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CHAPTER I
INTRODUCTION

Nature often is bountiful, but it is not always dependable. The
agricultural sector of the economy is directly affected by forces of
nature such as precipitation, temperature, and other weather related
factors. Because these factors are not predictable for any given pro-
duction planning period, resource allocation in agricultural production
is, by nature, formulated in a framework of uncertainty. That is; deci-
sions regarding resource use must be made under cénditions of imperfect
knowledge about future oc&urrences of the many physical facters affecting
the production of a given farm or area. The financial success of a farmer
depends, tb a large degree, upon the realized aceuracy of his expectations
of yields, prices, and other production related factors.

Technological advance in agriculture has been rapid in recent years.
Superior varieties of crops have been developed, machinery has been
devised to better till the soil and control weeds, mineral and organiec
fertilizers have been produced to supplement soil resources, and insects
and diseases are being brought under control. Many such advances help
reduce instability of production and help stabilize incomes from farming.

Yet agricultural production and incomes in the Great Plains States remain



highly variable, whereas cost commitments are relatively fixed,l A sub=
stantial amount of this income variability is generated by highly variable
yields arising from extreme seasonal and annua1 fluctuatione in quaqtityib
and distribution of rainfall.

This conditien is characteristic of Roger Mills County in Westerniﬂ'
Oklahoma. Figure 1 summarizes the average annual yield per acre for wheat,
oats, and grain sorghum for the period 1947-61. These yield data indicate
the wide annual fluctuatioms in yields and, consequegtly, the technieal
uncertainty a farmer in the County faces when planning the allocation of
his resources,

;rrigated agriculture, in general, permits greater control of physical
factors in production tha@ dryland systems of farming, Moisture is a very
crucial variable in agricultural production. Consequently, irrigation
could be expected to add substantially to the stabilization of production
and income in this Great Plains Couﬁty°

A recent study conducted at North Dakota State University indicates
that yields were considerably more stable under irrigation than with dry-

" .land farming.2 For example, yield variability of wheat was reduced by
44 per cent, Also, irrigation reduced the wvariability of gross income by
14 per cent and net income by 18 per cent. In addition to reducing vari=

ability, irrigation increased the returns per $100 of all production costs,

lwallace G. Aanderud, "Income Variability of Alternative Pléns9
Selected Farm and Rench Situations, Rolling Plains of Northwest Okla-
homa” (unpub. Ph.D. dissertation, Oklahoma State University, 1964), p. 1.

2LeRoy W. Schaffner, Laurel D. Loftsgard, and Duane C. Vochrodt,
Production and Income Variability for Farm Enterprises on Irrigation and
Dryland, North Dakota Agricultural Experiment Station, Technical Bulle-
tin 445 (Fargo, 1963). '
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excluding land and labor, by 24 per cent, A substantial ameunt of income
variability: in the Great Plains area is due to highly variable yields
resulting from often inadequate and frequently untimely precipitation., 1In
this respect, Roger Mills County of Oklahoma does not differ significantly
from crop farming areas of North Daketa.

Upstream wvatershed development provides an alternative means of
developing or increasing the supply of water for irrigatioﬁ° The amount
of water potentially available for irrigation is a function of design of
the watershed development project. Structures built for flood protection
only provide some irrigation potential. However, irrigation can be in-
clnded as a project purpose. The appropriate emphasis to give to irriga-
tion as a purpose in project design will depend partly on the value of
water for irrigation in the watershed area, The major purpose of this
study is to estimate values of water used in irrigation on bottomland soils
of Roger Mills County. Estimates of the values of water for irrigation
purposes are not presently available for Westerm Oklahoma. The results of
this study should be useful to project planners in estimating fhe feazi=
bility of a structure to serve the purpose of flood control along with

irrigation water storage.
Watershed Development Program

The watershed development program on the Washita River Basin evolved
from the Flood Control Act of 194403 This Act authorized the United

States Department of Agriculture to install works of improvement on 11

3Uhited States Statutes at Large, 78th Congress, 2d Session9 1944,
Public Law 534, Volume 58, Part One, pp. 887-907.



rather large watersheds in the United Statelcl1 The Washita River drainage
area was one of the original areas selected as pilot watersheds. The
works of improvement include run-off and water-~flow retardation as well as
erosion prevention. These watershed improvements create a potential to
increase agricultural production by providing the farmer with a more sta-
ble physical environment within which to plan the allocation of resources,

Through & reduction in flooding hazard and an increased potential
for irrigation, opportunities exist for affected farmers to increase their
production efficiency by making adjustments in land use, capital investments,
and general farm organization. The limited amount of irrigation data and
experience available in this area makes irrigation decision making diffi-
cult and uncertain. This lack of information is one possible reason for
reluctance on the part of farmers»to develop the irrigation potential avail-
able from watershed development projects.

A memorandum of agreement between the Soil Conservation Service and
the Economic Research Service of the United States Department of Agri-
culture of January, 1955, contained provisions for developing a compre-
hensive research program emphasizing an economic evaluation of a watershed
development program such as that authorized by the Flood Control Act of
1944, The Washita Economics Research Laboratory was organized to implement
this memorandum, The research of this J.abo:vc-atory,J a cooperative venture
between the Economic Research Service, United States Departmenﬁ of Agri-
culture, and the Oklahoma Agricultural Experiment Station, is toievaluate
works of improvement installed on the tributaries of the Washita River.

The research reported in this manuscript is a part of that evaluation.

4Stanley W. Voelker and John Muehlbeier, “Institutional Arrangements
for Watershed Programs®, Journmal of Farm Economics, XXXVI (December, 1954),
Pp. 1184-1185, o ' ' ‘



Area of Study

This study is concerned with that portion of Roger Mills County
encompassed by the Washita River Basin in general, and farms within the
basin having bottomland soil in particular. Soil units classified as
having potential for irrigation are emphasized in this study. The total
land area of the County is approximately 726,000 acres; about 75 per cent
of this land is situated in the Washita River Basin.5 Less than three
per cent of the land in the Washita River Basin is irrigable,

The economy of Roger Mills County is predominantly rural. Farming,
ranching, and associated agricultural enterprises are the principal
sources of income. Wheat and cotton are the major crop enterprises, and
a beef cow=calf system is the leading livestock enterprise, The total
income from all crops and livestock for 1959 amounted to 37,k00,000.6
All crops represented about 34 per cent and livestock and livestock pro-
ducts represented the remaining 66 per cent of this total income.

The average annual precipitation in the County is approximately
24 inches.? Rainfall distribution is highly erratic with the annual
amounts varying from 13 to 46 inches in the County. Droughts of from
three to eight weeks occur during nearly all growing seasonz. These

droughts are usually accompanied by hot, dry, evaporative winds, which

5United States Department of Agriculture, Soil Conaervation Service
(unpub. data, Stillwater).

6Uhited States Department of Commerce, Buream of Census, United
States Census of Agriculture for Oklahoma, 1959 (Washington, 19315,

?United States Department of Commerce, Weather Bureau, Climatological
Data, Oklahoma, 1914-1960, Volumes 23-69 (Washington, 1960).




quickly dissipate the soil moisture supplies. Interspersed with such
droughts are storm periods, very frequently violent and of short duration,
which produce intense rainfall and possible flooding over small areas.

The watershed program has been developed quite intensively in Roger
Mills County. The program is nearing completion on all sub-watersheds in
the County. A recent progress report of the Soil Conservation Service
indicates that about 76 per cent of the floodwater retarding structures

were completed or contracted for as of January, 1963.8

The Objectives and Content of the Study

The continued planning and construction of watershed projects pro-
vides additional potential for farmers to increase cheir production
efficiency through irrigation and/or other adjustments in resource use.
The general objective of this research is to appraise and evaluate the
potential value of water for irrigation in Roger Mills County. The
specific objectives are: (1) to determine the amount of farm land in
the area of study with physical and economic potential for irrigation;
(2) to determine the value of water used to irrigate crops and pastures
for (a) alternative crop systems and varying levels of water availability,
(b) alternative farm resource situations, and (c) alternative systems of
farming within a given resource situation; (3) to estimate the optimum
allocation of alternative levels of available water among crops and farms
in the area; and (4) to appraise the availability of water for irrigation

relative to programmed demands for water.

8United States Department of Agriculture, Soil Conservation Service,
Progress Report. Presentation at annual meeting of Washita Council,
Stillwater, Oklahoma, January 13, 1963 (mimeo), p. 4.



The remainder of this thesis is divided into four chapters. The
second chapter presents the theoretical concepts appropriate to this
resource allocation problem and discusses the methods used in developing
the analysis., Chapter three presents and discusses the results of the
programming analysis. An interpretation and application of these results
are presented in chapter four. The fifth chapter summarizes the study

and presents conclusions relevant to Roger Mills County.



CHAPTER II
THEORETICAL CONCEPTS AND METHODS OF ANALYSIS

The purposes of this chapter are: (1) to present the basic economic
theory relevant for determining the optimum allocation of supplemental
irrigation water among alternative uses, (2) to describe the empirical
methods used in making the theory operational, and (3) to describe sources

and development of the data used in the study.
The Value of Water

When the supply of water is plentiful in relation to the demand for
it, it is treated as a free commodity. Benjamin Franklin once observed,
"When the well is dry we know the worth of water.“l When water is plenti-
ful, there is little or no concern for its utility to man's existence and
the laws that govern its use., However, when a sharp increase in demand
relative to supply is experienced, water becomes a scarce commodity. When-
ever any good becomes scarce, some means are necessary to bring the demand
for the good in line with the existing supply.

There are five basic functions which must be performed by an economic

system if the economy is to grow and develop.2 One of these functions is

1Dennis Thomte, Allen Olson, and L. D. Loftsgard, "Changes in North
Dakota's Water Law", North Dakota Farm Research, XXII (1963), p. 4.

gRichard H. Leftwich, The Price System and Resource Allocation (rev.
ed., New York, 1960), p. 1l4.

9
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to ration the gupply of a good which is relatively limited in the short
run.3 The competition among users for a limited supply will cauge_thé
price to rise. Through the law of demand, an increase in price results
in a decrease in the quantity demanded. This adjustment in érice coh=
tinues until an equilibrium exists between quantity demanded and fhe
expected supply. If the supply is exceedingly large in relation to the
quantity demanded, an equilibrium between supply and demand may exist
only at a price of zero., Thus, water takes on a monetary value only as
the supply of water becomes scarce relative to demand. That is, as the
supply of water becomes more scarce, competition for a relatively limited
quantity will force a rise in the equilibrium price.

The growing demand for water relative to supply is a matter of
increasing public concern., Water is allocated among uses and users
through public institutions rather than private markets. Watershed develop-
ment creates both water supplies and institutions governing the allocation
of these supplies. Thus, it is of major importance that knowledge of an
efficient allocation of water among uses and users be available for incor-

poration into watershed development plans.
ResourCevAllocation

A study by the Rand Corporation used the equimarginal returns
principle of economic theory as the criterion for determining the optimmm

allocation of water in alternative usesoh Assuming profit maximization

fhe other functions are: (1) determination of what is to be pro-
duced, (2) organization of production, (3) product distribution, and
(%) economic maintenance and progress. '

hJack Hirschliefer, James C. DeHaven, and Jerome W. Milliman, Water
Supply: Economics, Technology, and Policy (Chicago, 1960), pp. 72-73.
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as the goal, each unit of a scarce resource, such as water, should be
allocated where it receives the greatest marginal return. The final allo-
cation of a scarce resource is optimum when the marginal value products of
all uses are equa.l.,5 This principle provided the basic theoretical frame-
work for the development of this study. The objectives of the model were
to estimate the marginal value products of water in all uses and to deter-
mine optimum allocations of given water supplies within and among farms,
A simplified farm resource situation is presented for illustrative pur-
poses. . The problem is to determime the optimum allocation of a given
supply of irrigation water between alfalfa and cotton consistent with
maximum profits. |

The curves in Figures 2 and 3 are schedules of the marginal value
product of water used in the production of cotton (MVch) and alfalfa
(MVPwa) respectively. A water supply of 0A1 in Figure 2 yields maxipmum
returns to water when the entire supply is allocated to cottom. The
marginal value product of the last unit of water is 0Q. Assuming that
0Q in Figure 2 is greater tham 0T! in Figure 3%, any transferring of water
from cotton to aifalfa {given & water supply of OAl) reduces total returns
to water since the marginal value product of a unit of water transferred
from cotton is greater tham the mexrginal value product of a unit of water
#dded to aifalfa. That is, the losg in returms which occurs by trans—
ferring a unit of water from cotton is greater tham the gain in returns

" that occurs by adding a unit of water to alfalfa.

sThis is the necessary condition for profit maximization. The second
order or sufficient condition for profit maximizatiem is that the marginal
value product of water in each use decline as additional water is applied.
The marginal velue products as derived by limear programming and used
throughout this dissertatiom &re net marginal value products simce & charge
was made for oppertumity amd cash costs.
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Assume now a larger water supply, represented by 0A2 in Figure 2. If
this entire supply is allocated to cotton, the marginal value product of
the last unit of water allocated to cotton is OR (Figure 2). According
to the equimarginal return principle, using the entire supply on cetton is
not the prefit maximizing allocation of water supply 0A, since MVch #
MVPwa’ The profit maximizing aii;éation of this water supply is OA0 units
to cotton and 0B, units to alfalfa (oA0 + 0By = 0A2). That is, the
marginal value products of water in the production of cotton and alfalfa
are equated by shifting A0A2 units of water from cotton to alfalfa
(AUAQ = OBO) concurrently with an increase in the supply of water of A1A2.

This analysis could be applied for a series of fixed water supplies
and n uses, A generalized formulation of the equilibrium condition when
water is used in the production of several different products is expressed
by the following condition:

nval = MVPW

o= e = MVP_7 MC_

where MVPWI “ee MVPwn represents the marginal value product of water used
in the production of n alternative products and MCW represents the mar-

ginal cost of another unit of water.
Operational Model

The development of a model for analyzing a specific problem reguires
simplifying assumptions about physical and economic conditions relevant to
the area of study. For this amalysis, the following assumptions were made:
(1) there is a fixed acreage of potentially irrigable land for each
resource situation under study, (2) all land in a given productivity class

with potential for irrigatien is equally productive, (3) farm programs
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restrict the acreage of wheat and cotton in the organization; (4) individual
farmers face a perfectly elastic demand curve for products sold, as well as
a perfeetly elastic resource supply curve, except for land and family laber,

and (5) knowledge and management capabilities among farmers are equal.

Linear Programming

The conceptual analysis in the preceding section assumed that the
existing production relationships were continuous. That is, there existed
an infinite number of input—output combinations. The discrete nature of
the data available for this study restricted the analysis to discontinuous,
linear relationships. Linear programming is an eperational technique used
to analyze problems involving linear relationships such as those permitted
by the data used in this study.

Linear programming was used to determine optimum farm organizations
for one dryland and three irrigated programming models.6 The three
irrigated models assumed alternative levels of water availability per farm,

The dryland optimum farm organization was used as the base for com—
puting and analyzing returns to alternative levels of water availability
for each resource situation. This analysis was accomplished by computing
the change in net returns and resource requirements of adding alternative

levels of water to the present dryland optimum plan.

Unit of Analysis

The *typical whole farm”" approach was used as the basic unit of

6For a complete discussion of the use of linear programming fer
formulating optimum farm plans, see Robert W, Llewellyn, Linear Pro-
gramming (New York, 1964); Saul I. Gass, Linear Programming Methods and
Applications (New York, 1964); and Earl 0, Heady and Wilfred C. Candler,
Linear Programming Methods (Ames, 1958).
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analysis, This approach considers decisioﬁs of thé entire farm rather
than limit the scope of analysis to the portion of the farm containing
only potentially irrigable land.

The use of the "typical whole farm" approach makes it possible to
analyze changes in land use which take place on the bottomland as a result
of irrigation, In addition, this approach indicates shifts in land use
between upland and bottomland as additional irrigation water is available.
Decisions on resource allocation are made by operators of farm umits which
may contain both bottomland and upland withih the watershed. Thus, it
appears that the important economic unit for analyzing problems of resource
allocation is the farm unit as a part of the watershed complex rather than
analyzing problems of resource allocation en enly the bottomland portion
of the farm. The "typical whele farm® approach recogﬁizes and accounts
for the interaction between the upland and bottomland components within a

single economic unit,
Developing the Analysis

Basic resource and other data necessary for the programming analysis
~were obtained by interviewing a sample of 65 farmers in Roger Mills Qounty,
The population from which the gample was chosen wag defined as "farm units
within the Washita River Basin of Roéer Mills County operating bottomland."
This population consisted of 150 farm units.

Information obtained from this survey included a complete inventory
of land resources by tenure and class, the land use pattern of the pre-
vious years, present and historical dryland yields of commen crops, and

an inventory of livestock, crop amd livestock machinery, and dairy equip-



16

ment. A few of the farmers in the sample had irrigation experience.
From these farmers, information was obtained on present and historical
irrigated yields, investment in irrigation equipment, and practices

unique to irrigation farming.

So0il Productivity Classes

The soils in Roger Mills Countyvrange from fertile bottomland to
severely eroded, low producing native raﬁgelamd, The bottomland includes
such soil units as Norwood Silt Loam, Yahola Fine Sandy Loam, and Cass
Loams and include only about 4.7 per cent of the total land area of
Roger Mills Countyo7

The purpose of the rather detailed study of soils im this study was
to allow an aggregation of comparable soil units into uniform produc=
tivity classes. It was assumed that this would provide a more accurate
evaluation of returns to irrigation watef than could be expected when
soils were classified simply as either cropland or rangeland (Table I).

The classification was facilitated by a recent detailed soil survey
of Roger Mills County by the Soil Conservatiom Service, United States
Department of Agriculture and the Department of Agronomy, Oklahoma State
University,-i3 This soil survey provided a complete description of all seoil

units in the County as well as long term average yields. This made it

7United States Department of Agriculture, Soil Conservation Service
(unpub, data, Stillwater).

8United States Department of Agriculture; Soil Conservation Service,
"Classification and Correlation of the Soils of Roger Mills County, Okla-
homa" (unpub. report, Beltsville, February, 1961); and United States Depart-
ment of Agriculture, Soil Conservation Service, "Descriptive Legend, Roger
Mills County Standard Seil Survey" (unpub. report, Beltsville, 1960).
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TABLE I

DEFINITION OF LAND PRODUCTIVITY CLASSES AS USED IN
' PROGRAMMING ANALYSIS, ROGER MILLS COUNTY

L

Land Productivity Class I. Silty alluvial seil occurring in the
flood plains of streams that drain areas of soils that have reddish
parent materials of the permian red beds. Norweod Silt Loam.,

Land Productivity Class II. All bettomland seils with individual
units varying from silty alluvial te sandy alluvial soils. Includes
both first and second bottem so1ls° Yahola, Spur and Port, Reinach,
and Cass Soils., ‘

Land Productivity Class III. Goed quality upland. All capable of
being cropped. Dill-Quinlan, Miles, Miles~Dill, Holdredge, and
Woodward Soils.

Land Productivity Class IV. Lower qnal1ty upland. Miles, Miles
Springer, Springer, Woodward, Pratt, Brownfield-Nobscott So11s

Land Productivity Class V. Bottomland soils subject to frequent
flooding. Includes subirrigated range sites. Used exclusively for
meadow and pasture. Lincoln and Sweetwater Soils,

Land Preductivity Class VI. Upland generally not suitable for
cropping. Brownfield-Nobscot, Pratt Complex, MlleszNobscott Complex,
and Qu1nlan=Woodward Soils.

Land Productivity Class VII. Rough and severely eroded upland range.
Considerable lewer and wider range in carrying capacity than L6a
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possible to aggregate the many different soil units of Roger Mills County
into comparable productivity classes.9 The final classificatien included
four cropland and three rangeland productivity classes., The seven pro-=

ductivity classes are defined in Table I,

Identifying Typical Farms

The survey of Roger Mills County provided a complete inventory of
land resources. This inventory was a basis for stratifying the 65 farms
of the survey imto six typical resource strata or typical farms for pro- -
gramming purposes. The farms were stratified to test the hypothesis that
type of farm and acres of bettomland are two influential variables ex—
plaining differences in returns te irrigation water. To test this hypeth-
esis, the 65 farms in the sgmple were distributed into six strate according

to the characteristics defined in Table II,

TABLE 1I

DEFINITION OF STRATA INTO WHICH THE 65 FARMS IN THE
ROGER MILLS COUNTY SURVEY WERE DISTRIBUTED

Resource " No. of . Acres of:

Strata® Farms Rangeland _Cropland Bottomland
A 10 700 or less less than 160 60 or less
B 11 700 or less less than 160 more than 60
C 12 700 or less 160 or more 105 or less
D 12 700 or less 160 or more more than 105
B 10 more than 700 unrestrieted 240 or less
F

10 more than 700 unrestricted more than 240

% The terms "resource strata’ and “typical farm" will be used inter-
changeably throughout this manuscript.

9A descriptien of the procedure used in developing the soil preo-
ductivity classes is presented in Appendix B,
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Following the grouping of these farms inteo the six resource strata,
coefficients were computed réprésenting the average acres bf croplaﬁd,
rangeland, and bottomland in each of the six resource strata. The coeffi-
cients for each of the six resource strata defined the six typical farms

used to determine the value of irrigation water (Table III).

TABLE III

'DISTRIBUTION OF LAND RESOURCES BY PRODUCTIVITY CLASS
FOR SIX TYPICAL FARMS, ROGER MILLS COUNTY

'ﬁypiga1 Farm '

It oin 3 B C TR B : T
S — - e e .
Cropland Total 80 103 248 236 321 537
L1 7 25 8 75 13 155
Lg 31 60 57 88 99 147
Lz 13 1 10 11 19 159
L;, 29 17 173 62 190 76
Rangeland Total 196 275 406 353 1,413 2,149
Ly -8 8 11 28 38 78
Lg 115 211 378 316 1,244 - 994
L. 73 56 17 9 131 1,077
Total Acres 276 378 654 589 1,734 2,686

Farms A and B were defined to assess the relative effect on returns
to irrigation water of varying acres of bottomland with crﬁpland and range-
land held relatively constant. Farm B has 47 more acres of bottomland
and 23 more acres of cropland than farm A. This is a 97 per cent increase
in bottomland Qith only a 29 per cent incfease in qroplanda

Comparing optimum farm organizations for farms B and C makes it
possible to ev&luate the effect on returns to irrigatieon water of varying

the acres of upland cropland included in the unit while mainteining bottom-
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land relatively constant, Thevacres of upland cropland in farm C is
about 141 per cent greater than farm B. The acres of bottomland in farm C
is slightly lower than farm B. Farms C and b can be compared to analyze
the influence of bottomland acreage on returns to irrigation water for a

larger farm size.

Types of Farming

Type of farming is a second variable hypothesized as being influential
in explaining returns to irrigation water. Important considerations are
the efficiency with which the services of irrigation are transformed into
output, the_capacity that crops have for wtilizing water, and the relative
prices of the product forthcoming frem the production process,

A summary of the schedules taken in Roger Mills County indicated
that the most commen type of farming was a combination small grains-—cotton-
cow calf livestock farm, Other farm types indicated by the study were
wheat—-cotton~dairy and small grains-cotton-cow calf-buy sell farms. A
definition of fgrms by type of farming is summarized in Table IV, This
classification most nearly reflects the types of farming found in the

Washita River Basin of Roger Mills County,

Bainfall Conditiomns

The water supply available in the floodwater retarding structure of
Roger Mills County appeared te be adequate for irrigation during a normal
rainfall year, but insufficient to meet the irrigation water requirements
during a period of proleomged drought. The supply of water available for
irrigation relative to demand was hypothesized as a crucial variable
“influencing investment decisioms in irrigation equipment. Therefore, it

was necessary to stratify rainfall cenditions in order to evaluate the
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relative demand for irrigation water and change in net returns associated

with irrigation under alternative rainfall conditionms.

TABLE IV

CLASSIFICATION OF TYPICAL FABRMS BY TYPES OF FARMING,
ROGER MILLS COUNTY

Typical Farm Size and Typea

Farm Identification Descriptien of Farm Type
A A-1 Small grains—cotton—cow calf
B B-1 Small grains-cetton-cow calf
c C=1 : Small grains—cetton—cow calf
c C=2 Wheat—-cotton-dairy
D D=1 Small grains-cotton—-cow calf
D D=2 Wheat-cotton-dairy
E E-=1 Small grains—=cotton-=cow calf
E E--2 Wheat-cotton-dairy
F F-1 Small grains-cotton—cow calf
F F-2 Small grains-—cotton-cow calf-buy sell

3his designation of typical farms will be used for the respective
farm types and sizes throughount the study.

The methodology used to eQaluate the effect of rainfall on the demand
for irrigation water and changes in net returns was to classify rainfall
conditions into three general categories on the basis of 1914-1960 rain-
fall data for the areaolo When these data for 46 years were summarized
into a frequency distribution, three distinet groups were evident:

(1) 10 years with an annual rainfall of 16.8 inches classified as below
average rainfall, (2} 26 years with an annual rainfall of 23.8 inches
classified as average rainfall, and (3) 10 years with an average rainfall

of 36.2 inches classified as above average rainfall.

10United States Department of Commerce, Weather Bureau, Climato-
logical Data, Oklahema, 1914-1960. Data were incomplete for 1933, The
rainfall data were recorded for Hammon, Oklahoma. These data are sum-
marized in Appendix C, Table I.
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Enterprise budgets were developed for all drylend and irrigated
crops and the programming analysis was performed assuming average and
below average rainfell conditions. The abeve average rainfall condition
was excluded from the ﬁrogramming analysis, This decision was made on
the basis of preliminary results which indicated that the'cost of applying
the relatively small quantity of water required during above average rain-

fall years was greater than the added returns from the water,

Irrigation Levels

The general objective of this research was to appraise and evaluate
the potential value of water for irrigation in Roger Mills County. The
source of this water supply was assumed te be water stored in floodwater
retarding structures in the Washita River Basin of Roger Mills County.
Since the water level of these structures, and thus the supply of water
available for irrigation, fluctuates from year to year three levels of
water application per crop and three water levels per farm were assumed.

Crop Irrigation Levels. The three crop irrigation levels were
designed to test the hypothesis that a decrease inm the supply of irrigatiem
water would result in & lower water epplication per scre rather than a
reduction in acres irrigated.

The maximum irrigation level for each crop was determined by the water

11

requirement of the crop and the exp@ét@d rainfall. The water requir&megt

11Expected rainfall refers to normal rainfsll received during growing
season of March-September for all crops except wheat. For wheat, the
grewing season is assumed to be Angust-May. The expected rainfall for
the March-=September peried is 14 inches during below average rainfall
years and 19 inches during average rainfell years. Expected rainfall for
the August-May peried is 12 imches during below average rainfall years
end 17 inches during average rainfall years.
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for each crop was computed from basic climatoleogical data for Reger Mills
County utilizing a method develeped by Blaney and_Cr_iddle.12 This pro-

cedure‘was used to compute total water requirements fer crops consistent
with optimﬁm plant grewth in relatien to climatic factors in Roger Mills
County.13

The high irrigation level for each erop (I3 in Table V) was deter—
mined by finding the difference between the computed total water require-
ments and the moisture available from natural precipitation. For example,
the total water requirement for cotton was 39 inches (Table V). Assuming
average rainfall eof 19 inches, the irrigation requirement was 20 inches.,
When below average rainfall of 14 inches.prevailed, the irrigation require-
ment was increased to 25 inches to fulfill the total water requirement for
cotton of 39 inches.

Irrigation levels I1 and 12 were based on experimental data of the
Altus Irrigation Experiment Station, experience of soil scientists at
Oklahoma State University, persennel of the Seoil Conservation Service, and
local agricultural workers in the area. |

Farm Water Levels. The quantity of water available per farm was
assumed at fdur levels (Table VI). The first level programmed was an
unlimited supply represented by farm water level %4 in Table VI, The

purpose of programming the unlimited supply first was te determine the

12Harry F. Blaney and Wayne D, Criddle, Determining Water Require-
ments in Irrigation Areas From Climatological Data, Seil Conservation
Service, United States Department of Agriculture, SCS-TP-96 (Washingten,
1950). ‘

13The total water requirements for each crop were computed for the
growing seasons defined in footnote 11, Chapter II. See Appendix D for
a discussion of the procedure used in determining ecrop water require-
ments. '
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CROP IRRIGATION LEVELS, IRRIGATION WATER APPLIED, AND WATER AVAILABLE
BY CROP, AVERAGE AND DELOW AVENAGE MATHFALL, ROGER MILLS COUNTY

24

Irrigation Water Appliedb

Levels of o Average Below Average Total Water
Crop Irrigation’ Hainfall Reainfall Available
= fAere=inches =

Cotton Il 6 1ie 25

12 13 18 32d

13 20 25 39
Vheat I, 5 10° 22

12 16 15 27d

13 15 20 32
Alfalfa I 6 11° 25

1, 12 17 31d

1; 18 23 37
Grain and e
Forage Sorghum I1 i 8 22

12 7 11 26d

13 10 14 29
Midland Bermuda I, 16 21° 354

aDryland conditions for each crop were represented by IO°

bIrrigation level I, represents the amount of irrigation water
required in addition to gatural precipitation, to meet the total water
requirements of optimum plant growth.

(& o s . N o o .

Represents natural precipitation plus irrigation water applied.
See footnote 11, Chapter II, for matural precipitation during average
and below average rainfall years.

dRepresents total water requirements consistent with optimum plant
growth, See Appendix D for computational procedure used in computing
total water requirements.

eRepresents enough irrigation water to replace below average pre-
cipitation plus water applied during average rainfall conditions,



TABLE VI

FARM WATER LEVELS BY FABRM SIZE AND TYPE AS USED IN THE
PROGEAMMING ANALYSIS, ROGER MILLS COUNTY

Farm Water Levels

Farm Size and Type 1 2 3
A-1 0 1/3%, 2/3%, X,
B-1 0 1/3%, 2/3X, X,
C-1 0 1 /3X3 2 /3):3 Xy
C-2 0 1 /3x4 2 /3x4 X,
D-1 0 1 /3){5 2 /3x5 X
D-2 0 1/3%, 2/3X¢ X
E-1 0 1 /3X7 2 /3X7 X,
B-2 0 1 /3X8 2 /3x8 Xg
F-1 0 1 /-5x9 2 /3x9 Xy
F-2 0 /3% 2/3% 14 X10

aXl represents the quantity of water necessary to satisfy the
following equilibrium conditiom:

MVP MVP oos = MVP MC .

The four water levels apply to beth average and below average rainfall
conditions.
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water requirement necesssry to satisfy the following equilibrium condition:

Mval = MVPWQ ® oo m MVPwﬁaﬁv M@w

where MVPWI cos MVPW@ represents the marginal value prodwet of water in
the production of 6 products and Mﬂw‘ig the marginal cost of the last amit
of water applied.

Farm water levals 2 and 3 were set at one=third and two=thirds,
respectively, of the quantity of water mecessary to satisfy the above
equilibrium condition feor each typical farm assuming sverage and below
average rainfall., Farm water level 1 was programmed as & dryland situa-
tion for each typical farm and rainfall condition. The dryland optimwm
plan provided & basis for the analysis of changes im the profit maximizimg
farm organization, resource requirements, and met and marginal returns of

. . e - .14
increasing water svailability fer irrigation.

Developing Budgets for Preductiom Activities

The selection of production activities or enterprises for this study
was based on the feasibility of production and the presence of adeguate
market cutlets, Although it ie conceptunlly possible for an infinite
number of production activities or enterprises to be congidered for a
given ares, it is reascumable to expect that ﬁelmtﬁvely few alternatives
are considered by farmers.

Basic Data. The survey of watershed farms provided mmch of the
basic data for developing the enterprise budgets and other programmimg

regtrictions, These date were supplemented with data from secomdary

1 Tem 8 s ¢
Net returns are returns to lamd, family labor, risk, and manage-
ment, Marginal returng are returns to water, fawmily labor, risk, and
menagement assceiated with irvigation,
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sources developed from other Western Oklahoma Btudi&galﬁ In additien,
unpublished information and experience of staff members at Oklahoma State
University and of the Soil Comservation Service were used extensively,

The product price assumptions used in developimg the enterprise
budgets were based om 1961 prices received by farmers in Western Oklahoma
(Appendix &, Table I). The assuomed prices paid for factors of production
used in deriving the returns over variable costs for each enterprise are
summarized in Appendix A, Table YI. These cost items are sssumed to be
representative of 1961 prices paid by Western Oklahoma farmers,

The operator and other family labor available on farms in Roger Mills
County was 2,398 hours per farm surveyed., Throughout this study, ne
charge was wade for family labor and seasonal labor was assumed available
at $1.00 per hour. Potential effects of altermative labor assumptions
were not snalyzed im this study. A summary of the labor regquirements per
crop is presented in Appendix B, Tables XXIV and XXV,

Cropping Activities. Crop budgets were developed for cotton, wheat,

grain and forage sorghum, alfalfa, and bermda for both drylend and irri-

gated conditions (Appendix E, Tables II-XXI), Dryland crop budgets for

=]

oate, sudan, and small graimn hay end grazing were gimilar to budgets

1§L@rmy J. Commor, Williaw F. Lagrone, and James S, Plaxico, Resource
Beguirements, Cogts, and Bxpected Returns; Altermative Crop and Livestock
Buterprises, Loam Soils of the Rollimg Plains of Southwestern Oklahoms,
Oklahoms Agricultural Experiment Statieon and Farm Economics Division, ERS,
USPA, Processed Series, P-368 (Stillwater, 1961); and Robert W. Greve,
James S, Plaxieco, and Williswm F. Lagrome, Resource Regquirements, Costs

Rolling Plains, Noerthwestern, Oklahoms, Oklehoma Agricultural Experiment
Station and Farm Bconomics Divieien, ERE, USDA, Processed Series, P-390
{(stillwater, 1961).
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develeped for these e¢rops in other studiesal Adjustments were made in
these budgets to correspond to yield and price coefficients assumed in
thie study.

Wheat and cotton were restricted to the acreage allotments of the
typical farms for the 1961 crop year. The soil bank and conservation
reserve were excluded as land use alternmatives

Livestock Alternatives., Although a beef cow-calf enterprise was the

most prevalent livestock enterprise on Roger Mills County farms, various
feeding enterprises appeared to be gaining popularity. This appeared on
farms where bottomland was a significant portion of the farm's total land
resources. In additiom; dairying was an important livestock emterprise.
For example, the value of dairy products sold in 1959 was $860,176 or
about 12 per cent of the value of all farm products sold in Roger Mills
County“17 Thus, Grade A dairy was considered as a production alternative
on resource situations III, IV, and V based on results of the survey of
watershed farms.

Budgets were developed for a Grade A dairy enterprise, alternative
spring and fall calving cow-calf enterprises, and alternative feeder
enterprises (Appendix E, Tables XXVI-XXX),

Crep Yields,l8 The dryland yields were based primarily on crop

16Cited in footmote 14, Chapter II.

17United States Department of Commerce, Bureaun of Census, United
States Census of Agriculture for Oklahoma, 1959 (Washington, 1961;.

18Fenton Gray, Department of Agronomy, Olklahoma State University,
0dos Henson, Soil Scientist with the Soil Conservation Service located
at Clinton, Oklahoma, and Charlie Burnaz, Roger Mills County Extension
Agent provided valuable information and assistance in developing the
dryland and irrigated yields.
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yield estimates developed in connection with the detailed seil survey of
Roger Mills County.19 These yield estimates represent average long term
yields that are expected from each productivity class using presently
known techneology. It was assumed that these yields were representative
of average rainfall conditions. It was necessary to adjust these yields
dovnward for the crop yields reflecting below average rainfall conditions,
Response to irrigation of various érops at the Altus Irrigatien
Experiment Station provided the basisz fer adjusting the dryland yields
of Roger Mills County to represgent irrigated yields at alternative levels
of water application per acreozo In making these adjustments, it was
assumed that crop response to irrigation in Roger Mills County was similar
to the response reported at the Altus Irrigation Farm. The budgets for
irrigated enterprises reflect costs of additiemal fertilizer applicationm,
insect control on cotton, and other factors necessary for irrigation
farming which are net nmormally practiced under dryland farming condi-

tions.,21

Method of Irrigation
Sprinkler irrigation methods were asswmed throughout the study.
Because the topegraphy of muech ef the Iand classified as bettomland is

uneven and slightly rolling, the sprimkler irrigation system is the meore

19United States Department of Agriculture, Seoil Conservatiom Service,
"Crop Yield Estimates” (unpub. report, Stillwater).

20James E. Garton and A. D. Barefoot, Irrigation Experiments at Altus
and El Reno, Oklahoma, Oklahoma Agricultural Experiment Station Bulletim
B-534 (Stillwater, 1959); and Dudley Barefoot and James Garton, "Altus
Experiment Station Field Day” (unpub. report, Stillwater, 1961).

21Dry1and and irrigated yields are summarized im Appendix B, Table I,
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practical method of water application. In many areas, the cost of pre=
paring the land fer an irrigation methed other than a sprinkler is
prohibitive.

The investment requirements in irrigation equipment were based on
two basic sizes with combinations of these two making up five irrigatien
systems (Table VII). The total investment in irrigation equipment,
including pump, motor, pipe, sprinklers, etc., ranged from $3,561 for
the small system irrigating approximately 50 acres for best timeliness
to $19,600 for a system designed te irrigate about 300 acres during peak

water requirements.
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TABLE VII

ESTIMATED TOTAL INVESTMENT AND ANNUAL FIXED COSTS OF IRRIGATION
SYSTEMS DESIGNED FOR TYPICAL FARMS IN THIS STUDY,
' ROGER MILLS COUNTY"

Size of Irrigation System

50 100 150 200 300
Items Acres Acres Acres Acres Acres
- Dollars -
Investment:
Pump and Motor 1,470 2,400 3,870 4,800 7,000
Pipe, Mainline 512 1,452 1,964 2,904 3,900
Pipe, Laterals 1,248 2,112 3,360 4,224 6,600
Sprinklers 252 594 846 1,188 1,650
Risers 29 50 79 100 150
Miscellaneous Items 50 160 150 200 300
Total Investment 3,561 6,708 10,269 13,416 19,600
Salvage Value® 356 671 1,027 1,342 1,960
Average Annual Investment 1,958 3,689 5,648 7,379 10,780
Anmunal Fixed Cgst:
Depreciation ‘ 247 L6k 711 929 1,357
Taxes ang Insurance 39 7h 113 148 216
Interest 117 221 339 443 647
Total 503 759 1,163 1,520 2,220

BStaff members of the Department of Agricultural Engineering, Oklahoma
State University, provided technical assistence in designimng the irrigation
systems.

bAssumed to be 10 per cent of total investment.

total invesiment - salvage value
13

d . .
Interest on investment computed as six per cent of average annual
investment.

®Annual depreciation =



CHAPTER I1II
RESULTS OF THE PROGRAMMING ANALYSIS

This chapter contains the results of programming optirmum farm plans
for the six typical farm resource situations under alternative assumptions
about livestock systems, rainfall conditions, and available water for
irrigatien. The livestock systems considered in Phis study were beef
cow-calf, dairy, and feeder cattle. The beef cow=calf system was the
basic enterprise used in analyzing results of irrigation for each of the
six farm resource situations. A dairy system was included as a produc=
tion alternative on farm resource situations C, D, and E, and a comparisop
of the effects of dairy with beef cow systems ﬁpon responses of irrigation
can be made only for these resource situations. The feeder cattle enter-
prise was programmed only on farm resource situation F for comparison
with the cow-calf system,

Cotton, wheat, alfalfa, grain sorghum, and bermuda grass were crops
included as irrigation alternatives. The non-irrigated cropping alterna-
tives included oats, grazed out small grain, and sudan grass grazing in
‘addition to the crops mentioned above. All crops considered as irrigated
ﬁroduction alternatives entered into one or more of the final programmed

farm organizatiens,

32
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Programmed Land Uses

Farms With Beef Cow-UCalf Enterprises

Generally, very little shifting ef crops from upland te bottomland
was altributable to changes in levels of irrigation for the farms with
beef cow-calf enterprises (Tables VIII-XIII). Crops grown on upland
under dryland conditions remained on these land classeg as available
irrigation water increased, farm size increased; or farm type varied.

The major changes in land use as a result of alternative irrigation
levels were between land classes L1 and L2° The relatively low pro-
ducing land classes L3 and L4 were used to produce fegd grains, mainly
utilized on the farms, and wheat.

In general, the optimum level of irrigation for most crops was at
the high level of water application. Even at very limited levels of
wvater supply, it was more profitable to irrigate fewer acres at the
highest level than to irrigate more acres at a lower 1evel,v;Exceptions
occurred when below average rainfall conditions were considered. In
these situations,; the optimum levels of irrigation fer wheat and grain
sorghum were at lower water application levels.

The second level of irrigatioen water aveilable per farm provided mere
water than was necessary to irrigate the cotton allotment for all resource
situations when the beef cowzéalf enterprises were congsidered. There was
alse more water available éh&n was reguired te irrigate all of land class
L1 except on resource gituation F, This candition occurred because

land class L, constituted more than haif of the total irrigable land. Om

1

all other resource situations, the amount of Ll land was a relatively

small portion of the total irrigable land. As the level of water for
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TABLE VIII

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM A-1, AVERAGE AND BELOW AVERAGE RAINFALL?

c Programmed Cropland Uses {Acres) .. _.
Optimum Level  _Average Rainfall Below Average Rainfall

of Water Use _ Farm Water Levels
Land Classes Per Acre 1 2 3 4 -1 2 3 4
L1 and L2
Irrigated
Cotton 13 0 10 10 10 0 10 10 16
Alfalfa 13 0 1 6 18 0 0 0 18
Wheat 12 0 0 0 0 0 2 5 0
Wheat 13 0 1 10 10 0 3] 5 10
Grain Sorghum I1 0 06 _0 0 0o _0 18 _6O
Total 0 12 26 38 0 12 38 38

Non-Irrigated

Cotton I0 10 0 0 0 10 0 0 6
Alfalfa IO 2 0 0 0 1 2 0 0
Wheat I0 10 9 0 0 0 0 0 0
Grain Sorghum I, 16 17 12 0 27 gé L0 0

Total 38 26 12 0 38 26 0 0

L3 and Lq
Non-Irrigated

Wheat I0 0 0 0 0 10 8 0 0
Grain Sorghum I0 13 13 13 13 3 5 13 13
Other® I, 29 29 29 29 29 29 2 29

Total 42 42 L2 42 42 42 42 k2

aTypical farms are defined by resource situation and type in
Tables II and IV of Chapter II.

bLand classes are defined in Table I of Chapter II.
cCrop irrigation levels per acre are defined in Table V of Chapter II.
dFarm water levels are defined im Table VI of Chapter IX.

®Includes oats, small grain pasture, and idle cropland.
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TABLE IX

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FABM B-1, AVERAGE AND BELOW AVERAGE RAINFALL2

c Programmed Cropland Uses (Acres)
Optimum Level”  _Average Rainfall Below Average Rainfall

of Water Use Farm Water Levels
Land Classes Per Acre 1 2 3 4 1 2 3 4
L1 and L2
Irrigated
Cotton I3 0 16 16 16 0 16 16 16
Alfalfa I3 0 9 18 46 0 6 8 4i
Wheat 12 0 0 0 0 0 5 17 0
Wheat I 0 1 23 23 0 0 6 23
Grain Sorghum I1 0 0 0 0 0 3 37 .0
Bermuda Grass I, 0L 0o _0 _0 L o0 1 2
Total 0 26 57 85 0 30 85 85
Non-Irrigated
" Cotton I, 16 0. © 0 16 0 0 0
Alfalfa IO 3 0 0 0 0 0 0 5]
Wheat IO 235 22 0- 0 22 17 0 0
Grain Sorghum I, 43 37 28 0 4 38 _0 _0
Total 85 59 28 0 8 55 0 0
L3 and L4
Non=Irrigated -
Grain Sorghum IO 1 1 18 18 1 1 1 1
other® - Ig 7 12 0 0 17 1 1 1
Total 18 18 18 18 18 18 18 18

aTypical farms are defined by resource situation and type in
Tables IXI and IV of Chapter IIX.

bLand clagsses are defined in Table I of Chapter IX.
cGrop irrigation levels per acre are defined in Table V of Chapter II.

dFarm.water levels are defined in Table VI of Chapter II.

®Includes oats, small grain pasture, and idle eropland.
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TABLE X

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM C-1, AVERAGE AND BELOW AVERAGE RAINFALL®

Programmed Cropland Uses (Acres)
Optimum Level® Average Bainfall Below Average Rainfall
of Water Use Farm Water Levels

Land Classesb Per Acre 1 2 3 4 1 2 3 4
L1 and L2
Irrigated
Cotton I3 0 11 11 11 o 11 11 11
Alfalfa 13 0 1 1 18 0 4] 1 15
Wheat 12 6 0 0 0 6 12 27 0
Wheat 13 0 8 32 36 0 0 0 36~
Grain Sorghum I1 0 0 0 0 0 0 24 0
Bermuda Grass I1 0 0 0o _0 9 06 2 3
Total 0 20 4 65 0 23 65 65
Non-Irrigated
Cotton IO 11 0 0 0 11 0 0 0
Alfalfa I0 6 0 0 0 0 5 0 0
Wheat I0 0 0 0 0 26 14 0 0
Grain Serghum IO 39 45 21 (H 28 23 ] 0
e Y
Otber I, B I S B
Total 65 4 21 "0 65 42 0 0
L3 and LQ
Non-Irrigated
Wheat I0 36 28 4 0 106 10 9 0
Grain Sorghum I 10 66 53 52 0 0 1 10
Othere IO 137 _89 126 131 173 173 173 173
183 183

Total 183 183 183 183 183 183

aTypical farms are defined by resource gitwation and type in
Tables II and IV of Chapter II.

bLand classes are defined in Table I of Chapter II.
cCrop irrigation levels per acre are defined in Table V of Chapter II.
dFarm water levels are defined in Table VI of Chapter II,

®Includes oats, small grain pasture, and idle cropland.
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TABLE XI

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FABRM D-1, AVERAGE AND BELOW AVERAGE RAINFALL®

Programmed Cropland Uses (Acres) .

Optimum Level® Average Bainfall Below Average Rainfall
of Water Use Farm Water Levels o

Land Classesb Per Acre 1 2 3 4 1 2 3 4
L1 and L2
Irrigated .
Cotton I3 0 7 7 7 0 7 7 7
Alfalfa I3 0 23 68 85 0 11 15 85
Wheat 12 O 4] 0 0 0 20 0 0
Wheat I3 0 19 26 69 0 0 69 69
Grain Sorghum I1 0 0 6 G 0 57 49 0
Grain Sorghum 13 0 19 19 0 0 0 0 G
Bermuda Grass I1 0 0 0 2 0 0 4 2
Total 0 68 120 163 0 95 144 163
Non-Irrigated
Cotton I0 7 0 0 0 7 0 0 0
Alfalfa IO 6 0 43 0 0 0 0 0
Wheat I0 69 50 0 0 68 38 0 0
Grain Sorghum I, _81 _4&5 0 0 88 .30 _19 _0
Total 163 95 43 0 163 68 19 0
L3 and L4
Non=Irrigated
Wheat IO 0 0 0 0 1 11 0 0
Grain Sorghum IO 11 11 14 23 10 0 11 11
Other® I, 62 62 59 50 _62 _62 _62 _62
Total 73 73 73 73 5 TR 5 SR o TR

aTypical farms are defined by resource situation and type im
Tables II and IV of Chapter II.

bland classes are defined in Table I of Chapter II,
cCrop irrigation levels per acre are defined in Table V of Chapter II,
dFarm water levels are defined in Table VI of Chapter II.

®Includes oats, small grain pasture, and idle eropland.
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TABLE XII

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM E-1, AVERAGE AND BELOW AVERAGE RAINFALL?

c Programmed Cropland Uses (Acres)
Optimum Level _Average Rainfall Below Average Rainfall

b of Water Use Farm Water Levels®
Land Classes Per Acre 1 2 3 b 1 2 3 b
Ll and L2
Irrigated
Cotton I3 0 9 9 9 0 9 9 9
Alfalfa 13 o 13 13 17 0 3 13 48
Wheat 12 0 0 0 0 0 3% 29 0
Wheat 13 0 12 51 86 0 0 10 55
Grain Sorghum Il 0 0 0 0 0 1 34 0
Grain Sorghum 12 0 0 0 0 0 .0 17 0
Total 0 3% 73 112 0 &7 112 112
Non-Irrigated
Cotton IO 9 0 0 0 9 0 0 0
Alfalfa IO 13 55 0 0 0 0 0 0
Wheat IO 67 23 16 0 27 27 0 4]
Grain Sorghum IO 20 0 23 0 76 138 0 0
Other® IO 3 .0 0 0 0 0 0 0
Total 112 78 39 0 112 65 0 0
L3 and L&
Nop-frrigated
Wheat IO 19 19 19 0 59 25 47 31
Grain Sorghum 10 0 0 0 19 0 0 0 0
Other® IO 190 190 190 190 150 184 162 178

Total 209 209 209 209 209 209 209 2909

a"1.“ypit:a,1 farms are defined by resource situwation amd type in
Tables II and IV of Chapter II.

bLan.d classes are defined im Table I of Chapter II.
cCrop irrigation levels per acre are defined in Table V of Chapter II.
dF’arm water levels are defimed in Table VI of Chapter II,

®Includes oats, small grain pasture, and idle cropland,
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TABLE XIII

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM F-1, AVERAGE AND BELOW AVERAGE RAINFALL®

c Programmed Cropland Uses (Acres)
Optimum Level” _Average Rainfall Below Average Rainfaill

of Vater Use Farm Water Levels
Land Classes Per Acre 1 2 3 A 1 2 3 A
L1 and L2
Irrigated
Cotton I3 0 26 26 26 0 26 26 26
Alfalfa 13 0 55 126 129 0 4 1 128
Vheat I2 0 0 0 0 0 29 5 0
Wheat 13 0 11 38 147 0 0 129 147
Grain Sorghum I1 0 0 0 0 0 125 127 0
Forage Sorghum I3 0 0 0 0 0 0 1 1
Total 0 92 190 302 0 18% 289 302
Non-Irrigated
Cotton I0 26 0 0 0 26 0 0 0
Wheat IO 150 139 112 0 150 118 13 0
Grain Sorghum I, 126 71 0 0 126 0 0 0
Total 302 210 112 0 302 118 13 0
L3 and L4
Non-Irrigated
Wheat I, 159 159 159 162 159 162 162 162
Grain Sorghum I0 0 0 0 73 0 0 0 0
Other® I, 76 76 76 0 76 73 13 _13
Total 235 235 235 235 235 235 235 235

aTypical farms are defined by resource situation and type im
Tables I1 and IV of Chapter II.

bLand classes are defined in Table I of Chapter II.
cCrop irrigatien levels per acre are defined in Table V of Chapter II.
dFarm water levels are defined in Table VI of Chapter I1X.

®Includes oats, small grain pasture, and idle erepland.
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irrigation increased, the number of acres irrigated also increased. At
the high level of water availability, all of the petentially irrigable
land was irrigated on all farm types and resource situations.

In general, cotton and alfalfa were the first crops to be irrigated
under limited water supplieé. Alfalfa was first to be irrigated on
farms where the farm use value of alfalfa was higher than the market
value.! For example, the second level of water on farm A-1 (Table VIII)
was used to irrigate six acres of cotton and one acrefof alfalfa on Ll
land and four acres of cotton and onme acre of wheat on L2 land. This
indicated that the highest return to irrigation water was realized by
irrigating one acre of alfalfa to‘be used in a beef cow-calf enterprise
on the farm. Since another restriction limited the production of this
livestock activity, cotton the next highest returning activity was
irrigated on the remaining acres of Ll land. The 10 acre cotton allot-
ment exceeded the remaining six acres of Ll land, therefore the remaining
four acres were irrigated on L2 léndo The water supply was completely
exhausted by irrigating one acre of wheat.

The land use pattern changé@;c@nsiderably as farm size increased.
ﬁoﬂéverg it is# very difficult to.project'changea in land use fer alterna-
tive farm water levels and differing farm gizes from results of this
study. The programmed land use on any particular farm depended upon the
relative proportion of Ll and L2 land as well as the basic acreage allot-

ments for cotton and wheat.

1. . ‘
This occurred on farms A, B, and C. See Appendix G, Table I, for
& summary of alfalfa produced and soid.
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Farm With Feeder Cattle Enterprise

A substantial difference in land use occurred on farms F-1 and F-2
which represent two different farm types on the same basic land xesoufce
situation (compare Tables XIII and XIV). For example, more total acres
were irrigated at levels 2 and 3 on farm F-2 than were irrigated at these
levels on farm F-1 under average rainfall cenditioms. All petentially
irrigable land was irrigated at level 4 en both farms. At irrigation
level 3 under average rainfall conditions, 138 acres of wheat were irri-
gated on farm F-2 and only 38 acres were irrigated on farm F=1. Under
the same ceonditions, 151 acres of alfalfa were irrigated on farm F-~1 and
only five acres were irrigated on""fa.rm,Fc,2° Although no bermda was
irrigated on farm F-1, up to 35 acres of bermuda were irrigated en farm
F-2, As the level of irrigation was increased to level 4, 81 acres of
wheat were shifted from irrigated on Ll lapd to non=irrigated on L3 land.
The wheat irrigated at water level 3 was replaced by irrigated alfalfa
at market price at water level %,

In general, there was very little shifting of crops between upland
and bettomland as water availability changed for the farm with the feeder
cattle enterprise, The only shift that took place was wheat being replaced
on bottemland by more alfalfa as the available water supply increased.
There were 33 acres of wheat on upland uwnder farm irrigation level 1 and
159 acres at level &, This shift did not occur under below average\raina

fall.

Farms With Dairy Enterprises
Increasing the amount of water available for irrigation beyond the

second level caused no shifts in land use between upland end bottomland
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TABLE XIV

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM F-2, AVERAGE AND BELOW AVERAGE RAINFALL®

Optimum Level® Average Rainfall Below Average Bainfall

of Water Use Farm Water Levels
Land Classes®  Per Acre 12 3 & 1 2 3 &
L1 and L2
Irrigated
Cotton I3 0 26 26 26 : 0 26 26 26
Alfalfa I3 0 5 5 91 0 3 3 92
Wheat 12 0 0 0 0 0 51 107 0
Wheat I3 0 39 138 150 0 ¢ 31 150
Grain Sorghum Iy 0 0 0 0 6 68 92 0
Forage Sorghum 13 0 4 5 5 0 3 L b
Bermuda Grass Iy 0 26 135 30 0 4 27 30
Total 077100 209 302 0 155 290 302
Non-Irrigated
Cotton IO 26 0 0 0 26 0 0 0
Wheat IO 276 202 93 0 150 112 12 0
Grain Sorghum I 0 0 0 0 26 0 0 0
Other® I, 0 0 0 0 30 _35 0 0
Total 302 202 93 0 302 147 12 0
L3 and L4
Non=Irrigated
Wheat IO 33 68 78 159 159 146 159 159
Grain Sorghum I0 0 91 81 0 9 0 0 0
Forage Sorghum I0 37 0 0 0 5k 0 0 0
Other® 10 165 76 76 76 22 89 76 76
Total 235 235 235 235 235 235 235 235

aTypical farms are defined by resource sitwation amd type in
Tables IX and IV of Chapter I1I.

bLand classes are defined in Table I of Chapter II.
cCrop irrigation levels per acre are defined im Table V of Chapter I1I.
dFarm water levels are defined in Table VI of Chapter II.

®Includes oats, small grain pasture, and idle éropland°
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on farms with dairy enterprises (Tables XV—zXVII)° The first increment

of water resulted in a shift of all forage sorghum from L_, and I.al1 upland

3
to L1 and L2 irrigated bottomland. This shif@ occurred for each of the
three resource.situations and both rainfall conditions. The crops replacing
forage sorghum on the upland were wheat from L2 te utilize the L3 land and
miscellaneous crops on Lq.

Rainfall conditions had some effect on the general land use pattern
for these farms, More alfalfa was irrigated when average rainfall pre-
vailed and more wheat was irrigated when below average rainfall was
assumed. As total water supply increased it was profitable to shift to a
higher level of water application per acre of wheat when below average
rainfall was assumed. For example, as water availability was increased
from level 2 to level 3 on farm C-2, the irrigated wheat enterprise
shifted from 23 acres irrigated at 15 acre-inches per acre te 36 acres
irrigated at 20 acre~inches per acre., Thus, increasing the farm water
supply increased the acres irrigated as well as increasing the amount of
water applied per acre, This shift in land use and water application
occurred only when below average rainfall cenditions prevailed,

Considerably more forage crops were produced and irrigated on?f?
resource situations €, D, and E considering a dairy enterprise, than om
the same resource situatiens considgring alternative beef cow=calf enter-
prises. For example; on resource situation E under average rainfall
conditions, the farms including the beef cow-calf enterprises irrigated
only 17 acres of forage and 86 acres of wheat. The same resource situa-
tion, with a dairy enterprise, irrigated 36 acres of forage and 67 acres

of wheat, This comparison is made at irrigation level 4. In all cases,

cotton was the most profitable crop considered for irrigation., The
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TABLE XV

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM C-2, AVERAGE AND BELOW AVERAGE RAINFALL®

c Programmed Cropland Uses {Acres)
Optimum Level _Average Bainfall Below Average Rainfall

of Water Use Farm Water Levels®
Land Classes Per Acre 1 2 3 4 1 2 3 i
Ll and L2
Irrigated
Cotton 13 0 11 11 11 5 11 11 11
Alfalfa 13 ) 3 20 20 Lt 1 6 7
Wheat 12 0 0 0 0 0 0 23 0
Wheat 13 0 0 3 26 0 0] 0 36
Forage Serghum I3 i) 8 8 8 0 8 8 8
Bermuda Grass 11 0 0 0 0 0 2 1 3
Total 0 22 42 65 0 22 49 65
Nﬁnalrrigated »
Cotton IO 11 0 0 0 11 0 6 0
Alfalfa IO 20 17 0 0 11 0 0 0
Wheat IO 34 26 23 0 36 26 3 0
Forage Sorghum IO 0 ] 0 0 3 0 0 0
Other® IO 0 0 0 0 £ 17 13 ]
Total 65 4% 23 8 65 &3 16 6
L3 and LQ
Non=Irrigated
Wheat IO 2 10 10 10 o 10 10 0
Forage Sorghum I, 53 0 0 0 61 0 0 0
Other® IO 128 17% 173 173 122 173 173 183
Total 183 183 183 183 183 183 183 183

aTypical farms are defined by resource sitwation and type in
Tables II and IV of Chapter II.

bLand clagses are defined in Table I of Chapter II.
cCrop irrigation levels per acre are defined im Table V ef Chapter II.
dFarm water levels are defimed in Table VI of Chapter II.,

“Includes oats, small grainm pasture, and idle cropland.
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TABLE XV1

PROGR&MMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM D-2, AVERAGE AND BELOW AVERAGE RAINFALL?

Programmed Cropland Uses (Acres)
Optimum Level _Average Rainfall Below Average Rainfall

of Water Use Farm Water Levels?
Land Classes Per Acre 1 2 3 4 1 2 3 4
L1 and L2
Irrigated
Cotton 13 0 7 7 7 0 7 7 7
Alfalfa I3 0 39 89 90 0 39 68 8l
Wheat 12 0 0 0 0 1] 0 33 0
Wheat I3 0 0 0 58 0 0 0 69
Forage Sorghum I3 0 6 8 8 0 7 7 6
Total R 0 52 10k 163 0 53 115 163
Nen-Irrigated
Cotton I0 7 0 0 0 7 0 0 0
Alfalfa I0 20 53 1 0 17 22 0 0
Wheat I0 69 58 58 0 69 69 36 0
Forage Sorghum I0 42 0 0 0 43 0 6 0
Other® I0 25 0 0 0 27 19 _12 0
Total - 163 111 59 0 163 110 &8 0
L3 and L4
Non=Irrigated
Wheat I0 0 11 11 11 0 0 0 0
Forage Sorghum I0 0 0 0 0 11 0 0 0
Other® I, 73 _62 _62 62 62 73 73 _73

Total 7 773 93 93 93 73

aTypieal farms are defined by resource situation and type in
Tables II and IV of Chapter II.

bLand classes are defined in Table I of Chapter Ila
eCrop irrigation levels per acre are defined in Table V of Chapter II.
dFarm water levels are defined in Table VI of Chapter II.

“Includes oats, small grain pasture, and idle cropland.
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TABLE XVII

PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY
FARM WATER LEVELS, FARM E-2, AVERAGE AND BELOW AVERAGE RAINFALL®

‘ c Programmed Cropland Uses (Acres)
Optimum Level _Average Bainfall Below Average Rainfall

p ©of Water Use Farm Water Levels™
Land Classes Per Acre 1 2 3 4 1 2 3 L
L1 and L2
Irrigated
Cotton I3 0 9 9 9 0 9 9 9
Alfalfa 13 0 21 28 28 0 10 13 15
Wheat 12 0 0 0 0 0 0 45 0
Wheat I3 0 0 27 67 0 0 0 67
Forage Sorghum I3 0 L 4 4 0 20 20 20
Bermida Grass I1 0 0 4 L 0 0 4] 1
Total 0 3% 72 112 0 39 87 112
Nop-Irrigated
Cotton I0 9 0 0 0 9 0 0 0
Alfalfa I0 A 0 0 0 99 0 0 0
Wheat I0 86 67 40 0 0 67 22 0
Forage Sorghum I0 0 0 0 0 L 0 0 0
Other® IO 13 _11 0 0 0 6 3 0
Total 112 78 &0 0 112 73 25 0
L3 and L4
Nop=Irrigated
Wheat IO 0 19 19 19 0 19 19 19
Forage Sorghum I, 209 0 0 0 166 0 0 0
Other® IO 0 190 190 190 43 190 190 190
Total 209 209 209 209 209 209 209 209

aTypical farms are defined by resource situation and type imn
Tables 11T and IV of Chapter I1I.

bLahd classes are defined in Table I of Chapter II.
cCrop irrigation levels per acre are defined in Table V of Chapter II.
dFarm water levels are defined in Table VI of Chapter II.

®Includes oats, small grain pasture, and idle cropland.
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entire cotton allotment was irripgated at the first irrigation level on

L1 land.
Programmed Livestock Numbers

Increasing the quantity of water available for irrigation did not
increase the number of cows inclﬁded in the optimum farm organization
for any resource situation (Table XVIII). However, there were resource
situations where cow numbers included in optimum farm organizations
decreased as water availebility inereased considering average rainfall
conditions. For example, on farm C~1, the first increment of water
resulted in a decrease of three cows and & shifting of an additional three
cows to an alternative fall calving cow-calf enterprise. This shift to
an alternative cow=calf enterprise resulted from competition for spring
labor between irrigated crops and a spring calving cow=calf enterprise.

Farm E~1 is an example of & resource situation where the size of the
cow herd remained the same at each level of water supply. However, the
size of the fall calving enterprise increased and spring calving decreased
at higher levels of water availability.

The results obtained when considering below average rainfall were
somevhat diffefent, Farm C-~1 showed an increase in the number of cows
as water became more readily available; thus, irrigation provided addi-
tional forage to supplement the low producimng rangeland during below
average rainfall years. Even at the highest level of irrigatiom, live-
stock production was considerably below the dryland situation for average
rainfall conditions. Although irrigated grazing activities were con-
sidered in the programming tableaw, these activities were never included

in any of the optimum farm plens. Thus, the returns from irrigated grazing



TABLE XVIII

PROGRAMMED LIVESTOCK ENTERPRISES BY FARM WATER LEVELS AND FARM SIZE

AND TYPE, AVERAGE AND BELOW AVERAGE RAINFALL®

48

Average Rainfall

Below Average Rainfall

Farm and Farm Water LevelsP
Enterprise Unit 1 2 3 I 1 2 3 4
Farm A-1 c ‘

- Cow=Calf® Cow=Umits® ~"11 11 11 11 6 6 6 6
Farm B-1 c

Cow=Calf Cow-Umits® 1& 14 14 14 9 9 9 9
Farm Gwl ’ c

Cow-Calf Cow-Units® 27 21 1& 13 1 15 16 18

Cow-Calf Cow-nits® 9 3 10 11 0 0 0 o
Farm C=2 h

Dairy Cow-Units 23 23 23 23 17 23 22 21
Faxrm D=1 c

Cow-Calf Cow-Units® 27 27 27 24 16 16 22 15

Cow=Calf Cow-¥nits 0 0 0 3 0 0 0 4
Farm D-2 h

Dairy Cow=Units 23 23 23 23 19 23 20 17
Farm E=1 c

Cow-Calf Cow-Tmits® 79 76 72 68 50 50 50 L6

Cow-Calf Cow-Tnits 0o 3 7 1 0 0 0 &
Parm E-2 h )

Dairy Cow=Units 66 66 66 66 b 5k 5% 5k
Faxrm F=1 o

Cow-Calf Cow-Units® 110 110 110 110 60 64 11 9

Cow-Calf Cow-lnits 6 0 0 0 9 5 .4 48
Farm F-2 e )

Cow-Calf Cow-Units® 69 69 69 69 0 48 46 46

Cow-Calf Cow-Units® 0 0 0 0 56 0 0 0

Feeders® Number 139 137 164& 149 67 8% 111 121

Feeders Number ¥7 106 127 115 23 31 8% 92

a . .
“Typical farms are defined by resource

Tables I1 and IV of Chapter II.,

bFarm wvater levels are defined in Table VI of Chapter II.
{Continued)

situation and type in
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TABLE XVIII (continued)

cCalving in March, selling good-=choice feeder calves October 1, off
native range; non-creep feeding, winter ration of alfalfa hay and range.

dCalving in November, selling good-choice feeder calves July 20;
non-creep feeding, winter ration of range, forage sorghum silage, and
cottonseed cake.

“Peeders purchased in Octeber; wintered om small grain pasture with
forage sorghum and cottonseed cake when off smell grain; sold off grazed
out small grain May 15.

fFeeders‘purchased in April, grazed through summer on midland
bermuda range; sold off midland bermuda range October 15.

€Cow-units are numbers of cows in herd that include a bull, replace-
ment heifers, and calves during spring and summer,

‘hCow~units are number of dairy cows in herd that include a bull and
replacement heifers.
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enterprises were low relative to other land using production alterna-
tives,

Increasing water availability had no effect on the size of the ‘ddiry
herd under average rainfall conditions. However, the amount of water
available for irrigation did effect the herd size assuming below average
rainfall conditions. Feor example, on farms C-2 and D=2, the size of the
dairy herd increased with the first level of irrigation and then decreased
with increases in water availability to levels 2 and 3. This implies that
water was more limiting than labor at the first level of irrigation. As
water became more readily available, additional acreages of irrigated
crops yielding a greater return te laber replaced part of the dairy herd.
Thus, when labor became the most limiting reseurce, irrigated crops
reduced the number of dairy cows included in the optimum farm organization.

Irrigation had more effect on the number of feeder cattle in the
optimum farm organization than upen the size of the beef cow-calf enter-
prise. This occurred because the basic feed requirement of feeder cattle
was alfalfa, sorghum, and other forage rather than grazing native pasture.
Since the forages untilized by feeder cattle were included as irrigated
activities in the pregramming tableau, the number of feeder cattle in a
final optimum farm organization were directly related to the Qvailability

of irrigation water.

Resource Requirements and Income

Farms With Beef Cow-Calf Enterprises

Total labor and capital requirements and gress and net farm income
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increased for all farms with beef cow-calf enterprises as water supply
per farm increased (Tables XIX-XXIV),

Labor and Non-Land Capital Investment. Family labor provided the

additional laber required to irrigate farms A-1, B-1l, and C~1 for all
levels of irrigation and both rainfall conditions. The increase in
family labor requirement for irrigation ranged from 330 hours to 811
hours for average rainfall conditions and 395 hours to 865 hours for
below average rainfall conditions (Tables XIX-XXIV).

Farmg D-1, E-1, and F-1 required hired labor in addition to the
family labor supply for one or more of the irrigation levels even theugh
the total annual family laber supply was not completely utilized. This
situation was apparent for both rainfall conditions., The increase in
total labor requirement ranged from 6&4 hours on farm E-1 to 1,979 hours
on farm F-1 for average rainfall conditions. Slightly more labor was
required for below average rainfall conditions.

The quantity of labor required per farm was directly related to
farm size. That is, as farm size increased, the total labor requirement
as well as hired labor9 increased. Fer example, the toetal labor required
for farm A-1 was 707 hours with ne hired labor required. Heowever, on
farm Ffl, the total labor required was 4,803 hours with 2,431 hours of
labor hired.

Non-land capital requirements increased considerably for all farms
in this group as quantities of water per farm increased. The largest
incremental increase occurred from irrigation level 1 to irrigation
level 2. Although the percentage increases in non-land capital require-
ments were somewhat lower on the larger farms (resource situations E

and F), the absolute increases on these farms were much greater.



TABLE XIX

PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM A-1,
AVEBAGE AND BELOW AVERAGE RAINFALL®

Average Rainfall . Below Average Rainfall
Farm Water LevelsP
Item 1 2 3 4 1 2 3 4

Total Water Used, Acre Feet 0 18.75 37.50 56.25 0 24.00 48.00 72.00
Labor Required:

Hired, Hours 0 0 0 0 0 0 0 0

Family, Iours < 377 489 603 707 253 504 536 648

Total, Hours 377 489 603 707 253 504 536 648
Capital Required, Dollars® 3,150 5,040 5,297 5,686 1,995 3,680 4,285 4,720
Gross Farm Income, Dollarsd 3,241 4,730 5,465 6,365 1,921 3,687 4,663 5,606
Net Farm Income, Dollars® 1,767 2,138 2,393 2,595 948 1,449 1,902 2,037
Changes in Net Farm Income: '

From No Irrigation, Dollars 0 371 626 828 0 501 954 1,089

From Preceding Level of

Irrigation, Dollars 0 371 255 202 0 501 453 135

Marginal Beturns Per Acre

Foot of Water:f

From No Irrigation, Dollars 0 19.79 16.69 14,72 0 20.88 19.88 15.12

From Preceding Level of

Irrigation, Dollars 0 19.79 13.60 10.77 0 20.88 18.88 5.62

;Typical farms are defined by resource situation and type in Tables II1 and IV of Chapter II.
Farm water levels are defined in Table VI of Chapter II.

Includes all capital reguired except imvestment in land.

dTotal value of all products produced on the farm.

%B@turns to land, family labor, risk, and management .

Marginal returns to water, family labor, risk, and management associated with irrigation.
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PROGRAMMED RESCURCE REQUIBEMENTS AND INCOME BY

AVEBAGE AND BELOW AVERAGE RAYNFALL®

FABM WATER LEVELS, FARM B-1,

Average Bainfall

Bélow‘Ave ggé Rdinfall

Farm Water LevelsP

Iltem 1 2 3 4 1 2 3 4

Total Water Used, Acre Feet 0 £1.50 83.00 124,50 0 53.17 106.3% 159.51
labor Beguired: '

Hired, Hours Q )] 0 0 0 0 0 0

Family, Hours 523 764 1,102 1,334 A 700 1,019 1,269

Total, Hours 523 764 1,102 1,334 504 760 1,019 1,269
Capital Required, Dollars® k LGh 8,556 8,989 9,950 3,280 7,380 8,405 9,355
Gross Farm Income, D@llarsd 5,187 8,385 9,875 11,890 3,315 7,026 9,163 11,220
Net Farm Income, Dollars® 3,147  3,70% 4,237 4,680 1,633 2,650 3,663 3,978
Changes in Net Farm Income:

From No Irrigation, Dollars G 556 1,090 1,533 0 1,017 2,030 2,345

From Preceding Level of

Irrigation, Dollars 0 556 53k 543 0 1,017 1,013 315

Marginal Returns Per Acre

Foot of Water:

From No Irrvigation, Dollars 0 13.40 13.13 12,31 0 19.13 19.09 14.70

From Preceding Level of

Irrigation, Dollars 0 13.40 12,87 10.67 0 19.13 19,05 5.92

gTypieal farme are defined by rescurce situation and type

Farm water levels are defined im Table VI of Chapter II.
Includes all capitml required except investment in land.
gT@tai value of all products produced on the farm.

Returns t¢ land, family laber, risk, and management,
Marginal returns te water, family laber, risk, and menagement asscciated with irrigation.

in Tables II and IV of Chapter II.



TABLE XXI

PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM C-1,

AVERAGE AND BELOW AVERAGE RAINFALL®

Average Rainfall

Farm Water Leveléﬁf

Below Average Bainfall

Item v 1 2 3 L4 1 2 ] 4
Total Water Used, Acre Feet 0 30.10 60.20 90.30 0 38.92 77.8: 116.76
Labor Required:
Hired, Hours 0 0 0 0 0 0 0 0
Family, Hours _ . 1,027 1,507 1,581 1,772 418 851 882 1,080
Total, Hours 1,027 1,507 1,581 1,772 518 851 882 1,080
Capital Required, Dollars® 8,542 10,842 11,458 12,027 4,080 7,264 8,065 8,855
Gross Farm Income, Dollarsd 6,946 8,915 9,750 11,120 3,320 5,588 7,080 8,262
Net Farm Income, Dollars 3,506 3,890 4,250 4,565 1,745 2,270 2,996 3,302
Changes in Net Farm Income:
¥rom No Irrigation, Dollars 0 384 744 1,059 0 525 1,251 1,557
From Preceding Level of
Irrigation, Dollars 0 384 360 315 0 525 726 306
Marginal ReturnsfPer Aere
Foot of Water: _
From No Irrigation, Dollars -0 12.76 12.36 11.73 0 13.49 16.67 13,34
From Preceding Level of )
Irrigation, Dellars 0 12,76 11.96 10.47 0 13.49 18.65 -"77.86

20 o

Total value of all products produced on the farm.

= ®

Returns to land, family labor, risk, and management.
Marginal returns to water, family labor, risk, and management associated with irrigation.

Typ1ca1 farms are defined by resource situation and type in Tables II and IV of Chapter IT.
Farm water levels are defined in Table VI of Chapter II.
-Includes all capital required exeept investment in land.
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PROGRAVMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM D=1,
AVERAGE AND BELOW AVERAGE BAINFALL®?

TABLE XX)IX

Average Rainfall

Below Average Rainfall

Farm Water LevelsP

Ttem 1 2 3 b 1 2 3 4
Total Water Used, Acre Feet 0 76.00 152.00 228.09 0 98.58 197.16 295 .74
Labor Required:
Hired, Hours 0 0 70 283 0 0 26 305
“Pamily, Hours 1,066 1,424 1,849 1,955 739 . 1,285 1,824 1,983
Total, Hours 1,0k4 1,424 1,919 2,238 739 1,285 1,850 2,288
Capital Reguired, Dollaxs® 8,576 16,3006 17,963 19,385 5,735 13,676 15,778 17,215
Gross Farm Income, Dollargd 9,130 13,282 17,705 20,210 5,348 10,600 13,630 18,570
Net Farm Income, Dollars® 5,563 5,795 6,846 7,620 2,702 3,970 5,367 6,220
Changes in Net Farm Inmcome:
From No Irrigatiom, Dellers 0 232 1,283 2,057 0 1,268 2,665 3,518
From Preceding Level of
Irrigation, Dollars 0 232 1,051 77k 0 1,263 1,396 853
Marginael Returns Per Acre
Foot of Water:f
From Ne Irrigation, Dellars 0 %.05 8.44 9.02 0 12.86 13.52 11.90
From Preceding Level of
Irrigation, Dollers 4] 3.05 13083_ 10.18 0 12.86 14,17 8.65

& ypical farms are defimed by resource situation and type in Tables II and IV of Chapter II.

T
b?arm water levels are defined in Table VI of Chapter II.
“Includes all capital reguired except investment in land.
dTetal value of 8ll products produced on the farm.

turns to land, family labor, risk, and management.
Marginal returms to water, family labor, risk, and management associated with irrigation.
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TABLE X¥I1T

PROGRAMMED BESOURCE REQUIEEMENTS AND INCOME BY FPARM WATER LEVELS, PABM E=1,
AVEBAGE AND BELOW AVERAGE BAINFALL®

Average Rainfall Below Averace Bainfall
Farm Water LevelsD
Ttem 1 2 % L 1 2 3 4
Total Water Used, Acre Feet 0 49.25 98.50 147.75 0 67.42 134.8% 202,26
Labor Reguired:
Hired, Hours 92 127 290 k34 0 0 0 168
Family, Hours . 1,676 1,703 1,892 1,978 1,070 1,358 1,773 1,866
Total, Hours 1,768 1,830 2,182 2,412 1,070 1,358 1,773 2,034
Capital Required, Dollars® 20,196 24,425 25,133 25,8060 12,920 14,575 18,260 19,350
Gross Farm Income, Dellargd 13,471 16,115 17,525 19,050 9,870 10,405 13,402 15,506
Net Farm Income, Dollars® 8,075 8,355 8,835 9,270 k,737 5,040 6,222 6,635
Changes in Net Farm Income:
Prom No Irrigation; Dellars 0 280 760 1,195 O 30% 1,485 1,898
From Preceding Level of
Irrigation, Dollars 0 280 86 435 0 303 1,182 51%
Marginal Returns Per Acre
Foot of Water:
From No Irrigatien, Dollars it 5.69 7.7 8.12 0 §. 49 11.01 .38
From Preceding Level of
Irrigation, Dollars O 5.69 9.75 8.8% 0 4,49 17.53 6.13
-

bTypical farms are defined by resource situation and type in Tables II and IV of Chapter II.
Farm water levels are defimed in Table VI of Chapter II.

Includgs all capital required except investment in land,

dT@tal alue of all products produced on the farm.
Heturng to land, family labor, risk, and management.

Margingal returns to water, femily laber, risk, and mavagement asscciated with irrigstion.
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TABLE XXIV

PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FABM F-1,

AVERAGE AND BELOW AVERAGE RAINFALL2

Average Rainfall

Below Average Bainfall

Farm Water LevelsP

Item 2 ji 4 1 2 3 - 4
Total Water Used, Acre Feet 0 140,16 280.32 420,48 0 181.75 363.50 545.25
Laber Required:
Hired, Hours 562 1,108 1,885 2,431 0 915 1,176 2,048
Family, Hours 2,362 2,094 2,153 2,372 2,034 2,043 2,236 2,274
Total, Hours 2,824 3,202 4,038 4,803 2,034 2,958 3,412 4,322
Capital Required, Dollars® 30,01¢ 43,000 45,845 47,775 23,790 30,295 33,160 37,515
Gross Farm Income, Dollarsd 26,955 35,360 42,875 47,020 17,585 27,058 31,307 40,458
Net Farm Income, Dollars® 16,190 16,850 18,323 19,600 9,050 11,379 13,337 14,634
Changez in Net Farm Income:
From No Irrigation, Dollars 0 660 2,133 3,410 0 2,328 4,387 5,584
From Preceding Level of
Irrigation, Dollars 0 660 1,473 1,277 0 2,328 1,958 1,298
Marginal Returns Per Acre
Foot of Water:f
From No Irrigation, Dollars 0 4.71 7.61 8.11 0 12.81 12.59 10.24
From Preceding Level of
Irrigation, Dellars 0 .71 10,51 9.11 0 12.81 10.77 7.14

a’l‘ypica,l farms are defined by resource situnation and type
cFarm water levels are defined in Table VI of Chapter II.
Includes all capital required except investment in land.

Total value of all products produced on the farm,
leturns to land, family lasbeor, risk, and management,
family laber, risk, and menagement associated with irrigation.

Marginal returns to water,

in Tables II and IV of Chapter II.
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The non-land capital requirements on farm A-1 increased frem $3,150
for irrigation level 1 to $5,686 for irrigation level 4. The capital
requirenents for irrigatien:level 2 were $5,040 (Table XIX), Thus, the
largeat increase in capital requirememts occurred as irrigation was first
introduced, reflecting the investment in the irrigation equipment. There-
after, only slight increases were observed as irrigation levels 3 and &
were added. The largest percentage increase in capital requirements was
126 per cent on farm D-1 with an absolute increase of $10,815. However,
the largest abselute increase occurred on farm F-=1 where an increase of
$17,765 occurred (59 per cent greater than the non-irrigated level).

Levels of Income. Net returns increased with each additiensl incre-

ment of water for all farms and rainfall coenditions (Tables XIXqXXIV)o2
However, the increase in net returns from the preceding water level for
the second and third increments of water was less than the first increment
on farms A=1, B-1, and C=1 fer average rainfall and on farms A-1, B=1,
and F-1 for below average rainfall. For example, on farm A-1 (Table XIX),
the first increment of water added $371 toc met income. Then, as second
and third increments were added, the increase in net returms from the
preceding level drepped to $255 and $202, respectively. The same general
relation held for below average rainfall cenditions on this farm.

This relationship did not exist for farms D-1, E-1, and F-1 for
average rainfall and farms C=1, D=1, and E=1 for below average rainfall.
On these farms, the increase in net returns was greater for the second

inerement of water than for the first level. Then the net returns declined

2Water delivery costs from source of supply te farm were not included
in the programming models,
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for the third level. For example, on farm D-1 (Table XXII), the increase
in net returns from irrigation level 1 to irrigation level 2 was $232.
With the addition of irrigation level 3, net retufns increased by $1,051
over the previous level. The additien of irrigation level 4 increased
net returns by $774. On these farms the second and third increments of
water were werth more thén the first becanse of the inefficient use of
the irrigation equipment at irrigation level 2,

The marginal returns per acre foot of water from the preceding irriga-
tion level declined with each additional increment of water fer only
three of the six farms in this group. Fer the remaining three farms, the
marginal returns per acre foot of water from the preceding level increased
a3 the second increment of water was added and decreased as the third
increment was added. On these farms, the second increment was worth more
than the first because of the inefficient use of irrigation equipment at
farm water level 2, Since the irrigation system for a particular resource
situation was designed to efficiently irrigate all its irrigable land at
level 3, the fixed coest per acre was extremely high for the relatively
small number of acres irrigated at level 2.

However, when the total fixed costs of the irrigation equipment were
not considered, the marginal returns per acre foot of water from the pre=
ceding farm water level declined with inecreases in water availability.,3
This condition occurred for all resource situations with beef cow-calf

enterprises,

3The total fixed costs of irrigation equipment were subtracted from
the programmed results which included these items. Marginal returmns per
acre foot of water from the preceding level are presented in Appendix &,
Table IIX.
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The land resource situations of the six typical farms were defined
to permit a comparison of the effects on net farm income of alternative
combinations of bottomland eropland and tetal cropland. Thus, it was
possible to evaluate the relative magnitude of the change ig returns due
to scale relationships as compared to changes in the amount of bottomland
cropland. This cemparison is made under dryland conditions only and
excludes all comparisons with alternative farm water levels.

‘Generally, increasing acres of bottomland had a greater impact on
net returns than did other increases in farm size., The results were
similar fer béth rainfall cenditions. By comparing the net returns of
farm A-1 with farm B-~1, it was possible to evaluate the effect of increas-
ing bottomland by 12k per cent with total crepland remaining nearly ceon-
stant. Feor average rainfall, the increase in net returns associated with
this land resource change is 78 per cemnt, and for below average rainfall,
the increase in net returns is 72 per cent,4 However, by comparing
farm B-1 with farm C-1, it was possible to evaluate the effécts of increas-
ing farm size while keeping acres of bottomland nearly congtantc -The
inerease in net returns asseociated with a 119 per cent increase in farm
size was-oh}y seven and 11 per cent for below average and average rain-
fall conditiens, respectively. Comparisons similar te those above are
difficult te make for farms E-1 and F-1 since all factors such as crop-

land, rangeland, and bettomlamd increase similtaneously.

Farm With Feeder Cattle Enterprise

Total leber and capital requirements and gross and net farm income

kNet returns to land, family laber, risk, and management.
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increased for farm F-2 as the water supply increased (Table XXV). Although
net farm inceme increased as more water became available, it increased at

a decreasing rate, Marginal returns per acre foot of vater from the pre-
ceding level decreased as additional water became available.

Labor and Non-Land Capital Investment. This farm type, which included

alternative feeder enterprises as production activities hired a major por-
tion of the labor requnired fsr irrigation. The total labor requirements
for irrigation level 4 with average rainfall conditions wefe 5,146 hours.
This was 2,580 hours greater than the non-irrigated plan and required
2,249 hours of hired labor.

Non-land capital requirements increased $12,115 under average rain-
fall conditions and $23,545 when below average rainfall conditions pre-
vailed,

Comparing farm F-1 (Table XXIV) with farm F-2 (Table XXV) provided an
opportunity to analyze the effect of changes in farm type om resource
requirements and income, The labor requirements and non-land capital
requirements are somewhat higher on farm F-2 than on farm F=1., For -
exemple, the capital requirements were $47,775 on farm F-1 and $56,625 on
farm F-2 assuming farm water level 4 and average rainfall conditiems.

Levels of Income, Net farm income increased and marginal returns

per acre foot of water from the preceding level decreased on farm F-2 as
farm irrigation levels increased. Net farm income increased from $17,500
for the non-irrigated plan to $22,211 for the irrigated program at level &
for average rainfall ednditionsg With the same‘conditions prevailing, the
marginallyeturns per acre foot of water from the preceding level decreased
from $1&;3é vhen the first increment was added to $8.06 when the third

increment was added,



PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM F-2,
AVERAGE AND BELOW AVERAGE RAINFALL®

TABLE XXV

Average Rainfall

Farm Water LevelsP

Below Average Rainfall

Item 1 2 3 4 1 2 3 4
Total Water Used, Acre Feet g 137.25 275.50 411.75 0 179.25 358.5¢ 537.75
Labor Required:
Hired, Hours 499 1,215 1,998 2,748 136 820 1,943 2,719
Fapily, Hours 2,067 2,300 2,398 2,398 1,922 2,173 2,398 2,398
Total, Hours 2,566 3,515 4396 5,146 2,058 2,993 L ,341 5,117
G&Pit&l R@qulr@dg DOllarSc &&5510 599570 55 9265 569625 269 125 379515 Iis 9&05 499670
Gross Farm Income, I)a;:llargd 50,675 66,260 76,880 81,346 29,655 41,545 59,012 68,965
Net Parm Income, Dollarse 17,500 19,465 21,105 22,211 10,505 12,512 15,377 16,817
Changes in Net Farm Income:
From No Irrigation, Dollars 0 1,965 3,605 L, 711 0 2,007 b 872 6,312
From Preceding Level of
Irrigation, Dellars 0 1,965 1,640 1,106 0 2,007 2,865 1,440
Marginal Returns Per Acre
Foot of Water:f
From No Irrigation, Dollars H 14,32 13.13 11 .54 0 11.20 13.60 11.74
From Preceding Level eof
Irrigation, Dollars 0 14,32 11.95 8.06 0 11.20 15,98 8.03

:Typical farms are defined by resource situation and type
Farm water levels are defined in Table VI of Chapter II.
Includes all capital required except investment in land.

é@otal value of a2ll products produced on the farm,
Returns te land, family labor, risk, and management.
“Marginal returns te water, family labor, risk, and management associated with irrigation.

in Tables ‘TI. and IV of Chapter II.
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Farms With Dairy Enterprises

Total laber and capital requirements and gress and net farm income
increased for the three farms with dairy enterprises as the water supply
was increased (Tables XXVI-XXVIII).

Labor and Non-Land Capital Investment. The resource situation of

these farms was the same as farms C-1, D=1, and E~1. Considerable dif-
ferences were noted oen the source of additienal labor when a déiry enter-
prise was substituted for the beef cow-calf enterprises on resource situa-
tions C, P, and E. On the dairy farms, all or nearly all of the family
labor supply was utilized before irrigation was censidered as a production
alternative, Thus, much greater demand was placed on hired labor for the
dairy farms than was experienced on the same resource sitwations where
beef cow-calf enterprises were considered. For example, the available
family laber supply on farm D=2 was utilized at farm water level 1 and

364 hours of hiredllabor were required. The increase in hired labor as

a result of maximum irrigation, ranged from 246 hours on farm C-2 with
average rainfall conditions te 1,303 hours onr farm E=2 with below average
rainfall conditiens.

The capital and labor requirements were mmch higher on resource
situations with a dairy enterprise than on comparable resource situations
with a beef cow=calf enterprise. For example, assuming below average
rainfall, the capital requirements at irrigation level 4 were $8,855 for
farm C-1 and $20,750 for farm C-2. Likewiseﬂ the total labor require-
ments were 1,080 hours and 2,476 heurs for farme C-1 and C-2, respectively.

Levels of Imcome, Net farm income increased on all farms in this

group as the quantity of water per farm increased. The marginal returns

per acre foot of water from the preceding level decreased as water



PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM C-2,
AVERAGE AND BELOW AVERAGE RAINFALL®

TABLE XXVI

Below Average Rainfall

Average Rainfall
- Farm Water Levels®

Item 1 2 3 4 1 2 3 4
Total Water Used, Acre Feet G 29.33 58.66 88.00 ¥ 37.00 74.00 111,00
Labor Required:
Hired, Hours 313 347 394 559 0 321 320 359
Family, Hours 2,377 2,398 2,398 2,398 2,14l 2,064 2,096 2,117
Total, Hours 2,690 2,745 2,792 2,957 2,141 2,385 2,416 2,476
Capital Required, Dollars® 19,985 21,874 22,016 22,605 16,284 22,139 '20,822' 20,750
Gross Farm Income, Dollarsd 11,877 13,492 14,595 15,545 8,416 12,870 13,175 13,810
Net Farm Ineome, Dollars® 3,903 4,308 L 643 4,855 2,388 3,313 3,928 4,198
Changes in Net Farm Income: .
From Ne Irrigation, Dollars 0 505 740 952 ) 925 1,540 1,810
From Preceding Level of
Irrigation, Dollars 0 %05 335 212 0 925 615 270
Marginal Returns Per Acre
Foot of Water:f _
From No Irrigation, Dollars 0 13.81 12.62 10.82 0 25,00 20.81 16.31
From Preceding Level of
Irrigation, Pollars 0 15.81 11.42 7.23 9 25.00 16.62 7.30

a0 o

Total value of all products produced on the farm.

o D

Returns to land, family labor, risk, and management.
‘Marginal returns to water, family labor, risk, and management asseciated with irrigation.

aTypical farms are defined by resource situation and type in Tables II and IV of Chapter 1I.
Farm water levels are defined in Table VI of Chapter II.
Includes all capital required except investment in land.



PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM D-2,
AVERAGE AND BELOW AVERAGE RAINFALL2

TABLE XXVIiI

Average Bainfall

Below Average Rainfall

Farm Water LevelsP

item 1 2 3 L 1 2 3 4
Total Water Used, Acre Feet € 75.58 151.16 226.7k ¢ 97.25 194.56 291.75
labor Required:
Hired, Hours {2 883 1,243 1,508 154 743 870 1,039
Pamily, Hours 2,398 2,398 2,398 2,398 2,228 2,203 2,305 2,372
Tetal, Hours 2,762 3,281 %641 3,900 2,382 2,946 3,175 3,411
Capital Required, Dollars® 20,190 28,076 28,908 30,500 17,795 27,820 26,875 26,5060
gross Parm Income, D@llarsd 12,996 19,903 23,355 25,555 9,854 17,720 20,655 22,785
Net Farm Income, Dellars® L 947 5,855 6,683 7,295 3,096 4,206 5,469 6,308
Changes in Net Farm Income;
From No Irrigation, Dollars 0 908 1,736 2,348 0 1,116 2,379 3,218
From Preceding Level of
Irrigation, Dellars 0 908 828 612 6 1,116 1,263 839
Marginal Returns Per Acre
Foot of Water:f
From No Irrigation, Dollarse 0 12.61 11.48 10.36 0 11.48 12.23 11.0%
From Preceding Level of
Irrigation, Dollars 0 i2.01 10.96 8.10¢ 0 11.48 13.60 8.6%

%Typic&l farms are defined by resource situation and type in Tables IIXI and IV of Chapter II,

Farm water levels are defined in Table VI of Chapter 11,
Includes all capital required except investment in land.
iTotal value of all products produced on the farm,

Returns to land, family labor, risk, and management.
Marginal returns to water, family labor, risk, and wmanagement associated with irrigation.



PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM E-2,
AVERAGE AND BELOW AVERAGE RAINFALL®

TABLE XXVIII

Average Rainfall

Below Average Rainfall

Farm Water Levelsﬁi

Item 1l 2 3 A 1 2 3 A
Total Water Used, Acre Feet 0 49.83 99,66 149,49 0 61.50 123.00 184.50
Labor Required:
Hired, Hours 4,114 4,372 4,708 4,970 1,164 1,898 2,151 2,467
Family, Hours 2,398 2,398 2,398 2,398 2,398 2,398 2,398 2,398
Total, Hours 6,512 6,770 7,106 7,368 3,562 4,296 4,549 4,865
Capital Required, Dollars® _ 69,310 72,015 73,050 73,650 38,390 46,215 46,370 47,305
Gross Farm Income, Dollarsd 41,345 41,935 43,285 4L,655 20,660 26,565 27,870 29,407
Net Farm Income, Dollars® 9,480 9,555 9,915 10,290 5,170 6,450 7,095 7,563
Changes in Net Farm Income:
From No Irrigation, Dollars Y 75 435 810 9 1,280 1,925 2,393
From Preceding Level of
Irrigation, Dollars 8 75 360 375 0 1,280 645 468
Marginal BeturnsfPer‘Acre
Foot of Water:
From No Irrigation, Dollars 0 1.51 4,36 5.42 0 20.81 15.65 12.97
From Preceding Level of ,
Irrigation, Dollars 0 1,51 7.22 7.53 0 20.81 10.49 7.61

=" - -

=5 (O

Typlcal farms are defimed by resource situation and type in Tables II &nd IV of Chapter II.
Farm water levels are defined in Table VI of Chapter II,
Includes all capital required except investment in land.
Total value of all products produced on the farm.

Returns to land, family labor, risk, and management.

Marginal returns to water, family laber, risk, and management associated with irrigation.
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availability increased omn farms C-2 and D-2 when average rainfall condi-
tions prevailed and on farm E-2 for below.average rainfall conditions,
Net farm income increased considerably as acres of bottomland increased
(compare Table XXVI to XXVII) for both raiafall conditions. However,
expanding the farm by increasing upland cropland resulted in a decrease
in net income (compare Table XXVII to XXVIII).

Resource situations C, D, and E were prograrmed with dairy as the
main livestock enterprise and with a beef cow-calf system as the main
livestock enterprise. Net farm income was higher on the deiry farms for
resource situations C and E. However, the beef cow=calf enterprise com-
bined with the cropping activities generated more net farm income than
occurred on the dairy-crop farms of resource sitnation D (compare

Tables XXI-XXIII to XXVI-XVIII),



CHAPTER IV
INTERPRETATION AND APPLICATION OF RESULTS

The programming results diseussed in Chapter III indicate that
supplemental irrigation can significantly increase the income from
farming in Roger Mills County. However, the availability of a water
supply adequate to meet the programmed water requirements is extremely
crucial to the attainment of these increases in income associated with
irrigation,

The purposes of this chapter are to discuss the programming results
of the 10 typical farms as these results apply in the aggregate and pre-
sent alternative hypothesis concerning farmer reluctance to the adoption

of irrigation.
Aggregate Water Requirements

This study was limited to a population of 150 farmers in Roger Mills
County. This population was defined as "farm units within the Washita
River Basin of Roger Mills County operating bottomland”. From this
population, a random sample of 65 farmers were surveyed to obtain basic
resource data and other information necessary for developing the pro-
gramming analysis. This analysis was pgrformed on 10 typical farms with
alternative assumptions concerning rainfall conditions and water avail-

ability.,1

1The definitions and assumptions underlying the programming analysis
are presented in Chapter II.
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The programmed water regquirements of each of thé typical farms pro-
vided the basis for extrapolating the total water requirements of all
farms considered in this study. In order to make this extrapolation, it
was necessary to. determine the number of farms in each farm size and type
group for the entire population (Table XXIX),2 The total water require-
ments of each typical farm were determined at farm water levels 2-4 for
average and belov average rainfall (Tables XXIX and XXX). For example,
the total water requirements for the 23 farms in the population of farm
type A-1 at farm water level & were 1,292 acre-feet assuming average rain-
fall conditiens and 1,656 acre-~feet when below average rainfall conditions
prevaiied,

The aggregate water requirements for the 150 farms in the population
are the summation of the total water requirements for the 10 typical
farms {Tables XXIX and XXX)° Assuning average weather conditions,

26,306 acre-feet of water were required to irrigate the 18,905 acres of
bottomland in the sfudyc That is, an average of 1.4 acre-feet of waier
per acre were required under average rainfall cenditions to satisfy the

3

equilibrivm conditiong
mw1=mw2 = oo EBWWG zMCwo

Assuming below average rainfall, the gquantity of water required to

irrigate the 18,905 acres of irrigeble land was 34,117 acre-feet, Thus,

zThis extrapolation was made on the assumption that the number of
farms in each farm size and type group of the population was the same
proportion of the total farms as existed in the sample between a farm
size and type group and the sample total.

3MV’P i refers io the marginal value preduct of water in the pro-
duction of the i** product and MC represents the marginal cost of the
last unit of water.



TABLE XXIX

AGGREGATE ANNUAL IRRIGATION WATER REQUIREMENTS FOR THE POPULATION OF FARMS OPERATING
BOTTOMLAND IN THE WASHITA RIVER BASIN OF ROGER MILLS COUNTY BY FARM WATER LEVELS
' FOB AVERAGE BAINFALL CONDITIONS '

Farm Water LeveléE

Number of 2 ' 3 I b _
Farm Sizg Farms in Acres Water Acres Water Acres Water
and Type Population Irrigated Required Irrigated Required Irrigated Required
(Acre-Feet) {Acre-Feet) = = = (Acre-Feet)
A=1 23 276 447 598 855 874 1,292
B-1 25 650 1,035 1,425 2,060 2,125 3,110
Cc-1 12 240 358 528 718 780 1,085
C-2 16 352 572 672 940 1,040 1,400
D-1 21 1,428 1,601 2,520 3,202 3,423 4,790
D=2 7 364 526 728 1,063 1,141 1,588
E-1 16 54l 792 1,168 1,572 1,792 2,368
E-2 ‘ 7 238 349 504 696 784 1,046
P-1 18 1,656 2,512 3,420 5,037 5,436 7,570
P=2 2 500 687 1,045 1,371 1,510 2,057
Total 150 6,248 8,779 12,608 17;514 , 7115{9055,_;ﬁ_26,306

%A deseription of farm size and type groups is presented in Tables II and IV of Chapter II.

bFarm water levels are defined in Table VI of Chapter II.

oL



TABLE XXX

AGGREGATE ANNUAL IRRIGATION WATER REQUIREMENTS FOR THE POPULATION OF FARMS OPERATING
BOTTOMLAND IN THE WASHITA RIVER BASIN OF ROGER MILLS COUNTY BY FARM WATER LEVELS
FOR BELOW AVERAGE RAINFALL CONDITIONS

Farm Water Levelsb

Number of 2 3 :
Farm Sizg Farme in Acres Water Acres Water Acres Water
and Type Population Irrigated Required Irrigated Reguired Irrigated Required
{Acre—Feet) (Acre-Feet) {Acre-Feet)

A-1 23 276 531 874 1,091 874 1,656
B=1 25 750 1,327 2,125 2,658 2,125 3,983
-1 12 276 455 780 927 780 1,403
=2 16 352 603 784 1,188 1,040 1,775
p-1 21 1,995 2,072 3,024 L bg158- 3,423 6,216
D-2 7 371 682 805 1,360 1,141 2,045
BE-1 16 752 1,083 1,792 2,157 1,792 ~ 3,236
E-2 7 429 273 609 863 784 1,296
F-1 18 3,312 3,266 5,202 6,537 5,436 9,822
F-2 5 902 775 1,450 1,793 1,510 2,688

Total 150 99415 11,073 17,445 22,732 18,905 34,117

By description of farm size and type groups is presented in Tables II and IV of Chapter II.

bFarm water levels are defined in Table VI of Chapter II.
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approximately 1.8 acre-feet of water per acre were required to satisfy
the above equilibrium condition assuming below average rainfall. This
is approximately 30 per cent greater than the total water required under
average rainfall conditienms.

The difference in water requirements at farm water level 4 between
average and below average rainfall was the result of irrigation water
substituted for a reduction in natural precipitation. The same amount
of bottomland was irrigated at farm water level 4 under both rainfall
conditions. However, the difference in water requirements at farm water
levels 2 and 3 between the two weather conditions was explained by two
factors. One factor was the result of irrigation water substituted for
a reduction in natural precipitation. A second factor was that more
acres of bottomland were irrigated at farm vater levels 2 and 3 when
below average rainfall years prevailed as compared to average rainfall
years.

Assuming average rainfall conditions, a 33 per cent reduction in
water availability resulted in a 33 per cent reduction in acres %frigated
(farm water level 4 to 3), However, when a 33 per cent reduction in
water availability eccurred when below average rainfall prevailed, the
result was an eight per cent reduction in acres irrigated (from water
level 4 to 3). This difference in acres irrigated between the two
weather conditions can be explained by a difference in the most pro-
fitable level of water application per acre for the irrigated (.zlr"ops‘,éA

All creps were irrigated at level I, for all levels of water availability

3

assuming average rainfall conditions. Thus, a given percentage reduction

&Crop water levels are defined in Table V of Chapter II.
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in water availability resulted in an equal percentage reduction in acres
irrigated. However, a reduction im water availability assuming below
average rainfall caused the most pr@fitable level of water application
per acre on some ¢rops to shift to a lewer leve1°5 This shifting to a
lower level of water application permitted more bottomland to be irri-
gated wvith a given amount of water.

Historical weather data for Roger Mills County indicate that
natural precipitation would be adequate for optimum plant growth approxi-
mately two years out of every 10. In the remaining eight years there
would be: (1) two years when irrigation would be required to supplement
below average rainfall to achieve optimum plant growth and (2) six years
when irrigation would be required to supplement average rainfall to
achieve optimum planmt growth. Thus, the expected aggregate water require-
ments for a 10 year period would be 226,070 acre~feet to irrigate the

18,905 acres of bottomland analyzed im this study at farm water level 4.
Supply of Water

There are two potential sources of water fer irrigation in Roger
Mills County: (1) water stored in structures developed in association
with the upstream flood protection program, and (2) ground water. The
first scurce includes both sediment pools and floed pools ef the struc-
tures. However, the fleood pool>storag@ is possible omnly if administrative
arrangements permit. Informatien weg not available for estimating the

effect of upstream watershed development wpon ground water supply. Thus,

5Wheat and grain sorghum were frequently irrigated at I, for farm
water level 4 and shifted to 12 as water availability was retuced to farm
wvater level 3.
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the magnitude of the effect of seepage from structures as a possible
recharge of underground water supplies was excluded in estimates of irri-
gation water supply created by the watershed development pregram.

There were 143 floodwater retarding structures planned for the
Washita River Basin of Roger Mills County. These structures had an
aggregate sediment pool storage capacity of=439733 acre~feet of water
(Table XXXI). However, evaporation and seepage losses would reduce con-
giderably the proportion of this water that actually would be delivered
to farms for irrigation. BResearch conducted by Arnold on the Boggy Creek
Watershed assumed that approximately 46 per cent of the water stored in
structures is lost through evaporationo6 Assuming that an evaporation
loss of 46 per cent occurred from structures in Roger Mills County,
there would be 23,643 acre-feet of water, net of evaporation, available
for irrigation from the combined sediment poel storage of all floodwater
retarding structures in Roger Mills County. Since this rate of evapora-
tion is on an annual basis, it is reasonable to expect that this
evaporation loss would be reduced somewhat if water was used for irriga-
tion throughout the year rather than remaining in the sediment pool. In
addition, irrigation losses incurred through seepage from sediment pools
and conveyance ditches must also be considered when estimating waler
availability at the farm.

Studies conducted by irrigation engineers thfoughout the United
States indicate that losses from cohveyance ditches ranged from five to

50 per cent per mile of the initial quantity of water diverted.7 Data

GAdlai F. Arnold, "Potential Economic Effects of Upstream Flood Con-

trol and Irrigation Development: Boggy Creek Watershed, Oklahoma" (unpubb
Ph.D, dissertationm, Oklahoma State University, 1962), p. 89.

7Evan E, Houk, Irrigatiom Engin@eringg Vol. 1 (N@w York, 1951)3 p. 392,



TABLE XXXI

DESIGNED SEDIMENT POOL SURFACE ABEA AND STORAGE CAPACITY
FOR THE TEN WATERSHEDS OF THE WASHITA RIVER BASIN

OF ROGER MILLS COUNTY
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Number of Sediment Pool®
Watershed Structures Surface Area Storage=Capacity
(Acres) (Acre-Feet)

Broken Leg 2 76 | 684
Dead Indian 8 346 6,619
White Shield 20 136 769
Upper Washita 32 2,144 18,333
Quartermaster 38 790 6,060
Nine Mile 11 225 1,897
Big Kiowa 4 151 1,107
Sargent Major 2 77 0962
Sandstone 24 702 6,312
Beaver Dam 3 17 _1,040

Total 143 b, 764 13,783

®These data were obtained from the Watershed Work Plans prepared by

the 30il Conservation Service, United States Department of Agriculture.
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were not available to estimate losses in transporting water from structure
to field for Roger Mills County. Thus, it was impossible to estimate the
effect of distance between structure and bottomland on irrigation effi-
ciency.

The total water required to irrigate all bottomland included in this
study at farm water level 4 was 26,306 acre-feet assuming average weather
conditions and 34,117 acre-~feet assuming below average rainfall (Tables
XXIX and XXX). Assuming a water supply of 43,783 acre-feet, the water
losses would have to be less than 40 per cent to permit irrigation of all
bottomland at farm water level 4 under average rainfall conditions and
less than 22 per cent if all bottomland iz to be irrigated when below

average rainfall conditions prevail,

Economic Interpretation of Programmed

Increments to Net Income

The theoretical principle underlying this study pertained to the
allecation of water to typical farm resource situations assuming profit
maximization as the goal. This principle assigns priority for the use
of wvater to those alternatives yielding highest marginal returns per
unit of water added. The increases in net income determined by the pro-
gramming analysis were graphed to illustrate the use of the marginal
principle in water allocation among typical farm sizes and types

(Pigures &4 and 5),9

8Irrigation efficiency is the percentage of water released from a
structure that reaches the farm.

9’I‘he data used in developing the curves in Figures 4 and 5 are pre-
sented in Appendix G, Table II. These data are exclusive of fixed cost
of irrigation equipment,
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The curves in Figures 4 and 5 were developed by arranging all pro-
grammed marginal returns te water per acre-foot in descending order of
magnitude for cummlative increases in total water used. The horizontal
segments of each curve represent the marginal value product of water for
a given resource situation, farm type, and farm water level for average
and below average rainfall,10 In general, the linear segments provide an
empirical approximation te a continmous curve sloping downward and te the
right. When the water supply is relatively limited, the higher value
crops tend to be irrigated on the best land. As water availability in-
creases, higher water using, lower value crops were irrigated, thus
bringing about the decreasing marginal value product for water. This
arrangement éf marginal value products of water depicted how any given
supply of water was allocated among farms in order to obtain maximum net
income to the area.

The values graphically depicted in Figureé 4 and 5 represent the
maxinmum price a farmer can afford to pay for a given gquantity of water
available at the farm sirnce water delivery costs were not included in
the programming analysis. Assuming average weather conditions, the
cost of developing and delivering water to the farm would have te be
less than $7.25 per acre-foot before it would be profitable to irrigate
the entire 18,905 acres of bottomland analyzed in this study at farm
water level 4 (Figure &), When below average rainfall conditions prevail

the development and delivery costs would bave to be less than $5.62 per

1oThe symbols deseribing each segment of the curves in Figures &4

and 5 refer to the resource sitvation, farm type, and farm water level.
For example, A-12 refers to resource sitwation A, farm type 1, and farm
water level 2. These wvariables are defined im Chapter II. :
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acre-foot for profitable development and delivery of the 34,117 acre~feet
required to irrigate all bottomland at farm water level & (Figure 5).

As the cogt of developing and delivering the water to the farm
increases, the quantity of water profitable to use decreases. For
example, if the development and delivery cost increases to $18 per acre-
foot, the profit maximizing level of water use decreases considerably.
For average rainfall conditions, it was profitable te irrigate only 6,248
acres requiring 8,779 acre=feet of water., All farms would have sufficient
water to irrigate at farm water level 2., This would provide water for
irrigation of the entire cotton allotment, alfalfa having a warginal
value in use greater than the market price and a portion of the wheat
allotment. For below average rainfall, it would be profitable to irri-
gate 7,465 acres which would require 11,093 acre-feet of water. This
provides enough water for all farms except farm E-1 to irrigate at farm
water level 2 and farms D=2, E=2, and F=2 to irrigate at farm water
level 3.

The above discussion assumes that development costs on all farms
were equal, However, it iz conceivable that development and delivery
costs could differ from one farm to the next depending uwpon location and
equipment available. It then becomes necessary for costs and returns te
be compared for each farm situvation. The profit maximizing level of
irrigation world be determined on each farm. The average returns per
acre=foot of water at the profit meximizing level would then be the
criterion upon which to base the allocation of a2 limited supply of water
to the area. Economic allocation of resources would suggest that farms

with the highest average return receive first priority.
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Aggregate Increases in Income

The magnitude of this annual increase in agricultural income in
Roger Mills County attribmutable to irrigation is dependent upon rainfall
conditions, available water supply, and the degree to whieh farmers
owning and/or operating potentially irrigable land adopt irrigation.

The annual increase in net income to the agricultural sector of
Roger Mills County attributable to irrigation was $254,667 and $406,911
assuming average and beloﬁ average rainfall, respectively {Table XXXI1).
This assumes that an adequate supply of water was available to irrigate
at farm water level 4 and that all petentially irrigable land was irri-
gated. Reducing the quantity of water available for irrigation had a
greater impact on net returns during average rainfall years than during
below average rainfall years., For example, when water availability was
decreased from farm water level 4 to farm water level 3 (33 per cent
decrease), the aggregate iﬁcrease in income was reduced 20 per cent for
below average rainfall years and 33 per cent for average rainfall years.
Similar results occurred for other water level comperisons,

The number of farmers adopting irrigation woeuld also have & signi-
ficant effect on the magnitude of the aggregate increase im income,
Assuming that the number of farmers adopting irrigation was 100 rather
than 150, the resulting increase in income would be $166,269 and $270,192
for average and below average rainfall, respectively. This compares to
$254 ,667 and $%06,911 increases in income when all bottomland was irri-

gated.



TABLE XXXJI

AGGREGATE ANNUAL INCREASE IN INCOME FROM PROGRAMMED DRYLAND CONDITIONS TO IHRIGATION LEVELS SPECIFIED,

FOR THE POPULATION OF FARMS OPERATING BOTTOMLAND IN THE WASHITA RIVER BASIN OF
ROGER MILLS COUNTY BY FARM WATER LEVELS FOR AVERAGE AND BELOW

AVERAGE RAINFALL CONDITIONS®

Number of | Average Bainfall Below Average Bainfall
Farm Size Farms in ' _Farm Water Levels®
and TypeP Population 2 3 A 2 3 4
' = Dollars =

A-1 23 8,533 14,398 19,044 11,523 21,942 25,047
B-1 25 13,900 27,250 38,325 25,425 50,750 58,625
C-1 12 4,608 8,928 12,708 6,300 15,012 18,684
c-2 16 6,480 11,840 15,232 14,800 2k, 640 28,960
D-1 21 b, 872 26,943 43,197 26,628 55,965 73,878
D-2 7 6,356 012,152 16,436 7,812 16,653 22,526
E-1 16 k 480 12,160 19,120 4,848 23,760 30,368
E-2 7 525 3,045 5,670 8,960 13,475 16,751
F-1 18 11,880 38,394 61,380 41,904 78,966 100,512
F-2 5 9,825 18,025 33555 10,035 2% 360 31,560

Total 150 71,457 173,135 254,667 117,936 325,523 406,911

cF&rm water levels are defined in Table VI of Chapter 1I.

a . N : s ies
Bepresents increase in income from dryland condition to farm water level specified.

bA description of farm size and type groups is presented in Tables II and IV of Chapter II.

(4]
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Adjustment Problems Associated With

the Adoption of Irrigation

Capital Reguirements

The development of and transition te irrigaticn agriculture requires
additional resource inputs as well as a reallocation of the present
resources., Capital is a resource of special concern in this respect.
Although detailed information was not obtained concerning the capital
position of farmers in the survey in Roger Mills County, a large pro-
portion of the farmers in the survey indicated that they would bave to
borrow part or all of the capital necessary to develop and integrate
irrigation farming into their presemnt farm organization. Thus, the
quantity of capital required relative to the farmers equity positiom
becomes an important censideration im formmlating irrigation decisions.

The magnitude of the increase in capital requirements from the pro-
grammed dryland farm organizations to alternative farm irrigation levels
varies by farm size and type, rainfall conditions, and acres of bottom-
land {Table XXXIIX).

Farm type had a significant effect om the inerease in non-=land
capital requirements as farm water levels increased. In gemeral, capital
requirements increased more on farms with a dairy enterprise than those
farms with a beef cow-calf enberprise on the same resource situstion,
This occurred only when below average rainfsll was sssumed. For exasmple,
capital requirements increased $1,055 for the first increment of water
applied on farm E-1, When the first increment of waler was added to
farm E-2, the capital requirements increased $7,825. However, assuwing

average rainfall conditions, the capital regnirements increased more on



TABLE XXXIII

PROGRAMMED CAPITAL REQUIREMENTS BY FARM SIZE AND TYPE AND FARM IRRIGATION LEVELS

FOR AVERAGE AND BELOW AVERAGE RAINFALL CONDITIONS

Average Rainfall Below Average Rainfall

Farm Size Farm Water Levels® '

and Type® 1 2 3 k 1 2 3 &
A-1 3,150 5, 040 5,297 5,686 1,995 3,680 4,285 4,720

Bl 4,494 8,556 8,989 9,950 3,280 7,380 8,405 9,355
c-1 8,442 10,842 11,458 12,027 4,080 7,26k 8,065 8,855
c=2 19,985 21,874 22,016 22,605 16,284 22,139 20,822 20,750

" D=1 8,570 16,306 17,963 19,385 5,735 13,670 15,778 17,215
D-2 - 20,190 28,076 28,908 30,500 17,795 27,820 26,875 26,500
E-1 20,190 2% 425 25,133 25,860 12,920 14,575 18,290 19,350
E-2 69,310 72,015 73,050 73,650 38,390 46,215 46,370 47,305
F-1 30,010 43,000 45,845 47,775 23,790 30,295 33,160 37,515
F-2 44,510 50,570 55,265 56,625 26,125 37,515 45,405 49,670

% dezcription of farm size and type groups is presented in Tables II and IV of Chapfer II.

bli‘arm water levels are defined in Table VI of Chapter II.

%8
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the beef cow=calf farms than on the dairy or feeder farms on comparable
resource situations. Since only bottomland was considered irrigable in
this study, there was a greater increase in nem-land capital requirements
when acres of bottomland increased than was noted when acres of cropland
inereased.,

An implied assumption of the programming analysis is perfect know-
ledge about input—cutput coefficients, irrigation requirements, prices,
decigsion maker's ocbjective, and managerial ability of the decision maker.
Hence, the programming results presemted in Chapter III are based om
perfect knowledge of these factors. Whether or not these results could
be attained by the individual farmer depends upon his ability to achieve
the efficiency inherently assumed im a profit maximizing, static linear
programuing framework. Perfect knowledge about necessary factors of pre-
duction implies a riskless production situation. However, the Great
Plains is a high risk agricultural preducing region. Risk aversion
results in farmers restricting the amount of capital invested in their
operations to & level less than that which is most profitable under a
perfect knpwledge situation.

There appears to be & reluctance on the part eof Roger Mills County
farmers to invest in irrigation equipment. One bagsic problem is the
additional capitel required to purchase the necessary equipment for
irrigation., Suppose these farmers are wvowilling to imvest the capital
they have accumlated over time in irrigatiom equipment. By so doing,
these farmers are placing en internal restriction on capital investment
in irrigation equipment in order to avert the risk associated with debts
againgt their operation,

Farmers generally are aware that the rate of risk is directly
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related to the amount of capital invested. Kalecki indicates that there
are two reasons for the marginal risk to increase as the amount of capital
invested imecreases, These reasons are:ll (1) the greater the investment
of an entrepreneur by use of borrowed funds, the more his own capital is
endangered in the event of unsuccessful business, and (2) the danger of
illiquidity as the size of investment increases.

Both of these factors are important in explaining why farmers may
hesitate in committing the capital necessary for en irrigation unit. The
first factor peints out that as a farmer intensifies or expamnds his opera-
tions by use of borrowed capital, the chance of losing his accumalated
capital increases., The results of this study indicate that irrigation is
profitable for farmers operating bottomland. Howevei;9 these results were
obtained under conditions of perfect knowledge about the level of water
availability. In general, farmers in this area are reluctant to either
invest their own capital or borrow the capital necessary to purchase
irrigation equipment without more definite kmnowledge about the aveilability
of an adequate water supply during prolonged periods of drought whem irri-
gation is most urgent. The actual quantity of water available in the
structures for any given year is very difficult to predict. In additioen,
the status of the water rights to this water is umncertain, Although
ground water is a petential source of water for irriga,ﬁions the extent
of this supply is unknown. Therefore, the uncertainty that farmers face
concerning the availability of irrigaticn water is a possible cause for

the reluctance on the part of farmerz to make the imvestments necessary

11 . S . . . .
M., Kalecki, "Principles of Increasing Risk", Economica, New Series

(1937), p. Ba2.
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to adjust from dryland to irrigated farming on part of their farm units.

Labor Requirements

The increased labor required for irrigation is another factor that
will greatly influence the adoption of irrigation farming in Roger Mills
County. Although an adequate annual family labor supply exists on most
farms in the County, irrigation uses large amounts of seasonal labor.
Since timing of application is very important in attaining maximum pro-
fits from irrigation, a dependable labor supply is necessary.

The magnitude of the increase in labor requirements from programmed
dryland organizations te alternative farm irrigation levels dependsz om
farm size and type, acres of bottomland, and rainfall conditions (Table
{Table XXXIV). For example, the increase on farm A-1 from dryland to the
first irrigation level was 112 hours for average rainfall conditionsz., For
below average rainfall the increase was 253 hours. The same number of
acres were irrigated for both rainfall comditions. The inclusion of &
buy-sell enterprise inte the basic farm organization resulted in the
greatest increase in labor requirements from the dryland optimmm organiza-
tion to any one of the three alterpative irrigation levels for beth
weather conditions. The grgatest increase was 3,099 hours. This ocenrred
between dryland and farm water level 4 for below average rainfall con-

ditions,

Age of Farm Operators

The age of farmers operating betitomland in Roger Mills Ceunty will
likely be an influential facter in the sdoptien of irrigation. BResultis
0f the survey taken in Boger Mills County indicated that the average age

of the farmers surveyed was about 60 years. In view of the age of farm



TABLE XXZIV

PROGRAMMED TOTAL LABOR BEGUIBEMENTS BY FARM SIZE AND TYPE AND FABM IBRIGATION LEVELS
FOR AVEBAGE AND BELOW AVERAGE RBAINFALL CONDITIONS

Average Rainfell ‘ Below Average Bainfall

Farm Sizg _ ' Farm Water LevelsP ‘

and Type 1 : 2 3 L 1 2 3 L
A=1 377 489 603 707 253 504 536 648
B-1 593 764 1,102 1,334 404 700 1,019 1,269
-1 1,027 1,507 1,581 1,772 518 851 882 1,080
c-2 2,690 2,745 2,792 2,957 2,141 2,385 2416 2,476
p-1 1,04k 1,424 1,919 2,238 739 1,285 1,850 2,988
D=2 2,762 3,281 3,641 3,906 2,382 2,946 3,175 3,411
E-1 1,768 1,830 2,182 2,412 1,070 1,358 1,773 2,034
-2 6,512 6,770 7,106 7,368 3,562 4,296 &,549 4,865
F-1 2 824 3202 %,038 4,803 2,034 2,958 3,512 4,392
P2 2,566 3,515 4,396 5,146 2,058 2,993 4,341 5,117

%A deseription of farm size and type groups is presented in Tables II and IV of Chapter II.

bFarm water levels are defined in Table VI of Chapter II.

88
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operators, it is reasonable to assume that the planning horizon of these
farmers is considerably shorter than the time necessary to recover the
fixed investment in an irrigation system. In general, farmers in this
age group are not planning to make long run capital investments in their
farming eperations, but rather they are accumulating capital for their
retirement. Thus, extensive investment in a long run capital asset such
as irrigation equipment appears fairly remote when considering farmers

60 years of age with a relatively short planning horizon.



CHAPTER V
SUMMARY AND CONCLUSIONS

Water stored in upstream reaches of a watershed or river baszsin is
potentially beneficial to the immediate area surrounding the storage
facility as well as downstream locations. The value of water available
in a particular area depends upon the returns from petential uses. The
potential value of water in upstream uses represents the opportunity cost
of wsing this water downstream. That is, water used in downstream loca-
tions at the expense of upstream users represents & loss of income to the
upstream users., Therefore, the use value of water in an upstream area
such as Roger Mills County has a strong economic impact on any decision
to transfer water to downstream uses. If water is to make a contribmtien
to the watershed or river basin equal to what water contributes from the
upstream use alone, the returns to water in its downstream use‘must be
at least equal to the less of income to the upstream user plus the cost
in its present use,

This study is concerned with appraising and evaluating the potential
value of water for irrigation in Roger Mills County. The specific objec—
tives are: (1) to determine the amount of farm land in the area of study
with physical and economic potential for irrigation: (2) to determine the
value of water used to irrigate crops and pastures for (a) alternative
crop systems and varying levels of water availability, (b) alternative
farm resource situations, and (c) alternative systems of farming within a

90
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given resource situatiom; {3) to estimate the optimum allocation of alter-
pative levels of available water among crops and farms in the area; and
(k) to appraise the availability of water for irrigation relative to pro-=
grammed demands for water.

This study was conducted in Roger Mills County in Westerm QOklahoma
and was limited to & population of 150 farmers. This populatien was
defined as “farm unite within the Washita River Basin of Roger Mills
County operating bottomland”. From the population of 150 farm wmits,
three resource strata were defined representing (1) small cropland and
small ramgeland, (2) large cropland and small rangeland; and (3) large
cropland and large rangeland. A survey of a random sample of 65 farm
units from the population was comducted to obtain basic resource data
and other informatiom mecessary for developing the programming analysis.
Each of the original three rescurce strata were clasgified into two sub-
strata on the basis of ecres of hottomland. Im addition, two different
farm types were included om four of the resource strata resulting in

10 typicel farms for the programwming enalysis.
Programping Anslysis

The 150 farms in the Washite River Basin of Roger Mills County
opem&timg hottomland had a total of 18,905 acres of land which was
potentially irrigable., This botiomland was subdivided inte two pro=
ductivity classes (Ll and Lg} to improve the accuracy of the analysis.

Linear programming was used to d@t@rmiﬁe the profit maximizimng
nllocation of water and other resources &nd correspending farm organiza-—
tion. Three rainfall comditions were defined om the basis of historieal

rainfall data for Roger Mills County for 1914-1960. Enterprise budgets



92

were developed for all dryland and irrigated crops and the programming
analysis was performed assuming average and below average rainfall con-
ditions. The above average rainfall condition was excluded from the pro-
gramming analysis on the basis of preliminary results which indicated
that the cost of adding the water was greater than the added returns.
bFour alternative programs were analyzed for each strata. The first series
of programs were without irrigation as an alternative. This provided the
‘benchmark for measuring the value of irrigation for each of three farm

wvater levels.

Land Use and Livestock Numbers

Generally, there was very little shifting of crops from upland te
bottomland attributable to changes in levels of irrigation. The only
shifts that did occur between upland and bottomland occurred with the
first increment of water. There were no significant changes in this
result as farm size increased or farm type varied with both average and
below average rainfall conditions.

Most crops were irrigated at the high level of water application per
acre even though lower application levels were included in the programming
model. Even at very limited water supplies, it was more profitable to
irrigate‘fewer acres at the highest level than to irrigate more acres at
.é lower level. Exceptions oecurred when below average rainfall conditions
were considered. |

Considerably more forage crops were produced and irrigated on resource
gituations C, D, and E considering a dairy enterprise than on the same
resource situation considering beef cow-calf enterprises. The addition

of a feeder enterprise on resource situation F resulted in a substantial
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increase in acres irrigated at farm water levels 2 and 3 as compared to
the same resource situation with beef cow-calf enterprises.

Increasing the quantity of water available for irrigation did net
increase the number of beef cows included in the optimum farm organize-
tion assuming average rainfall conditions. However, there were certain
resource situations where the number of beef cows decreased as water
availability increased. There were instances when below average rainfall
conditions were assumed that beef cow pumbers increased as water avail-
ability inereased. Dairy and beef feeders showed a greater response fo
water availability than did the beef cow-calf enterprises. Competition
for labor between livestock enterprises and irrigation resulted in a

decrease in programmed livestock numbers as water availability increased.

Besource Requirements and Income

Total labor and capital requirements and gross and net farm income
increased for all farm sizes, farm types, and rainfall conditions as
water supply per farm increaesed.

Family labor was adequate at all irrigation levels for resource
situations A, B, and C fof both rainfall conditicns when ecow=calf enter-
prises were considered. Hired labor was required for all other farm
types at one or more farm water levels. The farms with dairy regmired
more hired labor than any other farm type.

Marginal returns per acre-foot of water from the preceding level of
irrigation generally declined with increagses in water availability. For
some situations, the second increment was worth more tham the first
because of the inefficient use of irrigation equipment at level one. The

marginal returns per acre=foet of water at the highest level of irrigation
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increased as farm size increased for some resource situations assuming
below average rainfall conditions.

The profitability of developing an irrigation water supply adequate
to irrigate at farm water level 4 depended upon the farm resource situa-
tion, farm type, and rainfall condition. The net marginal value products
of irrigation water for the last acre-~foot applied was $5.62 and $7.25
per acre-foot for below average and average rainfall conditions, respec-
tively. The total water required to irrigate the 18,905 acres of bottom-
land analyzed in this study at the higheat farm water level was 26,306
acre~feet and 34,117 acre-feet, assuming average and below average rain-
fall conditions, respectively. The above net marginal value product of
water assuming average rainfall is somewhat higher than the net marginal
value produet of water assuming below average rainfall because a consider-
ably larger water supply was required for irrigation during below average
rainfall years,.

When average rainfall conditions prevailed, the cost of delivering
irrigation water to the farm would have to range between $7.25 and $10.77
per acre-foot for all farm types analyzed to profitably irrigate at farm
water level 4, Assuming below average rainfall conditions, the delivery
costs would have to range between $5.62 and $8.65 per acre=foot. The net
marginal products derived in this study do not include a charge for family

labor.
Irrigation Potential in Roger Mills County

The results of this study indicated that irrigation can significantly
increaze the income from farming in Roger Mills County. The annual

increaze in net income to the agricultural sector of Roger Mills County
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attributable to irrigation was $254,667 and $406,911, assuming average
and below average rainfall conditions, respectively. However, the avail-
ability of a water supply adequate to meet the programmed water require-
ments is extremely crucial to the attainment of these increases in income
associated with irrigation.

There were 143 floodwater retarding structures planned for the
Washita River Basin of Roger Mills County. These structures were
designed with an aggregate sediment pool storage capacity of 43,783
acre—~feet of water. However, irrigation losaes incurred through evapora-
tion and seepage from sediment pools and conveyance ditches would reduce
this supply of water considerahly before the water reaches the land to
be irrigated. If the designed storage capacity is to provide a water
supply adequate to irrigate all bottomland at farm water level 4, the
irrigation losses due to evaporation and seepage would have to be less
than 40 per cent for average rainfall conditions and less than 22 per cent
for below average rainfall conditioms. Any increase in irrigation losses
beyond these limits would decrease the amount of water available to the
farms below the quantity necessary to irrigate all bottomland at irriga-
tion level 4. Thus, there would be a smaller annual increase in net
income to the agricultural sector of Roger Mills>County attributed to

irrigation.
Usefulness of the Results

The programming analysis of this study was developed from input-
output coefficients, prices and costs, resource situations, technology

factors, and other restraints applicable to Roger Mills County conditions.
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These factors make the results of this study directly applicable only teo
Roger Mills County.

The results of this study indicate that irrigation can significantly
increase the income from farming in Roger Mills County. The estimates of
the value of irrigation water derived in this study are useful for several
purposes, First, the programmed marginal value products of water can be
used by farmers as a guide for planning the development of and transitien
to irrigation farming. Secondly, these estimates provide watershed
planners with a basis for estimating the value of providing additional
storage for irrigation dn floodwater retarding structures., Thirdly,
these estimates are useful to upstream users in appraising the value of

water stored in the lecal area,
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APPENDIX A, TABLE I

ASSUMED PRICES RECEIVED AS USED IN PROGRAMMING ANALYSIS®

Item Unit Price

(Dellars)
Crops:
Wheat bu., 1.80
Barley bu, 0.83
Grain Sorghum cwt., 1.70
Oats bu, 0.64
Cotton (Lint) ewt. 30.00
Cotton (Seed) cwt, 2.50
Alfalfa Hay ton 20.00
Cattle:
Good Feeders (March) cwt. 22,12
Good Feeders ﬁMay) cwt. 22,29
Good Feeders (Oct.) cwt, 20.23
Calves
Steers (Jnlyg cwt. 24,20
Steers (Oct.) cwt, 23.42
Heifers (July) cwt. 22.20
Heifers (Oct,; ewt. 21,42
Cull Cows éJuly cwt. 13.95
Cull Cows (Oct.) cwt. 13.13
Dairy:
Milk cwt. 4.60
Calves head ) 15.00
Cull Heifers (1 yr.) cwt. 18,00
Cull Heifers (2 yrs.) cwt., 16.00
Cull Cows ' cwt. 12.50

%prices are weighted average of 1961 prices. These prices are
assumed to reflect as nearly as possible current prices.
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APPENDIX A, TABLE II

ASSUMED PRICES PAID AS USED IN PROGRAMMING ANALYSIS

Item Unit Price
o ' - ~ (Dollars)

Seed and Feed:®
Cotton Seed, Delinted cwt, 10.00
Wheat Seed bu. 2,20
Oat Seed bu, 1.00
Barley Seed bu. 1.20
Grain Sorghum Seed (Hybrid) cwt. 15.00
Forage Sorghum Seed cwt, 7.00
Sudan Seed (Sweet) cwt, 6.00
Alfalfa Seed 1b, 0.32
Bermuda Sprigs acre 14,00
Cottonseed Cake ton 76.00
Cottonseed Meal cwt., 3.90
Wheat Bran cwt, 2.50
Salt cwt, 1.00

Custom Rates:
Combining acre 3.06 -
Cotton Stripping ewt, S.C. 0.75
Cotton Snapping cwt. S.C. 2.00
Cotton Ginning and Wrapping cwt. S.C. 0.85
Cotton Defoliation acre 3.50
Cotton Insect Control acre 2.50
Pre=Emergence Chemical acre 2.56
Hay Baling bale 0.16
Grinding Feed ewt, 6.15
Bermuda Sprigging acre 14.00

a, . . . .

Prices paid for small grains are current market price plus a charge
for cleaning, treating, and hauling seed in addition to a slight handling
charge.



APPENDIX B

LAND PRODUCTIVITY CLASSES AND ASSUMED YIELDS

The survey of wvatershed farmers in Roger Mills Ceunty provided a
detailed descripticn of land resources on each farm. This description
included acres of cropland and non-cropland distributed between bottom-
land and upland. The legal description of each farm was obtained from
the Roger Mills County Agricultural Stabilization and Conservation 0ffice.
A complete breakdown of all seil units in the study area was obtained frem
the S0il Conservation Service 0ffice. These seil units were combined
into classes having relatively equal preductivity as measured by long-
time yields and comparable physical characteristics. The final classif-
ication is defined in Table I, Chapter II.

After the productivity classes were defined, it was necessary to
determine the number of acres of each preoductivity class included in the
total land resources of each farm. Using the legal description of each
farm and the detailed soils survey mapé, the acres of each soil unit were
measured for 40 of the 65 farms that were surveyed. The soil units on
each farm were aggregated according to the definitions of the seven pro-
ductivity classes., This aggregation provided the breakdown of land
classes in Table III of Chapter II.

Crop yields were developed for each seil unit in conmnectien with the
detailed soil survey. Thus, the crop yields for each producﬁivity class
represents a weighted average of the yield of each soil unit in a given
productivity class. The estimated yieids of L1 and L2 land used in the

programming analysis are presented in Table I of this Appendix,
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APPENDIX B, TABLE I

ESTIMATED YIELDS FOR SELECTED CROPS ON LAND CLASSES Lj AND Lo WITH AVERAGE
AND BELOW AVERAGE RAINFALL, BY LEVELS OF IRRIGATION (PER ACRE)®

Crop and Levels Average Rainfall Below Average Rainfall
of Irrigation Unit L; Land Lo Land L; Land Lo Land
Cotton
Ig 1bs. lint 296 257 207 184
I " 490 430 590 430
Io o 620 550 620 550
13 " 725 650 725 650
Wheat
IO bua. 22,00 18.00 14.60 11.00
I n 29,060 24,00 29,00 24 .60
12 o 36.00 32.00 36.00 32.00
13 " 41,00 37.60 41.00 37.00
Alfalfa
L ton 2.60 2.00 1.90 1.40
I; u 4.30 3.20 5.30 3.20
Iy o 5.50 4.20 5.50 4,20
13 " 6.40 5.00 6.40 5.00
Grain Serghum
Iy cwt, 21.00 16.50 15.30 16.50
Iy " 36.00 29.25 36.00 29,25
Ig " 39.50 31.75 ©39.50 31.75
13 " 41.00 3%.00 41.00 33.00
Forage Sorghum
EO ton 2.80 2.20 1.80C 1.4%0
I o 8.50 7.00 8,50 7.00
I n 11.80 9.3%0 11.80 9.30
13 w 14,00 11.00 14,00 11.60
Bermada :
,IO AUM 4,00 3.50 2.00 1.50
I " 16.00 13.00 16,00 13.00

1

aCrop irrigation levels per acre are defined in Table V of Chapter II.
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~ APPENDIX C, TABLE I

AVERAGE ANNUAL RAINFALL FOR HAMMON, OKLAHOMA, 1914-1960%

Annwal Annual
Year Rainfall Year ' Bainfall
‘(Inches) ' ’ ' (Inches)
1914 15.65 1938 23.13
1915 41.39 1939 25.08
1916 17.44 1940 22,05
1917 16.61 1941 36,84
1918 31.17 : 19492 35.84
1919 26,97 - 1943 21.07
1920 36,81 1944 24,93
1921 21.77 1945 18,69
1922 24,63 1946 23.24
1923 46.00 1947 20,64
1924 2% .49 1948 25.92
1925 21.04 1949 26.51
1926 33.56 1950 24,39
1927 23.47 1951 23.17
1928 27.39 1952 14.75
1929 25.51 1953 16.07
1930 24 .77 1954 18.85
1931 23.80 1955 2%5.74
1932b 25,06 1956 13.71
1933 s 1957 32.76
1934 17.56 1958 22.51
1935 22.40 1959 35.27
1936 21.23 1660 32.55
1937 18.71

8 he mean annual rainfall for 1914-1960 is 24.96 inches.
bData were incomplete for 1933,

Source: United StatesﬁDepéfﬁment of Gbmmereég'We&theggﬁnreaug
Climatological Data, Oklahoma, 1914-1960, .2 '




APPENDIX D

DETERMINING TOTAL WATER REQUIREMENTS

The total water requirements of each crop for opltimem plant growth
was the basis for defining the highest level of irrigation. The total
water requirement for each crop was cemputed by utilizing a procedure
develcoped by Blamey and Criddle {Footnote 12, Chapter II). This pro-
cedure makes it poseible to compute the total water requirement of each
crop if the monthly temperature, latitude, and growing peried of the erop
are knewn and if the computed monthly percentage of anmmal daytime hours
are available.

Estimated seasonal total water requirements in inches were computed

from the following formmla:

where V = water use in inches

T

#

empirical seasonal coefficient for each crop - essentially a
constant in an area where irrigation is practiced

¥ = gun of monthly factors (f) for the growing seasanllgum of the
products of mean monthly temperature () and monthly percentage
of ananval daytime hours (Ei,o
The following example will illustrate the wase of this procedure for com-

puting the total water reguirements for alfalfa for the month of April.

The necessary ceefficients are K = 0.85; t = 59.3; and p = 8.83,

_0.85 x 59.3 x 8,83 _
- 100 -

v 4 .45 inches

The total water requirement for alfalfa during April, conszistent with
eptimum plant growth, was 4.15 inches. Asszuming that the normal raiunfall
for April was 1.2 imches, the highest irrigation level forxr April would be

2.25 inches.
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The total water requirements for the growing season were obtaimed by
computing a monthly water regquirement for each month during the growing

season and summing the monthly requirements,



APPENDIX E

ENTERPRISE BUDGETS

The survey of watershed fayms in Roger Mills County preovided an
inventory of machinery om these farms in 1961, These data indicated
that a two-plow tracterg’with its cemplement of equipment predemimated
on farms classified as resource situations A, B, €, and D, while a
four-plow tracter and its complement of machinery occurred on farms
defined as resource gitwations E and F. Thus, the pregramming snalyeis
was performed with coefficients consistent with two-plow tractor and
equipment on resource sgituations A, B, €, and D, and using coefficients
consistent with a feur-plow tractor and equipment on resource situations
E and F, Estimated cost per hour of unse for two- and four-plew equipment.
is presented in Table I of this Appendix,

The enterprise budgets for activities included in this study were
developed using machinery caefficients for a two-plow tractor and equip-
ment {Tables II-XXI of this Appendix). The machinery costs in these
budgets were adjusted to reflect cost coefficients for a four-plew
tractor and set ef equipment. Tables XXII and XXIII of this Appendix
gsumuarize gross income, production costs, and net imcome fox the four-
plow tractor and equipment. Tables XXIV and XXV show estimated lahor
reguirements for dryland and irrigated crops for both two- and four-
plow equipment.

The beef cow-calf and beef feeder enterprises included in ome ox

sl

§-

more of the programmed ophtimum farm plamns are presented in Tableg XEVI-
XXIX of this Appendix.

A Grade A dairy enterprise was included as a production activity inm
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this study. The ceefficients for this enterprise were developed from
recomuendations of staff members in the Department of Dairy, Oklahonma
State University. A budget for this enterprise is presented in

Table XXX of this Appendix,
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APPENDIX E, TABLE I

ESTIMATED COST PER HOUR OF USE FOR SPECIFIED MACHINERY
ASSOCIATED WITH TW0- AND FOUR-PLOW TRACTORS

Two-Plow ~_ Four=Plow
Cost Cost
Per Hour Per Hour
Item Specifications of Use Specifications of Use
Tractor 3 or 2-16 triecycle, 1.00 L or 3=16 tricycle, 1.27
L.P., P.S., PTO, L.P., P.S5., PTO,
3-point, hydraulie hydraulic system,
system, 43 h.p. 51 h.p.
Moldboard Plow 2-16" integral 0.25 L-14" integral 0.46
One-Way 8t 0.33 12° 0.57
Tool Bar (Hoeme) 8° | 0.26 12! 0.34
Tandem Disk 6-7' integral 0.13 10' wheel type 6.29
Cultivator 2-row 0.15 herow 06.32
Rotary Hoe 7' integral 0.17 14° 0.29
Spike Tooth
Harrow 18° 0.05 24! 0.07
Planter 2-row 0.33 k=row 6.77
Grain Drill 16-8" press wheel 16-8" press wheel
fertilizer 0.78 fertilizer 0.78
Power Mower 7% integral 6.27 7' integral 6.27
Side Delivery
Rake 16% P,T.0, 0.34 7t P, T.0, 0.3%
Gyromeor
(Stalk Cutter) 5° . 0.22 5¢ : 0.22

Source: William F. Lagrone, unpublished data. Cost per hour of
use includes repair, lubrication, depreciation due te wear, fuel, and
0il, All figures are based on the assumption that the equipment will
wear out before it becemes obsolete.



APPENDIX E, TABLE II

PRODUCTION COSTS AND RETURNS FOR COTTON ON LAND CLASS L; WITH AVERAGE BAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Levels of Irrigation®

10 : I1 Io ' , I3
Price or Value Value Value ~ Value
Cost per or or or or
JItem _Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cest
Production:
Lint _ ewt, 30.00 2,96 87.00 4,90 147.060 6.20 186.00 7-25 217.50
Seed ewt. 2.50 3.8 _12.10 8.18 _20.45 10.35 _25.88 12.10 _30.25
Total 99.10 167.45 211.88 247.75
Inputs:
Seed 1b, 0.10 22,00 2,20 22,00 2.20 22,00 2.20 22.00 2,20
Powver hr. 1.00 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56
Other Machinery hr, 0.20 5.05 1.01 5.05 1.01 5.05 1.01 5.05 1.01
Irrigation K
Fuel and 0il acre ' - “ _ 4,50 - 9.75 . 15.00
Fixed Cost and Mainmt. acre 8.06 » 1.00 8.06 1.60 8.06 1.00 8.06
Insecticide acre 2.50 1.00 2.50 4,00 10,00 5.00 10,00 4,00 10,00
Hoeing acre 2,00 1.00 2,00 1.00 2,00 1.00 2.00 1.00 2,00
‘Desiceant acre 3.00 0.67 2.00 1.00 3.00 1.00 3.00 1.00 3.00
Pre-Emergence Chemical acre 2.50 1,00 2.50 1.00 2.50 1.00 2.50 1.00 2.50
 Fertilizer 0-33=0 ewt, 4.00 0.80 3.20 4.00 4,00 1.00 4.00 1.00 4,00
Fertilizer 16-20-0 ewt, k.45 - = 1.56 6.68 1.50 6.68 1.50 6.68
Snapping ewt, 5.C, 2.00 6.82 13.6&4 11.53 23.66 14.59 29.18 17.06 34,12
Stripping ewt, 8.€, 0.75 4,55 3.4l 7.69 5.77 9.75 7.30 11.37 . 8.53
Hauling ewt, S5.€C. 0.25 11.37 2,84 19.22 4.80 24,32 6.08 1 7.11
Gin and Wrap ewt, S.C. 0.85 11.37 9.66 19.22 16,34 24,32 20,67 28.43 24.17
Interest on Operating
Capital dol, 0.06 27.83 1.67 83.71 .02 87.26 5.24 91.57 5,49
Total Specified Cests dol. 52.19 104.50 123,23 139.43
Returns to Land, Labor, :
Risk,and Management dol. 46.91 62.95 88,65 ' 108.32

& ' '
- ‘Bee Table V of Chapter II for defimitiem of irrigation levels,
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APPENDIX E, TABLE III

PRODUCTION COSTS AND RETURNS FOR COTTON ON LAND CLASS Rﬁ)WITH AVERAGE RAINFALL

. BY LEVELS OF IRRIGATION (PER AC

Levels of Irrlgptlona.

Ig Iy Io Iz
Price or ‘Value Value Value Value
. Cost per or or ~or or
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Production:
Lint cwt, 30,00 2.57 77.10 4.30 129.00 5.50 165,00 6.50 195.00
Seed cwt, 2.50 4,29 10,72 7.18 _17.95 9.20 _23.00 10.85 _27.12
Total 87.82 146.95 188,00 222,12
Inputs: :
Seed 1b, 6.10 22,00 2,20 22,00 2,20 22,00 2,20 22,00 2.20
Power hr, 1,00 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56
Other Machinery hr, 0.20 5.05 1.01 5.05 1,01 5.05 1.01 5.05 1.01
Irrigation '

Fuel and 0il acre . - - - 4.50 = 9.75 - 15.00
 Fixed Cost and Maint. acre 8.06 o 1.00 8.06 1.00 8.06 1.00 8.06
Insecticide acre 2.50 1,00 2.50 4.00 10.00 4.00 10.00 4.00 10.00
Hoeing ) acre 2.00 1.00 2.00 1.00 2,00 1.00 2,00 1.00 2.00
Desiccant acre 3.00 0.67 2.00 1.00 3.00 1.00 3.00 1.00 3.00
Pre-Emergence Chemical acre 2,50 1.00 2.50 1.00 2,50 1.00 2.50 1.00 2.50
Fertilizer 0-33=0 cwt, 4.00 0.80 3.20 4,00 4,00 1,60 4.00 1.00 k.00
Fertilizer 16-20-0 cwt, k.45 - - 1.50 6.68 1.50 6.68 1.50 6.68
Snapping ewt, §.C. 2,00 6.05 12,10 10.12 20.2% 12.97 25.9%4 15.30 30.60
Stripping ewt, S.C. 0.75 4,03 3.02 6.75 5.06 8.65 6.49 10.20 7.65
Hauling ewt. S.C. 0.25 10.08 2.52 16.87 4,22 21,62 5.40 25.50 6.38
Gin and Wrap ewt. S.C. 0.85 10.08 8.57 16.87 14.34 21.62 18.38 25.50 21.68
Interest on Operating ‘ : L

Capital ' dol. 0.06 27.83 1,67 83,71 5.02 87.26 5.24  91.57 5.49

Total Specified Costs dol 48.85 98.39 ° 116.21 1351.81
Returns to Lamd, Labor,
Risk and Management dol. 38,97 48.56 71.79 90.31
[
“W

8See Table V of Chapter II for definitions of irrigation levels.



APPENDIX E, TABLE IV

PRODUCTION COSTS AND HETUBNS FOR COTTON ON LAND CLASS L) WITH BELOW AVERAGE RATNFALL,
| BY. LEVELS OF IBRIGATION (PER ACRE) |

N ”w.“Lemelauof;Irfigétiﬂn&
I I, | ) X

Price orxr Value Value Value Value

Cost per or or or or

Ltem Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Production: _

Lint ewt, 30.00 2.07 62.16 &.,90 127.00 6.20 186.00 7.25 217.50
- Seed ewt, 2.50 3.45 8.62 8.18 20.45 10.35 25.88 12,10 30.25

Total 70.72 167 .45 211.88 257.75
Inputs:

Seed 1b. 0.10 22.00 2.20 22,00 2.20 22,00 2.20 22,00 2.20

Power hr., 1.00 5.56 5.56 5.56 5.56  5.56 5.56 5.56 5.56

Other Machinery hr, 0.20 5.05 1.601 5.05 1.01 5.05 1.01 5.05 1.01

Irrigation

Fuel and 0il acre 3.00 8.25 13.50 18.75
Fized Cost and Maimt. acre 8.06 1.00 8.06 1.00 8,06 1.00 8.06

Ingecticide acre 2.50 1.00 2.50 4.00 10,00 4,00 190,00 4,00 10,06

Hoeing : acre 2,00 1.00 2.00 1,00 2.00 1,00 2,00 1,00 2.00

Desiccant acre 3.00 0.67 2,00 1.00 3.00 1.00 3.00 1,00 3.00

Pre-Emergence Chemical acre 2.50 1.00 2,50 1.00 2.50 1.00 2.50 1.00 2.50

Fertilizer 0-33=0 ewt, 4.00 0.80 3.26 4,00 £,00 4,00 4.00 4,00 &,00

Fertilizer 16-20-0 ewt, 4. 45 - - 1.50 6.68 1,50 6.68 1,50 6.68

Snapping ewt, S,C., 2.00 4,86 9.72 11.53 23.06 14.59 29.18 17.06 34,12

Stripping ewt, S.C, 0.75 3.2k 2.43 7.69 5.77 9.73 7.-30 11.37 8.53

Hauling ewt, S.C, 0.25 8.10 2.02 19.22 4.80 24.32 6.08 28.43 7.11

Gin and Wrap ewt., 85.C., 0.85 8.10 6.88 19.22 16.34 24.32 20.67 28.43 24,17

Interest on Operating '

- Capital - del. 0.06 27.83 1,67 86.51 5.19 90.%& 5.43 5.66
Total Speeified Costs dol., 43.69 108.42 127.17 143,35
Returns to Land, Labor,

Risk,and Management dol. 27.03 59.03 84,71 104.40

«See Table V of Chapter II for definition of irrigation levels.
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APPENDIX E, TABLE V

PRODUCTION COSTS AND RETURNS FOR COTTON OM LAND CLASS Lo WITH BELOW AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Levels of Irrigation®

In Iy 1o ' Ix
Price or ' - Value Value Value Value
Cost per or or or or
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Production:
Lint ewt, 30.60 1.84 55.20 &.30 129.00 5.5 165.00 6.50 195.00
Seed cwt, 2.50 3.06 7.65 7.18 17.95 9.20 23.00 10.85 27.12
Total 62.85 146.95 188.00 222.12
Inputs:
Seed 1n. 0.10 22.00 2.20 22,00 2,20 22.00 2.20 22,00 2.20
Power hr. 1.00 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56
Other Machinery hr. 0.20 5.05 1.01 5.05 1.01 5.05 1.01 5.05 1.01
Irrigation
Fuel and 0il acre 3.00 8.25 13.50 18,75
Fixed GCest and Maint. acre 8.06 : 1.00 8.06 1,00 8.06 1,00 8.06
Insecticide acre 2.50 1,00 2.50 4,00 10.00 k.00 10.00 %.00 10.90
Hoeing agre 2.900 1.60 2,00 1,00 2.00 1.00 2,00 1.00 2.00
Desiccant acre 3.00 0.67 2,00 1.00 3,00 1.00 3,00 1,00 3.00
Pre—=fmergence Chemical acre 2.50 1.00 2,50 1.60 2.50 1.00 2.50 1.00 2.50
Fertilizer 0-33-0 ewt, 5,00 0.80 3.20 4,00 5,06 4.00 5,00 4,00 %.00
PFertilizer 16-20-0 ewh. 5. k5 - o 1.50 6.68 1.50 6.68 1.50 6.68
Smapping ewt. S.6., 2.00 .31 8.62 16.12 20,24 12.97 25.94 15.30 30,60
Stripping ewt., S.C. 0.75 2.88 2,16 6.75 5.06 8.65 6.49 10.20 7.65
Hauling ewt. S.C. 0.25 7.19 1.80 16.87 5,22 21.62 5.40 25,50 6.38
Gin and Wrap ewt. 8., 0.85 7.19 6.11 16,87 12,34 21.62 18.38 25.50 21.68
Interest om Operating
Capital dol. 0,06 27.83 1.67 86.51 5.19 90.4% 5.3 94.38 5.66
Total Specified Costs dol. 41.3% 102,31 i20.15 135.73
Returns to Lend, Labor,
Rigk, and Management dol. 21.52 &b, 6h 67.85 86.39

8 o sas . ;
See Table V of Chapter LI fer definiiion of irrigatiomn levels.



APPENDIX E, TABLE VI

PRODUCTION COSTS AND RETUBNS FOR WHEAT ON LAND CLASS L; WITH AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Level of Irrigatioﬁii

Ig I3 Ig 13
Price or Value Value Value Value
: Cost per or or or or
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cest
Production:
Wheat bu, 1.80 22,00 39.60 29.00 52.20 36,00 64.80 41.00 73.80
Grazing AUM 0.50 SR 0.65 0.75 0.85
Total : 39.60 52.20 64.80 73.80
Inputs:
Seed bu., 2,20 1.00 2,20 1.00 2.20 1.00 2.20 1.00 2.20
Power hr. 1.00 2.08 2.08 2.08 2.08 2.08 2,08 2.08 2.08
Other Machinery hr. 0.24 1.89 0.45 1.89 0.45 1.89 0.45 1.89 0.45
Irrigation
Fuel and 9il acre 2,85 3.56 7.12 10.69
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.00 8.06
Fertilizer 33-0-0 cwt, .00 0.80 2,00 0.75 3.00 0.75 3.00 0.75 3.00
Fertilizer 0-45-0 ewt, 3.95 : A 0.50 1.98 0.50 1.98 0.50 1.98
Combining acre 3.00 1.00 3.10 1,00 3.45 1,00 3.80 1.00 4,00
Hauling bu. 0.07 22,00 1.5 29,00 2.03 36.00 2,52 L..oM 2,87
Interest en Operating U
~ Capital dol. 0.06 13.10 __0.79 59.8% __3.59 62.51 3.75 63.27 _3.79
Total Specified Costs dol. 12.16 30.40 34.96 39.12
Beturns to Lend, Labor,
Risk and Management dol, 27.hk 21.80 29,84 34.68

aSee Table V of Chapter II for defimition of irrigatiomn levels.
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APPENDIX E, TABLEVII

PRODUCTION COSTS AND RETURNS FOB WHEAT ON LAND CLASS L, WITH AVERAGE BAINEALL;

BY LEVELS OF IRRIGATION (PER ACER)

Levels of Irrigationa

In I, 1o 1=z
Price of Value Value' Value “Value
Cost per or or or or
Ytem Unit Unit Quantitv Cost Quantitv Cost Onantity Coat Owantitv Cest
Production:
VYheat bu. 1.80 18.00 32.40 24.0¢ 43.20 32.00 57.60 37.00 66.60
Grazing ATM e 0.40 . 6.50 0.65 ‘ 0.70
" Total 32.40 43.20 - T57.60 ~66.60
Inputs: ]
Seed bu. 2.20 1.00 2.20 1.6¢ 2.20 1.00 2.20 “1.00 2.20
Power hr. 1.00 2.08 2.08 2.G8 2.08 2.08 2.08 2.08 2.08
Other Machinery hr. 0.2% 1.89 0.45 1.86 0.45 1.89 0.45 1.89 0.45
Irrigation ' T
Fael and 0il - &cre 2.85. - 3.56 7-12 = 10.69
Fixed Cost and Maint. acre 8.06 1.¢00 8.06 1.00 8.06 1.00 8.06
Fertilizer 33-0-0 ewt. 4.00 0.506 2.60 6.75 3.00 0.75 3.00 0.7 . 3.00
Fertilizer 0-45-0 cwt. 3.95 ¢.50 1.98 0.50 1.98 0.50 1.98
Combining acre 3.00 1.00 3.60 1.06 3.45 1.00 3.60 1.00 3.85
Hauling ba. 0.07 18.0G 1.26 2% .40 1.68 132.00 2.2 37.00 2.59
Interest on Operating , g
Capital dol. 0.06 13.10 0.79  59.8% 3.59  62.51 3.75 63.21 3.29
Total Specified Costis dol. 11.78 29.80 3448 38.69
Returns to Land, Labor, A
Risgk, and Management dol. 20.62 13.40 27.91

"See Table V of Chapter II for definition of irrigatior levels.
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APPENDIX E, TABLE VIII

PRODUCTION COSTS AND RETURNS FOR WHEAT ON LAND CLASS Ly WITH BELOW AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Level of Irrigation®

dol.

o I Io I3
Price of Value Value Value Value
Cost per or or or or
Ttem Unit ~ Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Production:
Wheat bu., 1.80 12,00 25.20 29,00 52,20 36.00 64,80 41,90 73%.80
Grazing AUM : 0.35 0.65 9.75 0.85
Total 25,20 52.20 64 .80 73.860
Inputs:
Seed bu. 2.20 1.00 2.20 1.00 2.20 1.00 2.20 1.00 2,20
Power hr. 1.00 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08
Other Machinery hr, .25 1.89 0.85 1.89 0.45 1.89 0.45 1.89 0.45
Irrigation
Fuel and 0il acre 2.85 = 5.70 9.68 14,25
Fized €Cost and Maint. aere 8.06 1,00 8.06 1.00 8.06 1.00 8.06
Fertilizer 33-0-0 ewt, 4,00 0.50 2.00 0.75 3.00 0.75 3.00 0.75 3.00
. Pertilizer 0-45-=0 ewb, 3.95 0.50 1.98 0.50 1.98 0.50 1.98
Combining acre 3.00 1.00 3.00 1.00 3.45 1.00 3.80 1,00 4.15
Hauling bua., 0.07 14,00 0.98 29,00 2,03 36.00 2,52 43,00 3.01
Interest on Operating
Capital dol. 0.06 13.10 0,79 61.45 3.69 64,43 3.87 67.86 %.07
Total Specified Cost dol. 11.50 32,64 37.64 43,25
Returns to Lend, Labor,
Risk, and Management 13.70 19.56 - 27.16 30.55

aﬁee Table V of Chapter 1I for definition of irrigation levels.,
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APPENDIX E, TABLE IX

PRODUCTION COSTS AND RETURNS FOR WHEAT ON LAND CLASS Lo WITH BELOW AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Level of Irrigaticn®

Ig S Io ' I}
Price or Value Value “Value Value
Cost per or or or or
Item Unit Unit Quantity Cost Quantity Cost OQuantity Cost Quantity Cost
Production:
Wheat bu, 1.80 11.00 19.80 24.006 43.20 32,60 57.606 37.00 66.60
Grazing ATM 6.25 0.50 0.65 0.70
Total 19.80 43.20 57,30 66.60
Inputs:
Seed bu. 2.20 1.00 2.20 1.0€ 2,20 1.00 2.20 1.00 2,20
Power hr. 1.00 2.08 2,08 2.08 2,08 2,08 2.08 2,08 2,08
Other Machinery br. 6.2% 1.89 0.45 1.89 0.45 1.89 0.%5 1.89 0.45
Irrigation
Fuel and 0il acre 2.85 5.70 9.68 14,25
Fized Cost and Mainmt, aere 8.06 = 1.00 8.06 1.00 8.06 1.00 8,06
Fertilizer 33-0-0 cwh, &,00 0.50 2.00 0.75 %.00 0.75 3,00 0.75 3,00
Pertilizer 0-£5-0 ewh, 3.95 0.50 1.98 0.50 1.68 0.50 1.98
Combining acre 3,00 1.00 3.00 1.00 3.45 1.00 3.60 1.00 3.85
Hauling b, 0.07 11.00 0.77 2,00 1.68 32,00 2.2 37.00 2.59
Interest on Operating
- Capital dol, 0.06 13,10 0.79 61.45 3.69 6k 43 3.87 67.86 k.07
Total Specified Costs dol. 11.29 32.29 37.16 42,5%
Returns to Lend, Laber,
" Risk,and Management dol. 8.51 10,91 20.%4 24,07

*See Table V of Chapter II for defimitiom of irrigation levels.
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APPENDIX E, TABLE X

PRODUCTION COSTS AND RETURNS FOR GRAIN SORGHUM ON LAND CLASS Lj WITH AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Level of Irrigation®

Ipg I Io . 13
Price or Velue Value Value Value
Cost per or or or or
Item Unit Unit Quantierﬂgost Quantity Cost Quantity ACost Quantity Cost
Production: i
Mile Grain ewt. 1.70 21.00 _35.70 36,00 _61.20 39.5¢0 _67.15 41.00 _69.70
Total 35.70 61.20 67.15 69.70
Inputss
Seed 1b. 0.15 5.60 0.75 5.00 0.75 5.00 0.75 5.00 0.75
Power hr. 1.00 3.05 3.0% 3.05 3.05 3.05 3,05 3.05 3.05
Other Machinery hr, 0.27 2.18 0.59 2.18 0.59 2.18 0.59 2.18 0.59
Irrigation
Fuel and 0il acre 2.85 o g 2.85 4,99 7.12
Fixed Cost and Maint. agre 8.06 - - 1.00 8.06 1.00 8.06 1,00 8,06
Fertilizer 0=45-0 ewt, 3.95 - . 0,59 1.98 0.50 1.98 6.50 1,98
Fertilizer 32-0-0 cwt, 4.00 : 1.60 4.00 1.00 4,00 1,00 4.00
Combining acre 3.00 1.00 3.05 1.00 3.80 1.00 3.95 1.00 4,00
Hauling ewt, 0.13 21.00 2.73 36.50 .68 39.50 5.1 41,00 5.33
Interest on Operating
Capital dol. 0,06 11.16 0,67 59.48 3.57 61.08 2,66 62,68 3.76
Total Specified Costs dol. 10.84 33.33 36.17 38,64
Beturns to Land, Lahor,
Risk,and Management deol. 24,86 27.87 30.98 - 31,06

%See Table V of Chapter II for definition of irrigatiom levels.
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APPENDIX E, TABLE XI

PRODUCTION COSTS AND RETURNS FOR GRAIN SORGHUM ON LAND CLASS Lo WITH AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACHE)

Levels of Irrig_ationa :
Ig I Io I
Price or - Value Value Value Value
Cost per er or or ~eor
Item Upit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Production: . :
Mile Graim ewt. 1,70 16,50 _28,05 29.25 _49.72 31.75 _53.98 33.00 _56.10 -
Total 28,05 49.72 53.98 56,10
Inputss
 Seed 1b. 0.15 5.00 0.75 5.00 0.75 5.00 0.75 5.00 0.75
Power br, 1.00 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05
Other Machinery hr. 0.27 2,18 0.59 2.18 0.59 2,18 0.59 2.18 0.59
Irrigation
Foel and 0il acre 2,85 - ~ 2,85 . %.99 7.12
. Eixed Cost and Maint acre 8.06 : 1.00 8.06 1.00 8.06 1.00 8.06
Fertilizer 0-45-0 ewt, 3.95 0,590 1.98 0.50 1.98 0.50 1.98
Fertilizer 32-0-0 ewt, 4,00 1.00 £,00 1.00 %,00 1.00 k.00
Combining acre 3.00 1.00 3.00 1.00 3.46 1.00 3.60 1.00 3.65
Hauling ewt, 0.13 16.50 2.1 29.25 3.80 31.75 .13 33.00 k.29
Interest on Operating
Capital dol, 0.06 11,16 0.67 59.48 3.57 61.08 3.66 62.68 3.76
Total Specified Costs dol. 10.20 32.11 34,81 37.25
Returns to Land, Laber,

' Risk,and Management dol. 17.85 17.61 19.17 18.85

8See Table V of Chapter II for defimition eof irrigation levels.
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APPENDIX E, TABLE XII

PRODUCTION COSTS AND RETURNS FOR GRAIN SORGHUM ON LAND CLASS L§ WITH BELOW AVERAGE RAINFALL,

BY LEVELS OF IRRIGATION (PER ACRE

- _ Levels of Irrigation®
Ig I Io : Iz
Price or ' Value ’ Value Value Value
Cost per or or or or
Item Unit Unit Quantity Cost OQuantity Cost Quantity Cost Quantity Cost
Production: ’
Milo Graim ewt, 1.70 13.30 _22,61 36.00 _61.20 39.50 _67.15 41.00 _69.70 -
Total 22.61 61.20 ’ 67.15 - 69.70
Inputs: '
Seed 1b. 0.15 5.00 6.75 5.00 0.75 5.00 0.75 5.00 9.75
Power hr, 1.60 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05
Other Machimery hr. 0.27 2.18 0.59 2.18 0.59 2.18 0.59 2.18 0.59
Irrigation 7
Fuel and 0il acre 2.85 : - 5.70 7.84 9.98
Fized Cost and Maint. acre 8.06 : 1.00 8.06 1.00 8.06 1.00 8.06
Fertilizer 0-45-0 ewt, 3.95 : : 0.5¢ 1.98 .50 1.98 0.50 1,98
Fertilizer 32-0-0 owt. .60 1.60 4,00 1.06 .00 1.60 4.00
Conbining acre 3.00 1.00 3,00 1.00 3.00 1.00 3.95 1.00 - k.00
Hauling ewt. 0.13 13.30 1.73  36.00 £.68 39.50 5.14 41,00 5.33
Interest om Operating
Capital dol. 0.06 11,16 __08.67 6l1.62 __3.70 63.22 3.79 64.82 3.89
Total Specified Costs dol., 9.79 35.51 39.15 k1.63
Returns to Lamnd, Labor, ' B ’ '

Bigk, ard Management

dol. 12.82 25.69 28.00 28.07

8See Table ¥V of Chapter II for defimitiom of irrigation levels.
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APPENDIX E, TABLE XIII

PRODUCTION COSTS AND RETURNS FOR GRAIN SORGHUM ON LAND CLASS L, WITH BELOW AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACR%)

Levels of Irrigation®
, Ig Iy Io 1z
Price or Value Value Value Value
Cost per or or or or
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Production:
Milo Grain ewt, 1.70 10.50 17.85 29.25 Ag.zg 31.75 53.98 33.060 26.10
Total 17.85 49,72 53.98 56.10
Inputs:
Seed ib. 0.15 5.00. 0.75 5.00 0.75 5.00 6.75 5.00 0.75
Power br. 1.00 3.05 3.05 3.05 3.05 3.05 3,05 3.05 3.05
Other Machinery hr. 0.27 2,18 0.59 2.18 0.59 2,18 .59 2.18 6.59
Irrigation
Fuel and 0il acre 2.85 5.70 7.84 9.98
Fixed Cost and Maimt. acyre 8.06 1.00 8.06 1.00 8.06 1.00 8.06
Fertilizer 0=i5-0 ewt . 3.95 0.50 1.98 0.50 1,98 0.50 1,98
Fertilizer 32-0-=0 cwt, 4,00 1.60 4,00 1.0¢ 4,00 1.00 5,00
Combining acre 3,00 1.00 %.00 1.60 3.00 1.060 3,60 1.00 3.65
Hauling ewt 0.13 10.50 1.36 29.25 3.80 31.75 5,13 33.00 4.29
Interest on JOperating
- Capital dol. 0,06 11.16 0°6Z v
Total Specified Costs dol. 9,42 34,6% 37.79°
Returns to Land, Laber,

T Risk, atid Mandgenment dol, 8.43 15.09 16.19 15.86

®See Table V of Chapter 11 for defimition of irrigatien levels.
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PRODUCTION COSTS AND RETURNS FOR ALFALFA ON LAND CLASS L
BY LEVELS OF IRRIGATION (PER ACRE

APPENDIX E, TABLE XIV

} WITH AVERAGE RAINFALL,

bEstaBlighmént coats prorated over four years are included.

. “Tevels of Irrigation® v
I I Ip Iz
Price or Value Value Value Value
Cost per or or or or
Item ‘ Unit Unit Quantity Cost Quantity Cest Quantity Cost Quantity Cost
Production: °
Hay ton 20.00 2.60 52.00 5,30 86900 5.50 110.00 6.40 128.00
Total 52.00 86,00 110.060 128.00
Inputssb
Seed 1b. 0.32 5.00 1.60 5.00 1.60 5.00 1.60 5.00 1.66
Power hr, 1.00 3.90 3.90 3.90 %.90 3.90 3.90 3.90 3.90
@ther Machimery hr, 0.38 3.55 1.35 3.55 1.35 3.55 1.35 3.55 1.35
Irrigation ‘
- Fuel and 0il acre 2.85 4,28 8.55 12.82
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.00 8.06
Fertilizer 0=45=0 ewt, 3.95 1.50 5.92 1,50 5.92 1.50 5.92
Baling ton L,80 2,60 12.48 L.30 20.64 5.50 26,40 6.20 29,76
Hauling ton 2.50 2.60 6.50 5,30 10.75 5.5¢ 13.75 6.20 15.50
Interest on Operating
Capital dol. 6.06 27.74 1,66 75.61 4 .54 78.81 .73 8l.42 5.89
Total Specified Costs dol. 27 .49 61.0% 7%.26 83%.80
Returns to Land, Labor,
Risk, and Mapagement dol. 24.51 2%.96 35.74 4% .20
aS@e Table V of Chapier II for definition of irrigatiom levels.
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APPENDIX E, TABLE XV

PRODUCTION COSTS AND RETUBNS POR ALFALFA ON LAND CLASS L
BY LEVELS OF IRRIGATION (PER ACRE

? WITH AVERAGE BAINFALL,

Levels of Irrig_atio‘3
Ig I Io ‘Ij
Price or Value Value Value Value
Cost per or or or ‘ or
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Productiom: ,
Hay ton 20,00 2.00 _40.00 3,20 64,00 4,20 _84.00 5.00 100.00
Total 0,00 64.00 84.00 ©109.00
Inputs:b
Seed 1b. 0.32 5.00 1.60 5.00 1.60 5.00 1.60 5.00 1.60
Power hr, 1.00 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90
Other Machinery hr. 0.38 3.55 1.35 3.55 1.35 3.55 1.35 3.55 1.35
Irrigation
Feel and Gil acre 2.85 C 5,28 e 8.55 R 12,82
Fixed Cest and Maint, acre 8.06 1.00 8.06 1,00 8.06 1.00 8.06
Pertilizer 0-45-0 ewt, 3.95 = 1.56 5.92 1.50 5.92 1.50 5.92
Baling ton 4.80 2,00 9.60 3.20  15.36 5,20 20.16 5.00 24,00
Hamnling ton 2.50 2.00 5.00 3.20 8.00 4,20 10.50 5.00 12,50
Interest on Operating '

Capital del. 0.06 27.74 1.66 75.61 .54 78.81 4,75 81.42 _ 4.89
Total Specified Costs dol. 23.11 53.01 64.77 75 .04
Beturns to Land, Labor,

Risk, and Management dol. 16.89 10.99 19.23 24,96

®See Table V of Chapter II for defimition of irrigation levels.

bﬁat&blighm@mm costs prorated over four years are included.
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APPENDIX E, TABLE XVI

PRODUCTION COSTS AND RETURNS POR ALFALFA ON LAND CLASS L. WITH BELOV AVERAGE RAINFALL
BY LEVELS OF IRRIGATION (PER AéRE)

Levels of Irrigatioﬁ§7

Ig I, I, i
Price or Value Value Velue Value
Cost per or or or or
Ltem Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Production:
Hay ton 20.00 1.90 _38.00 £E.30 86.00 5.50 110,00 6.20 128.00
Total 38.00 86.00 110,00 128,00
Inputs:b
Seed 1b, G.32 5.00 1.60 5.60 1.60 5.00 1.60 5.00 1.60
Power hr. 1.00 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.9¢
Other Machinery hr. 0.38 3.55 1.35 3.55 1.35 3.55 1.35 3.55 1.35
Irrigation
Fuel and 0il acre 2.85 % e 7.84 e 12.11 i 16,39
Fixed Cost and Maint, acre 8.06 ot 1.00 8.06 1.06 8.06 1.00 8.06
Fertilizer 0-£5-0 ewt, %.95 i 1.50 5.92 1.50 5.92 1.50 5.92
Baling ten 4,80 1.90 9.12 5,30 20.6% 5.50 26.40 6.40 29.76
Hauling ton 2,50 1.99 5.75 4,30 10.75 5.50 13.75 6.40 15.50
Interest on Operating
Capital dol. 0.06 27.7% 1.66 78.28 5,70 81.48 L.89 84.70 .08
Total Specified Costs dol. 22.38 64,76 77.98 87.56
Returns to Land, Laber,

Risk, and Management dol. 15.62 21.24% 32.02 80,54

‘&Se@ Table ¥ of Chapter II for definitiom of irrigation levels.

bE@t&%lishm@mt costs prerated over four years are included.
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APPENDIX E, TABLE XVIX

“PRODUCTION COSTS AND RETURNS FOR ALFALFA ON LAND CLASS L, WITH BELOW AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER A@RE)

Levels of grriggtiona‘

Rl T I S SRR

2 ~.~" A ne 3

0 1
Price or Value Value Value Value
Cost per or or or or
Item Unit Unit Quantity Cost Quantity Cost OQuantity Cost Ouantity Cost
»Produetion:
Hay ton 20.00 1.0 28.00 3.20 64,00 4,26 84,00 5.60 100,00
Total 28.00 6k, 00 84,00 100.00
Inputs:b
Seed 1b. 0.32 5.00 1.60 5.00 1.60 5.00 1.60 5.00 1.60
Power hr. 1,00 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90
Other Machkinery hr. 0.38 3.55 1.35 3.55 1.35 3.55 1.35 3.55 1.35
Irrigation
Fuel and 0il acre 2.85 7.8% 12,11 . 16.39
Pixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.00 8.06
Fertilizer 0-45-0 cwt. 3.95 1.50 5.92 1.50 5.92 1.50 5,92
Baling ton 4,80 1.40 6.72 3,20 15.36 4.20 20,16 5.00. 24,00
Hauling ton 2,50 1.40 3.50 3.20 8.00 4,20 10.50 5.00 12.50
Interest on Operating
Capital dol, 0.06 27.74 1.66 78.28 4,70 81.48 .89 84.70 .08
Total Specified Costs dol, 18.73 56.73 68.49 78.80
Returns to Land, Laber,

Risk; and Management ) del. 9.27 7.27 15.51 o 21.20

BSee Table V of Chapter II for defimitiom of irrigatiom levels.

bE@t&bli@hment coats preféted over four years are included.
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APPENDIX E, TABLE XVIII

PRODUCTION COSTS AND RETURNS FOR FOBAGE SORGHUM SILAGE ON LAND CLASS L; WITH AVERAGE RAIBFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

: Levels of Irrigation® _
Io I Iy I
Price or Value Value -~ Value Value
Cost per or ' or or or
Item Unit Unit Quantity Cost Quantity Ceost Ouantity Cost Quantity Cost
Production:
Silage ton 2.80 8.50 11.80 : 1%.00
Inputs:
Seed 1b, 0.07 6.00 0.42 6.00 0.42 6.00 0,42 6.00 0.42
Power hr. 1.00 4,69 4,69 k.69 4,69 k.69 4,69 4,69 5.69
Other Machinery hr. 0.25 5,26 1.06 5,26 1.06 4,26 1.66 .26 1.06
Irrigation
Fuel and 0il acre 2.85 2,85 - - 5.99 - 7.12
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.00 8,06
Fertilizer 32-0-0 ewt, k.00 0.75 3.00 0.75 3,00 0.75 3,00
Harvesting ton 5.80 2.80 13,44 8.00 38.k0 11.80 56,64 1%.,060 7.20
Haunling ton 2,40 2,40 6.72 8.00 19,26 11.80 28.32 14,00 33.60
Interest on Operatimg
Capital dol, 0,06 37.18 2.23 83.02 4,98 83.55 .01 84,15 5.05
Total Specified Costs
Above Land, Labor, Risk,
and Mapagement del. 28.56 82.66 112.19 130.20

2See Table V of Chapter II for definitiom of irrigatiom levels.
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PRODUCTION COSTS AND RETURNS FOR FORAGE SORGHUM SILAGE ON LAND CLASS L, WITH AVERAGE RAINFALL,

APPENDIX E, TABLE XIX

BY LEVELS OF IRRIGATION (PER ACRE)

Levels of Irrigation®

Price or Value Value Value Value
Cost per or or or » or
Ttem Unit Unit Quantity Cost Quantity Cost Quantity Cost :Quantity ' Cost
Production:
Silage ton 2.20 7.00 9.30 11.00
Inputs: .
Seed 1b, 0.07 6.00 .42 6.00 0.52 6.00 0.42 6.00 - 0.42
Power hr. 1.06 k.69 4,69 k.60 k.69 4.69 4.69 4.69 .69
Other Machimery hr. 0.25 .26 1.06 L.26 1.06 4,26 1.06 4,26 1.66
Irrigation
Fuel and 0il acre 2,85 2.85 4.99 7.12
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.60 8.06
Fertilizer 32-0-0 ewt . 4.00 0.75 3.00 0.75 3.00 0.75 3.00
Harvesting tom 4£.80 2,20 10.56 7.00 33,60 9.30 .44, 64 11.00 52.80
Hauling ton 2.40 2.20 5.28 7.00 16.80 9.36 22.32 11.00 26,40
Interest on Operating
Capital dol. 0,06 35.86 2,15 83,02 4.98 84,63 5.08 86,23 5.17
Total Specified Costs Above
Land, Labor, Risk and
Management dol. 24,16 75 .46 94,26 108.72

2See Table V of Chapter II for defimition of irrigation levels.
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APPENDIX E, TABLE XX

PRODUCTION COSTS AND RETURNS FOR FOBAGE SORGHUM SILAGE ON LAND CLASS L, WITH BELOW AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Levels of Irrigatioxiﬁ

Ig I Is Iz
Price or Value Value “Value Value
Cost per or or or or
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost
Productions
Silage ton 1.80 8.50 11.80 14.00
Inputs:
Beed 1b, 0.07 6.00 0.42 6.00 0.42 6.00 0.4%2 6.00 0.42
Power hr, 1,00 4,69 4,60 4.69 4,69 4,69 4.69 %.69 L,69
Other Machinery hr. 0.25 k.26 1.06 4,26 1.06 5,26 1.06 4,26 1.06
Irrigation
Fuel and 0il acre 2.85 5.70 7.84 9.98
Fized Cost and Maint. acre 8.66 1.00 8.06 1.00 8.06 1.00 8.06
Fertilizer 32-0-0 ewt. 5,00 0.75 3.00 0.75  3.00 6.75 3.00
Harvesting ton k.80 1.80 8.64 8.50 40.80 11.8¢ 56.64 14.00 67.20
Hauling tom 2.40 1.80 4,32 8.50 20.40 11.80 28.32 14.00 36.60
Interest on Operating
Capital dol, 0.06 35.86 2,15 8%.09 5.05 85.69 5.14 87.29 .24
Tetal Specified Costs Above
Land, Laber, Risk, and
Management - dol., 21.28 89.18 115.17 136.25

%See Table V of Chapter II for defimition of irrigation levels.
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APPENDIX E, TABLE XXI

FRODUCTION COSTS AND RETURNS FOB FORAGE SORGHUM SILAGE ON LAND CLASS L, WITH BELOW AVERAGE RAINFALL,
BY LEVELS OF IRRIGATION (PER ACRE)

Levels of Irrigation®

Price or Value Value Value Value
Cost per or or or or
Item Unit Unit Quantity Cost Quantity Cost Ouantity Cost GQuantity Cest
Produetion:
Silage ton 1.40 7.00 9.30 11.00
Inputs:
Seed 1b. 0.07 6.00 0.42 6.00 0.2 6.00 0.42 6.00 0.42
Power hr, 1.90 5,69 4.69 k.69 4,69 £.,69 4,69 4,69 4.69
Other Machinery hr. 0.25 5,26 1.06 4,26 1.06 4,26 1.06 4,26 1.06
Irrigation
Fuel and 9il acre 2.85 - e 5.70 7.854 - 9.98
Fixed Cost and Maint. acre 8.06 : 1.00 8.06 1.006 8,06 1.00 8.06
Fertilizer 32-0-0 ewt . .00 r 0.75 3.00 0.75 3.00 0.75 3.00
Harvesting ton 4£.80 1.4%0 6.72 7.00 33,60 9.30 44,64 11.00 52,80
Hauling ton 2.40 1,40 3.36 7.06 16.80 9.30 22,32 11.00 26.40
Interest on Operating
Capital dol. 6.06 35.86 2,15 84.09 5.05 85.69 __5.14 87.29 .2k
Total Specified Costs Above
Land, Labor, Risk and

Management dol. 18.40 78.38 97.17 111,65

®See Table V of Chapter II for defimition of irrigation levels.
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APPENDIX E, TABLE XXII

ESTIMATED GROSS INCOME, PRODUCTION COSTS, AND NET INCOME FOR SELECTED
CROPS WITH AVERAGE BATNFALL AND 4-PLOW TRACTOR AND EQUIPMENT,
BY LEVELS OF IRRIGATION (PER ACRE)

Trop and a T b
Levels of ' Gross Income Production Costs Net Income
Irrigation L Land L, Land L; Land L, Land L, Land L, Land
Cotton
I0 99.10 87.82 49,63 46,29 49.47 41,53
I1 167.45 146.95 101.41 95.30 66. 04 51,65
I2 211.88 188.00 120.15 113.13 91.23 74 .87
I3 247,75 222,12 136.34 128.72 111.%1 93.40
Wheat ,
IO 39.60 32,40 11.65 10.77 28.55 21.63
I1 52,20 43.20 28.75 28.15 23.45 '15.95
I, 64.80 57.60 33.31 32.83 31.49 24,77
I3 73.80 66.60 37.59 37.16 36.21 29. 4k
Alfalfa
I0 52,00 40.00 30.25 25.87 21.75 14,13
I1 86.00 39.60 28.51 27.91 20,609 11.69
12 116.00 84,00 73.91 64,42 36.09 19.58
I3 128.0¢ 160,00 83.48 74.72 44 .52 25.28

Grain Serghum
I 52.00 40,00 30.25 25.87 21,75 14,13

1? 86.00  64.00 60.92  52.89 25.08  11.11
I 61.20  49.72 31.49  30.27 29.71  19.45
2 170.00  1%0.00 86.00  74.78 84.00  65.22

Forage Sorghum

0 : 27.29 22.64
: 86.00 78,78

114,16 95.35

g 133.19 110.56
Bermuda

I, 5.83 5.83

I, : 36,83 36.83

®production costs include cost of seed, fertilizer, weed and insect
chemicals, power and machinery, harvesting, and interest on operatimg capital.

bNet income is defined as returns to land, family labor, management,
and risk,.
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APPENDIX E, TABLE XXIII

ESTIMATED GROSS INCOME, PRODUCTION COSTS, AND NET INCOME FOR SELECTED
CROPS WITH BELOW AVERAGE RAINFALL AND 4-PLOW TRACTOR AND
EQUIPMENT, BY LEVELS OF IRRIGATION (PER ACRE)

Gross Income Productiog,Costsa __Net Incomeb
L; Land Lo Land L; Land Lo Land L; Land L, Land

Cotton _
I, 70.72 62.85 41.13 38,77 = 29.59 24,08
L 167.95 146,95 105.93 99.82 62,02 47.13
I, 211.88 188,00 124,57 117.55 87.31 70,45
I3 247,75 222,12 1%0.8% 133,22 106.91 88.90
WVheat
I, 25,20 19.80 9.99  9.78 15.21 10,02
I 52.20 43,20 30.56 29,96 21,64 13.24
I, 64.80 57.60 35.56 35.08 29.24 22,52
13 73.80 66,60 40.88 40,45 32.92 26,15
Alfalfa
I, 38.00 28,00 25,14 21,49 12.86 6.51
L 86.00 64.00 62.69 54,66 23.31 9.%k
I, 110.00 84,00 75.64 66.15 34.36 17.85
13 128,00 100,00 85.50 76.70 42,50 23,30
Grain Sorghum .
I, 22,61 17.85 8.84 8.47 13.77 9.38
L 61.20 49,72 33.34 32.46 27.86 17.26
I, 67.15 53.98 36.99 35.63 30.16 18.35
I3 69.70 56.10 39.47 38.08 30.23 18.02
Forage Sorghum
I, 19.81 16,66
I 87.03 76.23
I, 113.00 - 95.00
13 134,08 109.48
Bermda
I, 5.92 5.92
I : 41,33 k1.33

1

a . . o3 .
Production costs include cost of seed, fertilizer, weed and insect
chemicals, power and machinery, harvesting, and interest on cperating capital.

bNet income is defined as returns to land, family laber, management,
and risk,
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APPENDIX E, TABLE XXIV

ESTIMATED LABOR REQUIREMENTS FOR SELECTED CROPS WITH AVERAGE
RAINFALL, BY LEVELS OF IRRIGATION (PER ACRE)® -

Crop and ' Two~-Plow Equipment . Four-Plow Equipment
Levels of Jan.- May- Aug. Oct.- Jan,- May- Aug. Oct.-
Irrigation April July Sept. Dec. Total Aprll July Sept, Dec, Total

Cotton

I0 2.14 2,42 0,30 06,15 5,01 1.27 1.23 0.15 0,15 2,80
Il 2.14 5.42 0.35 0.15 8.06 1.27 4.23 0.20 0.15 5.85
I2 2,14 8.98 0.0 0.15 11.67 1.27 7.79 0.25 0,15 9,46
13 2.14 10,08 2.85 0.35 15.42 1.27 8.89 2,70 0.35 13.21
Vheat
I0 1.49 0.63 0.20 2,32 0.83 0.42 0.20 1.45
I1 2.00 1.67 0.73 0.20 4.60 2.00 1.01 0.52 ©6.20 3.73
I2 2,00 1.75 0.73 2.30 6,78 2,00 1.09 0.52 2,30 5,91
I3 4,06 1.8 0.73 2.30 8.87 4,00 1.18 0,52 2.30 8,00
Alfalfa
I0 3.56 0,80 0,09 4.45 3.39 0.67 0,09 &.,15
I1 0.15 5.70 0.85 0.09 6.79 0.15 5.53 0,72 0,09 6,49
12 0.15 7.95 0.85 0.09 9.04 0.15 7.78 0.72 0.09 74
I3 0.15 7.95 3.05 0.09 11.24 0.15 7.78 2.92 0.09 10,94
Grain
Sorghum
I0 0.8 1,11 0.83 0.05 2.83 0.47 0.61 0,55 0.03 1.66
I1 0.8+ 3.20 1,65 0.05 5,14 0,47 2,70 0.77 0.05 3.99
I2 0.8% 4,71 1,11 0,05 6,71 0.47 4.21 0.83 0.05 5.56
I3 0.8% 6.19 1.17 0.05 8.25 0.47 5.69 0.89 0.05 7.10
Forage
Serghum
I0 1.88 2.03 0.80 4,71 1,02 0.72 1.74
I1 1.88 5.03 1.25 8,16 1.02 3,72 0.45 5.19
12 1.88 6.89 2.87 11.64 1,02 5.58 2.07 8.67
I3 1.88 9.53 6.25 17,66 1,02 8,22 3,45 12.69
Bermda :
I0 1.47 1.09 0.48 3.0 0.80 0.55 0.25 1.60
I1 1.62 5.45 2.73 9.80 0.95 4,92 2,50 - 8.39

®Labor coefficients were based en the following sources: Larry J.
Connor, William F. Lagrone, and James S, Plaxico, Hesource Requirements,
Costs. and Expected Returns; Alternative Crop and Livestock Enterprises:
Loam Soils of the R0111ng Plains of Southwestern Oklahoma, Oklahoma Agri-
cultural Experlment Station in cooperatlon with the U, S. Department of
Agriculture, Processed Series P-368 (Stiliwater, 1961), and Jay M. Bagley
and Wayne 0. Criddle, Evaluation of Sprinkler Irrlgatlon Systems in
Northern Utah, Utah Agricultural Experlment Station in cooperation n with
the U. S. Department of Agrieulture, Bulletin 387 (Logan)
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ESTIMATED LABOR REQUIREMENTS FOR SELECTED CROPS WITH BELOW AVERAGE
RAINFALL, BY LEVELS OF IRRIGATION (PER ACRE)?

Two~-Plow Eguipment

Crop and Four-Plow_Equipment
Levels of Jan.- May- Aug. Oct.= Jan.- May= Aug. OQOec¢t.= .
Irrigation April July Sept, Dec, Total April July Sept. Dec. Total
Cotton
I0 2.14 2.42 0.30 0.15 5.01 1.27 1.23 0.15 0¢.15 2.80
I1 2.14 7.91 0.35 0.15 10.55 1.27 6.72 0.35 0.15 8.49
12 2.14 9.17 2.55 0.15 14.01 1.27 7.98 2.55 0.15 11.95
I3 2.14 11.92 3.47 0.15 17.68 1.27 10.7% 3.47 0.15 15.63
Wheat
IO 1.32 0.63 0.20 2,15 0.85 0.42 0.20 1.45
Il 3.20 1,42 0.63 0,20 5.45 3.20 0.83 1.26 1.0 6.69
12 3.20 1.42 1.7 2,20 8.29 3.20 0.83 1.30 2,20 7.53
I3 5.20 1.X2 1.47 2,20 10.29 5,20 0,83 1.30 2,20 9.53
Alfalfa
I0 3.56 0.80 0.09 4.45 3,39 0.67 0.09 &.15
I1 1.30 6,12 0.8¢0 0.09 8.31 1.30 5.87 0.67 0,15 7.99
12 1.30 7.04 1.96 0.09 10.39 1.30 6,79 1.65 0.15 9.89
I3 1.30 8.06 3.12 0.09 12.57 1.30 7.81 2,81 0,15 12,07
Grain
Sorghum : , .
IO 0.8% 1.02 0.71 2,57 0,47 0©0.61 0.55 0,03 1.66
I1 0.8% 5,11 0.83 .78 0.%7 4.70 0.53 0.05 5.75
12 0.8% 5.61 1.83 8.28 0.%47 5.20 1.3 0.05 7.25
13 0.84 6.11 2.83 9.78 0,47 5,20 2.53 0,05 8.25
Forage
Sorghum
IO 1.88 2.03 0.80 k,71 1.02 0.96 0.85 2.83
Il 1.88 4,535 2.70 9.11ﬁ_1,02 3.46 0.85 3.33
12 1.88 5.53 3.20 10,61 1.02 4.46 3.25 8.73
I3 1.88 6.53 3.70 12,11 1.02 5,46 3.75 16.23
Bermuda
IO 1.47 1.09 0.48 3.0 0.80 0.55 0.25 1.66
Il 1.62 6.45 3.73 11.80 1.05 5.94 3.50 10.49
®Labor coefficients were based on the following sources: Larry J.

Connor, William F. Lagrone, and James S. Plaxico, Resource Requirements,
Costs and Expected Returns; Alternative Crop and Livestock Enterprises;
Loam 801ls of the Rolling olling Plains of Southwestern Oklahoma, Oklahoma Agri-
cultural E: Experlment Station in cooper&tlon with the U, S. Department of
Agriculture, Processed Series P-368 (Stillwater, 1961), and Jay M. Bagley

and Wayne 0. Criddle, Evaluation of Spripkler Irrigation Systems in

Northern Utah, Utah Agri@ultural Ezperiment Station in ccoperatiom with
the U. S. Department of Agriculture, Bulletin 387 (Logan).
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APPENDIX E, TABLE XXVI

PRODUCTION COSTS AND RETURNS FOR BEEF COW-CALF ENTERPRISE; SPRING
CALVING WITH SALE OF FEEDER CALVES OCTOBER % .(PER COW)

Price or R Valuéﬁ
Cost Per or
Item Unit Unit Quantity Cost
:Production: _
Cull Cows ewt, 13.13 1.18 15.49
Heifer Calves cwt, 21.42 1.29 27.63
Steer Calves cwt, 23,42 2,14 50.12
Total dol. 93,24
Inputs:
Range : AUM 12.88
Hay (Alfalfa - 6 lbs./day) ton 20.00 0.4k 8.80
Salt lbs. 0.03 33.60 1.01
Veterinary and Medicine dol. 3.36 3.36
Bull Depreciation dol. 1.40 1.40
Hauling and Marketing Cost ewt . 0.40 4,61 1.84
Property Tax dol. 0.037 58.11 2.15
Interest on Operating
Capital dol. 0.06 198.61 11.92
Total Specified Costs dol. 30.48
Returns te Land, Labor,
Risk, and Management dol. 4 62,76
Labor Requirements (Man Hours Per Cow) .
Jan, Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov, Dec.  Total
1.73 2,76 2.95 2.09 0.20 0.72 0.20 0.16 0.20 0.48 0.50 0,60 12,59

Wintered on alfalfa hay and range; mon-creep fed, sold off mative
range.
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APPENDIX E, TABLE XXVII

PRODUCTION COSTS AND RETURNS FOR BEEF COW-CALF ENTERPRISE FALL
CALVING WITH SALE OF FEEDER CALVES JULY 20 (PER COW)

Price or Value
Cost Per or
Item Unit Unit Quantity . Cost
Production: .
Cull Cows cwt, 13.95 1,18 16,46
Heifer Calves ewt, 22,20 1.29 28.54
Steer Calves ewt, 2k .20 2,14 51.76
Total dol., 96,76
Inputs:
Range AUM 11.%0
€.S.C, (1.75 1bs, /day) ewt . 3.80 2.87 10.90
Sorghum Silage (27 1bs. /day) ton 4,20 1.84 7.71
Salt _ ibs. 0.03 3%.60 1.01
Veterinary and Medicine dol, 3.%6 3.36
Bull Depreciation dol., 1.4%0 1.40
Hauling and Marketlng cwt, 0.40 4.61 1.84
Property Tax dol, 0,037 70.00 2.58
Interest on Operating
Capital dol. 0,06 206.80¢ 12,41
Total Specified Costs dol. 41,21
Returns to Land, Laber,
Risk, and Management dol, 55.55
Labor Requirements (Man Hours Per Cow)
Jan. Feb, Mar, Apr. May June July Aug, Sept. Oct. Nov. Dec. Total
0.77 1.05 0.87 0 61 0.10 0.08 @, 3% 0.08 0,42 0.85 1.10 1.19 7 .46

%intered on sorghum silage, cotton seed cake, and range; non-creep
fed.
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PRODUCTION COSTS AND RETURNS FOR GOOD FEEDER CATTLE ENTERPRISE;

BUY APRIL 15 AND SELL OCTOBER 15 (PER STEER)®

Price or Value
Cost Per or
Item Unit Unit Quantity Cost
Production:
Feeder cwt. 20.23 8.25 166,90
Less One Per Cent
Death Loss 165.23
Inputs:
Calf cewt, 25,26 5.00 126.30
Midland Bermmuda ATM 1.56 4,00 6.25
Veterinary and Medicine dol. 0.80 - 0.80
Salt lbs. 0.01 8.00 0,08
Hauling and Marketing cwt, 0.%0 12.25 4.90
Interest en Operating
Capital dol. 0.66 64.37 3.86
Total Specified Costs 142,19
Returns to Land, Labor,
Risk, and Management dol, 23.04
Labor Requirements (Man Hours Per Steer)
Jan. Feb. Mar., Apr. May June July Aug. Sept. Oct. Nev. Dec. Total
6 0 "0 0,55 0.50 0.56 0.50 06,50 6,50 0.55 ¢ 0 3.60

2Grazed through summer and sold off Midland Bermuda pasture.
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PRODUCTION COSTS AND RETURNS FOR GOOD FEEDER CATTLE ENTERPRISE;
BUY OCTOBER 15 AND SELL MAY 15 (PER STEER)®

Price or Value

Cost Per or

Item Unit Unit Quantity Cost
Production: _

Feeder cwt, 22.29 7.15 159,37

Less One Per Cent

Death Loss 157.78
Inputs:

Calf cewt. 23.42 4,50 105.39
Native Range ATM 0.50
Small Grain Grazing

Before March 1 ATM 1.40

After March 1 AUM 1.81 1.40 2.53
Forage Sorghum ton 8,61 0.45 3.87
€.S.C. (1.5 1bs./day) cwt, 3.81 0.69 2,62
Veterinary and Medicine dol. 1.45 1.45
Salt 1bs. 0.01 16.30 0,16
Hauling and Marketing cwt. 0.40 11.65 4,66
Property Tax dol, 0,037 49,00 1.81
Interest on Operating '

Capital del. 0.06 65.89 3.95
Total Specified Costs dol. 126 .44
Returns to Land, Labor,

Risk, and Management dol. 31.3k
Labor Requirements (Man Hours Per Steer)

Jan, Feb, Mar, Apr. May June July Aug. Sept. Oc¢t. Nov, Dec, Total

0.45 0.45 0.30 0.30 1.0 0 0 0.54 0.30 0.30 3.66

8intered on small grain pasture with forage sorghum and cottonseed

cake when off small grain.

Sold off grazed out small grain,
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(PER CoOW)
Price or Value
Cost Per or
Item Unit Unit Quantity Cost
Production:
Milk cwt, L.60 2,000.0 368.00
Cull Cows ewh. 12.50 60.0 30. 00
Cull Heifers, 2 Years cwt. 16.00 8.0 5.12
Cull Heifers, 1 Year cewt, 18.00 4.0 2.88
Calves head 15.00 16.0 9.60
Total dol, 415,60
Inputs:
Hauling Milk ewt, 0.30 2,000,.0 24,00
Hauling Cattle ewt, 0.40 85.6 1.57
Veterinary and Medicine dol. 5.00
Dairy Supplies dol, 4,00
Utilities dol, 3.00
DHIA Testing cow 5.25 25.0 5.25
Spray Material dol. 0.80
Raising Replacement head 176,00 5.0 34,00
Purchased Feeds:
Cotton Seed Meal cwt, 3.90 126.0 19.66
Wheat Bran cwt, 2,50 84,0 8.40
Salt and Mineral ewt, 1.00 8.4 0.34
Farm Grown Feeds:
Sorghum Silage ton 9.50 161.5 61.37
Oats cwt, 0.94 126,1 b, 7%
Grain Sorghum cwt, 0.75 495.7 14 .87
Hay ton 22,25 56.3 50.10
Grinding Feed ewt. 0.15 710.0 5,26
Interest on Operating
Capital dol, 0.06 17,925.90 43,02
Total Specified Costs dol. 284,17
Returns to Land, Labor, b
Risk, and Management dol. 131.43
Labor Requirements (Man Hours Per Cow)
Jan. Feb. Mar, Apr. May X Sept. Oct. Nov. Dec. Total
8.46 7.54 8.46 8.78 7.68 7 40 8 7. % 8 7.40 8.46 8,15 8,46 96.15

aCharged on a cost of production basis.
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APPENDIX ¥, TABLE I

5 A

J USED IN PEOGEAMMING OPTIMIM PAT
TER AVATLABILITY R¥S

TRICTED Te LEVEL 2)

Wi PLANS (FARM A-1, AVERAGE BAINFALL

Cetton
ITtem Row Unit PO P1 P2 P3 Pk P5 P6 P7 P8
G;; dol 48,86 40.92 67.97 53.52 93.89 77.03 113.81 95.80
Land Hesoupces .
Ll 101 acre 7 1 1 1 1
L2 102 acre 31 1 1 1 1
L3 103 acre 13
L4 104  acre 29
L5 105 acre 8
Wheat Allotment 106 acre 10
Cotton Allotment 107 acre 19 i 1 1 1 3 1 1 1
Grazing
Oct,.=Feb, 108 ATM 32
Mar.=May 109 AUH 32
June=Sept. 110 AUM 32
Labor
Jan . =Apr. 111 hour 726 2.14 2.14 2.14% 2.1k 2.14 2.14 2,14 2.14
1) 112  hour 638 2.42 2.42 5.42 5.42 8.98 8.98 10.08 10.08
: 113 hour &40 0.30 .30 0.35 0.35 0.40 0.40 2.85 2.85
Jct . ~-Dee, 114 hour 594 0.15 6.15 0.15 6.15 0.15 0.15 0.35 0.35
Capital
Total 115 dol. -1 34,46  34.46  95.47 95,47 106.72 100.72 105.97 105.97
Annual 116  dol. .1 27.83 27.83 83.71 83.71 87.26 87.26 91.57 91.57
Irrigation Water 117 Ae.In. 225 , 6 6 13 13 20 20
Alfalfa Hay 118 tom .1
Small Grain Hay 119  ton o1
Forage Sorghum 120 +ton .1
Grain Sorghum 121 ewt, .1
Gats 122 cwth, .1

%1
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~ ¥Wheat Alfalfa

, D o) : ry
Row Pe Py Py P P3Py By Pg P Prg Plg  Foo Fop  Poo

C. 28.52 21.59 1x.67 7.75 25.39 16.99 33.56 26.87 738.33 31.70 =-26.83 =22.45 -56.50 -48.47

101 1 1 1 1 1 1

102 1 1 1 1 1 1
103 1

104 1

105

106 1 1 1 1 1 1 1 1 1 1

107.

108 =0.50 -0.40 -0.30 =0.20 -0.65 -0,50 =-0.75 =0.65 -0.85 =0,70

109

110

111 2,00 2,00 2,00 2,00 k,00 4.00 0.15 0.15
112 1.9 1.49 1.9 1,49 1.67 1.67 1.75 1.75 1.8 1.84 3.56 3.56 5.70 5,70
113 0.63 0.63 0.63 0.63 0.73 0.73 0.73 0.73 0.73 0.73 0.80 0,80 0.85 0.85
114 0.20 0.20 0.20 0.20 0.20 0,20 2.30 2.30 2.30 2.30 0.09 0.09 0.09 0,09
115 14,50 14.50 1&.50 14.50 62.92 62.92 66.48 66,48 67.42 67.42 42.65 42.65 92,58 92.58
116 13,10 13.i0 13.10 13.10 59.8% 59.8: 62.51 62.51 63.21 63,21 27.7% 27.78 75.61 75.61
117 5 5 10 10 15 15 6.00 6.00
118 -2,60 -2,00 4.3 =3.2
119

120

121

122

A
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Bow

Alfalfa

Grain Serghum

P23

PQ&

P25

Pog  Fay  Fag  Pog Pz Py Pgy Pgg Py Prg o Pyg

161
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
126
121
122

~-09.5% -60.04

1

0.15
7.95
0.85
0.09
96.85
78.81
12.00
5.5

-78.91

i

=70.15 25.58 18.52 16,98 3.60 31.4% 21,18 34.64 22.83 34,82 22.61

1 1 1 1

6.15 0.8 0.8 0.8 0.8%4 0.8& 0.8 0.8 0.8 0.8% 0.8%
7.95 1.i1 1,11 1,11 1,11 3.20 3.20 4,71 4,71 6.19 6.19
3.9 0.83 0.83 0¢.83 0.835 1.05 1.65 1.11 .11 1.17 1.17
6.09 0.05 6.05 ¢6.05 0.05 0.05 ¢€.05 0.05 0.05 0.05 0,05
101.12 11.39 11.39 11.39 11.39 61.92 61.92 64.06 64.06 66.19 66.19
81.42 11.16 11.16 11.16 11.16 59.48 59.48 61,08 61.08 62.68 62,68
18.00 L LY 7 7 10 190

%1
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How

Forage Sorghum

P37

P38

P39

Pro

Pyl

Pro

P43

Py

Pys

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

=22.01

1.88
2.03
0.80

35.86

35.86

-2.20

-21.29

-2.10

-18.41

1.88
2.03
0.80

29.98
29.98

=1.70

-77.68

1

1.88

5.03
1.25

86.16
83.02

=8.50

=70.48

1.88

5.03
1.25

86.16
83.02

=107.18

1

1.88
6.89
2,87

86.87
83.55

=11.80

=89.18

1.88
6.89
2,87

86.87
83.55

=9.30

-125.15

1

1.88

9.53
6.25

89.00

84.15
10

=1k,.00

-103.55

1.88

9.53
6.25

89.00

84.15
16

=11,60

KA



APPENDIX F, TABLE I (continued)

Bermuda Grazed Out Small Grain
Bow P&6 P47 P48 P49 PSO P51 P52 P53 P54
CJ. =5.30 =5.30 =5.30 =33.76 -33.76 =k,77 =4.77 -k.77 =477
101 1 1 1
102 1 1 1
103 1
104 1
105 1
106
107
108 =0.21 =0.20 =0.18 -0.80 -0.65 =0.50 -0.40 -0.30 «0.20
109 -2,06 -1.96 =1.72 =7.84 ~6.32 -2.80 =2.30 -1.40 =1,00
110 =1.93 =1.84 -1.60 ~7.36 ~5.98
111 1.47 1.47 1.47 1.62 1.62
112 1.09 1.09 1.09 5.45 5.45 1.49 1.49 1.49 1.49
113 0.48 .48 0.48 2.73 2,73 0.63 0.63 0.63 0.63
114 ‘ ' 0.20 0.20 0.20 0.20
115 20.32 20,32 20.32 81.17 81.17 13.63 13.63 13.63 “1%,63
116 10.16 10.16 10.16 65.91 65.91 12.25 12.25 12.25 12,25
117 16 16
118
119
120
121
122

Go1



APPENDIX F, TABLE I (continued)

Small Grain Hay Sudan Grass Cow-Calf Feeders Dairy
Row P55 P56 P57 P58 P59 P60 P61 P62 P63 P64
Cj -12.63 =10kl =k .33 «% .33 75.67 8%.42 £1.69 20.28 3%.15 305.53
101
102
103 1 1
104 : 1 1
105
106
107
108 ~0.30 =0,20 3.80 4,30 1.60 2,70 0.40 0.40
109 3.80 4.30 1.70 1.20 2.20
110 -=1.00 -0.60 3.80 k.30 3.20 4.00
111 1.88 1.88 3.30 9.53 1.50 1.92 0.55 33.24
112 2,69 2,69 1.43 1.43 0.52 1.12 1.02 1.50 22.76
113 0.63 0.63 0.50 0.36 1.00 15.¢8
114 0.20 .20 3.1k 1.58 1.14 1.1% 0.55 25.07
115 26.80 26.80 10.62 10.62 211.69 200.80 111.42 115.08 129.18 763,30
116 26.80 26,80 10.23 10.23 206,79 198.61 65.89 43.17 64.37 717.0%
117
118 0.437 0.40 1.758
119 =1.00 =0.70 &.50
120 1.84 0.45 5,00
121 19.83
122 5.0k

9%t



APPENDIX F, TABLE I (continued)

Row

Hire Labor

Capital
Borrow

Buy
Oats

Buy
Grain
Serghum

Buy
Alfalfa
Hay

Sell
Alfalfa
Hay

5 Peo Pes

8

P69

P70

71

P72

Pas

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

-1.00 -1.00 ~1.00

-1.00

-1,00

=1.00
1.00
0.50

-0.06

=1,00
-~1,00

=2.00

-1.75

-20,00

20,00
10.00

=1

~-20,00

A4
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PROGRAMMED QUANTITIES OF ALFALFA PRODUCED AND SOLD BY FARM SIZE,

TYPE, AND WATER LEVEL FOR AVERAGE AND BELOW

AVERAGE RAINFALL CONDITIONS

Average Rainfall

Below Average Rainfall

Farm Quantity Quantity Quantity Quantity

Identification® Produced Sold Produced Sold
- Tons =

A-12 6 2

A-13 38 32 2

A-14 100 94 100 98

B--12 58 38 33

B~13 115 112 51 46

B-14 265 259 255 252

=12 6

c-13 6 5

C-14 101 95 86 79

Cc-22 53 16 5

C-23% 111 70 38

C-24 111 70 45 11

D-12 147 136 70 61

D-13 43k 423 96 87

D=14 54l 516 S5hl 522

D-22 369 329 307 253

D=273 550 516 435 400

D24 555 515 510 478

E-12 226 50 19

B-13 83 52 83 67

B-14 103 71 258 236

B-22 123 64 31

E-23 158 83 12

B=24 158 93

F-12 352 306 26

F-13 806 764 6

F-14 826 779 819 813

F-22 32 19

F-23 32 19

P2k 582 557 589 571

®Refers to resource strata, farm type, and farm water level., For
example, A=12 refers to resource sitmation A, farm type 1, and farm water

level 2.

These characteristics are defined in Chapter II.
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APPENDIX G, TABLE II

MARGINAL RETURNS PER ACRE FOOT OF WATER FROM NO IRRIGATION AND PRECEDING
LEVEL OF IRRIGATION BY FARM TYPE, SIZE, AND WATER LEVEL
FOR AVERAGE AND BELOW AVERAGE RAINFALL®

Average BRainfall

Marginal Returns Per Acre Foot of Water -
From ' From '
No Irrigation Preceding Irrigation Level
Farm Size Farm Water Levels®
and Typeb 2 3 L 2 3 ' A
A-1 36.69 25.15 20,36 36.69 13.60 10.77
B-1 30.48 21.67 18,00 = 30.48 12.87 10,67
C-1 30,76 21.36 17.73 30.76 11.96 10.47
C-2 32.29 21.85 16.98 32.29 11.42 7.23
D=1 20,93 17.38 14,98 20.93 13.83 10,18
D-2 30.01 20.47 16.35 30.01 10.94 8.10
E=1 22,58 16.16 13.72 22.58 9.75 8.83
E-2 18.82 12,99 11.19 18.82 7.22 7.53
F-1 20,72 15,61 13.45 20.72 10.51 9.11
F2 30,66 21.30 16.89 30,66 11.95 8.06

Below Average Rainfall

A-1 34.08 26.48 19.53 34.08 18.88 5.62
B-1 32,44 25.75 19.14 32.44 19.05 5.92
C-1 27.42 21.60 16,62 27 .42 18.65 7.86
Cc-2 39.65 28,14 21.19 39.65 16,62 7.30
D-1 26.65 20.41 16.49 26,65 14,17 8.65
D-2 25.45 19.22 15.69 25,45 135.00 8.03
=1 16.83 17.18 13.50 16.83 17.53 6.13
E-2 34 .88 22,68 17.66 34,88 10.49 7.61
F-1 25.16 17.97 14,36 25.16 10.77 7.1k
F-2 23.72 19.85 15.91 23.72 15.98 8.03

aMarginal returns to water, family labor, risk, and management
associated with irrigation exclusive of fixed costs of irrigation equip-
ment.

bA description of farm size and type groups is presented in Tables II
and IV of Chapter II.

®Farm water levels are defined in Table VI of Chapter II.
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