IRRIGATION PRACTICES AKD COSTS IN
SOUTHEASTERN MI3SOURI -~ 1959

A Dissertation
Presented to
the Faculty of tharuraduato School
University of Missouri

In Partial Fulfillment
of the Requirements for the Degree
Dostor of Philosophy

by
Ted Lee Jones

August 1961



The undersigned, appointed by the Dean of the Graduate Faculty, have

examined a thesis entitled

IRRIGATION PRACTICES AND COSTS IN
SOUTHEASTERR MI33CURI - 1939

presented by = 3ed_Lse Jonea

a candidite for the degree of Deetor of Philosophy

and hereby certify that in their opinion it is worthy of acceptance.




ACKNOWLEDGEMERT

The writer wishes to express his apprecistion to his
advisor, Dr. Frank Miller, for help and gulidance &in the
preparation of this manuseript.

Appreciation also is extended to C. ¥W. Crickman,
Assistant Chief, Agricultural Adjustments Branch, Farm
Economics Division, United States Department.of Agriculture,
for his valuable help in the development of the project
plan.



TABLE OF CONTENTS
CHAPTER PAGE

I. IRTRODUCTION . ¢ + 4 o o ¢ o o o ¢ ¢ ¢ o o » 1l

Objectives of the Study . . « « + + ¢« « & 2

The Economics of Irrigation . . . . « . & 4

Msthod of Investigation . . « « ¢« o + + & 7

Summary of Helated Ressarch . . . + « « . 8

Irrigation in Southeastern Missouri . . . 15

II. DESCRIPTION OF THE AREA . . . « « « « « « 17

Economic Characteristices . . . . . . . . . 23

IIX. CHARACTERISTICS OF SAMPLE FARMS . . . . . . 47

Sizse of Farms . « ¢« « + o ¢ o o o 2 » s o &7
Fixed Investment in Irrigation

Equipment « ¢ + ¢ ¢ ¢ s 2 o 0 s s s s o 78

Irrigation in 1959 102

IV. IRRIOQATION COSTS AND RETURNS . . . . . « . « 117
Cost of Irrigating Specific Crops . . . . 137
Returns from Irrigation . . . « + « ¢ ¢ & 152

Irrigation Returns from Specific Crops . . 162
Crop Yields in the Delta Area . . . . « & 214
Effect of Farm Income~1959 . « . +» . . .« 215

V. SUMMARY AND CONCLUSIONS . . « + « v o « « o 232
SUMMALY « o « o ¢ ¢ ¢ o+ o o & 8 4 s s 232
Comelusion . + + ¢« ¢ « ¢ o 4 o 2 0 0 s s e 237

BIBLIOGRAPHY . o+ « « & ¢ ¢ ¢ o s o ¢ o v o &

APPERDIX . o v ¢ o ¢ s ¢ o o o s o o o s o o s »

>



LIST OF TABLES
TABLE PAGE
1. Population of Dunklin, Pemiscot, New
Madrid, and Mississippi Counties,
1810=1950 &+ o« o ¢ & o o o o s o e 0 e 26
II. Some Characteristics of the Population by -
Sex in Dunklin, Pemiscot, New Madrid,
and Mississippi Counties, 1930,
1940, and 1950 . .« ¢ ¢ o 4 s 0 s o0 s 28
I1I. HNumber, Average Sise of Farm, and Value
of land and Buildings in Four
Southeastern Missouri Counties,
1950, 1954, and 1959 . . . . « . o . . 31
1V. Number of Commercial Farms in Four
Southeastern Missouri Counties,
19501954 « o ¢ 2 ¢ 2 s e 0 6 s 8 e s s 35
IVa. Number of cemma?ci:l Farms in Four
Southeastern Missouri Counties, 1959
Ivb. Comparicon of Commercial Farms in Four
Southeastern Missouri Counties, 1950,
1954, and 1959 .« ¢ ¢ ¢ 4 0 0 s . e o e 37
V. DHNumber of Farms in Four 3Joutheastern
Missouri Counties, According to 3Sise
in Acres, 1950, 1954, and 1959 . . .

36

.

»

38






vii
TABLE PAQE
XI1. Major Crop Irrigeted in Terms of
Total Acres im Four Scutheastern
Missouri Counties, by Total Acres
Operated, 46 Irrigators, 1959 . . . . . 56
XIII. Major Crop Irrigated in Terms of Total
Aores in Four Southeastern Missouri
Counties, by Type of Tenure, 46
Irrigators, 1959 ¢ « ¢ + o o ¢« o ¢ o o & 57
XIV. 3ources of Water Used for Irrigation
in Four Southeastern Missouri
Counties, by Total Acres Operated,
65 Farmers, 1959 ¢« « ¢ ¢ 4 ¢ o ¢ o 0 2 s 59
¥V. Sources of “ater Used for Irrigation in
Four Scutheastern Missouri Counties,
by Type of Temure, 65 Farmers, 1959 .
IVI. Methods of Applying wWater in Four
Southeastern Misscurli Counties, by
Total Acres Operated, 46 Irrigators,
1959 ¢ ¢ v 4 o o s o o s o s e e 0 s e e 61
IVII. Methods of Applyinz Irrigation ¥ater in
Four 3outhsastern uicinuri Counties,
by Type of Tenure, 46 Irrigators,
1959 & ¢ 4 b b e e e e s e s s s e e a e 63

3



















































xxiv
FIGURE PAGE
27. Net Return or loas Per Acre of Soybeans
Above Total Cost of Irrigation, by Type
of Irrigation System, Southeastern
Missouri, 1) Farms, 1959 . « « «+ &+ « & &+ & 207
28. Additional Resurn or lLoss Per Acre of
Soybeans Above Variable Cost of
Irrigation, by Type of Irrigation
System, Southeastern Missouri, 13 Famms,
1959 4 o ¢ ¢ 4 ¢ o s e v e 6 s s s w o s s 210
29. Per Acre Yield Increase Required to Pay
Total Cost of Irrigation, Including
Harvesting Cost, 3oybeans, by Type of
Irrigation System, Southeastern
Missouri, 13 Farms, 1959 « « « « & « + & « 212
30. Per Acre Yield Increase Required to Pay
Variable Costs of Irrigation, Soybeans,
by Type of Irrigation System,

Southeastern Missouri, 13 Farma, 1959 . . 213
31. HNet Return from Irrigation, by Type of
| Irrigation System, Four Southeastern
Missouri Counties, 39 Farms, 1959 . . . . 220



FIGURE PAGE

32. Additional Return or loss Above Total

Variable Cost Per Farm by Cotton, Corn,

and Soybean Irrigaters, by Type of

Irrigation System, Four Southeastern

Missouri Counties, 40 Farmers, 1959 . . . 224
33. Annual Pixed Cost Attributable to

Investment in Irrigation Bquipment by

19 Farmers Who Did Kot Irrigate, Four

Southeoastern Missouri Counties, 1959 . . . 228









CHAPTER I
INTRODUCTION

Farzers as well as extension and research personnel
of the Land Jrant Colleges and the United States Department
of Agriculture have decome incereasingly interested in
irrigation in the humid areas of the United States, The
nrimary reason has been reductions in eron yields in
extremely dry years, Deriocdic shortages of natural
molature have encouraged the use of sunplemental irrigation
in an sffort to maintain satliafactory levels of income
where water has been avallable., Furthermore, the
technological advances, which have been made In crop
varietics, in the use of fertilizers, and in 1rrigation
equipment, have lowered the cost of apolyinz irrigation
water per unit of cutput and stimulated a persistent demand
for information related to the use of supplemsntal
irrigation for reducing the risk and uncertalnty of ecrop
sroduction,

As the interest in irrigation increased, the neced for
vasic date concerning 1ts use also increased, The
information desired included sceciflic data on response of
different crops, most satisfactory types of equipment to
use, amount of investment required and factors influencing
costs in relation to returns, H¥ost farm operators have

limited canital to invest in thelr businesses., If 1t 1=
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introduced, HNaturally, questions bhave arisen ag the
specific conditions under which these new practices and
devices profitably can be used,

In this study, the assumption iz made that fars
operatora aot retionslly in the sconomic sonse, Thorefore,
the maximization of faally satisfuction iz the gosl toward
whioch they are working., The desire for increased fars
income i& consistent with this sssumption. Total family
satisfoction will increass as fars income increases up o
the point where the efforts expénded become less satiasfying
than leisure, I the aseumption ieo made that most farm
familice have not attained a flow of lnocome so great that
further efforts to increase 1t would conflict with
maxinization of satisfaction through other sotivities or
through no effort at all (leisure vas, work), then the
conclusion is loglesl that the adoption of such innovations
B3 irrigetion, i1s an attempt to increase earnings.

Irrigation recuires relatively large investumente,
regardlens of the type of eysten used, Consequently, the
sunuasl fixed cost ie high, In addition, the use of an
irrigation asystez leads to variable oosts such as wages
for laber, fuel, and repalrs,

Since most fam operators do not have unlimited
eapital, a cholice must be made between twe Or more
alternative uses, Here opportunity costs become the guilde.
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was for sprinkler equipment, including uain lines, sprinkler
lines, risers, nosales, fuel tanks, zas lines, hooster
sumps, and booster engines. The other one«halfl was
invested in wells, pumps, and power units,

The cost per irrigated scre averaged §12,95 for all
erops,’ For milo, on which 6,7 sore inches of water were
applied, the cost was $11,04 per acre; on cornm, §{15.40
per sore with 3,7 inohes applied, and on alfalfs, 213,81
with an avernze of 9 inches anplied., From 40 to 50 per
cent of the total was made up of depresiation, taxes, and
interest, The remsinder was variable costs such as fuel,
repaire on equipment, and wazes Lo labor used in moving the
squipment,

The ooat of distributing water varled widely among
farms. JMany factors were responeible, Amongz them were the
nuader of acres irrisated, the quantity of water applied
during the season, the kind of fuel used in the power unit,
efficlency of the numping plant, design of the eprinkler
gystem and the sxtent of irrigation as related to the
eapacity of the plant,® ,

Two hundred and six farm records covering the 1956-
19%3 growinz seasons in three Delaware counties were

TIn1d.
“Inad.
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analyzed,? The total investment iz facilitles, inecluding
source of water, ranged from {6,281 per farm ({451 per
gere, on farme with less than 25 irrizated scres) to 21,096
por farm (£97 per scre on farmss with 150 opr more irrigated
scres}, As the number of irrigated scres increased,
investment per acre decreased, Fixed ¢ost per sore on
farme with less than 25 scres irrigated averaged §51,12
ner acre as comnared to 38,34 on farme with 150 or more
irrizated acres. Average variable costs ranged from 319,90
per acre for farms with less than 25 acres to §6.90 per
acre for farms with 150 or more irrigated acres, Total
irrization costs per acre averaged from #71.03 per acre for
farzs with less than 25 irrigated acres to 315.74 per
acre for farms with 150 or more irrigated acres,

The inersased yleld per acre that is necessary %0
pay for irrization costs varles from year to ya&r;lﬁ This
situation exilaste because of varlations in the followling
items: (1) number of acres irrizated per farm:; (2) nusmber
of irrigations per year; (3) total amount of water applied;
{4) price per unit of labor and supvliea, and (35) »rice

%, m ﬁmxm, #s Ee. MoDanlel and E. N, Scarborough,
L1 0 ware, University of Delaware Experiment
stin 335, July 1960, vn, 2«3, 7,






















FIGURE 2
GENERALIZED SOIL MAP OF DUNKLIN, PEMISCOT, NEW MADRID,
AND MISSISSIPPI COUNTIES
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TABLE I

POPULATION OF DUNKLIN, PEMISCOT, NEW MADRID AND
MI3SISSIPPI COUNTIES, 1810-1950 @

Xesr —lumber of People
1810 2,103
1820 2,445
1830 . 2,351
1840 bhy554
1850 9,88,
1860 18,501
1870 19,380
1880 30,867
1890 50,493
1900 56,938
1910 83,932
1920 97 o7
1930 119,107
1940 154,750
1950 152,948

8hata for 1810 to 1680 from Tenth Census
of the United States, Volume I, pp. . Data
for 1890 to 1910 from Thirteenth Census of the
United States, Volume II, pp. 1074-1082. Data
for 1920 from Fourteenth Census of the United
States, Volums III, pp. 554-58. Data for 1930,
1940 and 1950 from United States Census of
| tion, 1930, Volume IXI, Part 1, pp. 1,339~
1,370; 1940, Volume II, part 4, pp. 368693 and
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oont, , ,

The number of farms with 199 aores or less of
eropland harvested decreased from 1949 to 1959 (Table VI),
The number harveating 200 or more acres inoreased 22 per
cont durinz the same perisd, These inereasss were in
harmony with the clmnges needod as band lador waes replaced
with machinery.

According to the 19354 Censue of Azrloulture, there
ware no irrigators in the four county ares in 1949, In
1954, 103 farasrs were veported to be irrigating 8,348
acres, The nusber had decoreasasd to 88 in 1952 with 65,606
irrigated mores (Table VII). '

The number of full owners &nd tenants deoreased
durding the 19501959 period, while the number of part
- owners remninsd constent {Table VIII}, Tenants decreased
4,137 or 47 per cent, Full owner operators went down 953
or 4 ner cent: The rer cent of tenancy in the ares wae
725 In 1950 1t was 63,2 in 1959, This decline wans the
result of & reduction in the number of »eople emrloyed in
agriculturs and use of hired labor where the work had
previously besn done by fnrm operators,

The next task desls wlth the charseteristlice of the
fsrms where the data on irrigation were obtained,
Particular attention is given to size of operating unit,
tenure of operator, fixed investment in irrigation eguipaent,
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indieate that farmers with irrigation squlipment are & very
small part of the total sgricultural industry in the Delta
Area, Only 6,3 per cent of the farm land snd 2,8 per cent
of the commerclal farmers in 1959 were assoclated with
irrigation.

- Tortyesix of the 65 farmers applied water to various
oropa in 1959. The hyoothesis of independence betwesen the
size of farm and whether the farser irrigated or 412 not
irrigate was tested, A chi sguare of 4,2 was obtained,
which suggested the probability of obtaining a larger chi
square was about .50, As & resuli, the hypothesls waa

not rejected,

The tenure pattern among the 65 farmers from whonm
data were obtained varlied greatly from that of all farmers
in the ares, The 1959 Preliminary Censues of Agriculture
showed the percentsge of owners, part owners and tenants
to be 20, 17, and 63 respectively., The proportion of
owners and part owners among the farmers included in this
anslysis was 11 snd 23 per cent greater than smong all
farmers, while the proportion of tensnts was 34 per cent
ssaller, These facte indioate that owners and part owners
are more likely to have irrigation equipment than tensnts,
sinoce the cost of irrigation equipment 1s relatively large,
it is not surprising that temants do not invest in 1t as
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Seventeen or 26 per cent of the 65 fammers have
changed thely method of distributing water since their
original investment in esuipment was made !Table ;%:xu).
The sample atatietlie, .2615, was considered to be the best
eztimate of the »roportion in the population which had
shanged methods of applying water, The 0.95 oconfidence
“interval weas 152 %o J372. Ninetyefive per cent originally
ad purchased portable pipe and sprinkler aystems, One
had chansed from using gated pipe to sprinklers, bLecauss
ths land had not heen graded and dlstribution of the weter
over the fileld was unsatisfactory. Hine ochanged from the
conventional vortable pipe and sprinkler method either

to the treller boom or glant aprim:iler method, The other
oight changed to surfece irrigation. Seven of thesso had
shanged to zated pipe and ons Yo diteches and furrows.

The »rimary reason for the ohange was the labor
requirensnta vrw the pvortable pipe and sprinkler asystem,
Elghtyesight per cent of the farmers hed made the change
to reduce labor requirements or %o be able to hire
personnel to work with the irrigation eguipment.

The hypothesis of independence betwsen type of
tenure and whether the farmer had changed or 41d not change
mothods of applying water was tested. A ohi square of
+60 wae obtained which was not significant st the. .05
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within the 23,000 to §5,999 class, Sixty, 38, and 26 per
cent of the owners, part owners, and tenants reepectively
were in this clasa, However, 33, 34, and 63 per cent of
the owners, vart owners, and tenants respectively had
investunents of 36,000 or more.

The relationship between the fixed investment in
irrigation equlpment and ths tenure of operators was
snalyzed, Whem the hypothesis of independencs wac tested,
a ¢hl square of 10,0 was obtalined, which was not
statistioally significant at the 05 probabllity level,
The hypothesis was not relected. The »robdablility of
odtaining a ohl square larger than 10,0 was apnroximately
«27s

As shown in Table XXV, the aversge inveatment in
irrigation equipment per farm was $7,122, The cost of
wella, pumps, power units, and distridbution systems were
classed s fixed investament, The average investment peor
farm in the distribution systez was 33,671 sr 52 ner cent
of the total amount, The average investment per fars in
wells 'uu 21,379 or 19 per cent, Cost of power units
averaged 15 per cent or $1,094 per farm., Investments in
oumps averaged 4972 or 14 per sent of the total,

The investment on farms operated by ltenants aversged
43,817, whieh was the largest of the tenure groups (Table
XXV}, Distribution systems, welle, power units, and pumps
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investuent per fayrm, The average amount lnvested in the
distribution system, 06,970, was larger than the total
investuent for portadle pipe and eprinkler, gated plpe,
and ditches and furrows,

3iant enrinkler - The five farmers with giant
syrinkler systoma had aversage investments of $3,044 per
farm,. The average eost per well, nump, power unit, and
distritution system was emalleor than for the same itenms
for ths trailer boom system, Twentyetwo, 14, 17, and 47
per cent »f the total investment wes in wells, pumna,
power unite, and dlstribution systems, respectively,.

had an average of §6,510 per farm invested in portable
sipe and sprinzler eystems, The total invested per well,
pump, power unit, and dlstiribution system was emaller for
portable pipe and sprinkler systems then for trailer boonm
and gilant sprinkler systems, The per cent of the total
iavestment Jer farm for wells, pumps, and power units wao
smaller for portable pipe end sprinkler systems than for
the other types, The dlstribution system investment for
nortabls »ipe snd sorintler systems was 57 per cent of
the total, which was higher than for any other tyne.

irfeas irrleatlonerated pine =-- The sverage
investuent per farm for the 11 farmers with zated dipe was
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154518, 7The average cost per well and sump was the lowest
of 8ll systenss The averago ovst rer powsr unit was
Yower timn in other gystenms, oxgent those that used
portable pine and sorintlers, The need for high eapacity
Mumns wae reduced, sinee the water was not dissributed
under nressure. The investuent in the distribution systes
averassd 42 nor csnt of the total investment ner fora,.

cent of the total investment that was 1n wells, »umps, and
nowey units was hizher for this type of aystem than for
any other tyre, Only 11 ner cent of the total was invested
in the dlstribution systes., The eoot of siphon tubes was
small when compared to the cost of pines and anpinklers,
Hater was cunped under open 61aehnrgﬁ dirsctly into the
irrigation diteh, in most vases, The water was tranaferred
from the irrization diteh to the furrows or rowe by mesns
of sinhon tubes, The three farmers who used this aystem

hsd an averase investment ner farm of 34,100,

skatistical teste «- The null hywothosis of no
difference botween ths typee of lrrization systems and the
average investaent ser farm was tested, As stated
nroviously, the five diffevent Syres were divided into
three categorios, due %o the small muuber in certaln
gystems, Category I was the rortable pipe end sprinkler
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systems exclusively. Traller boom and giant sprinklers
were cozbined to form Category II. The two methods of
aurface irrigation were combined as Category III. W%ith
this arrangemsnt, the average investment per farm was
§6,4510 for Category I, 211,022, Category II, and $5,252
for Category 1II. |

The difference between the means of the categories
vas tosted statistically, The "t" statistic was used,
The standard deviatlions were unknown, but assused %o be
equals A "t” value of 1,59 was obtained whem the
difference between the means of Category I and III was
tested., The "t" value was not statistically significant
at the ,05 level, As a result, the null hypothesies was
not rejected, The "4" values, when the differences between
the means of Category I and II and Category II and IIl1 were
tested, were «3,35 and «4,34 respectively, The former
was statistically significant at the ,01 level, and the
latter et the ,001 level., The null hypotheses were
rejected in both tests., There was a slgnifioant
d4ifference between the average investment in irrigation
equipment on Category II farms and Category I and III
forms.,

In order to obtain additional inaight into the
reasons for a esigniflicant difference betweeon the means,

the averezs cost per well, pump, power unit, and
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distribution systez was determined, By reducing the
anslysis of costs to & per well, pumn, and power unit
basis, the effects of the larger canaclity systems ware
partially eliminated, The larger capacity effect was not
removed, however, by using the cost per distribution
systom, because the larger systems of all categories
directly reflected the increased quantity of maln and
lateral lines or gated nlpe,

The average cost per well was 2850 for Category I:
@8@3, Category 1I, and {5381 for Category III systems. The
differences between the meana were tested, but were not
statistically significant, The null hypotheses were not
rejected,

The average cost ner pump was $639, §790, and 771
for Catezory I, 11, and 11X systems respectively., The
differences betwesn the mesns were not statistieally
significant,

Category I, 11, and III systeme had an aversge cost
per power unit of $848, §1,027, snd 21,042 respsctively,
The differences betwesn the means were not statistically
significant,

The average cost per distribution system was §3,842,
45,560, and 81,89% for Category 1, 1I, and III systeus
reapectively, A "t" value of «2,44 was caloulated when
the difference between the means of Category I and II wers
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tested, The "t" value wae statistioally siznificent at
the .02 »robability lavel. The null hypothesis was
ro jected, There was a sisnifieant 41fference in the
everage cost of dlstridbution equinrment for Category 1
end II systoens,

A "t" value of 3,46 was caloulated when the
difference betwesn the neans of Category I and IIY were
tested, which was statistically aignificsnt at the 01
probability level, The null hynpothesls wae relestel,

The null hypothesis slso was rejected, when the
difference between the means of Category II and III systenms
was tested, A "t" value of 4,12 was computed, which was
statiaticelly significant at the ,001 nrobabllity level,

lanacity of Arpization system -« The average ospaclity
of the portable pipe and sprinkler systema was 113 acres,
The renge was from 11 to 219 sores, The average lnveatament
in irrigation equipment ranged from £3,600 for the 12 or
legs group to §10,660 for the 150217 acres group, as
shown in Table X¥VIl, The aversge lnvestment ner acre of
irrigation capacity varied from }360 for the 1) or less
zroup to §52 for the 140«179 acre group.

The five farme with giant sprinkler systems had an
average capacity of 144 acres, The range was froms 60 %W
252 seres, as ghown in Table XXVIII, The average
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investuent in irrigation equipment ranged from £5,500 for
the 60«99 sers group to $12,122 for the 220-257 acre
group, The small number of cases within each class limited
the laportance of the data for purposes of projection,

The trailer boom systsms had an average capacity of
270 scres, which was the largest of the five systeme, The
renge was from 140 to 510 acres, The limited number of
oases, narticularly in the large capacity systoms, had a
large effect on the data, The averasze investaent in
irrigation equipment ranged from 7,400 to 16,100, The
averege investnent per cspscity sere was practically

constant, renzging frosm 345 to 856, with & mean of 846,

| The canpsoity of the irrigation systems on the three
farns with ditches and furrows where siphon tubes were
used to distribute thoe water was Aifferent for sach fama,
Essentlally, the analysis required a case study of the three
dlfferent capacities. The cost of greding land was not
ineludod in the total inveatment for the two surface type
systems, Tho total investament for the 60«39, 100139, and
140«177 acres was 32,500, 84,600, and §5,200 respectively,
ap shown in Table XxIX, The u#»vuga investment ner aore
was 331, 438, and 132 for the 6099, 100=139, and 140179
acre grours resnectively,

The average capscity of the lrrigation systems of
the 11 farmers with zated nine was 07 acres. Ten of the 11
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had systems with capacities in the 50«93 aecre range, The
total investament in squipment averaged 25,070 for the
60=93 aere group, and §10,000 for the 140«179 asore group.
The average investment per aore weas 363 and 862, es shown
in Table 331X,

Based on the above analysins, 1t sppeared that the
todal inthstaent and the aversge investaent per scre were
approximately twice as much for the gated pine syateus as
for the ditoh and furrow syetems, when the same number of
acree oould de irrigated,

The smwe throee cateogories were used to test the
difference betwesn the average capacity for different types
of irrigation aystems, 8o was used in the previous section,
Category I, II, and III systems had average capacitiaes
of 118, 217, and 93 acres respectively,

The null hypothesis of no difference between the
type of irvigation system and average oapacity per fars
was tested, 4 "t" value of 1,33 wns obfained when
dlfrerences Detween the means of Category I and III were
tosted, The "t" vealue was not statistiscally signifiocant
at the ,05 nrobablility level. Therefore, the null
hypothesis was not prejested,

The "t" values, when the differences betwsen the
seans of Catogory I and ITI and Category II and III was
testod, were «7,30 and-3,35 pespectively. 3oth "t" values
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wore statistically significant at the .01 nrobability
level. The null hypothesss wers rejectsd in both tests,
Thers was a significant 4ifference between the average
capacliy per farm with s Category II system and Category 1!
and 117 ayatems,

ITEAsaked o fi4 not Arrisate 1n 1369 -« The relationsnhip
between the type of irrigation system and whether the
operator used the equipment or 41d not irrigate in 19%0
was tested, 4 chl sguare of 1,73 was obtained, which was
not statisticelly alzmifioant at the ,05 probability level.
The bypothesis was not rejected, The probability of
obtaining a ohi square larger than 1,73 was .44,

ITI, IRRIGATION I¥ 1959

Forty~six of the 65 farmers from whom data were
obtained applied water to0 orops in 1959, This nuasber was
+»7077 of the mumber interviowed, The proportion of farmers
who 414 not irrigate was designated as “q," which was

1« por ,2923, The sample statistic, "p,” was considered
the best estimate of the proportion of irrizating farmers
in the population. The 0,95 confidence interval for the
population proportion of irrigators was between 597 and
«B18,
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The acres irrigated was defined as the ares to which
water was applied, regardless of the number of water
applications, An aore application was defined as the
application of water to one aore One time, For exaaple,
ten acres watered four times would equal ten irrigated
acres and A0 acre applications, However, if the ten
acres were only watersd one time, then both the irrigated
acres and sore applications would egqusl ten,

The 46 irrigating farners applied water to 2,637
acres of land, The averege number of irrigated acres per
fars was 57« The range was from 11l to 232 aores, The
average number of irrigated acres per farm was considered
the best estiunate of the average nusber of irrigated acres
- per farm in the population, The 0,95 confidence interval
for the average number of irrigated scres in the
population wae from 434 to 71 aores per farm., This interval
hae a 9.35 chance of inocluding the universe mean.

It vas estimated that 7,545 total aocres were
Arrigated by the 136 farmers in the population, The
formula, }(x) = satimate of total acres irrigated, was
uged, X esgualed the total nuamber of acres irrigated by
the £5 sample members, and "f" was the sampling fraction,
The 0.9% confidence interval for the total irrigated acres
by the 136 population memders was from 4,883 to 10,210
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80res, |

The total capacity of the irrigation systems within
the porulation was estimated €0 bDe 23,445 acres, using
the irrigated acres concept. No atlespt was made to
estinate the number of acre applications whieh could have
been made by the 186 farmers,

The percentage of the total irrigation capacity
enployed in 1557 was estimated to de 20 t0 44 per cent.
These percentages were sstimated from the sample proportion
of irrigated acres, 3Based upon this anslysis, it was
evident that the irrigation aystems were not fully
exployed in 1955,

The 46 farmers irrigating in 1959 made 4,486 aere
applications of water. The average number per farsm was
7+5, with a range from 11 to 522, The probadbility was
0495 tat the universe mean of acre applications per farm
woe between €9 and 126, Sinoe, 2,637 sores were irrigated,
and 4,436 acre applications of water wers applied, each
acrs was waterod an average of 1.7 t&mﬁ

Cotton, corn, and soybeans were the major 1rrigated
erope, in terze of number of irrigated acres. Other
irrizated orops were strawberries, swest corn, pasture,
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cabbage, and whest, The detailed analysis will cover
only cotton, corn, and eoybesns, due %0 the 1limited number
ef lrrigators and irrigsated acreage of other crops. The
irrigated acres of cotton, corn, and soybeans were 4.7
ver cont of the total to whieh water was applled,

Lotton -~ Cotton was the major irrigated crop,
Inirty~five farmers applisd water to 1,523 sores, Four
hundred and eleven acres were irrigated twice and 273
seres, three Simes, An sversge of 2.32 inchss of water
was applied ner acre, The farmers Delleved that they were
actuslly getting 2.39 inches of water om the ground, The
loss from evaporation, wind, and seepage had been taken
into consideration, The 0,75 confidence interval for the
universe mean was between 2,30 and 3,41 inches of water
per acre,

An average of 43.5 acres of cotton was irrigated
per fara by the 35 farmers, It was estimated that the
‘uvwwugﬁ nusber of acres of cotton irrigated by all farsers
with equipment was from 34 to 53 acres.

The lrrigated acres of cottom were 53 per cent of
the total mcreage to which water wae applied. Based on th
sazple statistion fros the records obtalined, it was
estimated that cotton was between .45 and 70 of the total
aores irrigated by all of the farsers who had equipment,



or 43 per cent of the 35 farmers obtained a yleld response
from irrigation, but 57 per cent 414 not. Ons resaon for
the limited results was time of application, Ten of the

3% farmers applied a limited quantity of water to geraminste
the seed immediately following planting, Xost of these
growers asde no further applications, In view of this
fact, it was not surprising that no yleld responass ocould
be attributed %o irrigation,

The average yield response attributed to irrigation
was 66 pounds of lint cottom per acre, even though 57 per
cent of the cotton 1irrigators 414 not receive a vield
increage., The range was from O to 300 poundes of lint per
aore,

Tield responsss for all crops were sstimsted by the
forsers, Yo fleld checks were made, In many ceses, the
farmer actually had two fields of the orop on comparabdble
20ils vith comparable production technlques, with the
exception of irrigation, Other farmers, howvever, 414 not
have comparable orops on the ssme fare, In the latter
sase, the farmer's estimate wan simply his opinion of the
yield inercess or & check of the difference in the ylelds
of a neizhbor's erop and his own,

Gorn == Sixteen farmers applied water to 659 acre-
of corn. Of the total, 397 acres were irrigated tvice,
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and 235 acres, three times, An sversge of 5,25 inches of
water was applied per sere, It was cotimeted that the
average amount of water apvlied per acre by all the farmers
who irrigated corn weas between 4,2 and £.3 inches,

The 15 farmers irrigsted sn averagze of 4l acres por
farm, The universe mean was estizmated to be between 21

and 62 acres per fara,

neg »= Ten or 62,5 per cent of the

16 farmers reported a yiold response from irrigation., Six
or 37.5 per ocent 414 not obtain a yield response, The
average yleld increase was 30 bushels per aore, The range
was from O to 50 bushels per scre, It was estisated that
the average yleld increase for all corn irrigators in the
area was between 21 and A0 bushele per aaere,

Soydbeans -« Thirteen farmers who contributed date
for the analysis irrigated 316 acres of soybeans, Ths
average number of acres nper fars was 24 with i ranze from
5 %0 70, It was sstimated that the average number of acres
irrigated per farm in the nopulation of soybean irrigators
was between 14 and 34, One hundred and sixtyefour acres
were irrigated twice, The ressining acretge recaived water
only once., An averags of 4,4 inches of water was applied

ner aore, It ranged from one to ten inche=s,
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. .resngnge ~= Nine or 63,2 per cent of

the 17 farmers reported a yileld response from irrigation,
The average waes 2,5 bushels per acre with a range from

0 %o 19 bushels, It was estimated that the average yleld
inoreass for soybean irrigators in the Delta Area wae
from five to 12 bushels per acre,

, Opg =~ Four farmera irrigated 51
acres of strawberrics, Four applied water to 34 scres of

pasture, Thirty-five, 15, and four aores of sweet corn,
wheat, and cabbage were irrigsted. No detalled snalysis
was made of these crops due to the small number of
irrigators.

in & previcus section of this chapter, an average of 5,23,
2489, and 4,37 inches of water per aore was applied to
corn, ootton, and soybeans respectively im 19%59. The null
hypothesis of no 4ifference between the average for the
three cropes was tested,

A "t" value of 4,5 was obtained when the difference
between the means of corn and cotton was tested, A4 “t"
value of this magnitude was statistically significant at
the ,001 probability level, The null hypothesis was
rejected, Corn received more water per sore in 1959 than
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cotton,

Yhen the difference between the means of corn and
soybeans was teated, & "t" value of .95 was oblatned,

The "t" values was not statistiocally signiflcent at the
+05 probablility level: The null hypothesis was not
rejected,

A "t" wvalue of 2,26 was obtained when the difference
betwaen the means of cotton and soybeans was tosted, The
"t" value was astatistically significant st the ,05
probability level, The null hypotheais was rejected,
Soybeans recelived more water per acre than cotton,

There wes & significant difference between the
average smount of water spplied per aore in 1959 to comn
end cotton and to soydbeans and cotton, Cotton received the
smsllest amount of water per sore,

average physical product attridbutadle to irrization was
30 bushels of oorn, 3,5 bushels of soybeans, and 66 pounds
of lint cotton per acre., The averegs prices received dy
Kissourl farsers in September, Cetober, and November, and
Decenmber, 1959, were 31,00 per dushel for comm: .322¢ per
pound for lint cotton, and $1.,95 per bushel for soydeans,
The price per unit of cutput multinlied by the average
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‘physical product per acre egusled the sveraze gross return
per scre attributable to irrigation in 1959. The sverage
gross return per acre was $30.36 for corm; $21.24 for
cotton, and 316,66 for werbaaﬁag

The difference bDetween the average gross return per
acre of the three crops was tested, A "t" value of 1,06
was obtained when the difference betwesn tho means of
oorn and cotton was tested, Thie valueo wag not
statistically signifioant at the ,05 probability level,
The null hypothesis was not rejected,

A "t" value of 2,2% was obtained when the
difference between the maans of cora and soybeans wes
tested, A value of this magnitude was statistically
significant at the ,05 probability level., The null
hypothesis was rejected, There wss & significant 4ifference
betvean the aversge groas return per aore of corm and
soybeans, Corn received the higher return,

When the Aifference between the means of cotton and
soydeans was tested, & "t" walue of .50 was found, I%
vas not statistically significant at the .05 probability
level, and the null hypothesis was not reojected.

The analyele revealed a2 significant 4ifference
betwesn the average gross return per sore of corn and
soybheans in 1959, The average irrigated acre of corn
returned $13.70 more than the average iw&mm aere of
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soybeans.

return ner acre st ridutadle %o ieisation ~~ The average
gross roturn per acre minus the harvest aaot‘ of the
additional yleld was assumed t0 equal the adjusted gross
return per acre sttributable $o irrigation, The harvest
ant ver bushel of corn was ,15¢pper pound of seed cotton,
«02¢, and per bushel of soybeans, .30f.} The average
physioal oétput per acre sultiplied by the unit harvest
cost equaled the average harvest cost per irrigated acre,
The mjmwz gross return per acre wes §25,31 for corn;
§17.22 for ecotton, and §14,10 for soybesns,

The 4ifference between the adjusted gross returm
per aore of the three orops was tested, The computed "t"
values, when the airfamrwa between corn snd cotton, corn
and soybeans, and cotton and soybeans was tested, wers
»99, 2.25, and .35 respestively, The "t" valuo Of 2,05
was statistioally significant at the .05 probability
_nm. Irrigated somn had s higher adjusted gross return
per acre than wymt. The d4ifference between the

S
1a1bert Hagan, "Missourl Cusbom Rates” (University
of Nlssouri Department of Agricultursl Zeenosics, 1960),

phs 1y 4, and 19, (mimeographed),
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adjusted gross return per irrigated scre in 1959 wss not
signlilcant for corn and cotton, and cotton and soybeans.

Computed Critiecal _ Not
chi Chi Square 32ignife Signife
Saquare +05 Level loant fcant

8ire of fera and

(1) Whether irriga=
tion was ussd 4,20 Y 3¢ X

{2) Capacity of
irrigation
aystem 23,52 254,00 X

Tenure of fars
operator and

{1) WYhether irrigae

tion aystem

was used R34 590 X
{2) Type of soil J5¢31 12,52 )4

{3} Type of irrige-
tion aystem 3e32 Fe42 X

{4) Whether type of
systen has Leen

changed 52 599
012 type systenm »58 599
Hlow type gystem 4,72 5499 X

Pixed investment in
i:z&sutlan equipsent
e

(1) 81ze of fars 24,93 31,41 X
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Factors tested Computed Cpitical Hot
Chi Chl Bquare 3Sianife Signif-
Square +05 Level 1loant toant

{2) Whether irrigs~

tion system
wag used Te32 D49 X
{3) Teoure 10,00 15,51 X

¥hether irrigation
systom wan used

and
{1) Type of irrige~
- tlon system 1,72 5459 X
{2) Capmcity of

irrigation

ayaten 5272 Te 51 X
{3) Year irrigation

was started 297 5.9 X
(4)‘Typa of soil Gel? Te31 x

- Test of 4ifference Letween noans when standard deviations
are unknown, but assumed equal.
Commuted Critical Not

nyn "' Value Signif- Signife
Value +08% Lavel icant icant

 Type of irrigation
systen and

{1) Pixed investment
in irrigation
oquipnent

Category I and II 3.30 2,021 +01

Category 1 inﬁ
Ir: - 1.59 2:.021 X

Category 11
and III 4,34 2,074 +001
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Iaalans tested aqaputed g{g:um S1gni e gg;ax:
Yalus 405 Level loant  leant
foybeans and
eotton 35 2,02 X
Capaeity of
irrigation
systen and
(1) Tenure
Owmer=operator g
and narfegwner Y E 2,021 X
Ownsy-oparator '
and tenant 1.8 2:042 X

Papteguner ,
and tenant 1.47 20821 X



CHAPTER IV
IRRIGATION COSTS AND RETURNS

Production coste are important to decieion makers
in all firme, Irrigation coets are no exception, The farm
operator needs to have the best avallable date showing the
cost of applying weter. The declsion as to whether or
not to irrigate his crops in & given year depends upon the
information that iz available concerning costa in relation
to expected returns., The amount of investment in equipment
has zlreedy boen pointed ocut. In s humid region such as
the Delta of Kissourl, profitadle crops can be grown in
most years without irrigation, The question to which this
analysis will be addressed is whother or not more profit
can be made by applying water, HNany variables of
indeterminate magnitude must be considerod, They inolude
the amount and distribution of reinfall, the yleld response
from irrigetion, and the price of the produet.

The costs involved in the purchase and use of
irrization eystema are of two goneral typese«fixed and
variable, Annual fixed costs reflect the amount of capital
inveated in irrigation equipsent and the length of time in
the inveatment period, Varisble or operating sosts reflect
prices of varisis inputs such as labor, ng, oil, and
other suppiies rejulred %0 pump and dlstribuwe the water
snd L harvest the inoreased yield.
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TABLE XXX
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ARALYSIS OF PIAED COOTS A2 PEXRCSETAGES OF FIXED AND
TOTAL IRRIGATION COST8 BY TYPE OF IRRIGATION

CYSTEXI, POUR SOUTHEASTTERN MISS0URY
COUNTIES, 46 PARMS, 1959

- Pepr Cent of

A

59 (776

27 2122
Taxes and Insurense 4 3= 5
Totsl ¥ixed Costs

69 GhwTi
« : 22 25«31
Taxes and Insurance fa 5

62 GLw'TD

a7 26=29
Taxes and Insurance 4 B 3
Total Fixed Costs

MBI

' %@r c-emt of

3le82
13-24

» 5
4591

AT=62
10-27
2 5
33499

S%ine irrlgators,
Piine irrigators.
Cowentymeight irrizators,
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insurence, four per cent,

Fixed charges in 1959 averaged 30 per cont of the
total irrigation costs for the surface and portable nipe
and sprinkler eystems, and &5 per cent for the traller boome
glant sprinikler syatems (Table XXx), The relative
proportion of fized costs to total costs depended upon the
smount the systen was used, The sors use, or the higher
the varisble sosts, the lower the per cent of fixed |
charges in relation to the totals. Ths traller boomeglant
spriniler syatenms weore used mopre exlenaively thun the
other two types, and the per cent of fized costs, in
relation to total coste, were smallar, The renge in fixed
sosts 88 & per cent of the total costs was 39«91, A3«91,
and 30+93 for the surface, trailer boomegiant sprinkler,
and rortable pipe and sprinkler systems respactivaly,
Theee renzes show that one of the portable pipe and
sprinkler systoms was used more, and one less than eny
other type of systeam, In goneral; »ortable pine and
sprinzler systems where streawberriec were irrigated
received nore use in 1555 than systeme which were ussd
axalusiwlj for fleld cropo.

After a farm operaltor hans investsd in irrigation
equipsent, and ean apply supplemental water to crops,
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variable costs must bo considered, The amnual fixed costs
must be borne as long ae the eculpment is owned or until
the aost has been charged off regardless of the annusl uee,
If the production functions were known end accurats cost
data wero avallsble, the decision maker should apply water
to the polint where the sarginal coet was egual to the
marginal pevenue from the last unit applied in order to
maxinize profit. However, knowledge 1is not perfect in the
real world and many uncertainties nust be faced, Therefore,
on & given faram in a given year, the declsion maker should
consider the varisble coste of appliying watser in relation
to the expected returns from its use, If he e¢xpects the
return frea irrigation t0 equal or exceed the variable
ooet, waler shuulﬁ be applied, Irrigation can be justified,
as long as the averege variable costs are covered., Any
additional return above the averags variadble cost will
reduce the average fixed cost, The decisiorn maker will
have t0 receive a return greater than the averaze
irrigation cost in many years to make up for the years
when the systez was ndobt used, and those in which the returns
4id not pay eversge variable costs, if the practice is to
be profitable, It was assused that farmers who hmd
purchaged irrigation equipment expected returnms over the
time veriod of the investment which would equal or be
greatsr than could be expected from investasnt in other



122
andeavors, Otherwise, the osriginal investment in irrizstion
ecuimment would not have been logicsl.

Varisble coste a8 & pergentacse of the lteme in
this class, and total irrigation costs were analyzed (Table
AXXI)s Txpendituves for fuel and o1l averaged 55, 57,
and 51 per cent of the variable costs for the surface,
traller boom=giant sprinkler, and portabdle pine and
sprinkler systeme vespsotively. Labor ocosts were seocond
in importance. Thirtyesixz, 32, and 41 per cent of the
vapriable coats was attributed to labor charmes for the
surface, traller boomeglant sprinkler, snd nortable pipe
and sprin:zler systems reepectively.

Variable costa ag & por oeﬁt of the total irrigation
consts were 20 per cent for the surfacs and »oriable nine
and sorinkler systoms resnectively., The fuel and 04l costs
vare about twice as large for the treiler boomeglant
aprintler as for iha gther twd aystems, Labor costs vere
seven, 11, and eight per cent »f the total coate for the
three syatoms,

The labor, tractor, fuel and 0il, and a2inor repair
costs per acre appliocstion of water wers detersined for
the thrua.a&rthﬁant systema (Table XXXII), The averege
- variable cost per scre anplication for the surface aystems
was 81.59, which was the lowset among the thrae types of
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systems.l The reange was from $1,00 to 52,60, The
following items were included: lsbor, 30.58; tractor,
$0,06; fuel snd oil, $0.37, and minor repairs, 50,08, The
variation in the average variable cost per acre application
wae very noticeable within & given t&pﬂ of aystexz as well
as agong the d4ifferent tLyves, The average labor cost per
acre apnlloation ranged from 30,12 to 31.24 for the surface
ayatoaa“ A range of $0439 t0 $1.,20 per scre appliostion
of water was found for the fuel and oll coats.

The average variabdble cost per aere appliostion of
water for the trailer boomeglant sprinkler systoms was
$2.58 with a reange from §1,70 to $4,60, All variable costs
were higher for the traliler boomwmglant sprinkler systems
than for the surface systems, The labor, tractor, fuel
and oll, and minor repair coste averaged 30,83, 30.11,
21.48, and §0.16 respsctively.

The portable pipe and sprinkler systems had an
aversge variable ooat of 32,82 ner acre application with a
renge from 31,37 to 84.95. This was the highest average
veriadle cost among the three different tyres of syetems,
'The labor and tractoy costs were greater for the portadle
pipe and sprinkler aystems than for the other two types,

lan acre application ie an aocre irrigated one tinme,
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However, the trailer boomegiant sprinkler system had the
greatest fuel and oil, and =inor repalir costs per acre
appliestion, | |

The 4ifference between the average labor, tractor,
fuel and oil, and minor repair coste for the three systeme
was analyzed, The null hypothesis was tested in all cases,
The same classifiocation was given to the different
irrigation systems as was followed in Chapter 11I, Category
I or portable vipe snd sprinklers, Catesory II or glant
sprinkler and traliler boon combinations and Category III
or gated pipe snd ditches and furrowe were used,

difference between the mesns of aversge labor cost per
scre application was tested, The "t" statistic was used,
The standard deviations were uninown, bdut assumed to be
sjual, A "t" wvalue of +1.23 was obtained when the
difference betwean the meane of Category II and III were
tested, The "t" value was not statistically significant
at the .05 probablility level. The null hypothesis was
not rejected, When the difference between the means of
Category II and I was tested, a "t" vslue Of «1,42 wae
obtained, This value was not statistically sizaifiecant,

| The average labor cost per scre application of water
was §0,50 and $1,15 for Categories III and I respeotively.
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statistically significant, The null hypothesis was not

The average fuel and o0il coat per acrs application was
$1.45, 31,43, and §0,87 for Categories I, II, and III
respectively, The "t" values, when the &ifference between
the means of Category II and III and Category III and I
was tested, were 2,78 and «2,29 respestively. The former
was statistioally significant at the .02 probabllity level,
and the latter at the .05 probability level. The null
hypotheses were rejectod in both ceses, There was a
significant difference betweoen the averags fuel and oll
costs per scre apnliestion on Category IIXI farms and
Category 1 and II farmse, The average fuel and 0il ocost
was the lowest on faras with surface type systems, The
water was not pumped under pressure on faras with surface
irrigation systems, while 4t was on farms with portable
pipe snd sprinklers and traller boomeglant sprinkler
eystems, A "t" value of .16 was obtalned when the
difference between the means of fuel and oll costs of
Category 1I and I was tested., The difference was very
small, and consequently not statistiocally significant,

The null hypothesais was not relected,



The average nminor repair cost per acre application was
30,09, §0.16, and $0,08 for Categories I, II, and III
respectively., The differences between the means were
tested. The "t" values were ,73, .64, and ,06, which were
not statlistleally significant, The null hypotheses were
not rejected,

Fixed costs plues variadle costa equsl total
irrigation costs, The average fixed, variadle, and total
eoste per sore inch of weter applied, per acre irrigated,
and per acre application for the three different types of
systems were anslyzed, as shown in Table XXXIII, The
computations included the cost of all of the ifrrigation
that was done on the farss where data were obtained in
1959, However, costs of harvesting the increased yleld
were not included in order to keep the analysis on a
comparable basia between the farmers whe received a yleld
responss and those who 4ld not, The coste of irrigating
individual orops will be analyzed in a later section of the
chapter, Data 4in ?&ﬁle XXX11I shovw average fixed, variasble,
and total cost of applying water in 1359 by use of Shree
different systems based upon the estimated amount of water
applied, The farmere who used portadble pipe and sprinkler
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applied to graded land, the entire avea will receive water,
unless rainfall asies the irrigesion unnscessary, Fleld
erops normally will require no more than three apnlications
of water durling the growing season, &9 the ranze in acre
inches applled per fars usuelly will be narrower than with
the other two systenms,

gated -~ Category I, II, and IIX
farss averaged 33, 11, and 63 irrigated acres respectively.
The vange ver farm was smallest in Category III, The
average coet per irrigated acre veried from £22,01 on
Category I farms to §11,45 on Category III farms, The
aversge flxed and total coste were the largest on Category
I farms, but the average variable costs were largest on
Sategory II farme, Category III farms averaged £9,11,
§2.3%, and J11.45 for the sverage fixed, varisble, and
total costs, which were the lowest among the three typos
of systeme [Table XXXIII).

ption -« Hine Catsgory II farmers

‘avoraged 221 acre applications of water per farm, which was
the largeat among the three systems, Dach irrigated acre
received two water applications on tho average on Category
I1 farms in comparison with 1.6 and 1,5 on Catesory I and
I1X tarma‘raa@awﬁivaly* As & result, the average fized

and total coats were 4,80 and §7.,38 for Category II faras,
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vhich were the smalleat averages among the three syatems,
The average variadble cost was $1,52 on Category III farms,

which wns the smallest averaze,

ﬁ don coata por fapm ~- The absolute dollar
cont of irrigation per farm was studled %o zain an ineight
into the Aiffersnce in magnitude of total coate among the
three systems {Table ¥XXXIV), The averaze fixed cost ner
fara was 3671, 21,059 and 2578 on Category I, II, and IIX
farms. These data reflected differences in the investment

in irrization eculnment among the three aystems,

The average variable cost ver farm was 1167, 1870
and 3143 for Category I, II, and IIT farme respectively.
The absolute variable coat in 1952 on Category Il farame
was 205 =»er cent preater than on Category III farms, and
241 neyr cent greater than on Category T farus,

When a farm operator decidss %0 spply water, the
rigr involved rer form sporoxizates the expected variable
coat of irrigation, The magnitude of cash loss per fam
does not appear t0 be large in light 2f the average
variable cost per fara in 1959, The breakeven point
required to cover average variadble cost per acre inch of
water, per irrigated scre, and per acre application will
be analyzed later in the chapter,
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I. COST OF IRRIGATIRG SPECIFIC CROP2

The aversge fixed, variable, and total cost of
irrigating corn, cotion, and soybeans was detersined, Due
t0 the limited number of irrigators, the cost of applying
water t0 other orops was not computed., The proportion of
the annual fixed cost assigned t0o each ocrop was determined

by the following procedure:

* X annual fixed cost =

?iind cost assigned to that cron.

If the irrigation system was used exclusively to
water one crop, sll of the fixed were assigned to that
erop. Consequently, the aversge cost per unit anslyzed
was exceedingly large, where & relatively small acreage of

one orop recelived water,

p w»» Eight Category I

farmers applied an average of 66 acre inches of water vper
farm (Tadle XXXV), The range was from 24 to 212, The
average fixed, variable, and total cost was $4,97, §1.16,
and §6,13 respectively, \

The estimated yleld responss was 12 bushels of corn
per acre inag of water applied, The range was from no |

inorease to 235 bBushels, The net return attributed to
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irrigation and the effect of irrigation on fars income will
be discussed in later ssctions of the chapter.

Five Category 1I farmers applied an average of 358
acre inches of water per farm {Tadble XXXV), The average
fixed, variable, and total cost per sore inch was 31,21,
$0.98, and $2,19 respectively,

The estimated yleld resvonse was five bushels of
corn per acre inch of water, The rangae was from no
inerease to seven bushels,

Taree Category III farmers apdlied an average of 233
agre inches oOf water per faram, The range was from 28 to
%551 aere inches, The average fixed, variable, and total
cost per acre inch of water was lower on farms with
Category 111 syatems than on farms with other types of

aystaang

pigated -~ Farmers with Category II
syastems applied water to an average of 46 acres of corn,
while farmers wlth Category III and I syetemz irrigated 42
and 25 aores respsctively. The average fixed, variadble,
and total cost per acre was $5.79, $2.59, and 48,38 respectively
for Category:III systems, which was the smallest.among the three
different systems (Table xxx?i; The average apolication of
water per aore was 2,6, €,0, and 5,5 inches with Category
I, II, and III systeme reapestively. The average yleld



142
inoreass ver acrs ranged from no increase %0 50 bushels,
but the average yleld increase for Category I, 1I, and III
systems was 31, 32, and 26 bushels respectively,

i == Water was applied an

average of 1.1, 2.5, and 1,8 times per acre on farms with
Category 1, II, and 11! aystems respectively, The estimated
yield response per ascre application ranged from no inorease
to 50 bushels, but the average for Category I, II, and IIT
systems was 23, 13, and 14 bushels respectively. Category
I ayatens had an average fixed, varisble, and total cost
per apolication of 11,26, 32.81, and §14,77 respectively,
which was the largest average c¢ost among the three systems,
The cloase relationshlp between the per irrigated scre cost
and per scre application cost with Category I systeme
reflected lizlited use in comparison with the other two

syatemse,

» we Hinsteen famsers with

Category I systems applied an average of 77 acre inches per
fars, The amount renged from ten to 255 acre inches, The
average cost per aore inch was §3,92. The average fixed
cost represented $7,60 of the average cost (Table XXXVI),
The average fixed cost and average cost range was oxtremely
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wide due to limited use of large capaocity systems., Eight
of the 19 farmers applied one to 1,5 inohes of water per
acre on & limited nuaber of acres 0 germinate the cotton
seed, OSince this was the extent of irrigation on most of
the farms, the entire annual fixed cost was oharged to
eotten irrigation,

The estimated yleld response averaged 23 rounds
of lint cotton per acre inch of water. It ranged from no
incresse to 100 pounds of 1iat., A yleld incresse wvas
not expected on the elight farms where only sesad germination
irrigation was applied, In all cases, the total acres of
eotton, which could have been irrigated, 414 not receive
an application, and the seed gersination irrigation wvas
halted due to rain,

An average of 214 acre inches of water »er farm was
applied by eight faraers with Category II systeme., The
aversge fized, variable, and total cost was 33,42, $1.45,
and 34,37 respectively, The average yield response per
sore ineh of water was 21 pounds of lint cotton. The range
wae from no inorease to 46 pounds.

The average nuaber of sore inchee of water appllied
per far was 154 on farss with Category IXI syatems, The
smount per farm ranged from 26 to 450 acre inches. The
average fixed, variadle, and total cost was 32.67, 30.69,
and §3.36 respectively., The estimated yield response
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averazed 13 nounda of lint cotton ner acre inch of water,

The range wase from no incresss %0 112 oounds,

3ted =~ Farmers with Category I

systems lrrizated 34 acres per farm. The farmers onerating
Categzory I and III systems averazed 65 and 45 acres
reapoctively., The average fixed, variable, and total oost
was §17,30, $3.,01, and 320,31 for Category I syetems, and
£3423, §2.3%3, and 311,61 respectively for Category III
systeuns,

The average water apnlication ner acre was 2.3, 3.3,
and 3.5 inches of water for Category I, II, and III systenms
respectively., The faramers applied less water to cotton
than to corn. The greatest differences were on faras with
Category 1i and III systems, Faprmers wlth Category II
systens averaged an increase of 58 »ounds of lint cotton
per acre, which was s larger increasse than was obtained

by users of Category I and IIT systensn,

_ , ~= Water was apnlied an
average of 1.3, 1,7, and 1,4 times per acre with Category
I, iI, and 11l systems respectively. The farmers using
Gatemory III systems had the lowest coat ner acre
anplication, which was 26,72, 31,73, and 38,45 for the
average fixed, varlable,and total cost resjectively,

Taraers oversting Category 1 aystems averaged an
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increase of 42 nounds of lint cotton per acre avnlication,
which was the largest ineresse among the thres systems,
However, the 4difference in yleld response was smaller for

cotton than for corn.

Cost per acpe inch of watepr -« The average zost per
ecre inch of water was 32,58 for Category III, which was
the lowest coast among the three systems, However, the
average fixed cost was 81,37 on Catezory II farms, which
was smaller than on Category III farms {Table XXXVII).

The average yleld resoonse per acre inoch of water
wae two buahels for all three syastems, The range was
from no increase t0 seven bushels on farms using Category

11 systens,

ted « Farmers using Category I,

i1, and III aystemes averaged 17, 36, and 22 irrigated acres,
The average [lxed, variable, and totsl ecost ner acre was
39402, 14,10, and §13.12 respectively on farams with
Category 1 eystems, The higheat {ixed and total cost
systen was in Ustegory 11I, which averaged 313.38 and
$15,21 for the average fixed and total cost respectively,
The average variable cost per aore was §1.83 on farms

uging Category 11l aystems, which was the lowsst cost
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asong the three types,

The estinated yleld response per acre ranged from
an average of four to twelve bushels on farme with
Category I and I1I systems reapectively. The widest
variation ccocurred on farms with Category I systems, where

the range was from no lnerease to 17 bushels.

ion == Water was applied an

average of 1.1, 1.7, and 1.3 times per acre On farms with
Category I, II, and III systems respectively. The average
number of acre applications per farm was 19, 62, and 29 on
feras with Category I, II, and III systemsa respectively.
The lowest aversge cost was §7.64, which occurred on farms
with Category 1I asystema. The average variable cost on
farme with Category III systems was 21,33, which was lower
than the other two systeas,

The cetimated yleld response ver acre anplication
renged froz three tushels on farms with lategory I systems

t5 nine tushels on farms with Category I1I aystems,.
II. RETURKES PROM IRRIGATION

In gensral, returne attributadble to irrigation
result from increased yields or increased guality of
product, Since this study was concerned primarily with

field crops, additional returns reflscted increased ylelds,
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at six selected atations in the sample ares were anslyzed
(Table XXXIX)., In ¥ay, the Malden Station reported only
a trace of precipitation up to May 11, while the
Fortageville 3tation recorded .67 of an ineh during this
same period. ~Precipitation was limited throughout the
area the first ten days in May,

The relationship bDetween time of application of
irrigation water and the estimated yleld incresase per acre
was studied in an effort to explaln some of the yleld
variation., The estimated yleld increase of corn and the
time of apvlication were plotted (Pigure 4), In general,
the highest yleld incresse resulted from water application
near June 15 and July.l. The data in Table XXXIX show
that precipitation from June 16«20 and from June 26-30 was
low, Therefore, it would appear that the crop was in need
of molisture during this period,

Flgure 5 indlcates thnshirrisntorc who applied
water to cotton early in May got no yield increase froa
the one application, The majority of those who applied
water near July 15 received & substantial increase,

Pigure & indicates that water appllied to soybeans
near July 1 and 15 resulted in substantial yleld increases,
The farmers who applied water near August 15 aleo recelved
yield inoreases, but not ss large as those irrigating

sarlier in the growing season,









FIGURE 4
YIELD INCREASE PER ACRE OF CORN IRRIGATED AND TIME

OF APPLICATION, BY TYPE OF IRRIGATION SYSTEM, FOUR
SOUTHEAST MISSOURI COUNTIES, 16 FARMS, 1959
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FIGURE 5
YIELD INCREASE PER ACRE OF COTTON IRRIGATED AND TIME
OF APPLICATION, BY TYPE OF IRRIGATION SYSTEM, FOUR

SOUTHEASTERN MISSOURI COUNTIES, 35 FARMS, 1959
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FIGURE 6
YIELD INCREASE PER ACRE OF SOYBEANS IRRIGATED AND
TIME OF APPLICATION, BY TYPE OF IRRIGATION SYSTEM,
FOUR SOUTHEASTERN MISSOURI COUNTIES, 13 FARMS, 1959
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The average fized, variable, and total cost

computatione, a8 ashown in Table AXXIII, XXXV, XXXVI, and
YXAVIl, 414 not inolude expenses of harvesting the incressed
yield attributable to irrigation, The purpose in that
gectlion of the chapter was 0 estimate the cost of applying
weter by Aifferent types of systems. Here the purpose la
to indicate the relationshlp between total coste and total
returns atiributable to irrigation, Harvesting coats are
ineluded,

| The average eatimated yleld resnonse, shown in the
above tables, wvas sultiplled by the average prices received
for the products from Sentember-Deceaber, 1359 Lo compute
the gross returns attributable to irrigation, The prices
used were 31,00 per bushel for corn; 31.95 per bushel for
soybeans, and 40,322 per pound for lint cotton.

The adjusted gross returns were egqual to gross
returns minus narvesting coste, which were $0.15 per bushel
for pioking and shelling corn; £0.32 per bushel for
combining soybeans,. and $2.00 per hundredweight for
vlcking aeced cotton,.

The net returnes and returns above average variable
costs per acere inch, per acre irrizated, and ver acre

application of irrigation water were computed for the three
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difforent systems, Net returns to irrigation were equal to
total revenue minus total costs or adjusted gross returns
minus average costa, The returns above average variable
costs were equsl o the & justed grosz returna minus the
average variable costs, Oreater insight into the
relationship between coets of and preturns from irrigation
1@ 1959 wae obtalined b? analyzing both the net returns and
the returne above average variable ocosta, than if elither

had been anslyzed alone.

III. TARRIGATION RETURNS FOR JPECIPIC CROPS

== The not returnz were

noslitive for the three different systsus of water
distridution used in the aree, The aversze net returns per
acre inch of water sapplisd ranged from B4.07 for Category

I 0o 32.,0¢ for Category II (Table XL).

The net returns on individuel farsns ranged from
318,47 to +§13.,91 (Pigure 7 and Table A-II, in the
Appendix), ©Tifty, 50, and 67 ver cent of the farsers who
used Catesory I, I1I, and III systems recelived »ositive net
returng from corn irrigation. Fortyefour ner cent of the
corn irrigetors 414 not recelve returne from irrization

large enouzh to 7ay the totnl irrization coste {Table XLI),
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FIGURE 7
NET RETURN OR LOSS PER ACRE INCH OF WATER APPLIED
TO CORN ABOVE TOTAL COST OF IRRIGATION BY TYPE OF
IRRIGATION SYSTEM SOUTHEASTERN MISSOURI,
16 FARMS, 1959*
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FIGURE 8
ADDITIONAL RETURN OR LOSS PER ACRE INCH OF WATER
APPLIED TO CORN ABOVE VARIABLE COSTS OF IRRIGA -
TION BY TYPE OF IRRIGATION SYSTEM, SOUTHEASTERN
MISSOURI. 16 FARMS. 1959*
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FIGURE 9
YIELD INCREASE PER ACRE INCH OF WATER APPLIED TO
PAY TOTAL COST OF IRRIGATION, INCLUDING HARVEST-
ING COST, CORN BY TYPE OF IRRIGATION SYSTEMS,
SOUTHEASTERN MISSOURI, 16 FARMS, 1959 *
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high for eystems which recelved limited usage in 1959,
The inereased yleld regulremsnt ranged from three to 19,
two to five, and one to four bushels for Category I, I1I,
and III systems respectively.

The yield inerease required $o pay average variable
costs wag much lesa than the increase necessary to pay
total costs,

3inece sverage variable costs were defined as
operating or use oost, this was sexpected, Category I, II,
and III systems required froam one to four, one to two, and
oné Lo two bushels of corn reapectively to »ay average
variable costs (Figure 10 and Table A~Il).

Par _irrizated agre ~- The net return per irrigated
acre of corn averaged 510,34, $14,00, and §13.72 for
farmers using Category I, II, and I11 syesteme rospectively
(Table ¥L), The net return on individual ferme renged
from =355.41 to §27.82 per irrigated acre (Figure 11 and
Teble A-~I1X), VFarsers using Category I systems had both
the highest and lowest net return per acre,

Forty-four per cent of the corn irrigators falled
0 recover thelir water application costs, Twontyesix
per cent lost from §20,00 to §55.00 per acre (Table XLIXI),
On the other end of the dlstribution, 31 per cent obtained
positive net returns per acre reanging from 320,00 to
$29499.
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FIGURE 10
YIELD INCREASE PER ACRE INCH OF WATER APPLIED TO PAY
VARIABLE COST OF IRRIGATION, INCLUDING HARVESTING
COST, CORN BY TYPE OF IRRIGATION SYSTEMS, SOUTH-
EASTERN MISSOURIL 16 FARMS, 1959*

. Harvest Cost
D Cost of Application

[1

A. Surface - Gated Pipe or Ditches and Furrows

Hilik

B. Sprinkler - Trailer Boom or Giant Sprinklers

ity

C. Sprinkler - Portable Pipe and Sprinklers

*Each bar represents one farm.




FIGURE 11
NET RETURN OR LOSS PER ACRE OF CORN ABOVE TOTAL
COST OF IRRIGATION BY TYPE OF IRRIGATION SYSTEM,
SOUTHEASTERN MISSOURI, 16 FARMS 1959*
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The return abava‘uvavaga variable coats for Category
I, 1I, and 111 systems averaged 323.31, $21.33, and £19,51
por aere respectively (Table XL)., On indidivus) faras,
the range was from ~58.47 1o @3&.35 {Figure 12 and Table
A=IIX).
| Thirty-seven per cent of the farmers applying weter
%0 corn fallsd to recover variable irrigation coste, The
losses ranged from 30.01 $0 9,22 ver asre {Table XLIV),
3izty~thres per cent obtained yield increases large enough
to pay aversge variable costs and all or & share of the
fixz24 costs., Twenty~five per cent had a return of £30,00

or more above the sverage variable éasta,

¥iéld increase reguired to v 1rpization 80ats we

The yield inorease needed t0 vay total costs of irrigation
ranged from five to 55 dushels.(Pigure 13 and Table A-IIl),
Limited syatem use wss the major cause of the wide
variation. |
| The yleld lncresse needed 1o pay averaze varlabls
coats ranged from two 10 elghteen, two 1o twelve, and one
to alne bushele o7 corn for Category I, I1I, and II1I
aystems reszectively (Figure 14 and Table A«III).

Suysmmary of sorn lpplggtion «- Average net returns
per acre inwh ana pay 1?%15&&&& scre were positive for

faymers using all three systems in 1959, The average net
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FIGURE 12
ADDITIONAL RETURN OR LOSS PER ACRE OF CORN ABOVE
VARIABLE COSTS OF IRRIGATION BY TYPE OF IRRIGATION
SYSTEM, SOUTHEASTERN MISSOURI, 16 FARMS, 1959*
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FIGURE 13
PER ACRE YIELD INCREASE REQUIRED TO PAY TOTAL COST
OF IRRIGATION, INCLUDING HARVESTING COST, CORN BY
TYPE OF IRRIGATION SYSTEMS, SOUTHEASTERN
MISSOURI. 16 FARMS, 1959*
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FIGURE 14
PER ACRE YIELD INCREASE REQUIRED TO PAY VARIABLE
COSTS OF IRRIGATION, CORN BY TYPE OF IRRIGATION
SYSTEM, SOUTHEASTERN MISSOURI, 16 FARMS, 1959*
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returns per irrigated acre averaged §10,34, 114,00, and
§13.72 for farmers using Category I, IX, and III systems
respectively.

When returns on individusl farms were analyzed, 1t
was found that 44 per cent of the operators 4id not receivs
snough increaase from irpligzation 40 pay the total cost of
spplying water. Howaver, 62 per cent of the corn irrigators
obtained enough return to equal or exceed the average
varisble coste, Oince only 62 per cent obtalned a yleld
inorease large enough %o pay variable costs, the sonclusion
was resched that the actual yleld increase was less than
expected on 3¢ per cent of the farms, Otherwise, the 38

per cont would not have sarnlied water to corn in 19559,

Lokton.

r aars inch of water «- Net returns averagzed
«$1e3%, $1.23, and 50,74 for farmers using Gategory I, II,
and III systems veepectively (Table XLV). Average net
returns per acre inoh were smaller for cotton then for

corn, Farmers using Category I systenms got averaze returns
 that were negative in 1959, Thls means that the average
farner employing a Category I aystem in 1959 had a loss of
§1.9% per acre inch of water apprlied to cotton, The primery
reason was limited system use during the yesar, In many

casse, & seall acresge of cotton was charged with a larse
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share of the anmuel fixed ocosts. In fact, elizht of the
22 cotton irricators made only one application of water to
g limited cotton soreage during the firat nart of MYay.
Hone of these men obiained a yleléd reanonses,

The net returns peyr acre inch of wator on individual
faras ranged from «179,22 to §25.61 (Fizure 15 and Tabls
A«IV}, OJizxty=five ver cent of the cotton irrigstors 4Aid
not obtalin & yield increase sufficlient to nay total
irrizating coats (Table XIVI), Thirtwaiva ner cent
obtalined a »ositive net return, Hine ser cent of the 35
nor cent reocelved net returns ranging from $20.00 to
527,99 mer aecre ineh of water applied,

Returns above variable costs averaged $5.067, 14,75,
and 83,41 for farmers emnloyinz Catepory I, 1I, and I1II
syat@mm'rwsm@etiveiy {(Table XLV)s Yhen average fixed costis
were not aanaiéared, average returns froo irrization more
than pald the average variable costs for all three systems,
on &adividgal farma, the returns above average varlable
costs renged froa ~32,20 to 332,17 (Flgure 16 and Table
4=iV}. Thirtyeseven, 062, and 29 per cent of the farmers
«apioying Category I, II, snd III aystem respectively
obtained nositive returns above aversge variable contn,

Fifty~seven per cent of the sotton irripatora 414
not obtalin a yleld &naraai& large enough to pay average
variable coste {(Table XLVII), Fourteen per cent obtained
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FIGURE 15

NET RETURN OR LOSS PER ACRE INCH OF WATER APPLIED
TO COTTON ABOVE TOTAL COST OF IRRIGATION, SOUTH-

EASTERN MISSOURI, 35 FARMS, 1959*
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FIGURE 16

ADDITIONAL RETURN OR LOSS PER ACRE INCH OF WATER
APPLIED TO COTTON ABOVE VARIABLE COSTS OF IRRI-
GATION BY TYPE OF IRRIGATION SYSTEM, SOUTH-

EASTERN MISSOURI, 35 FARMS, 1959*
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returns from $20,00 to 332,17 above avereagze variable

coetn,

The yield inerease needed to pay totsl irrigation costs
per acre inch of water ranzed from 3 to 303 »ounds of lint
cotton on individual fapms (Flzure 17 and Table A«1V),
The requlred increase for farmers with different types of
equipment was from 5 to 308, B to 45, and 3 4o 52 »ounds
of lint for Category 1, II, and III systems respectively.

The yleld lncrease needed to pay operating or
variable oosts ranged from 3 to 24 pounds of lint cotten,
when harveating costs were included, An incresse of 1 to
5 pounds would pay sverage variable costs »er scre inch
of water applied by all systema, if harvesting costs were
exoluded (Figure 13 and Table A~IV),

Jep trrizated aore -- Net returns per irrigated
sore of cotton averaged -34,66, $4.12, and 42,57 for
farmers employing Catepory I, II, and III systems
respectively (Table XLV). On individual farme, the net
returns ranged from «3§%9,22 to 355,63 (Figure 19 and
Table AeV). Individual farmers using Category I systems
had both the highest and lowest not return per aers,

Fourtean per ocent of the sotton irrigators had net
lospes of 30,00 or more per sore (Table XLVIII)., An
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FIGURE 17
YIELD INCREASE PER ACRE INCH OF WATER APPLIED TO PAY
TOTAL COST OF IRRIGATION, INCLUDING HARVESTING COST,
COTTON BY TYPE OF IRRIGATION SYSTEM, SOUTHEASTERN
MISSOURI, 35 FARMS, 1959*
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FIGURE 18
YIELD INCREASE PER ACRE INCH OF WATER APPLIED TO PAY
VARIABLE COST OF IRRIGATION, INCLUDING HARVESTING
COSTS, COTTON, BY TYPE OF IRRIGATION SYSTEM,
SOUTHEASTERN MISSOURI, 35 FARMS, 1959*
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FIGURE 19
NET RETURN OR LOSS PER ACRE OF COTTON ABOVE TOTAL
COST OF IRRIGATION, BY TYPE OF IRRIGATION SYSTEM,
SOUTHEASTERN MISSOURI, 35 FARMS 1959*
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additional 51 per cent had net losses whioh ranged from
£§0.01 %o 329,99 per scre, Eighteen per cent obtained
positive net returns which venged from §0.01 to §29.93, and
17 per cent had net returns of (30,00 or more,

Returns above varisble oostz averaged 3$12,64,
815,33, and $11.80 for farmers employing Categery I, II,
snd 111 systems respectively (Table XLV). On individusl
farms, the range was from «36,40 to §86,05 per irrigsted
sore (Figure 20 and Table A=V},

$1xty ser cent of the cotten irrigators did not
obtain yield increases large enough 1o pay average
variable coets {Table XLIX). 8ix ver cent had losses
ranging from $5.00 to §9.99 per irrigated acre. An
additional 56 per cent had variable coats ranging fron
§0.01 to 34.99, which additional yield increases 414 not
PaYe |

Porty per cent of the cotton irrigators sbtained
yield Lnérwaaaa that ralised incomea more than average
variable coats (Table XLIX), B31ix per cent received returns
whioh were $5,00 to $3.79 above the average variable costs
rer acre, Twenty-eight per cent psid the #vemmge variable
oost ner acre, and had more than §30.00 per acre remsining,

The yield inorsases needed to pay total irrigation costs
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FIGURE 20
ADDITIONAL RETURN OR LOSS PER ACRE OF COTTON ABOVE
VARIABLE COSTS OF IRRIGATION, SOUTHEASTERN
MISSOURI, 35 FARMS, 1959*
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FIGURE 21
PER ACRE YIELD INCREASE REQUIRED TO PAY TOTAL COST
OF IRRIGATION, INCLUDING HARVESTING COSTS COTTON
BY TYPE OF IRRIGATION SYSTEM: SOUTHEASTERN
MISSOURI, 35 FARMS, 1959*
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FIGURE 22
PER ACRE YIELD INCREASE REQUIRED TO PAY VARIABLE
COST OF IRRIGATION COTTON BY TYPE OF IRRIGATION
SYSTEM, SOUTHEASTERN MISSOURI, 35 FARMS, 1959*
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was 165 pounds grester than the saverege in 1953,°2

sore ineh of water -« Net returns were 81,90,
$0.37, and §0.72 for farmers using Category I, 1I, and III
systems reapectively (Table L), The net per acre inch
of water wan less for soybeans than for corn and cotton.
On individual farme 1% renged from «§12,28 to §5.92
(Pigure 23 and Table A«VI),

The revenue attributable to irrigation 4id not pay
the total costs on 46 per cent of the farue where water was
up;suca to this crop (Table LI), E$ght per cent of the 46
had net losses ranging frem $§10,00 %0 §14,.99 for ssch acre
inoch of water applied, Pifty-four per cent obtained net
retums in excess of costs fron irrigating soybeans, The
g8in resged from §0.01 to $4,99 and §5.00 %o $9.99 for 46
and 8 per cent of the operators respectively,

The returans above veriable coste averaged $1.47,
22,25 and 32,29 for farmers employing Category I, II, and
II1 aystems respsotively {Table L).

On individusl farms, She return above variable cost
ranged fros «$3,33 to §8,.91 per acre inch of water (Pigure

20United States Department of Agriculturey Azriouliurel
mpmw é&m {(Yashington: Govermment Printing Offise
A30iy pPBgE
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FIGURE 23
NET RETURN OR LOSS PER ACRE INCH OF WATER APPLIED
TO SOYBEANS ABOVE TOTAL COST OF IRRIGATION BY
TYPE OF IRRIGATION SYSTEM, SOUTHEASTERN
MISSOURI, 13 FARMS, 1959*
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FIGURE 24
ADDITIONAL RETURN OR LOSS PER ACRE INCH OF WATER
APPLIED TO SOYBEANS ABOVE VARIABLE COSTS OF
IRRIGATION, SOUTHEASTERN MISSOURI, 13 FARMS,
1959*
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FIGURE 25
YIELD INCREASE PER ACRE INCH OF WATER TO COVER
TOTAL COST OF IRRIGATION, INCLUDING HARVESTING
COSTS, SOYBEANS BY TYPE OF IRRIGATION SYSTEM
SOUTHEASTERN MISSOURI, 13 FARMS, 1959*
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FIGURE 26
YIELD INCREASE PER ACRE INCH OF WATER TO PAY
VARIABLE COST OF IRRIGATION, INCLUDING
HARVESTING COST, SOYBEANS, BY TYPE OF
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FIGURE 27
NET RETURN OR LOSS PER ACRE OF SOYBEANS ABOVE
TOTAL COST OF IRRIGATION, BY TYPE OF IRRIGATION
SYSTEM, SOUTHEASTERN MISSOURI, 13 FARMS, 1959*
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obtained net returns per acre whioh ranged from 30,01 to
$9.99+ The other & per cent had net returns, ranging from
$20.00 to §24.99 per acre,

Returns above average veriadle costs per sore for
farmers employing Category I, II, and IIIl systems averaged
82,50, §10,08, end §17.99 respectively (Tadble L), On
individusl farms, net returns renged from =310.00 to
829,04 per sore [Figure 25 and Table A-VII),

Thirty-two per cent of the soybean irrigators failed
to obtein yleld increases large enough to pey their
variable costs (Table LIV). Thirty per acent met their
variable costs and received additional returns per acre
renging from 35.07 to §14,99, An additional 38 per cent
obtained returns ranging from $15.00 to $29.00 per acre
over variadble costs,

£o8tg -~ The yleld inoreame noeded 10 pay the total costs
of irrigation ranged from 4 to 14 bushels (Pigure 29 and
Table A-VII).

Average variable costs could have been pald, 1if
incresses 0of 1 t0 5 buashels had been obtained (Figure 30
and Table A-VII),

Junsary of sorbean irpizetion -~ Farmers using
Category II and III systems obtained average net returns
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FIGURE 28
ADDITIONAL RETURN OR LOSS PER ACRE OF SOYBEANS ABOVE

VARIABLE COST OF IRRIGATION, BY TYPE OF IRRIGATION
SYSTEM SOUTHEASTERN MISSOURI, 13 FARMS, 1959*
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FIGURE 23
PER ACRE YIELD INCREASE REQUIRED TO PAY TOTAL COST
OF IRRIGATION, INCLUDING HARVESTING COSTS, SOYBEAN
SOUTHEASTERN MISSOURI, 13 FARMS, 1959*
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FIGURE 30
PER ACRE YIELD INCREASE REQUIRED TO PAY VARIABLE

COSTS OF IRRIGATION, SOYBEANS SOUTHEASTERN
MISSOURI, 13 FARMS 1959*
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per acre of £1.64 and $4,59, but rsramrc'anzus Category I
systems had losses that averazed 56,52 sn acre,

- Fortyesirx per cent of the soybean irrigetors &1&
not obtain yleld inerenses that vere sufficlent to pay
total irrigetion costs, However, the additionsl returns
ware egqual to or larger than vapriable costs on 69 per cent
of the farma,

Farmers employilng Category III systems had higher
net relurns per scre than those using the other types
of systeas, |

IV, COROP YIELDE IN THE DELTA AREA

The average yield of cotton has been increasing
rapidly during the past ten years {Table A«VIII). In

1950, 1t waa 280 pounds of linl per acre. In 1959, the
aversge was €17 pounds, The 10 year average, 19501959,
was 420, This increase has resultsd primarily from use

of more fertilizer and superior varieties, Irrization

has had very limited influence for several reasons, One

is the small percentage of farasrs who have used lrprigstion,
A larse proportion of the farmere with irrigation squinment
obtained 1t between 1953 and 1956, Another reason is
varisbility in rainfall., Supplemental water is not

needed every year., The rainfsell in 1957 vas extremely
heavy. It appeaps that irrization could have been used in
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1953, but orop yields in 1959 on farms wvhere irrigation
~ was not used were only slightly lower than on irrigsted
farns (Table LV). |

The estimated yisld per asre for corn, cotton, and
apybeans on the forty fares where irrigation was precticed
in 1939 was 86 bushels, 668 pounds of lint, and 29 bushels
respectively (Table LV)., The 19 farmers, who had
irrigation equipment but 414 not irrigate, reported
estinated ylelds of 30 bushels of oorn, 655 pounds of
1int cotton, and 25 bBushels soybeans, These men oould
‘have irrigated if they had deemed 1t necessary,

Corn and soybean ylelds throughout the state have
not incressed as rapidly as cotton (Table A«VIII). The
average yield from 195041950 was 44 bushels per acre for
corn and 20 bushels for soybeans. Yields of these crops
were particularly low from 1953 through 1955, when ths
veather waes sbnormally 4ry during & large part of the
growing esesson,

Ve EFFECT OF IRRIGATION ON PARM INCOME~-1959

The net retumn from sorn, cotton, and soybean
frrigation on 40 farms was computed, The individual farmer
was concerned with the influence of irrigation upon net
fara income, which encompassed all of his farm enterprises,
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For this resason, net returns from corn, cotton, and #aym
irrigation were added together t0 determine the effect on
net farm income,

Forty-thres per cent or 17 of the 40 farmers
obtained net gains from irrigation, snd 57 per cent had
net losses (Table LVI). The average not galn per faru wes
§761 and 3316 for farmers using Category II and II1 systems
respectively. Farmers smploying Category g systenms had
an avorage net loss of $65,00,

Pifteen per cent or 6 of the 40 farmers had net
losses ranging from $1,000 to §2,499 per faram (Table LVII
and Tigure 31). The net loss per fara ranged from §1.00
to $399 on 42 per cent of the famme. Fifteen per cent
had net returns ranging from $1.00 to £1,499 per faram.
Twenty per cent obtained net galns varying from 1,500 to
$1,999, and 3 per cent had net returns greater than §$2,000,

Records from forty of the 45 farmers who applied
water in 1959 wers used in the caloulations, The other
& farsers 414 not apply water to wm; eotton, or soybeans,
Since A0 of the 45 irrigating farmers applisd water te
corn, ootton, and moybeans, it was estimated that 58 of
the 65 from whom records wers obtained wers potential
irrigators of the same orops. The sample proportion, o,
of farmers obtaining & net return from irrigstion was
17/58 or .29« The sample p wae oonsidered the best









FIGURE 31
NET RETURN FROM IRRIGATION, BY TYPE OF IRRIGATION
SYSTEM, FOUR SOUTHEASTERN MISSOURI COUNTIES,
39 FARMS, 1959*
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estimate of the population rarameter, or proporsion of
farmers in the nopulation of farmers with irrigation
squipment who recelived a not return from irrigation in
1959, The 0,95 confidence interval was from .17 to .41,
which meant the vrobablility that ths univarse nsroportion
of irrizators was within the interval was .95,

The relationshiy between the tyne of irrigation
syatex smployed and vhether a net guin or & net loes was
abtained in 1959 was studied. The hypothesis of
independence was tested, A ohl square of 3.7 was
caloulated, which was not statistically significant. The
hypothesis was not relacted. There was no asignificant
41fferaence between ths tyne of irrization system and %he
nusber of itvigntars obtaining a gain or a losa;

The 4iffereance botwsen the average net saln or loss
per farm, acoording ¢0 type of irrigation system used,
wep studled, MNMull hypotheses were tested in all cases,
The "t" ctatistic was used, As stated earlier, average
net gaina or lossos were 3761, 3316, and <365 for farmers
using Jategory II, I1I, and I sretems respeotively, Vhen
the difference between the means of Oategory I and I
was tested, a "t” value of 1,34 was obtalned, ¥hen
Category 1 and I1I, and Category II and III 4ifferences
were toated, "t" values of ,31 and .52 were computed, None
of the "t" wvalues were laprge enough to be stutistianllj
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FIGURE 32
ADDITIONAL RETURN OR LOSS ABOVE TOTAL VARIABLE COST
PER FARM BY COTTON, CORN, AND SOYBEAN IRRIGATORS,
FOUR SOUTHEASTERN MISSOURI COUNTIES, 40 FARMERS,
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farmers in the irrigation population who received a retumm
above variable coeta, The 0,95 confidence interval was
from .20 to 45, The probability that the universe
proportion of irripgatore receiving a return above variadle
00sts would be within this interval was .95,

The relationship between the tyrve of irrigation
syeten employed and whether or not a return sbove variable
conts was obtained, was studled, The hypothesis of
independence was tested, A chl square of 2,60 was computed,
whieh was not statistically significant, There was no
gignificant difference between the type of irrigation
systen and the number 0f irrigators who obtained s return
sbove or below variable coats,

The difference between the average return or loss
ser fera above or below variadble coets, accordinzg to the
type of irrigation system omployed, was studled., RNull
hypotheses wers tested in all cases, When the difference
between the means of Category I and II, Casegory I and III,
and Catezory II snd III were teated, "t" wvalues of 1,96,
«50 and 1,12 obtained, None of the "t" values were
statistically significant. The null hypotheses were not
re jected,

Hineteen of the 65 farmers fronm whom danta wore
obtained 4id not irrigate in 1959, The average annual
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FIGURE 33
ANNUAL FIXED COST ATTRIBUTABLE TO INVESTMENT IN
IRRIGATION EQUIPMENT BY 19 FARMERS WHO DID NOT
IRRIGATE, FOUR SOUTHE.?gsTéE*RN MISSOURI COUNTIES,
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water since the original investment in irrigation eguipment
was nade, Only one had changed fron unk&g gatod pive,
the others changed froa portable pipe and sprinkler systems
to other sprinkler or surface methods, The primary reason
for the change was the labar requirensnt for portable »ipe
and sprinkler systems, Eightyesight per cent of the
faraers sade the change 0 reduce the labor requirement or
to be able t0 hire personnel 40 wori with irrigation
equipment,

The fixed inveatment in irrigation eguipment
averaged §7,122 per fars ﬁv §56 per capacity amore for the
65 farmers,

Farmers with treiler boom syctems had an average
investment of 513,200 with an average ¢apsclity of 290 aores
per farm. The investment per ocapaclity scre was prectioally
constant, ranging fros $45 to §56, with a mean of $46,

Parmers with glant sprinikler systeme had average
investmenta of 58,544 per farm. The sverage capscity was
144 acres, The average ilnvestiment per capscity scre
deoronned from §74 in the C0-99 acre grouwp to $50 in the
200259 acre ZYOUD.

farmere with portable pipe and sprinkler systems
had an average of $6,810 invested, and average capacity of
113 acres. The average inveatment per capacity sacre
deoreased from §360 for the 19 acres or lees group to §52
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for the 140173 sere group,

Faraers with gated ;‘:&po and ditoh and furrov systems
had average ianvestments of 85.513 and $4,100 mmtinly.
The average oapaai&y was 87 aores on the 11 farme with
gated pipe systems, The average investment per engu&ity
aore was §53 and §62 for the 60«99 and 140«177 acre groups,
which was approximately twice as large as the d4iteh and
furrovw systeuns, when the same number of acres could be
l.rﬂstm«

The average investment per capacity acre declined as
the capaclity inoreased for the portable pips and sprinkler
and the giant eprinkler systems, dut remained spproxicately
constant within the surface sand treiler boom -8ystems,

Forty=six or T1 per cent of the 65 farumers applied
water to 2,637 acres, The aversge number of ascres per famm
was 57, Cotton was the major irrigated corop. An average
of 2.9 inches of water was applied to 1,523 sores. Cotton
aocounted for 33 per cent of the total iprigated acres,
The average yleld response was 66 pounds of lint per acre,
even though 57 per cent of the cotton irrigators 414 not
obtaln & yleld increase,

8ix bundred and fifty-nine acres of corn received
an average of 5.25 inohes of water per acre in 1359, An
average of 41 acres ver farz was irrigated with an avernge
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controlling irrigation squipment in 1959, Thirtyethree
per ocent of the farmers obtained a return which was mur
than variable irrigation costs, Consequently, leas than
50 per cent of those who had irrigation equipment obtained
incressed returns which wers large encugh to pay wvariadle
irrigation coats,

Nineteen or 29 per cent of the 65 farmers 414 not
apply water in 1959, The average fixed cost attributadle
to investment in irrigation equipment was 8490, As e
result, net farm income was reduced this amount on these

farna,

£2aolusions

Het farm income was not incressed on the majority of
farms where ocorn, ocotton, and soybeans wore irrigated in
1959, There was no significant relationship between the
number of farmers obtaining a net return from irrigation and
the method of dlstriduting water, There was & significant
difference between the adjusted gross return per acre of
¢Irn and soybeans, Irrigated corm had a higher return
than soybesns,

The average cost of irrigation and the yleld response
required to pay irrigation costs are influenced by many
faotors. Prodably the most important in humid areas like
the Delta of Missouri is the amount and distridution of
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VITA

Ted Lee Jones, oldest son of Mr, and Mrs, Julian ¥,
sones wae born [ o» = farn northwest of
Warrensburg, Missouri, Thirteen years in the early pamrt
of his 1life wers spent on temant farms in Johnson and
Saline Counties, Misaouri,

In Mareh 1943, the fauily returned $0 the home
comaunity north of Warpensburg and purchased a 40 asore famm,
The father vorked for a nelghboring farmer, so the farming
eperations wars the responsibility of the son, Ted carried
thiz reaponsibility and emmmw& his elementary school
training in 1943 as the only graduate of the Foster Grade
3ghools In the eutumn, he entered Parmers High School, &
consolidated rural distpeict in Johnson County,

In ¥aroh 19/%, the family purohased & 120 acre farm
in the same e@mzty whieh is a$ill the home of the
parenta. The father worked in & cosl nains during the
umt-w months and farmed the roat sf the year. Ted worked
on the home farm during the summer montha between his first
and second years in high school, During the remaining years
in high achosl, he worked for a neighbering farmer when
school was not in sesslion.

After greduation from Farmers High Sehool as
~ veledictorian in 1947, Ted entered the College of
Agrigulture, University of Hlissouri on & Sears Raedbudk
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Scholarship, TO earn 2 major shars of hias college expenses,
he worked in a drug store, in a cafe, and as g student
laboratory assistant in the Solle Depariment, In June
1951, he recelved 2 Bachelor of Sclence degree in
Agrioulture and a reserve commission in the U, 3. Army.

On May 1, 1951, Ted was eaployed by the Mlasouri
Agrioultural Extension 3Service as Assistant County Agent
in Livingston County. He entered the U, 3, Army in August
1951 as a second lleutenant for a two-year tour of active
duty. Sixteen of the 24 months were spent in Cermany,
Ha was relessed July 29, 19283,

In Decenmber 19%%, Ted and Betty Rose Fokhofl wers
married, A son, Ted Lee II, was dorn in February 1961,

Ted was employed as an insurance salesman from
August 1953 to May 1954, In June 1954, he returned to the
Misaouri Agricultural Extension Service ze Asslistant County
Agent in Cassz County. FMe left extension work in June 1956
ta‘rwtﬁrn to the University of Missourl for graduste study
in Agricultural Eoconomics, From June 1956 until May 1988,
he was a Oreduste Assistant in Aspicultural Economics, and
stteonded the lLand Yoonomics Institute at the Unlversity of
11linsis during the summer of 1953, The Master of Sclence
Degree was rocelved in 1958,

In June 1958, Ted was employed by the Farm Economiocs
Research Division, Agricultursl Research Service, United
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