

Years
in ex-
peri-
ment

Yield of seed cotton

Aver-

Stand-
age ard

Trend
error

Coef-
ficient.
of vari-

ation

Coef-
ficient
of de-
termi-
nation
of trend

Diedmont
‘Winter cover ¢rop

Rye.and vetch
Effect of lime
Without fertilizer
No lime..._

With lime
Effect of pH
X 1 S,

(3R RN
Constal Plain
Effect of rotation
Contintous cotton

Two-year rotation !
Continuous cotton

Three-year rotation 2._._
Rotation and fertilizer
Fertilizeronly..___ .- __..
Fertilizer and 3-year ro-
tation

Clemson College,

Cecil Sandy Loam
JEURPRESIN s (. SO
[+ L
do,e v

Orangeburg Fine
Sandy Loam...

1926-36
1926-36

1931-35
1931-35
1931-35

- 1931-35

1931-35
1931-35

1940-43
194043

194043 |

1940-43

1925-35
1925-35

1914-19
1914-19

1914-19

1914-19

5-10-0_._
5-10-0...
5-10-0_.._

5-10-0.. .f.

4-8-8_ ...
4-8-8. .

None._._
_.do.Z_.. .

4-8-4. ..

4-8—4.__.

480 with pot-
ash varying

from 0 to 72,

Ne.

Lb. Lb. Lb,

Lb.

Lb,

241
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Winter ¢over crop
Raymond, Miss._..} Ol i 1629-34 | 0-84.____
1929-34 | 0-8-4._ ..
192942 '||4-8-4 and
192942 |/5-10-5_..
1930-35 | None..._
Austrian peas 1930-35
Combinations with
fertilizer
1922-29 |..do.. ... 135
Green manure and ’
200:1bs. fertilizerd ____ . 1922-29 | 2-8-6__._ 468
300 do. - do. 1922-29 | 2-8-6__._ X 670
400 do. do. 1922-29 [ 2-8-6____ 743
Lime and
200 1bs. fertilizer 1922-29 | 2-8-6.... 390
300 do. do. 1922-29 | 2-8-6____ 527
400 do.. do. 1922-29 | 2-8-6____ 630
Green manure, lime, and :
200 1ba, fertilizer 8 ____ . 1922-29 | 2-8-6._.__ 8 483
300 do.- .do. . ; 1922-29 | 2-8-6._._ 8 619
400 do. do. 1922-29 | 2-8-6____ 8 630 50

1 Cotton and vetch. Vetch, corn with soybeans, or sorghum for silage. *Indicates that r2 is sxgmﬁcant at the 5-percent point.
2.Corn and cowpeas. Oats followed by cowpeas. Cotton. ** Indicates an r 2 that is highly significant (1 percentu;ie point)Y
.31930-38. . South Carolina: Agricultural Experiment Station annual report (30); Paden, W. R.
41939-42, (24); Weir, Wilbert W, (34); Effects of winter soil.conserving crops (38)
5 A 3-year rotation was employed as follows: Cotton. Corn. Oats.
8 Following oats in the Totation, a cover crop of cowpeas was turned under- Th\s was
followed by Austrian peas which were turned prior to cotton,
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156 TECHNICAL BULLETIN 1042, U. 8. DEPT. OF AGRICULTURE

TABLE 42.—Average yield, coefficient of variation, and trend, by Slates

and counties, period 193846

County |

Coefli-
cient of
Varia-
tion 2

Yearl
tren

Alabama

Autauga
Baldwin

Fayette
Franklin

Lauderdale
Lawrence

Pounds

9,7
12.2
1
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INFLUENCES ON COTTON YIELD AND ITS VARIABILITY 157

TanrLe 42.—Average yield, coefficient of variation, and lrend, by Stales
and counties, period 1938—46—Continued

Coefﬁ-f
. cient o
Yield varia-
tion ®

County }

Pounds

Alabama (continued).___ 244
149
247
239
168
Talladega 223
Tullapoosy 193

[
[ 0 ]
W b

o
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Washington
Wilcox
Winston
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Arizona

|
-
Bt S

Arkansas

Bradiey_ .
Calhoun

R 0D

()

Clay
Cleburne
Cleveland
Columbia
Conwny
Craiphead
Crawford
Crittenden

|
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Hempstend
Hot Spring
Howard
independenece
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Jefferson
Johnson
Lafayetie
Lawrence
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TABLE 42.—Average yield, coefficieni of variation, and irend, by States
and counties, pertod 1938-46—Confinued

(?oe{ﬁ} i
State County ! Yield c;"£?£ ‘11.?;:3
tion ?

Paundy | Percent | Pounds
Arkansas {continued)____{ Little Rivey_.__________ 164 34 —6.9
Togan_ ..o ... 197 34 -7.3
Loneke oo _._ 303 14 4.6
Milter______________ .. 204 73 —4.3
Mississippi_ .. ___.._.. 517 16 —88
Maonroe - ooo oo 304 i2 3G
Montgomery oo ... 146 38 3.2
Nevada_. oo 168 1] 1.2
Ouachit oo oo 175 i8 —1.4
Perry_ . 92 37 4
Phitlips - .. 268 9 37
£1 1 - 144 24 7.5
Poinsett_ ... 482 i5 —42
Polk . oo e 164 33 4.0
Pope_ oo 189 32 3.2
Prairie_ ... __..___ 273 i9 1.1
Pulaski_ oo 315 19 —1.5
Randolph. o ... 309 i3 4
St Franels. .. 420 14 —~4.0
168 39 —4.4
191 44 —6.8
15! 22 3.5
234 19 —-1.8
173 32 2.9
196 22 6.1
249 16 2.1
316 16 —.6
207 35 —-15
Chlifornia 598 i —29
413 26 44.9
G680 12 —158
50 18 ~5.4
505 11 —298.8
457 18 —22.4
358 21 —14.9
325 28 37.1
OBG 16 —20.2
Florida o oo mme e 180 26 50
175 25 9.8
Madison____________... 115 24 4.5
Ceorgia_ o vmmimeen Baldwin. .. _________ 181 24 —1.2
Bankse oo oo 244 16 7.4
Barrow__ 282 16 —1.3
Bartow__ 293 14 6.8

Ben Hill.___ 192 12 0
Bleekiey_ ______ . ____._ 204 27 6
Brooks. ... oooao_ 193 32 3
Bulleeh _ _ oo 248 22 53
Burke oo oo 233 23 100
Butts___ . ___ 270 22 11.3
Calbhoun_ ... oemeeo— 223 23 16.8




INFLUENCES ON COTTON YIELD AND ITS VARIABILITY 159

TaBLE 42.—Auverage yield, coefficient of variution, and trend, by States
and counties, period 1938—-46—Continued

Coefhi-
s . re cient of | Yearl
County ! Yield varia. trond
tion *

Poitnds | Pereent | Pounds

Georgin {continmed) 199 22
264 3
Chattooga, 290
Cherokee 261
245
217
244
182
Colquitt 230
Columbia 187
248
143
286
192
230
243
218
239
172
Fayette o oo oo 274
Floyd

Torsyth

Tranklin. e o eaoooo
Fulton....... v mm—————
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Meriwether

Mitchell

Montgomery

Morgan

Murray
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TabLe 42.—Average yield, coeficient of variation, and frend, by States
and counties, period 1938-46—Continued

Blate

Counly !

Yiell

Coethi-
cient of
yuria-
ticn

Yearly
trone

(ieorgin (vontinue:l)

Fomsiana ..

Oglethorpe
Paulding

Tandolph
Richmond
Ttockdale

sSereven
Seminole
Spalding
Stephens
sumter
Talinferro
'J:u.ttnnll

Thomas. .. ... .

Tt o e
Toombs_ ... oo
PrOUR ceccie e e o
TuUrner oo o cceicaoan
WIS e v e e s
Wulker

Walton

Warren

Washington ... .. ....
Whitfeldl ... ...
Wileoxo oo ..
Wilkes._... . e
Wilkinson
Worth..__...

Aeadia. ..o ...,
Avoyelles ...
Bienville

Bossier

Cuido ;
Caldwell. .. ... ..
Catahowln. ... ..o ..
Claiborne_.__._. .
Concordin

DebSotol ooohcmean vl
East Carroll

Evangeline
Fraonklin. .. ... ...
Grant

Potneds

283

Pereend

Poundds

S
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TABLE 42 —Average yield, coefficient of variation, and trend, by Stales
and countics, period 1938-46—Continued

Coeffi- |

cient of Yeu.rllfr
varia- tren
tion ?

County Yield

Pounds | Percent | Pounds

Lousinna (continued) . ...} Juckson. ........ 152 —-11.9
Lafayctte 269 .
Lincoln. oo vommwao oo 153
Mundison 330
Meorehouse 336
Natehitoches .o 274
Ouachita
Pointe Coupec
Rapides
Red Niver
Richland
Suhine
Si, Landry
Wi, Martin

G et

[
L1l -
QrnEBWD I SIS

Tnion

Vermilion_ . oo ooeiois

Washington ... ...

{Webstero oo L.
West Curroll

Winn. . ... ...

R

Il A S WO W N Db~ D

Mississippl. -

Attala. ... .o ...
Benton..oaeeann. .
Baolivar ... ... ..
Calhounn .. .

Ny
e N B o B 7 R =]

Chickasnw_ ., .. .
Chactaw. . ...
Cluibarne. ..
Clarke. . .. - ...
Clay . ......o-.
(ouboma. .. _.
Copish.. ... ...
{lovinglan

Amlstn btk e O RO

=

Py

|
RSO PW I DE R OSSO e

|
[=F-

1

Franklin
Girenaddn ...
Hinds ... ...
Holmes._-. ..
Humphreys. .
[ssnguenn. . . -
Ttawninha

wlll =1

JONCS L e e e
Kemper

Lafayette

Tamar
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TasLE 42.—Average yield, coeflicient of variation, and trend, by States
and counlics, period 1938-46—Continued

(_'Joetfﬁ-f
) ¢lent o
Yield varia-
tion ?

State County *

Pounds | Percent

-

Mississippi {contimied}_ .} Lauderdale 182 46
Lawrence 253 a7
458 35
276 34
418 15
208 42
21D 45
Madison. ... ocnns 243 32
Maron. acmeee o e 257 38
Marshall . . __.. ... 267
247
Montgomery 206
Neshoba
Newton

Noxubee

[ s |
111919 D1 e e Bl 10 13 ST e I S0 19 1D
] e T2 00 O LG ) D O D G 00 LD o e

1

ok

|-
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|
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-
X

Pontoloo . oo cveicann e
Prentiss
Quitman

| || o=

WML BRSO

SO U

Tippah

Tishomingo__._ . _..__..
Tunien

Unionoo.ooo. . ..
Whaithall

t
I it - i
1=
G BT O e B D M O 1O e e e I T I 0

’17

Wushington

o
~1

Webster .- - ..
Wilkinson_. ...« .ao.o
Winston ... _..._.. -
Yulabugha. ...

B YE T T

Missouri
Dunklin

Mississippia o amoceno.
New Madrid

Pemiseol. .-
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TaBLE 42.—Average yield, cocflicient of variation, and trend, by Stales
and counties, period 1938—4i6—Conlinued

Coelli- Yeutl
. cient of Yeurly
Yiekl varin- tmn(f
tion ?

County !

Pounds | Percent | Pounds

North Carolina.. _______ 364 8
307 20
260 55
352 36
251 41
340
402
265
345'5-

o
=t}
o
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|

Duplin_
Eidgecombe
Franklin
Gaston.......

D b3 It —

—

Hertford. ... ..., ..

Tredell___.... ..
Johnston

Martin__ ... __...
Mecklenburg.
Nash_o____.__..
Northampton
Perquimans._.. ...

|1

Polk oo oo
Richmond.. ...
Robeson. _..e vuan . -
Rowan

Rutherford

Sampson

Seotland . oo oo ___ ..
Mlandy . v o-
Union L. ..oin e
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.-q:::—t-&-mc-.‘-pr::_;n:q:.:
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Warren
Wayne .
Wilson_. .. o ..o._..
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. Oklshoma Beckham
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TABLE 42.~—Average yield, coefficient of variation, and trend, by Slates
and countics, period 1938-46—Continued

County !

Yield

Cocfli-
cient of
varin-
tion 2

Yearly
tren

Cklahowma {eontinued). __

South Carolina

Clevelnnd . . ..o
Comanche

Logan__. ..
Love
Marshall

MeCurtain. o ooooao oo
Melniosh

Muskogee

Okfugkee

Okmulgee
Dsage
Pawnee
Payne
Pittshurge
Pontotoe
Pottawatomic ..o, ..o .
Toger Mills
HSeminole
Sequoynh
Stephens
Tillroan

Waponer
Washits

Pounds

179
128
138
164
160
140
152
181
133
131
150
171
144
145
123
142
170
167
169

168
164

Percend

Pounds

-39
—.0
-1.7
—17.8

I
£ 3

11
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TasLe 42.—Average yield, coeficient of variation, and trend, by States
and countics, period 1938-46—Continued

Coeffi-

- cienb of | Yearl
Counby * Yield varia- trend

tion ?

Poundy | Percent | Poundy

LoD~ OOk R RRCORNIDRDD O DR N

South Crrolina (conlinued) %gg 2

300
353
Dorchester 290
Edgeheld 327
Tairfield, oo o 243
Tlorence 285
Cireenville 353
Greenwood 244
Hampéon
[Kershaw

- et pme [y (%]

Newberry

Qoonee
Orangeburg
Pickens

Richland

Salueda. ...
Spartanburg_. . .
Sumter.._.___

—

Wit W CGRNASEONRAINBSERHOG— O RGO S~TE

Wiliimnsburg_—- IR
Yorkeooooooo oo oos
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Huywood

Henderson
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TasLy 42—dverage yield, coefficient of variation, and trend, by Slates
and counties, period 1938-46—Conlinued

County !

Yield

Coeffi-
cient of
varig-
tion *

Yenrly
trenc

Tennessce (continued) ____

Tipton
Way
Weakley

Pounds

424
273
325

115
179

37
169
156G
112
149
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107
164
108
152

Pereent

14
17

Pounds
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TAnLE 42.—Average yield, cocfficient of variution, and trend, by States
and countics, period 1988—46—Continved

C‘Joetﬂi—f Yeut
’” cient o early -
Yield varia- trencF
tion 2

Coundy 1

Pounds | Percent | Pounds

ok
=]

Texns (continued) 144 23
i 151 31
173 22
86 35
230 17
107
114
185
126
Gonzsales 111
Gy iai e 121
Grayson 171
Crimes 160
116
1G9
165
104
152
171
130
170
126
11
245
149
103
134
151
163
432
166
Jackson. .. 177
Jim Wells. oo .. 132
Johnson 141
149
INarnes .o i cmaaan 106
141
144
153
155
185
1458
189
139
110
Teon. ..o 129
Taberly. oo 186
Limestone, ..o ______. 117
Live O 123
Tubbock 213
161
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TapLE 42.—Average yield, coefficient of variation, and trend, by Slates
and counties, period 1938-46—Continued

Coeffi~
cient of
varis-
tion 2

County ?

Percent

Texas {continued) 33

|
—

|
ol morancSwwan s
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Nacogdoches.

9

-

W= B 0 O e B S0 e e

[
SR =D N

i
| |
===

Washington
‘Wharton

Wichita
Wilbarger
Willacy
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TasLE 42.—Average yield, coefficient of variation, and lrend, by States
- and counties, period 1938—46—Continued

Coeffi--f
. cient o
Yield varig.
tion 2

County !

Pounds | Percent

Texas (continued) i }(ljg ég
115 39

Virginia 287
274
290
362

i 272
Isle of Wight 352
Lunenburg
Mecklenburg. . ___.___
Nensemond

Prince George

Princess Anne
Southampton
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' Counties included for which there were 8 or more years of yields.

' .
Standard error of estimate of trend values expressed as a percentage
of the mean yield.




QUESTIONNAIRE AND INSTRUCTIONS

QUESTIONNAIRE

SOUTHERN STATES COTTON YIELD VARIABILITY Budget Bur, No. 40-R1686,1
Part, I. General Information Approval expires 10-31-47 .

County Township
on which this farm tract is located (check one): Conerete (1) : tar and gravel
unimproved road (4) saccess road onlys____ )

. Operating period of this farm:
a. Total acreage of farm land operated in this tract in 1946

b.

. How many other farm tracts did you operate in 1946

What was your first crop season on this farm as gperator
Have you operated it continuously since then? Yes

Give the last year this occurred
No Give the last year this

. to 1946 (Note: Enumerator, enter the latest date of b, or ¢, or d above)
. During which years in this period (5e) did vou grow cotton on this tract ®___..___________..__ :

. Total acreage of cropland in all farm tracts operated in 1946
. Acreage of cotton harvested from all tracts in 1946

. Number of 500-1b. bales produced from all tracts in 1946

.- Total net pounds of lint cotton produced from all tracts in 1946 ¢

.-1946 operator’s status (check one): Owner-operator

. 1f owner-operator, how did you acquire this farm: By inheritance ( i
4

1946 average yield of lint cotton per acre for-all tracts (6e <- 6c)
andlord and operator information:

a. 1946 landlord of this tract

(2) hired manager
(7) cropper tenant ®
(2) mortgage foreclosure

(4) cash tenant (5) standing renter

other

.- Education of the operator; Elementary and high school

.- Origin of operator (check one): ¥rom local farm (1) from farm but elsewhere in Cotton Belt

X COIOIiv‘[)f operator (check one): White ) (1) black (2) other -(3)

. . Yyears;
studied vocational agriculture in high school years

(2) from small town in same

locality (3) from city in Cotton Belt (4) from city outside Cotton Belt (5) from foreign country

(1) female




* Means farm is not located on a public road but is served by an
ordinary farm road.

b If cotton was not grown any year during the operating period (5a),
discontinue the questionnaire at this point, and proceed to the next
farm on the list.

° Gross weight of 6d minus a deduction for tare, i. e., number of bales
ginned multiplied by the weight of bagging and ties—21 pounds.

4 Share-renter furnishes all workstock and equipment and receives
a share of the produce. Do not confuse with sharecropper.

e Cropper tenant furnishes part of ‘the fertilizer, all labor and a type

Schédule number

8. Off-farm work engaged in by farm operator (check one): Cotton gin
(6) does not engage in off-farm

(4) merchant
9. Soil description of cotton land:
a. Soil color (check one): Gray
(6) dark red
b. Soil texture (check one): Clay
{5) rocky soil (6) gumbo
(11); alluvial: buckshot
. Exteiit of erosion {check one): None
(4) all of topsoil gone (5) oceasional small gullies
d.. Type of topography (check one): Level
e. Enter soil type if known (If not available enter as “X”
. Farm practices used in growing cotton:

(5) -other work

(1) clay loam
(7) buckshot

(2)  gray-yellow 3) re
) dark brown.______. (9) blas ) oth
(2) sandy clay loam
(8) other
(12); alluvial: clay___ .. _ -(13); alluvial: other
(1) scarcely none

(1) g(;ntly rolling

of management; and receives a share of the produce, usually one-half.
This type is essertially a sharecropper but differs from the typical
sharecroppéer in that he lives'on a farm separately from the landlord
and exercises considerable freedom in the choice of land used for cotton,
methods of cultivation, and the use of labor on the farm. The landlord
lives in town, or at some distance from the farm. It, therefore, seems
best to establish a separate class for this type. All information for the
period of his tenancy should be obtained directly from him.

f Applies only when an agricultural course was taken; if & nonagri-
cultural course was taken in an agricultural college, show years attended
under “other college.”

Page 2
(1) sawmill (3) textile worker

(5) gray-red

(4) deep sand
(10); alluvial: sand

(4) red-yellow
(11

(3) sandy clay
(9) alluvial =: loam

(2) light sheet erosion
(6) numerous gullies
(2) rolling

a. How man(y)years from breeder do you generally plant cotton seed (check one): Direct from breeder

3) three years (4) oth 5

b. Are seed regularly cleaned before planting: Always

¢. Are seed generally treated before planting: Always.

d. Poisoning: Do you apply 1-1-1 arsenic poison: Every season
Usual number of applications per season__..
Do you apply calcium arsenate as dust: Every season
Usual number of applications per season

Part 1I. Annual Data: The operating period is from

(1) never_.____-_(2) sometimes
(1) never

(3) year started
(2) sometimes (3) year started
{1) never apply..._____ (2) apply some seasons

--t0 1946 (transfer from 5e)

Note:—Draw a line through all annual spaces below except the operating period above. But do not obtain data for any year during which

cotton was not planted.

ALIIIVIEVA SLIANV ATHIA NOLLOO NO SHONANTINI

L1




Items

11. Cropland: ®
a.- Reported by AAA =
b. Reported by operator
12. Acreage of cropland in legumes ¢

» Primarily applicable to the Mississippi Delta. ¢ Include cowpeas and soybeans grown alone, lespedeza, all clovers,

b Include cropland used for crops plus land temporarily idle, or  alfalfa, Austrian winter peas, crotolaria, kudzuy, etc. Check with rota-
{allow in any year, but only for the particular tract under investigation. - tion system.

¢ Copy from SR-3(:1 or SR8-1 forms and farm plan sheets.
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Schedule number.

Items

. Cotton acreage:
a. Reported by AAA
b.- Reported as harvested by the farmer
¢, Yearly acreage harvested ¥
d. Cotton acreage planted but not harvested re-
ported by the farmer: .
1. 1938-1942: Abandoned prior to AAA |
measurements and’or plowed up te meet
AAA compliance
2. 1943-1946: Abandoned because of crop fail-

3. 1943-1946: Acreage not harvested © hecause
of lack of labor
. Production of cotton: 1943~1946:
a. Number of 500-1b. bales produced 9. _ . _.......
b."Total pounds net of lint cotton produced *

. Yield per acre (Ibs. of lint):
a. Reported by AAA®
b. Reported by farmer
¢. Yearly average yield »
. Total 1bs. of lint cotton lost by hail
. Appraised. yield for FCI listing sheets #
. Federal Crop Insurance on c¢otton (yes (1); no (2)).
. Hail ingurance® on cotton (yes (1); no (2))
. Crop insurance premium rates:
2. 759 insured yield {Ibs. of lint per acre)
b. 509, insured yield (Ibs. of lint per acre)
. Type of operator i (enter code number)__ ... .. .-

«Copy from SR-301 or SRS-1 forms and farm plan sheets.

b Field enumerators will not fill in this space.

¢ If picked in part, exclude; but report under 13 b.

4 Production converted to number of 500-1b. bales equivalent.

¢ Convert 14 b. to totsl pounds gross weight; deduct allowance for
tare at the rate of 21 pounds per bale ginned.

¢ Estimates by the farmer in 500-lb. equivalent bales lost by hail

converted to & total net weight basis by deducting an allowance for
tare. -

« Copy only when yield is shown encircled on FCI listing sheets; enter
a blank if appraised yields were not used.

h Refers to insurance purchased from private companies only.

I Qwner-operator (1); estate operated (2); hired munager (3); unpaid
manager (4); cash renter (5); standing renter (6); share renter (7);
cropper tenant (8) (see foot note 3, page'1).

ALYIIGVIAVA SLI ANV Q'THIA NOLLOD NO SHONHNTINI

8Ll




Schedule number_ . ... .. -

Items

22. Cotton acreage planted after idle land =
23. Fertilizer and ammoniates:
4. Commercially mixed fertilizer—total pounds ap-
plied per acre on cotton :
b.- Ammoniates (and potash) as side dressing—total
pounds applied per acre on cotton
¢. Total pounds of commercial fertilizer and am-
moniates applied per acre on cotton
. Non-furm work. of operator:
a.. Percentage of total annual time required
h. Percentage of time required during crop scason ..
. Percentage of operator's furm time lost during crop

L. For other reasons than off-farm work (sce 24
above) :

. "Type of labor used (share-cropper (13; hired (2);
family labor (3)) ‘

. Tractor use: :

a. Tractor owned during (check spaces) b

b. ‘Cotton land prepared with tractor (all (1); none
(2);part (8)) ceeewiciceeicaas

ei Cotton planted with tractor (all (1); none (2);
part (3) :

d. Cotton cubtivated with tractor (all {1); none (2);
part (3))

. Method of harvesting (hand picked (1}; sledded (2);
machine picked- (3); snapped (4); sledded and
shapped (5); machine picked Tollowed by hand
pickers (6); other (7))

29. Age of operator
30. Yeurs of experience growing cotton:
a.'On this l‘arm_--. ..................... .
b, dn this community ... ... e n .
c. In other regions of Cotton Belt._... b
31. Price received per1b. of lint : o nl.
*Land on which weeds have grown, or which has been allowed to b Check all years during which & tractor was owned.
remain idle for a period. Do not include land growing lespedeza, cut
or uncut, or other hay in a regular rotation.




Year of lowest cotton yield since 1937:
Farmer’s reasons for low yield this year 1
2
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INSTRUCTIONS FOR COMPLETING SOUTHERN STATES
CotroN YIELD VARIABILITY (QUESTIONNAIRE

Port I: GENERAL INSTRUCTIONS

1. On the basis of the acrial photos selected for the sample, make a
Yist of the farms to be visited. Cheek with 1946 listing sheets to see
who the 1946 owner and operator of the farm were. These data may
nat be available for some farmns because all farms did not cooperate
in 1946. Corrections can be made when you visit the farm,

When this rough working list has been prepared, attach it to your
aerial photo and prepare to work in the area shown on the photo until
all farms in the sample have been contacted. Work only in the part
of the photo specified 1 the sample.

Obtain farms where the operator’s dwelling falls within that part of
photo specified. Follow this rule even though the major acreage of the
farm may fall either inside or outside the part of the photo selected.
When a farmer operaies more than one traet,™ either in or outside the
sample section of the aerial photo, pet only the farm tract on which
his dwelling i3 located. Omit all other tracts except in question 6.

2. Data are to be obtained from the 1946 operator by visit and per-
sonal interview, supplemented by data from AAA files. If the operator
has moved outside the community and cannot be loeated, turn in the
form as a blank.

3. In reporiing the annual data (Part I of Schedule) {or each
farm, begin with the year 1946 and work back year by year until the
farm was subdivided, combined, or there was a change in the operator.

Only one operaior is to be shown for each farm irrespective of the
length of time the farm has been owned by one person.

In the case of reconstituted farms, show complete data only from
the date the farm was reconstituted (subdivided or combined) until
the end of crop season 1946 when operated by the same person.

For example, suppose a farm owned by A and operated by B
was subdivided in 1942 before the bepinning of the crop season,
although B had operated the farm since 1940. Show data for
1942 through 1946,

But if a new operator, C, had come on the farm beginning with
the crop of 1943, data would be shown only for 1943 to date
mclusive.

If the farm had never been subdivided, data would have been
shown from 1940 to date in the case of operator B, or from 1943
to date in the case of operator C.

Bubdivisions or combinntions after the 1946 crop season may be
ignored.

Study items 5b, 5¢, and 5d. The shortest period established by
any of these three items will determine the operating period for the
farm. This operating period will determine the mammum period for
the annual date (items 11-32} but in no cuse will annual date be
obtained for years in which ne cotlion was plented (items 13a, 13b,
13d-1, 18d-2, 184-3). I{ no cotton was planted during the operafing
perted do not fill out the items beyond 5f.

o4 “Prapt? means all the Inand ineluded under one SRS-1 conlraet.
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4. Enter acres to the nearest one-tenth of an acre, and yield dats
to the nearest pound. Show all other data to the nearest whole number.

5. Practically all data will be obtained from the farmer. But 1lg,
18a, and 15a are to be copied from SR-301 and SRS-1. Question 17 is
to be obtained from the following forms: F(CI-27-C; FOI-503-C;
FCI-603-C; and supplements; question 20 is fo be obinined from the
following forms: FCI-203-C; FCI-303-C; FCI-503-C; FCI-603-C and
supplements.

Part II: INSTRUCTIONS FOR ITEMS

1. Scurpure Number refers to the consecubive farm completed in
vour county for this study. For example, the first questionnaire you
eomplete is to be numbered 1.7

2. SR8-1 and SR-301. Show both serial numbers if applicable. This
will give a check on your work. If reeently reconstituted, only the
SRS-1 number may be shown.

CAUTION: Some farmers may have more than one work sheeb.
Be sure to get data only for the farm number in your sample. Empha-
size to the farmer that you want data only for that particular SRS-1
number.

5. OperaTing Per1op o THIS Farn. This section will determine the
number of years to be included in answering items 11-32.

{2} Include eropland, weodland, pastare, etc., which eorrespond
to the work-sheet unit for 1946,

{b} This item will show the pericd during which the farmer
operated the farm confinuously sinee 1937. The latest period of
uninterruptad operation is the guide.

(¢} and {d} Ascertain whether cropland has been dedueted or
added to the tract by any method and the lafest date of sueh sub-
divistons or combinaltions in cach case.

Any subdivisions or deductions from eropland oceurring after the
end of the 1946 crop season are to be omitied. For those during
the 1946 crop season, enter an “x” only and omit all other infor-
mation. However, if subdivided in April 1946, or before the
heginning of the erop season, show the date.

(e} The operating pericd of the farm is from the latest date of
either (b)), {e}, or {d) abuve, through 1946,

{f) Ascertain years during operating pericd in which cotion
was grown. If cotton was nob grown at all during the period
shown in b5c, discontinue further questions eon this farm and
proceed to the next farm on your list, Tn order to keep the record
straight, turn in the incomplete schedule on these noncotton farms,

6. {¢) Acreace or Covron HarvesTep in all tracis in 1948, Add
nereage horvested only of all cotton in all (racls in 1946. Do not In-
plude acreage of cotion abandoned. Nete: TFor items (n) te {f) sec
schedutie.

7. Lansrorn aAnp OPERATOR INFORMATION.

{n} Show 1946 landlord of tract and his address as this in-
formation may help to loecate the farm if the 1946 tenant has
moved away. _

{b} 1946 operator and his address are to be obtained when the
farm is visited,
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{c) Operator’s status in 1948, Check the space which shows
tenure status for the majority of the acreage. For expmple, if &
certain operator owns 200 acres of cropland and rents 50 addi-
tional acres, check “owner” A farm may be operated as an estate
if the owner is recently deceased.

“Ilired mapager” weould apply if someone is paid a sum to
manage the farm,

“Unpaid manager” is applicable when a relative manages the
farm without compensation; or if with modest compensation, when
it is not nearly appropriate to the managerial job. If paid a share
of the produce, however, the relative is best classified as a paid
manager. “Cash renter” applies when the opcrator contracts to
pay a fixed sum of money for the use of the farm; “standing
renter,” when he contracts to pay a fixed quantify of cotion.

A “share reater” iy not a “sharecropper.” He owns workstock
and equipment and contracts to pay a fixed share of the crop as
rent, the size of the share depending upon how much the landlord
furnishes in addition to land. This type of lenant has considerable
freedom in the operation of the farm.

“Cropper tenant” has most of the characteristics of a shave-
eropper as he does not own workstock. But in this case the land-
lord does not live on the farm, Tt follows, therefore, that the
cropper tenant {although in many respecis a sharecropper) exer-
cises & good deal more judgment in managing the farm, and for
this reason is classed separately.

{d} If owner-operated, how did owner aequire this farm? Aseer-
tein only in the case of owner-operctors. Leave blanks open for
all other four ciasses of operators. Let the hiphest proportion
govern. For example, if the mejor portion of the land was ob-
tained by inheritance, and only a small acreage by purchase,
check the spnee after inheritance.

(e} Education of operator. Fer schooling of operator, show
total years in clementary school and high school separately from
vears attended college. If a high school graduate, enter 11.°
Years attended agricultural college applies only when the agri-
culbural course was taken. When both agricultural and nen-
agricultural college were attended, enter years attended after each
type. I the farmer studied voeational agriculture in high school,
show total vears he studied the caurse.

{fy Origin of operator. Ascertain where operator grew up and
Tived prior to the time he became a farm operator. Be governed
by the major portion of his life. For example, if he lived in a eity
in the Cotton Belt for 20 years and ocutside the Cotton Belt on
a farm for 10, cheek the space for “from a city in the Cotbon Belt.”
Orr-Fanyt Work oF o1 Qrenaron. Check space bo indicate the

type of nonfarm work in which the operator engages regularly. If nonc
is engaged in vegularly, check the space for 7.7 Nonfarm work in-
eludes work for which a wage or salary is earned. Do not include in

this
this
few

cafegory custom work and wage work for other farmers. Answer
question if the operator engaged in nonfarm work regularly for »
years. See Part II, number 24, for annual dats on this question.
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9. Soi, DescripTioNn oF Corron Lanp., Answer each subdivision—
{(a), {b), {e), or (d>—by placing a check mark in the space which
meets most nearly the description of the major portion of the land
normally devoted to cotion in the rotation system. If the farmer ap-
pears t0 know his business, his opinion regarding the soil description
should be sufficient. Otherwise, reach o conclusion by personal observa-
tion of convenient fields, or by inquiring of the neighbors.

{e) Write in soil type if readily available in AAA office, or if
this information can be obéained reliably i{rom the soil survey map
for the eounty.

10. Fanm Pracrices Usep ix Growing CoTrToN.

{a} Years from the breeder refers to the time which has elapsed
since the breeder grew the seed. If all planting seed is purchased
ench vear from the breeder, then check “direct from the breeder.”
However, if the grower buys enough seed from the breeder each
vear to plant a field and uses the seed from this field to plant
the entire crop the next year, and if he docs this regularly, then
cheek “I year.” If he carries over the same seed for a second
yvear before seed is purchased from the breeder and fhe cyele
repeated, then check *2 years.” Be governed by the predominant
practice,

However, watch a case of this kind, Farmer A may buy enough
seed from the breeder each year to plant 5 acres, Then the next
year ha may plant his entire farm with the seed from these 5 acres.
He may sell the remainder tc farmer B, Both farmer A and
farmer B would, therefore, be planting seed 1 year from the
breeder. Also thisc If A bad held over his surplus seed instead of
selling to B, and then planied the old seed the following year, he
would that year also have planied seed one year from the breeder,

{d} Poisowing. 1-1-1 peison refers to a mixture of water, mo-
lasses, and caleium arsenate applied by mop, or otherwise, to the
plant when it is small. The number of applications means the
number of times over {he entire crop. Couné to the nearest whole
number of times. After the planis become large, applications of
ealcium arsenate may be made as dust, usually with a blower
type of machine, either hand or power operated.

ITEMS DY YEARS

The operating pertod wos defermined in question Se. Transfer to
this space the same date, The ycars included in this period will deter-
mine the years for which annual data will be obtained (items 11-32).

CAUTION: Draw 2 line through all the annual spaces which are
prior to the first year in the operating period. For example, if the
operator came fo the farm in 1941 and no change in the cropland area
of the farm has ocourred since, the operating periocd would be 1941
to 1946. Therefore, mark out all annual spaces for 1938, 1939, and
1940, as only the period 1941 to 1946 will be used for annual data.

But even in this period annual data are to be shown only for the
years when cotior was planted (ifem 13s, 13b, or 13d-1, 13d-2, 134-3).
If no cotton was pilanted in 1948, the spaces for this vear would be
left blank on all pages—not marked out. Likewise, if no cotton was
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planted in 1941 this year would be left blank--not marked out as
deseribed above,

11. Crorranp, Include land used for crops plus land temporarily
idle, or faliow, in any year. The screage corresponds to the cropland
in the AAA controet for the farm under consideration.

(2) Reported by AAA, Copy from SR-301 or SRS-1.

(b) Reported by the farmer, Obiain from the operator esti-
mates of eropland operated on the farm tract under investigation
for the period 1943 to 1946,

12, LecuMmEs are considered fo include the acreages of leguminous
crops produced in any given crop year, Alfalfa and other crops left
f(i;r one or more years will be counted. Inelude the following legumes
also:

Cowpeas for hay, left for seed, or cut but not intercropped.
Soybeans for hay, left for seed, or cut but not intercropped.
Lespedezs, first year, second year, efe.

Austrian winter peas sown in {all.

Crimson clover sown in fall,

Bur clover.

Kudzu, crotolaria, sericea lespedeza.

Ladino clover.

Alsike, sweet clover, white duatel, ete.

13. CorroN ACREAGE.

(a) Enter from AAA records (SR-301, SRS-1 forms) the actual
acreage measured by AAA representatives for the farm in July-
August for the period 1938-42. This is the acrcage for eompliance.
In some cases after initinl measurement the farmer was required
to plow up acreage in order to comply. This plowed-up acreage
will be covered later under d-1. It is inciuded with the abandoned
acreage from the planting date under AAA measurements for
compliance. Acreage for 1943 to date may or may not be available
in AAA files. If the farmer has continued to cooperate, data
may be obtained through 1946 from SRS-1 and from the famm
plan sheets. In any event obtain cotton rercage and yields as
completely as possible from AAA files,

(b} All data from 1943 fo date will be as reported by the farmer,
This will generally be the acreage harvested in the fall, Acreage
harvested in the fall lncludes all acres from whiel some cotton
was harvested. Include such acreages as were harvested in whole
ar in part. However, if some acres with a good crop were nat
touched, because of lack of labor, omit. If harvested in part,
inelude.

(¢) For office use. This space is not to be filled in by the enu-
merator.

(d} To get o picture of erop failure, this question must be
obtained with some care.

(1) Pertains to the pericd 1938 to 1942 and is an attempt to
build up the AAA measured acres as shown on SRS-1, or SR-301,
for this period to a planted acreage cquivalent for the farm.
Include acreage abandoned (left idle or pub in cther erops) prior
to the AAA measurements and such acreage ns was plowed up to
meet compliance with the farm allobment. Do mof count crop
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failure after the AAA measurements were recorded, as the aver-
age yields are eomputed on the basis of AAA measured acres. For
example, if in 1942 & certain farmer abandoned 5 acres because
of failure, ete., prior to AAA measurements and then was required
to plow up 2 acres in order to meeb AAA compliance, enter “7”
in the space for 1942. If no aercage had been plowed up, “5”
would have been entered,

(2} Pertains to the period from 1943 to 1946. We wish to get
& figure that will show the difference bebween the farmer’s planted
acreage ab the beginning of the erop and that acreage which he
reported as harvested in the fall. Include sll colton acres aban-
doned because of failure, whether or not they are planied to
other erops. Any acreages that were harvested in part and in-
cluded in total production should not be shown here.

(3) However, if there are any acres which, although producing
a erop, were not touched because of lack of labor, and if this
acreage has not been ineluded in the acreage as reported as har-
vested by the farmer, then this acreage would be shown as not
harvested in this space.

14. Propucrion or {oiToN, 194346,

{a} Obtain produstion of cotton from the farmer in equivalent
500-1b. bales for 1943—46. This will enable computation of yields
in 15b.

(b} Convert to gross weight and deduet for tare—21 pounds
per bale ginned.

15. Corrow Yiewp,

{a} Enier the actual yicid as shown on B8R forms and farm plan
sheets for 1938-46, or such yenars short of 1946 as arc available in
SR-301 and SRE-1 forms aund farm plan sheets,

(b) For 1943-46 the data are as reported by the farmer and
for part of this period may alveady have been obtained by the
AAA and entered in 8K-301 or S8R8-1, If so, they will already have
been entered in 13a. However, obtain i4a from the farmer for as
much of the period 1943-46 as applies to the operating peried,
This avoids missing any years and perhaps may avoid a second
trip to the farm (data for 1938-42 will always be available in
AAA files). Compute yields {156h) for 1943-46 by dividing 14b
by 13b.

(¢) This space s not {0 be filled out by the field enumerator.

16. Hain Loss. Obtain hail loss in terms of 500-1b. bales lost. Con-
vert to gross weight by deducting 21 pounds per bale for bagging and
ties.

17. Arppraisep Yigups, If appraised viclds have been prepared for
the farm in conncebion with the insurance program, enter yield in
pounds for such years as are available. These are available from 1938
to 1942 on FCI form 27-C, which will be supplicd by the State office
of AAA; for 1943, 1945, and 1946 from forms FCI-303-¢, FCI-503-c,
and FCI-603-e. In the event no appraised yields were used, place &
dash in the space. ,

18. FeoeraL Cror InsuraNce. Indicate yenrs when Federal Crop
Insurance was in effect by writing in the appropriate code (yes (1};
no {2)). The Federal Crop Insnrance program was in cffect in 1942,
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1943, 1945, and 1946. Only these years will be considered in this
questmn Obtain from the farmer directly and check with such records
as are available in the county office on farmer participation in the
Federal Crop Insurance Program.

19. HaiL Insurance. Indicate whether the farmer bought hail insur-
ance from private companies. He may have done this Irvespective of
whether he purchased Federal Crop Insurance. Code proper answer
as shown on schedule,

20. Cprop InsURANOE PremruM Rares. If crop insurance premiwm
rates have been computed for {his farm in connection with the Fed-
eral Crop Insurance Program, show cost per aere in pounds of lint for
75-percent coverage and for 50-percent coverage. Qbtain from fol-
lewing FCI forins:

1942 FCI-203-¢c
1943 FCI-303-¢
1945 FCI-503~¢
1946 FCI-603-c

21, Tyre or OpmRaroRr. Show year by year the change in the type
of operator by entering an appropriate code number. SBee foobnote 1,
page 3 of the sshedule,

22, CorroN AcCrREAGE PLawteEp AFTerR Iprk Lawp. Idle land is de-
fined as land which was not cultivated for a period because of opera-
tei's inability to get to it or otherwisc. If a crop of hay is cut, the
laaa was not idle; alse, if the system of rotation requires a hay erop,
like lespedesza, which is left uncut, such land would not be considered
as idle land.

Fallow land is distingnished from idle land in that it is idle land
which is employed in a regular rotation for the purpose of resting the
land or building up a moisture supply. Sueh land is plowed at inter-
vals in order to keep down weeds,

Idie land is the term more applicable fo tlic Bastern States and
fallow to West Texas, perhaps. Enter yecar by year the acreage of
cotton planted in that year which was idle for one or more years. Do
not make an entry here if land was fallow. For West Texas scc sheet
on dry farming practices attached to questionnaire.

23. FERTILIZER AND AMMONTATES.

(a} Commercially mixed fertilizer. Show tetal pounds applied
per acre of all commereially mixed fertilizers.

(b} Ammoniates as side dressing. Sulphate of ammoniy, nitrate
of soda, calnitre, ete., applied to cotlon after it is up. Enter
average pounds per acre of all classes considered together; that is,
if part sulphate of amimonia and part nitrate of soda are applied,
show average rate per acre. Include also potash and kainite ap-
plied as side dressing.

{¢) Show total of all fertilizer applied per acre of cotbon. Add
23a and 23b.

24, NowrarM WoRK oF OPERATOR.

(») Show year by year the percentage of the operator's total
time during entire year which was .devoted to nonfarm work off
the farm.

(b) Show year by year the percentage of the operator's time
during the crop grounng season which was devoted to nonfarm
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work off the farm. However, if the farmer engages in work only
during the “lay-by” time, July 15 to August 15, do not count such
time against time off during the crop growing season.

25. PErCENTAGE oF Opgmavor’s FarMm TiMe Losr Dumine CROP
SEASON,

{a} Because of illness. Count 7 months for the crop season.
Do not count time lost during July 15 to August 15 (lay-by
season).

{b) For other reasons. Time lost because of family troubles,
financial {roubles, police, ete.

26. to 28. See schedule.

29, Ace or OreraTor. Enter to nearest whole year.

30. Exrerience Growing CoTToN. An actual count of years of ex-
perience the farmer has had growing cotton on the present farm, Any
acreage of cotton planted in any year would be sufficient to eount the
vear as 8 cotbon year.

Years of experience growing cotton in the eommunity includes those
vears on the farm in this reeord plus the years during which eotton
was grown on other farms in that same community. Years of experi-
ence growing cotton in other regions should be interpreted to include
produetion of cotton at such distanece from the present farm as to
represent a different set of condifions of production—soil, weather, ete.

If a farmer says he has grown cobton all his life on a particular
farm, or in the community, do not enter his age as the years of experi-
ence, but make a deduction to allow for the years of his childhood
when he did little or no work in the eotton fields. Ask the farmer $o
estimate the age ai which he began working in the cotton fields and
make the deduetion accordingly.

31. Price Receiver For Corron. Omit.

32. By referring to item 15, the years of the best and peorest eotton
vields can be determined. Ask the farmer to explain why he thinks
the vield was high (or iow} in each of these years.

Notes:—Enter in this space information ahou$ the farm which you
think may have a bearing on variability of yield.

ENUMERATOR'S ESTIMATE OF QUALITY OF RECORD

If it is & complete and accurate record, check “good.” If incom-
plete and inaccurate, eheck “poor,” ete. Give reasons for rating, that
is tell why it is incomplete, inaceurate, efe., or vico versa.

“Prepared by” is filled out by the person responsible for getting the
data together and interviewing local frrmers.

“Checked by” is filled out by the person with overhead responsi-
bility for the report. He should cheek the figures for reasonableness
and confer with the person who actually obtained the data relative to
his methods. This assures a certain standard of performance in com-
pleting the data.
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