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ABSTRACT

The overall objective of this study was to develop profit-maxi

mizing plans for farms using supplemental irrigation in the initial phase

of the proposed South Saskatchewan River Irrigation Project. The optimum

farm organization for any p~rticular farm depends on the quantity and

quality of the resources available, the efficiency with which these re

sources can be combined and the prices obtained for the resultant pro

ducts. This study attempted to develop optimum plans for a one-section

farm under various resource supply, production efficiency and price situ

ations. The variable resource programming procedure was used to derive

these plans. With this procedure the supply of a scarce resource can be

varied from zero to an unlimiting amount and the optimum plans commen

surate with all levels of the variable resource can be obtained. By

allowing irrigation capital to vary the optimum plans were derived for

various combinations of irrigated and dryland farming on a one-section farm.

The primary source of data for this study was the Irrigation Budget

Standards developed by the Department of Agricultural Economics of the

University of Saskatchewan and the Conservation and Development Branch

of the Saskatchewan Department of Agriculture. Other sources included

the Department of Animal Science and various research bulletins.

In total eleven one-resource variable programs and one two-re

source variable program were carried out. All of these were based on a

one-section dryland farm which had a machine and building complement ade

quate for that size of dryland unit, no livestock or livestock facilities,

and a labor supply of one full-time operator and a small amount of family
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labor. In an attempt to assess the effect of irrigation development and

livestock production on the optimum farm organization provisions were made

in the ~odel for borrowing livestock development capital, irrigation de

velopment capital and additional operating funds. Other resources made

available to the farm were seasonal supplies of hired labor, limited

amounts of community pasture and off-farm hay and feed grain. The pro

duction alternatives included in the model allowed various combinations

plies, production alternatives, production efficiencies and price ratios.

Programs 2 and 3 excluded family labor and hired labor, respectively,

from the situation posed in program 1. Program 4 was the same as program

1 except that the hay buying and selling alternatives were excluded. In

programs 5, 6, and 7, the hog activities were eliminated from the situations

posed in programs 1, 2, and 3, respectively.~ The effect of higher labor

efficiency in livestock production on the optimum farm organization of

program 1 was examined in program 8. Livestock feed efficiencies were

reduced in program 9. The effects on farm organization of higher grain

to livestock price ratios in situations With and without hogs were ex

amined in programs 10 and 11.

The results of the programs which dealt With different labor

supply situations showed that without extra labor during key periods

farmers would gain little from irrigation development. This was especi

ally true in those programs in which hogs were included as a production

alternative.

The effect which irrigation will have on farm organization, income,

labor use and investment will depend to a considerable extent on the policy

Subsequent programs dealt with different labor sup-of these resources.
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adopted with regard to operation and maintenance (0 and M) rates. When

o and M was charged as a fixed cost per irrigable acre income differences

between the dryland and final irrigated plans were larger and more acres

were irrigated but net farm income was lower than when 0 and M was charged

on the basis of acreage actually irrigated.

In the situations programmed in this study, hog production acted

as a substitute for irrigation development. The main effects of elimin

ating hogs were (1) reduced income, (2) larger irrigated acreages, and

(3) larger changes in income due to irrigation development.

The availability of capital will have important effects on the

extent and profitability of irrigation development. Availability of

capital for irrigation development alone will not guarantee profitable

irrigation development. Funds will also have to be available to expand

those enterprises which are complementary with respect to irrigation de

velopment. The two-resource variable solution indicated that the mar

ginal value product of irrigation capital was low at low levels of oper

ating capital. The irrigated cropping system at these low levels of oper

ating capital was devoted entirely to the most extensive cropping system

allowed in the program.

The variable resource programming procedure seems well adapted to

the type of analysis done in this study. This technique combined with

modern electronic computers enables the researcher to generate consider

able information about the effects of variations in the level of one or

more resources. The technique does, however, have some important limi

tations which must be kept in mind when it is being used. One of the
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most severe limitations arises from the fact that coefficients for a paB

ticular activity are often valid over small ranges in the level of that

activity. Interpretation of results must, therefore, proceed with caution

when activity levels are inconsistent with the coefficients used.
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INTRODUCTION

1.1 The Problem Situation

One of the problems faced by farmers is the reorganization of

their resources as new techniques or alternative methods of production

are developed. By the end of the 1960's, if present plans go forward,

a number of Saskatchewan farmers will have irrigation water available to

them. Farmers in the irrigation area will face a new set of conditions

and the basic farm plans will have to be altered from those currently

used under dryland conditions. Moisture will no longer be the dominant

factor limiting crop production and factors over which a certain amount

of control may be exercised will become more important in the production

process. The changes in farm organization necessary on farms affected

by the irrigation project can be established over time by trial and error

on the part of the farmer, or, alternately the plans that appear best

suited to the estimated future conditions may be selected through system

atic budgeting or programming procedures. This study was an attempt to

test the latter method.

The problem situation is this: Farmers in the proposed irrigation

area have a given set of resources, one of which is water, the supply of

mich up to the present time, has been highly variable and virtually un

controlled. A specific agricultural structure has developed under this

set of conditions. If irrigation water is made available a new set of

conditions will arise under which the quantity of water and the timing

of its availability can be more closely regulated. This will allow for

changing production patterns and farm structures. The nature and extent
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of the probable changes on "typical" farms using supplemental irrigation

was investigated in this study.

The overall objective of this study was to develop profit-maxi-

mizing plans for farms using supplemental irrigation in the proposed

South Saskatchewan River Irrigation Project. The kind of irrigation de-

ve10pment which will occur in the area is somewhat uncertain and will
1:./

depead on the development policy adopted. A number of economic studies

relating to the irrigation phase of the South Saskatchewan River Irri-

gation Project have been undertaken with the objectives of (1) assessing

the expected irrigation development over time in terms of kinds of output

which might develop and in terms of the types of farms which might arise;

(2) assessing the alternative development policies; and (3) determining

the complementary needs associated with alternative policies. Budgeting

work conducted by the Department of Agricultural Economics of the Univer-

sity of Saskatchewan and the Conservation and Development Branch of the

Saskatchewan Department of Agriculture was concerned primarily with the

economic aspects of full scale irrigation development. Budgets pertaining

to supplemental irrigation, while more limited in scope, indicated sub-

stantial incremental benefits from this type of development. In this

study the effects of supplemental irrigation in the initial development

stage under various resource situations were investigated. The study

assumed that, regardless of the kind of development policy adopted, at

least part of the irrigation development in the South Saskatchewan Project

will proceed on the basis of supplemental irrigation.

£/ These studies were conducted for the Saskat~hewan Department of
Agriculture by a number of provincial, federal and university
departments; the results of which appear in a number of unpub
lished reports which will be referred to later.
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1.2 Description of Area Under Study

The region concerned in the proposed irrigation development may be

roughly described as the area adjacent to the Saskatoon to Elbow sector

of the South Saskatchewan River. The prospective irrigation area repre

sents portions of several rural municipalities both east and west of the

river. The area is divi4ed into several blocks by a large area of sandy

soils and several areas of rolling upland topography.

Settlement of the region, with the exception of the sandy area, is

relatively complete and compares with that for the remainder of the cen

tral prairie region of Saskatchewan. Facilities in the form of railways,

highways and secondarg roads have attained a comparatively mature status,

especially in the more northerly portions of the region. General service

facilities are provided by a group of local towns and villages, the more

prominent ones being Outlook, Conquest and Delisle.. Saskatoon provides

city service facilities for the central and northern portions of the

region, while Moose Jaw and Regina provide these services for the south

ern portion. These three cities also provide the more specialized forms

of agricultural processing and marketing establishments serving the area.

Marketing and processing establishments for special products are located

in the cities, reflecting centralization of these services within cities

and the limited diversity of production in the region.

Agriculture in the region is typical of that for the central

prairie portion of the province. It is a high risk area, as far as crop

production is concerned, because of the low level of rainfall and the

variability in the amount of rainfall. cereal grain production, especi-
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the Dark Brown soil zone of Saskatchewan as a whole.

The study was concerned with entire operating units,

1/ See Lane, J.R., Farm Tenure and Organization Study, unpublished re
port, Conservation and Development Branch, Saskatchewan Department

of Agriculture, 1959.

manent residence on the farm. A "typical" farm unit in this area could

excellent to good. Eighty-five per cent of the farmers maintained per-

operators in all cases sold no livestock or livestock products. Farms

In 1959, a study was conducted by the Saskatchewan Department of

sites. Fifty-two per cent were rated as fair to poor, the remainder

populations showed wide variation between areas but were generally low

ators who did have seeded pasture was the 1 to 20 acre group. Livestock

in the area were also rated with respect to the condition of building

with modal groups above zero in only five of the 36 areas. Livestock

and livestock product sales were low in all areas. The largest group of

operators had no land seeded to pasture and the modal group of those oper-

average for all areas was 686 acres and ranged from 287 acres to 963

acres. The modal size was below 500 acres in 12 areas. Eighty per cent

or more of the land was improved in all areas. The largest number of

was below 600 acres in 15 areas. In terms of cultivated acreage the

was 814 acres and ranged from 493 acres to 1173 acres. The modal size

regardless of ownership or irrigable acreage in thirty-six sub-areas

within the proposed irrigable area. The average size of farm in all areas

irrigable areas.

Agriculture to determine farm tenure and organization in the proposed
1/

sity of livestock production in the region is comparable with that for

ally wheat, is the dominant economic activity of the region. The inten-
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be described as follows: one section of land of which 85% is under cul-

tivation; wheat production is the dominant enterprise, no livestock ex-

cept possibly for home use, a fair to good set of buildings and operated

by one operator and his family.

The proposed development area is situated in the Dark Brown soil

zone. Soils vary from highly inferior to relatively superior prairie
11

soils, with soils of the relatively poorer grades predominating.

The sandy soils with dune topography form the largest single soil area

in the region. These soils are unsuitable for arable agriculture. Their

use is confined to grazing and their productivity in this use is re-

latively low. The soils of the remainder of the region vary from light-

textured sandy loams to loams and clay loams. The topography of the

region, except for the dune formations in the sandy area and parts of

the Allan Hills, consists mainly of level to undulating and gently rolling

phases which are relatively favorable to agriculture.

1.3 Objectives of the Study

As was indicated above, the general objective of this study was

to develop profit-maximizing plans for farms using supplemental irri-

gation in the proposed South Saskatchewan River Irrigation Project. The

optimum plan for any given farm is a function of the quantity and quality

of resources on the farm and a function of market and price relationships.

~I For further information, see Mitchell, J., Moss, H.C., and Clayton, J.S.,
Soil Survey of Southern Saskatchewan, University of Saskatchewan,
Saskatoon, 1947.
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In recognition of this fact optimum plans were developed for various

resource situations through the use of variable-resource programming.

Through the use of this procedure profit-maximizing plans associated

with a range from zero to an unlimited amount of one resource, with the

other resource levels fixed, were determined.

The specific objectives of this study were to:

(1) Study the impact of varying combinations of irrigated and

dry1and farming. Here, the objective was to outline the optimum plans

for a range of irrigated acreage on some farms of pre~determined size.

Variable-resource programming procedures were used to derive these plans

with irrigation capital, i.e., capital for developing irrigable dryland

into irrigated land, the resource being varied.

(2) Study the effects of varying labor supplies on the optimum

farm plan in particular situations. Here, several variable resource

solutions, with irrigation capital as the resource being varied, were

computed with labor supplies (annual, seasonal and hired) fixed at dif

ferent levels in each program.

(3) Study the effect of policies with respect to operation and

maintenance charges in the various program situations. Operation and

maintenance charges are assessments against irrigation farmers to cover

costs of operating the irrigation system and keeping it in a satisfac

tory state of repair.

(4) Indicate the effect of different production alternatives on

the optimum farm organization under the various resource situations.

Here, the intent was to answer such questions as (a) how does a hay

market affect the optimum farm plan? (b) how do the optimum farm plans

change when a production alternative such as a hog enterprise is elimin-
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ated from the program?

(5) Examine the stability of the farm plans derived with respect

to price variations. This ex post analysis permits determination of the

range over which the net price of an activity could vary before a change

in farm plans would occur. The change which would occur in the enter

prise combinations if net prices go beyond this range can also be estab

lished.

(6) Study the effect of different levels of efficiency in live

stock production on the optimum plans under the various situations.

This provided some insights into the effect of supplemental irrigation

on farm organization where the operator had some experience in livestock

production as against the situation where the operator·s experience in

livestock production was more limited~ ..

(7) Study the effect of a change in grain to livestock price

ratios.

(8) Demonstrate the use of variable-resource programming by apply

ing it to an actual situation.
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CHAPTER II

THEORY AND METHODOLOGY OF THE STUDY

Farm planning is becoming an increasingly important part of agri-

cultural production economics research. Rapid technological changes are

demanding equally rapid changes in the organization of individual farm

businesses. As a result of these demands, agricultural economists have

concerned themselves with developing techniques to carry out sound farm

planning. The budgeting method was developed in the early part of the

twentieth century to deal with farm planning problems. This approach

proved very effective for simple farm planning problliems but proved very

cumbersome for the more complex problems. For simple problems, the bud-

geting approach is still an important tool in farm management research

but has given way to linear programming, a "mathematical form of budget-

ing", for the more difficult and comprehensive farm planning problems.

Linear programming is in essence a refined type of budgeting. It

is a mathematical technique whereby numerous alternatives are tested for

their ability to attain a certain objective. In production economics

this objective is usually profit maximization although other objectives

can be incorporated into a linear programming model. A linear programnr

ing problem has three major components: an objective, alternative

methods for attaining that objective and resource or other restrictions.

Any problem which has these three components may be expressed as a linear
1/

programming problem. Given the problem situation and the resource re-

~I Heady, E.O., and Candler, W., Linear Programming Methods. Iowa State
University Press, Ames, Iowa, 1958, p. 2.
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quirements. linear programming allows determination of the plan which

combines the limited resources in a manner such that the stated objective

is attained.

2.1 Relationship of Linear Programming to Production Economics
Principles

It is important to note that no new economic principles are in-

volved in the linear programming technique. The traditional marginal

concepts employed in production theory are also used in linear progr~

ing. These concepts are (a) the factor-product relationship, (b) the

factor-factor relationship and (c) the product-product relationship.

The principles associated in these concepts and their application to linear

programming are discussed below~

2.1.1 The Factor-Product Relati.onship

The factor-product principle involves the relationship between

the input of a resource or resources and the resulting output of a pro-

duct. Mathematically, this principle may be expressed as

where Y is the output of product, Xl is the variable input and X2,

~ ---- ~ are other inputs which are held constant. The range in the

output of product (Y) relates to a range in the level of the input Xl.

In the classical factor-product relationship or production function, as

more Xl is applied to fixed quantities of other resources, total output

at first increases at an increasing rate. then increases at a decreasing

rate and eventually declines.
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which is possible.

Px
=

Py~ X
Li. y

pressed in terms of a continuous relationship in which input and product

In production theory the factor-product principle is usually ex-

The factor-product principle involves several assumptions, (1) that

Physical production is maximized when the most efficient produc-

are assumed to be completely divisible. In reality, many factors are

~y is the factor-product ratio. The coordinates of this point indi-

cate the level of input and output Which maximize profits.

where 6 y refers to the marginal product~vity of the resource and
Ax

not completely divisible and give rise to discontinuous relationships.

is given by the following relationship (assuming decreasing returns exist).

able factor and the product. The point at which profits are maximized

the relevant choice indicator is the price relationship between the vari-

production). The optimum production point is determined through the use

will maximize a given end. When profit maximization is the objective

of a choice indicator, which indicates which of two or more alternatives

tion technique is used and when production occurs in the range where

total product is increasing at a decreasing rate (the rational stage of

given. A different production function exists for each single technique

relates to a specific time period. (3) that services of inputs are measured

on a per unit of time basis, and (4) that the technique of production is

all factors and products are homogeneous; (2) that the production function
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The rational range of production is the range within which in-

The factor-factor principle is involved with the substitution of

A necessary condition for economic efficiency is that a maximum

put.

Interpretation of the results from theoretical models which assume divis-

creased technical efficiency is consistent with increased economic effie-

product be attained from given resources, or, conversely, as in the factor-

that the marginal rate of substitution be equal to the inverse price ratio

especially when recommendations are being made for on-farm situations.

iency. This is the range in which the marginal rate of substitution bet-

which can be substituted for each other in the production of a given quan-

where Y is the given quantity of product, Xl and X2 are the two resources

of the factors. This may be stated as follows:

ween the two factors is negative. The principle of cost minimization is

factor relationship, that a minimum of resources be used for a given out-
11

tity of Y, and ~,X4 --- Xu are other inputs held at a constant level.

2.1.2 The Factor-Factor Relationship

ibility as in linear programming, for example, must proceed with caution,

one resource for another in the production of a given quantity of product.

The relationship may be expressed algebraically as follows:

1/ See Heady, E.O., Economics of Agricultural Prqduction and Resource
U~. Prentice-Hall Inc., New York, 1952. Ch. 6.
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X
1

~X2 is the marginal rate of substitution of X2 for

For example, in Figure 2:1, the marginal rate of substit-

The processes or activities of a linear programming model estab-

relationships are approximated by a series of linear segments. This

considerably before a shift in resource combination may be warranted.

jumps rather than continuously the price ratio between factors can change

In the factor-factor relationship, as in the factor-product re-

)ish the type of discontinuous relationship described above. Continuous

contour. Since the marginal rate of substitution changes in discrete

two points.

substitution between factors is constant along the segment between any
11

product contour may be discontinuous, in which case the marginal rate of

In certain farm applications of the factor-factor principle the iso-

ginal rate of substitution is different at every point along the contour.

11 An iso-product contour is defined as those combinations of Xl and
X

2
which produce an equal quaDiity of product.

of a continuous relationship. In the continuous relationship, the mar-

lationship, the principle is normally expressed in terms of an assumption

Xl and PX
2

"Px
l

is the price ratio between the factors.

where
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feature is best illustrated through the use of an example (see Figure 2:1).

Suppose that there are three methods for making hay: (a) horse drawn

equipment and hand labor, (b) power mower, rake and hay loader, (c) com-

plete mechanization with power mower, rake, baler, bale elevator, etc.

To produce the quantity of hay, say 50 tons, represented by the iso-

product contour in Figure 2:1, factor requirements are 40 days of labor

and 1 unit of equipment investment, 20 days of labor and 2 units of equip-

ment, or 10 days of labor and 3 units of equipment investment. The con-

tour in Figure 2:1 supposes that only the factor combinations represented

by points a, band c are relevant since discontinuity prevents attain-

ment of the in-between combinations. Relationships such as this result

~ stability of resource combinations. In Figure 2:1"the machine-ser-

vice to labor price ratio can shift within the range from 20/1 to 10/1

without causing either combinations "c" or "a" to become less costly
1/

than "b". -

2.1.3 The Product-Product Relationship

The product-product relationship is concerned with the allocation

of given resources among competing commodities or enterprises. In this

situation resources are held constant in quantity and variety, while

products are varied. Algebraically, the relationship may be represented

by the following equation: (YI Y2 I Xl) = 0, where Yl and Y2 are two

alternative products or enterprises and Xl represents the fixed quantity

of resources. The marginal rate of substitution (MRS) between two pro-

1/ See Heady, E.O., Ope cit., p. 179.
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ducts produced from a given quantity of resources may be greater than,

equal to or less than zero. The segment with MRS greater than 0 denotes

a complementary relationship between the two points, the segment with a

MRS = 0 denotes supplementarity and the segment in which the MRS is less

than 0 denotes competition between the two products for the fixed quan-

tity of resources. The most profitable combination of Yl and Y2 to pro-

duce is found where the following equality holds:

=

"Product-product problems are important from the standpoint of

either the individual farmer or the nation. To the farm operator, the

problem presents itself as a question of the combination of crops to be

grown on the limited farm or land area and from given quantities of labor,

capital, and management resources. It is also a question of what kinds

and amounts of livestock products should be produced with the limited

stock of resources available to the farmer. In practical terminology,
11

it concerns the extent to which the farm should be diversified." -

The product-product relationship may also exist as a discontinuous

relationship. For example, when alternative rotations are compared for

an entire farm, each rotation represents a discrete production possi-

bility. This is illustrated in Figure 2:2, where each point on the pro-

duction possibility curve represents a distinct combination of crops.

Only the combinations represented by points, a, b, c, d, and e are re-

J:I ~., p. 201.
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be expressed as follows:

conditions that:

value of the objective function. In mathematical form the problem may

Linear programming may be defined as a mathematical technique for

and the objective function converts an indeterminate system of equations
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into a system which can be solved for a solution that yields the optimum

2.2 The Linear Programming Technique

blem includes (a) a set of simultaneous linear equations representing

The complete mathematical statement of a linear programming pro-

the conditions of the problem and (b) a linear function expressing the

objective of the problem. The combination of these linear constraints

equalities (initially). In farm management analysis the objective of

determining the maximum value of a desired function subject to linear in-

2.2.1 Basic Concepts of Linear Programming

the discontinuous type of relationship depicted in Figure 2:2.

linear programming is normally to maximize profits subject to certain

the only points of interest. This kind of relationship has important

The processes or activities of a linear programming model are similar to

siderable range before a shift to a different rotation is warranted.

stability implications. The product-price ratio may vary within a con-

constant rate between points. From a practical point of view these are

levant since it is assumed that substitution between activities is at a
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a .x.
mJ J+

+

+

+

the number of real activities in the system.

the number of restrictive resources or, in other words,
the number of equations in the system.

the maximum number of units of resource i available.

the substitution or transformation ratios, i.e., the
number of units of resource i needed to produce one
unit of activity j. These are also referred to as
input-output coefficients.

the level of the jth commodity

the profit per unit of activity j

n

m

a
ij

These conditions state algebraically that (1) the resource levels

1.

positive levels. The symbols used above aay be defined as follows:

cannot be exceeded and (2) that all activities must be carried on at
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A number of terms which have been used above and will be used in

If. "Jargon •

in terms of linear inequalities and even if it were the solution provided

The term "resource restrictions" is used when referring to one

may not be the optimum one. The set of linear inequalities described can

A mathematical solution may not be possible for a problem defined

be transformed into a set of equalities by adding a set of Don-use activ-

sources. The number of disposal activities added is equal to the number

being produced. In linear programming one activity or process is dis-

tinghished from another activity or process on the basis of the production

which resources can remain idle in whole or in part and indicate the ex-

of resource restrictions. These disposal activities allow a solution in

ities or disposal activities whose purpose it is to allow non-use of re-

cess amounts of resources.

t d " t" "t "subsequen analysis have not been adequately defined. The wor s ac ~v~ y ,

poseof linear programming two processes are distinct if the resources

grain and 900 pounds of hay to produce 100 pounds of beef. For the pur-

required by them are converted into product in different proportions.

coefficients. For example, a feede~enterprise which requires 500 pounds

of the components of a linear programming problem. The resource r~

of grain and 1400 pounds of hay to produce 100 pounds of beef is a dif-

ferent process than a feeder enterprise which requires 800 pounds of

strictions in a farm production problem may be land, capital, building

These terms are used interchangeably and refer to the thing or material

space of any type, labor, quota restrictions, personal preferences, etc.

"process", and "enterprise" are part of linear programming
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The validity of the solution obtained from linear programming is depend

ent on the judgment and care exercised in establishing the nature of the

limiting resources.

The term "linear inequalities" is another frequently used term.

Each process in a linear programming problem can be expanded only up to

the availability of the most limited resource, i.e., a feasible program

can use less than the available resource, but it cannot use more.

Four specific assumptions form the basis of linear programming.

The linear programming technique will not provide a realistic answer if

these assumptions do not hold for the situation being studied. These

assumptions are:

(1) Linearity - The ratio of the quantity of one resource to an-

other and to the quantity of product is constant and independent of the

level at which a process is used. This implies that the production

function is linear for the portion of it which applies to the problem.

The linearity assumption, however, is not as restrictive as it appears.

Curvilinear relationships to denote decreasing returns can be approxi

mated through the use of a series of linear segments. A fertilizer re

sponse function, for example, is approximated by using a number of pre

cesses which differ only in the amount of fertilizer input.

(2) Divisibility - All products and inputs are assumed to be

completely divisible. As a result the mathematical solution, for ex

ample, may specify a 38.8 head feeder enterprise in the optimum plan.

In a practical application of the results of such a plan this would be

In most instances this is not a serious limitationrounded to 39 or 40.



available.

In this ex-here to demonstrate the logic underlying the procedure.

and the maximum output possible within the limits of Tables 2:1 and 2:2

dicated in Table 2:1, the production coefficients ar* listed in Table 2:2,

labor, fall labor and building space. The resource restrictions are in-

within the restrictions defined by four limiting resources, land, spring

ample, the production of two products, wheat and cattle, is considered

(4) Finiteness - It is assumed that the number of activities and

are given in Table 2:3. Figure 2:3 is a diagrammatic representation of

A simple diagramatic example of linear programming is presented
1/

the data in Table 2:31. The four lines joining the points indicated by

(3) Additivity - The activities in the program are assumed to be

1/ Adapted from class notes of Agricultural Economics 801.
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be tested. This is possible only if the number of alternatives is finite.

2.2.2 Illustration of Linear Programming

resources available is finite. In determining an optimum plan by the

linear programming procedure all activities included in the program must

combined consumption of each resource may not exceed the total supply

the individual enterprises. The combined consumption of each resource

will be the sum of the consumption by the individual processes, but the

The combined output of products will be the sum of the production from

additive, i.e., each is independent of the level of output of the other.

in the use of the technique~
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the data in Table 2:3 are diagrammatic representations of the production

transformation functions which indicate the relationship between the

quantity of any given resource and the varying amounts of the two activi-

ties which could be maintained, given the input-output coefficients assumed.

The production transformation functions define the production possibility

curve ADCEB in Figure 2:3. This curve indicates the maximum amounts of

either or both commodities which may be produced with the fixed quanti-

ties of resources. The optimum combination of the two products in the

final plan would depend on the relative prices of the two products. The

portions of the production transformation functions above and to the

right of the production possibilitJ curve express the unused resources

which go into the disposal processes of the linear programming solution.

Table 2:1 Resource Supplies - Example Problem

Resource Unit Amount

Land acre 400
Spring labor hour 300
Fall labor hour 350
Buildings 100 sq. ft. 80

Table 2:2 Input-Output Coefficients - Example Problem

Resource Wheat Cattle

Land 1.0 2.0
Spring labor 1.0 1.0
Fall labor 0.5 2.0
Buildings 0.0 0.5
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optimum manner.

200
300
175
160

Cattle

400
300
700

WheatResource

Land
~tiql~~

Fall labor
Buildings

the same information as was presented in Tables 2:1 and 2:2.

In Table 2:4, the linear programming matrix for the problem pre-

We start with the situation where none of the resources are being

One procedure followed for solving a linear programming problem

Zj-Cj is, therefore, the net opportunity cost. The net opportunity cost

present

is called the simplex method. In each step of the simplex solution, the

sented in Figure 2:3 is presented. The rows and columns of Table 2:4

unit, while Cj is the 'net profit' per unit of the jth activity.

Z -C coefficients are calculated. The Z. value indicates the opportunity
j j J

cost of increasing or decreasing the level of the jth actiVity by one

non-use of resources. The 'net profit~t are: Wheat, $30, and cattle, $20.

fall labor and all of the building space would go unused or into disposal.

of 300 units of wheat (point A) then 100 acres of land, 200 hours of

These are the profits per unit of product after allowance has been made

Table 2:3 Maximum Output - Example Problem

for variable non-limiting costs, i.e., those costs which remain the same

irrespective of the use made of resources have not been deducted.

used and proceed step by step to a solution which utilizes them in the

Four non-use or disposal activities have been added to allow for possible

For example, if the optimum plan in Figure 2:3 called for the production
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Table 2:4 Linear Programming Matrix for the Problem Illustrated in Fi~re 2:3

Disposal Activities :Rea1 Activities
Ci Resource No. Spring Labor Land Fall Labor Buildings Wheat Cattle R

Unit Po PI P2 P3 P4 P5 P6

Cj 0 0 0 0 $30 $20

0 Land PI acre 400 0 1 0 0 1.0 2.0 400
0 Spring Labor P2 hour 300 1 0 0 0 (hQ) 1.0 300
0 Fall Labor P3 hour 350 0 0 1 0 0.5 2.0 750
0 Buildings P4 100 sq. ft. 80 0 0 0 1 0 0.5 -<

Zj 0 0 0 0 0 0 0
ZrCj 0 0 0 0 0 -30 -20

0 Land PI acre 100 -1.0 1.0 0 0 0 1.0
30 Wheat P5 acre 300 1.0 0 0 0 1.0 1.0
0 Fall Labor P3 hour 200 -0.5 0 1 0 0 1.5
0 Buildings P4 100 sq. ft. 80 0 0 0 1 0 0.5

ZrCj 9000 30 0 0 0 0 10 t.:J
t.:J

I



column.

lined below.

The C. of
J

activity could be
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The Z.-C. row is the criterion row and is a guide to initiating
J J

this column is transferred to the new row in the C. column.
l.

The new row becomes the column with the pivot element in it.

5. To begin the first iteration transfer all the Po column

in the column with the most negative Zj-Cj to find values for the R

3. Divide the items in the Po column by the corresponding items

spective Zj.

2. Calculate Zj-Cj values by subtracting each Cj from its re-

letters except the one for the row in which the pivot element is located.

The procedure for solving a problem by the simplex method is out-

by the corresponding cost in the costs (c i ) column and add to get Zj value.

1. Starting with column P , multiply each figure in this column
o

4. Circle the a .. value at the intersection of the column with
l.J

the most negative Zj-Cj and the row with the smallest positive R value

(Row P
2

and column P5 in Table 2:4). This is known as the 'pivot element'.

This process is repeated for each column except column R.

each successive step in the simplex solution.

activity.

plan.

A negative Zj-C
j

indicates that profit per u~it of activity is

higher than the opportunity cost of resources taken'from other uses.

This means that profit can be increased by increasing the level of this

indicates by what amount profits per unit of the

increased or decreased if one unit of that activity were included in the
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Table 2:4.

The values in the P
o

When all values in the Z.-C row are
J j

the final plan indicate that any further increases in the

will reduce profit.

8.

positive the optimum plan has been determined.

column indicate the level of the various activities, the amounts of re-

values in the Zj-C
j

row for the disposal activities indicate the marginal

value products for the corresponding resources.

7. The simplest way to explain the calculations involved in

2.2.3 Variable Resource Programming

sources unused and the profit level of the optimum level. The positive

It has been shown that with the standard simplex solution for

linear programming the optimum plan depends upon the resources available,

6. To find values for the new row divide all elements in the row

values are greater than or equal to zero. The positive values in the

The most negative Zj-C
j

value and the smallest non-negative

R value are found and the above procedure is repeated until all Zj-Cj

Zj-Cj row of

jth activity

The new Zj-Cj row may be calculated in the same manner as the

other rows of the new table.

is followed to fill all of the remaining cells in the second section of

the value in column 6 of the new row by the value of row 1 in the circled

the value for row 1 column 6 in the second section of Table 2:4, multiply

column 6 in the first section (2.0 - (1.0 x 1.0) = 1.0). This procedure

column of the first section and subtract this from the value of row 1

finding values for other rows is to work through an example. To find

with the pivot element by the value for the pivot element.
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the production possibilities and the net prices employed in programming.

A change in any of these components give rise to the possibility that

the optimum plan will also change.

When uncertainty exists as to the proper resource restrictions,

input-output coefficients, or prices to be used, modifications of the

simplex method may be employed to determine the optimum plan for a range

of conditions. The modification discussed he~e is concerned with varying

the level of the resource restrictions and is called variable resource

programming.

Resource restrictions may be varied because of the investigator's

inability to specify all elements in the problem to be solved. An op

timum plan for a discrete and clearly defined resource situation which

could represent the "typicaltl production possibilities of farmscin a

certain area can be found. The optimum plan for an "average" farm could

be developed but this would not be strictly representative for any par

ticular farm. Capital supplies, for example, vary greatly among farms

and specification of any single representative capital level is impossible.

One solution to this problem is to derive the optimum farm plan for each

of a series of different capital levels. This may be done by assuming

different initial capital supplies for a number of separate problems.

This, however, involves additional computing burdens and the analyst is

still confined to the results for these selected capital levels. With

variable resource programming the supply of a scarce resource, capital in

this example, may be varied from zero to an unlimited amount and all of

the optimum plans can be determined as the supply of this resource is

varied. The resource being varied need not be capital; anlY individual
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resource used. The modified method allows us to follow all changes in

The D. values in
J

In the discussion which follows the principles of variable re-

resource may be allowed to vary.

The most convenient point at which to begin the continuous solu-

modified to ensure that capital is always invested in the opportunity

situation; the criterion for introducing activities into the plan is

the highest possible income; hence, for any given capital supply, the

source programming are examined by using capital as the variable re-

tion is with a zero capital supply. In the continuous solution the cap-

source. The standard simplex method is modified to accommodate the new

with the highest marginal product. Each dollar invested then returns

dicate the marginal productivity of capital for each activity. The action

income obtained is maximum and the plan obtained for each capital level

efficients in the capital (resource ~ing varied) row.

is optimum since it has the highest feasible ratio of income earned to

ital level in any section is the amount necessary if the associated plan

higher amount.

the optimum plan as the supply of capital increases from zero to any

is to be feasible. In other words, the capital row of the Po column in-

dicates the amount of capital necessary to produce the other quantities

is obtained by dividing the negative Zj-C. values by the positive co
J

The activity with the highest marginal productivity is indicated by the

in the Po column. The new criterion row is designated as the Dj row and

of computing the Dj row transforms the marginal revenue quantities

(Zj-Cj ) from a "per unit of activity" to a "per unit of capital" basis.
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usual manner.

The optimum plans derived

The variable resource solution is begun with capital supply set

To demonstrate the variable resource programming procedure, an ex-

1/

be obtained from the P column of the successive sections of Table 2:5,o

section. The outgoing row is defined by the smallest positive R ratio

ratios are then computed in the normal manner and hog capacity is sel-

selected the input-output coefficients and Zj-Cj are computed in the

ample problem is presented in Table 2:5.

are presented in Figure 2:4. In the problem presented, five activities,

hogs, steers, poultry, dairy and calves, are considered as production

activity with the most negative Dj • The new decision row (D,) is used

only to select the outgoing column; it must be re-calculated in each new

ected as the outgoing row. The plan obtained by the introduction of the

that plan. In successive sections the capital supply becomes necessarily

the capital supply figure indicates the capital level commensurate with

will be determined for capital supplies from zero to an unlimited amount.

and cattle capacity. In the variable resource solution the optimum plans

other than the capital row. Once the outgoing row and column have been

alternatives. The resource restrictions are land, labor, hog capacity

at zero. Calculation of the Dj ratios indicates that the marginal re

turn to capital is highest if the hog activity is introduced. The R

hog activity appears in section 2 of Table 2:5) The absolute value of

more negative. The optimum plans for the various capital supplies may

11 Adapted from a sample problem used in Agricultural Economics 801.



Table 2:5 Example Problem in One-Resource Variable Programming

Disposal Activities
Ci Resource No. Hogs Steers Poultry Dairy Calves Capital Land Labor Hog Cattle R

Capacity Capacity

Po PI P
2

P
3

P
4

P
5

P
6

P
7

Ps Ps P
10

C
j 300 200 100 250 150 0 0 0 0 0

0 Capital P
6

0 1.0 2.0 0.5 1.5 1.5 1 0 0 0 0
0 Land P 7 SO 0.5 1.0 0.5 1.5 0.5 0 1 0 0 0 160
0 Labor Ps 100 1.0 0.5 1.0 1.5 0.5 0 0 1 0 0 100
0 Hog Capacity P s 20 (f9) 0 0 0 0 0 0 0 1 0 20
0 Cattle Capacity P10 50 0 0.5 0 1.0 0.4 0 0 0 0 1 0(.

Z :-C . 0 -300 -200 -100 -250 -150 0 0 0 0 0
DJ J -300 -100 -200 -166.7 -100 0 0 0 0 0

c

0 Capital P6
-20 0 2.0 0.5 1.5 1.5 1 0 0 -1 0 .....,

QO

0 Land P7 70 0 1.0 .5 1.5 .5 0 140 I

0 Labor PS SO 0 .5 ([;9) 1.5 .5 0 0 1 -1 0 SO
300 Hogs PI 20 1.0 0 0 0 0 0 0 0 1.0 0
0 Cattle Capacity P 50 0 .5 0 1.0 .4 0 0 0 0 1.0

Z .-C.
10

6000 0 -200 -100 -250 -150 0 0 0 300 0
DJ J 0 -100 -200 -166.7 -100 0 0 0 0

c

0 Capital P6
-60 0 1.75 0 .75 1.25 1 0 -.5 -.5 0

0 Land P
7

30 0 .75 0 ® .25 0 1 -.5 0 0 40
100 Poultry P

3
SO 0 .5 1.0 1.5 .5 0 0 1.0 -1.0 0 53.3

300 Hogs PI 20 0 0 0 0
0 Cattle Capacity P 50 0 .5 0 1.0 .4 0 0 0 0 1.0 50

Z.-C. 1q4000 0 -150 0 -100 -100 0 0 100 200 0
DJ J 0 -S5 0 -133 -SO 0 0 0

c

(continued)



Table 2:5 (continued)

Ci Resource No. Po PI P2 P3 P4 P5 P6 P7 Ps P9 P10 R

0 Capital P6 -90 0 1.0 0 0 1.0 1 0 0 -.5 0
250 Dairy P4 40 0 1.0 0 1.0 <® 0 1.33 -.67 0 0 120
100 Poultry P3 20 0 2.0
300 Hogs PI 20 0 0
0 Cattle Capacity P10 10 0 -.5 0 0 .07 0 -1.33 .67 0 1.0 143

Z.-C. lS000 0 -50 0 0 -67 0 133 33 200 0
DJ J 0 -50 0 0 -67 0c

0 Capital P6 -210 0 -2.0 0 -3.0 0 1.0 -4.0 2.0 -.5 0
150 Calves P5 120 0 3.0 0 3.0 1.0 0 4.0 -2.0 0 0
100 Poultry P3 20 2.0 10
300 Hogs PI 20 0
0 Cattle Capacity P10 1.(.) 0 -.71 0 -.21 0 0 -1.61 {[;ID 0 1.0 2

Z·-C· 26000 0 150 0 200 0 0 400 -100 200 0 ~
CP

DJ J -50 Ic

0 Capital P6 -214
150 Calves P5 124
100 Poultry P

3
16

300 Hogs PI 20
0 Labor Ps 2 0 - .9 0 - .26 0 0 -2.0 1.0 0 1.25

ZrCj 26200 0 60 0 175 0 0 200 0 200 125
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or they may be obtained from Figure 2:4.

The successive steps of the continuous solution may be followed

on the map. The first $2,000 of capital is invested in hogs. At this

point hog capacity becomes limiting. The next best opportunity is

pou~try. Poultry continues to be the best investment until the capital

supply reaches $6,000, when labor limits expansion. The lines AA', BB',

etc., indicate where investment opportunities change and correspond to

the levels at which fixed resources (Po's) become limiting.

Since we are dealing with linear p~gramming the points on the re

source map may be joined with straight lines to indicate optimum plans

for intermediate capital levels. For example, to find the optimum plan

for $3,000 of capital, draw a vertical line through the $3,000 point on

the horizontal axis and read off the corresponding activity levels and

income level on the vertical axis.

It may be noted that the slope of the total income curve decreases

after each change in investment opportunities. The slope of this line

corresponds to the marginal productivity of capital, i.e., the declining

slope indicates declining marginal productivity of capital. The mar

ginal productivity for each investment range is given by the Dj value

of the activity being introduced into the plan.

Product-product relationships can also be distinguished on the

resource map. Between $2,000 and $6,000 hogs have a zero slope and

poultry have a positive slope indicating a supplementary relationship.

Within the range from $6,000 to $9,000, dairy and poultry have opposite

slopes indicating competing enterprises. The ratio of their slopes de

fines the marginal rate of substitution over the respective dapital

ranges.
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Optimum plans for discrete capital levels may be read off the map

or may be calculated from the simplex table. The process of calculation

consists of finding the last section in which the resource supply would

be positive if the initial supply had been the one designated. The dif

ference between the selected resource supply and the amount needed for

the section is then put in the Po column and the R rates are recomputed

to permit the new resource restriction to become effective. The new R

ratios select c_pital as the outgoing row and the resulting section gives

the optimum plan for the desired fixed resource supply.

The procedure by which the optimum plan for each level of one var

iable resource can be found may be extended to allow two or more re

sources to vary. In one-resource variable programming the successive

plans were obtained by modifying the criterion on which the incoming

activity was selected. This was done by allowing the supply of one re

source to become negative~ i.e., allowing more of the resource to be used

than was specified in the original matrix. The absolute value of the

variable resource supply indicated its level in any particular plan.

The computations for tworesource variable programming involve

only a slight modification of the procedure followed when only one re

source is varied. The interpretation of the results~ however, is some

what more complex. Analysis of results becomes extremely difficult if

more than two resources are varied.

To facilitate an understanding of two-resource variable programm

ing, an example problem will be worked out and discussed. In the example

used, land and capital will be the variable resources. Application allows
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for any pair of resources to be varied, however, to simplify present

ation, land and capital will be used as the variable resources in this

example.

The first step in two-resource variable programming is specifi

cation of the area within which both resources are scarce. This area

corresponds to the one between the ridge lines of a conventional pro

duction surface. A ridge line indicates where, at varying levels of one

resource, the marginal product of the other resource is zero. The area

enclosed by two ridge lines indicates the combination of two variable

resources for which the marginal products of both are greater than zero.

The next step is to obtain the activity combination at all points within

the area bounded by the ridge lines.

In order to specify the two ridge lines the best procedure is to

run two one-resource variable programs, one for land, ignoring the cap

ital restriction and the other for capital, ignoring the land restriction.

The easiest way to obtain the quantities of each resource required for a

particular plan is to start with zero supplies of both resources and

allow the supplies to become negative. The absolute values of the capital

and land figures indicate the supplies of these resources necessary for a

particular plan. In defining one ridge line the optimum plans are found

with respect to one of the variable resources when the other variable

resource is allowed to be available in unlimited amount. The other

ridge line is found by reversing this procedure. In computing the land

ridge line a one-resource variable solution is calculated using the Dj

ratio formed by dividing the negative Zj-Cj'S by their land coefficients.
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For the variable-capital solution, i.e., the one calculated to obtain the

capital ridge line:;; the Dj ratio is formed by dividing the negative

Zj-CjtS by their capital coefficients.

In the example, which follows1a line tracing out the optimum plans

as the supply of land increases, i.e., the land ridge line, will be COEr

puted first. The supply of capital does not limit production. In order

to do this the supply of both land and capital are allowed to vary.

Both the land and capital rows are ignored when the R ratios are computed.

If the variable resource solutions are begun with both land and capital

at zero the supplies of both become progressively more negative. The

absolute values of these figures indicate the minimum amounts of these

resources which must be available if the corresponding plan is to be

feasible.

Tables 2:6 and 2:7 are the one-resource variable programming solu

tions for the example problem used to illustrate the variable resource

programming procedure. Figure 2:5 shows the land and capital ridge lines

derived in Tables 2:6 and 2:7.

In Table 2:6, the supply of land is the variable resource. The

D row is computed by dividing the negative Zj-Cj values by the corres

ponding land coefficients. Therefore, the DL value for hogs (PI) is

-600, Le., -300/.5. The criterion for activity selection is: select

the activity with the most negative (largest absolute value) DL ratio.

In section I of Table 2:6, the hog activity (PI) has the most negative

DL ratio; therefore, it is selected as the outgoing column or incoming

row. The marginal return per unit of land is greatest if hogs are pro

duced. The R ratios are then computed in the normal manner, ignoring
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Table 2:6 Land Ridge Line - Example Problem

Disposal Activities

Ci Resource No. Hogs Steers Poultry Dairy Calves Capital Land Labor Hog Cattle R
Capacity Capacity

Po PI P2 P3 P4 P5 P6 P7 Ps P9 P10

Cj
300 200 100 250 150 0 0 0 0 0

0 Capital P6 0 1.0 2.0 0.5 1.5 1.5 1 0 0 0 0

0 Land P7 0 0.5 1.0 0.5 1.5 0.5 0 1 0 0 0

0 Labor Ps 100 1.0 0.5 1.0 1.5 0.5 0 0 1 0 0 100

0 Hog Capacity P9 20 ~ 0 0 0 0 0 0 0 1 0 20

0 Cattle Capacity P10 50 0 0.5 0 1.0 0.4 0 0 0 0 1 0<.

z.-c. 0 -300 -200 -100 -250 -150 o· 0 0 0 0
DJ J -600 -200 -200 -166.7 -300 0 0 0 0 0

1

0 Capital P6 -20 2.0 0.5 1.5
0 Land P7 -10 0 1.0 0.5 1.5 0.5 0 1 0 -0.5 0

0 Labor Ps SO 0 0.5 1.0 1.5 0.5 0 0 1 -1.0 0 160

300 Hogs PI 20 1.0 0 0 0 0 0 0 0 1 0 0(. CAl
~

0 Cattle Capacity P10 50 0 0.5 0 1.0 <Q;D 0 0 0 0 1 125

Z·-C· 6000 0 -200 -100 -250 -150 0 0 0 300 0
DJ J 0 -200 -200 -166.7 -300 0 0 0 0

1

0 Capital P6 -207.5 .125 0.5
0 Land P7 -72.5 0 .375 0.5 .25 0 0 1 0 -0.5 -1.25

0 Labor Ps 17.5 0 -.125 <[;:g) .25 0 0 0 1 -1.0 -1.25 17.5

300 Hogs PI 20 0 0 -<

150 Calves P5 125 0 1.25 0 2.5 1.0 0 0 0 0 2.5 0<.

Z·-C· 24750 0 -12.5 -100 125 0 0 0 0 300 375
ni J -33.3 -200

(continued)



Table 2:6 (continued)

Ci Resource No. Po PI P2 P3 P4 P5 P6 P7 P8 P9 P10 R

0 Capital P6 -216.25 .1875 0
0 Land P7 -81.25 0 ~4375 0 .125 0 0 1.0 -0.5 0 -.625
100 Poultry P

3
17.5 0 -.125 1.0 .25 0 0 0 1.0 -1.0 -1.25

300 Hogs PI 20 0 0 -<.

150 Calves P5 125 0 ~ 0 2.5 1.0 0 0 0 0 2.5 100

~rCj 26500 0 -25 0 150 0 0 0 100 200 250
-57.141

0 Capital P6 -235
0 Land P7 -125
100 Poultry P3 30
300 Hogs PI 20
200 Steers P2 100 0 1.0 0 2.0 0.8 0 0 0 0 2.0

ZrCj 29000 0 0 0 200 20 0 0 100 200 300 w
CJ1



Table 2:7 Capital Ridge Line - Example Problem

Disposal Activities
Ci Resource No. Hogs Steers Poultry Dairy Calves Capital Land Labor Hog Cattle R

Capacity Capacity

Po PI P2 P3 P4 P5 P6 P7 Ps P9 PIO

Cj 300 200 100 250 150 0 0 0 0 0

0 Capital P6 0 1.0 2.0 0.5 1.5 1.5 1 0 0 0 0
0 Land P7 0 0.5 1.0 0.5 1.5 0.5 0 1 0 0 0
0 Labor Ps 100 1.0 0.5 1.0 1.5 0.5 0 0 1 0 0 100
0 Hog Capacity P9 20 ([;:Q) 0 0 0 0 0 0 0 1 0 20
0 Cattle Capacity P10 50 0 0.5 0 1.0 0.4 0 0 0 0 1 oc:..

Z·-C· 0 -300 -200 -100 -250 -150 0 0 0 0 0
nJ J -300 -100 -200 -166.7 -100 0 0 0 0 0c

0 Capital P6 -20 0 2.0 0.5 1.5 1.5 1.0 0 0 -1.0 0
0 Land P7 -10 0 1.0 0.5 1.5 0.5 0 1 0 -0.5 0
0 Labor Ps SO 0 0.5 ~ 1.5 0.5 0 0 1 -1.0 0 SO
300 Hogs PI 20 1.0 0 0 0 0 0 0 0 1.0 0 co<.. w
0 Cattle Capacity PlO 50 0 0.5 0 1.0 0.4 0 0 0 0 1 0<. m

Z·-C· 6000 0 -200 -100 -250 -150 0 0 0 300 0
nJ J -100 -200 -166.7 -100 0 0 0c

0 Capital P6 -60 0 1.75 0 .75 1.25 1 0 -.5 -.5 0
0 Land P7 -50 0 .75 0 .75 .25 0 1 -.5 0 0
100 Poultry P3 SO 0 0.5 1.0 1.5 0.5 0 0 1 -1.0 0 53.3
300 Hogs PI 20 1.0 0 0 0 0 0 0 0 1 0 -<.

0 Cattle Capacity P10 50 0 0.5 0 ~ 0.4 0 0 0 0 1 50

Z ·-C· 14000 0 -150 0 -100 -100 0 0 100 200 0
nJ J -S5 0 -133 -SO

c

(continued)
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the land and capital rows. Hog capacity (Pg ) is the most limiting re-

source and, therefore, becomes the outgoing row.

In section 2, the supplies of both land and capital are negative

indicating that if the original supply of capital and land had been

$2,000 and 10 acres, respectively, the plan in section 2 would be feas-

ible. This is the optimum plan for a farmer with these resource supplies.

Section 2 is represented by point A in Figure 2:5.

In section 2, the DL row is again computed by dividing the nega-

tive Zj-Cj values by their land coefficients in order to determine where

the marginal return to land is the greatest. Activity P5 has a marginal

return of $300 per unit of land. This is higher than for any other act-

ivity and is, therefore, selected as the outgoing column. Cattle cap-

acity (PIO) is the most limited resource and becomes the outgoing row.

Section 3 of Table 2:6 yields a higher income than section 2, but

also requires more capital and land. The absmlute values of the land and

capital supplies in the P column of section 3 indicate the amount ofo

these resources necessary to produce 20.0 units of hogs and 125 units

of calves. The return to fixed factors (Zo) is $24,750. The optimum

plan for any land supply between 10 acres and 72.5 acres contains the

same activities but at different levels. The levels, however, can be

found by interpolating between the solutions found in section 2 and

section 3. "B" in Figure 2:5 represents the point on the land ridge

line derived in section 3.

In order to determine if profits could be increased still further

if more land and capital were available, the procedure outlined above is
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repeated once more. In section 3, the DL row indicates that profits

could be increased most if the poultry activity (P3) is introduced and

expanded to 17.5 units, at which point labor (P8 ) becomes limitational.

This is feasible if land is increased to 81.25 acres and capital to

$21,625 (see Po of section 4). Income increases to $26,500. This plan

is represented by point C in Figure 2:5.

By computing a DL row for section 4, it is found that income

could be increased still further by introducing the steer activity (P2).

The R column indicates calves (P5) as the outgoing row.

The final plan in the variable land solution is indicated in

section 5 of Table 2:6. Income is $29,000 and the plan includes 30 units

of poultry, 20 units of hogs and 100 steers. This plan is feasible if

125 acres of land and $23,500 of capital are available along with the

other resource supplies. All Zj-CjtS are positive in section 5, which

indicates that income cannot be increased further. Since there are no

negative Zj-Cj's, there are also no negatite Djt s which means that pro

fits could not be increased further by adding more units of land. The

other resources, labor (P8), hog capacity (P9 ) and cattle capacity (PlO)'

limit production to the extent that additional supplies of land and cap

ital would go unused. Point D on the land ridge line is the point at

which land is no longer a limitational resource. If in the original

specification of the problem a land supply greater than 125 acres had

been available the amount by which the supply exceeded 125 acres would

go unused.

The results obtained from the variable land solution in Table 2:6

are summarized in Table 2:8. The plans presented are those which are
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optimum for varying amounts of land with production not limited by cap-

ital. A figure similar to Figure 2:4 could be constructed to show the

optimum plans as land is increased from zero to 125 acres. The plans

indicated in Table 2:8 as optimum for the various land supplies are op-

timum not only if capital is available in the amounts indicated, but also

for all larger capital supplies. Any land-capital combination which lies

above the line OABCD in Figure 2:5 has the same optimum plan as the cor-

responding point on OABCD, except that the surp~us capital is allocated

to disposal. Above the ridge line OABCD capital is a non-limiting re-

source, hence additional supplies of capital have no effect on the enter-

prise combination or income. The optimum plan for the land-capital co~

bination indicated by "a" in Figure 2:5 is the same as that derived in

section 2 of Table 2:6 and indicated by point A in Figure 2:5, except

that $3,000 of capital would be allocated to disposal.

Table 2:8 Optimum Plans for Variable Land Solution - Example Problem

Cap- Position
Land ital Hogs Steers Poultry Dairy Calves Income in

Sec. Req'd Req'd PI P2 P3 P4 P5 $ Fig. 2:5

~
lac.) ($)

1 0 0 0 0 0 0 0 0 0
2 10.0 2,000 20 0 0 0 0 6,000 A
3 72.5 20,750 20 0 0 0 125 24,750 B
4 81.25 21,625 20 0 17.5 0 125 26,500 C
5 125.0 23,500 20 100 30.0 0 0 29,000 D

To find the optimum plans for land-capital combinations above

OABCD, vertical lines can be drawn from these points to corresponding

points on OABCD. Hence, the optimum plan at points "b" and "c" are the

same as the optimum plan at "d". At points A, B, and C, vertical lines
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may be drawn upward to indicate the supplies of land at which hog cap-

acity, cattle capacity and labor, respectively, will cause the method

of using land to change. For example, the line AA' corresponds to maxi-

mum hog output (as limited by hog capacity (P9». The line BB' indicates

where the cattle capacity limitation causes the method of using land to

change. For land-capital combinations to the left of AA' all land and

capital should be devoted to hog production to maximize profits. For

land-capital combinations between AA t and BB t
, 20 units of hogs should

be produced and the remaining land used to produce calves (P5). It has

been shown that by computing the land ridge line in Table 2:6, it is

possible to obtain the optimum plan for any land-capital combination

above OABCD in Figure 2:5.

To obtain the capital ridge line the same procedure as was used

for obtaining the land ridge line is followed with the exception that

the D row is now calculated by dividing the negative Z.-C.'s by theirJ J

capital coefficients. The variable capital solution is contained in

Table 2:7, and the capital ridge line is defined in Figure 2:5 by the

line joining points 0, A, E, F, and D. In Table 2:7, both land and cap-

ital are allowed to vary, i.e., both rows are again ignored when com-

puting the R ratios. As in Table 2:6, the absolute values of the land

and capital figures are the supplies of these resources necessary for

that particular plan to be feasible.

The capital ridge line corresponds to the highest attainable re-

turn on capital when neither capital nor land limits production. To

the right of OAEFD, land has zero marginal product, i.e., beyond this

line any additional supplies of land would go unused since resources

other than land limit production.
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computed in Table 2:7. Section 1 of Table 2:7 is identical to section 1

(The most negative D is found in
c

After hog production is expanded as far as possible, the highest

and by point E in Figure 2:5.

Table 2:9 summarizes the results of the variable capital solution

point. At the outset the marginal return to capital is highest if cap-

the PI column of section 1, Table 2:7). Hog production is limited to

Sec.
of Cap- Poul- Position
Table Land ital Hogs Steers try Dairy Calves Income in

2 Reqtd Reqtd PI P2 P3 P4 P5 Fig. 2:5

(ac.) (too $
dollars)

1 0 0 0 0 0 0 0 0 0
2 10 20 0 0 0 0 0 6,000 A
3 50 60 20 0 SO 0 0 14,000 E
4 S7.5 97.5 20 0 5 50 0 19,000 F
5 125 235 20 100 30 0 0 29,000 D

ginal return to both land and capital is highest in hog production up

to the point at which hog production is limited by hog capacity, hence,

ital is invested in hog production.

20 units by hog capacity (P9). The plan obtained in section 2 of Table

2:7 is the same as that obtained in section 2 of the variable land

the same plan is obtained in both variable resource solutions.

Table 2:9 Optimum Plans for Variable Capital Solution - Example Problem

of Table 2:6, since both variable resource solutions begin at the same

solution. Both plans are indicated in Figure 2:5 by point A. The mar-

marginal return to capital is obtainable by introducing the poultry

activity (P3). Labor supply CPs) limits the size of this enterprise

(PS is the outgoing row). This plan is given in section 3 of Table 2:7
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Additional capital sup~lies are then profitably invested in the

dairy activity (P4). Cattle capacity limits the size of this enterprise.

Since this activity also requires labor and since labor is already a

limitational resource the size of some other enterprises (poultry in

this example) must be reduced. The plan which is optimum for this cap-

ital supply ($9750) is given in section 4 of Table 2:7, and indicated

by point F in Figure 2:5.

If still more capital were made available the steer activity (P2)

would enter the optimum plan and the dairy activity would go out. The

steer activity is a more intensive "user" of capital and a less intensive

"user" of labor and of cattle capacity than is the dairy activity.

Therefore, when cattle capacity and labor become limitational and capital

is allowed to become unlimited the steer activity becomes a more profit-

able enterprise than the dairy activity. The optimum plan is given in

section 5 of Table 2:7 and by point D in Figure 2:5.

Beyond point D, additional supplies of both land and capital would

go into disposal or non-use. The other resources, labor, hog capacity

and cattle capacity, prevent further expansion of production. For cap-

ital-land combinations t~ the right of OAEFD, land would go into dis-

posal and the profit maximizing plans could be found by drawing hori-

zontal lines from OAEFD to the points in question. For example, the

optimum plan for the capital-land combination found at E' is the same

th t f E S '"l 1 th t" 1 t "" "" d "t"as a or • ~m~ ar y, e op ~mum pans a r, s, an are

identical except for the amounts of land in disposal.
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The one-resource variable solutions which were computed to obtain

the ridge lines indicate the optimum plans for land-capital combinations

above OABCD and to the right of OAEFD in Figure 2:5. It is also of in

terest to know the optimum plans for land-capital combinations between

the ridge lines. In order to do this, it is necessary to find where each

resource becomes limitational. Capital is scarce below OABCD and land

is scarce above OAEFD. Hog capacity becomes scarce at A for both one

resource variable solutions. For the variable land solution, cattle

capacity becomes limitational at B and labor supply is exhausted at C. In

this manner a general picture is obtained of the position of successive

plans along the land ridge line. The same holds true for the capital

ridge line.

To find where each resource becomes scarce, it is necessary to

calculate several one-resource variable solutions which traverse the area

between the ridge lines. For example, land ,supply could be fixed at 80.0

acres and the supply of capital allowed to vary. The result is a line

which passes through P, N, K, L and M in Figure 2:6. The plans associated

with these points are indicated in Table 2:5. Hog capacity goes limiting

at P, labor becomes scarce at N, land at K, labor goes non-limiting again

at L and cattle capacity becomes limitational at M. A one-variable re

source solution with capital fixed at $12,000 and land allowed to vary

results in a line which passes through R, G, H, I, and J. Lines con

necting the points at which the various resources go limiting can now

be drawn. For all land-capital combinations it is now possible to specify

the scarce resources. For example, for a land-capital combination within
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area 1, the limiting resources are hog capacity, land and capital (hog

capacity is limiting for all land-capital combinations to right of

and above AA' and land and capital are both limiting resources between

the ridge lines). In area 2, the limiting resources are labor, hog cap

acity, land and capital.

While Figure 2:6 does show the points at which the various re

sources go limiting and the ranges of the land-capital combinations over

which the various resources are limitational, it is still difficult to

determine the optimum plans for the various land-capital combinations.

A convenient way to illustrate the optimum plans is through the use of

a series of contour maps. Each of these maps gives the income or level

of a particular activity that is optimum for each resource combination.

Figures 2:7, 2:8, and 2:9 show the contour maps for income, calves and

steers, respectively.

The construction of these contour maps is a relatively simple

matter. The procedure used in constructing the income map (Figure 2:7)

is described here. Before construction of the contour map can proceed,

the ridge lines, the lines between the ridge lines which show where re

sources go limiting and the plans associated with the various points

on this diagram are required. All of, the necessary data are found in

Figure 2:6 and Table 2:10. Before construction of the contour lines

(iso-revenue lines) begins, it is known that the optimum plans for any

point above ~BCD are the same as for the vertically corresponding point

on 6ABCD. Similarly, all plans on a horizontal line to the right of

~EFD are identical. Therefore, income contours are vertical above

~BCD and horizontal to the right of ~EFD. The direction of the con-
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The problem is to determine where the various contours cut these lines.

Required change in income
Actual change in income

Required change in resource =
Actual change in resource

Table 2;10 Optimum Plans for Various Land-Capital Combinations -
Example Problem

Position
in

Fig. 2:6 capital Land Hogs Steers Poultry Dairy calves Income
P6 P7 PI P2 P3 P4 P5

0 0 0 0 0 0 0 0 0
A 20 10 20 0 0 0 0 6,000
B 207.5 72.5 20 0 0 0 125 24,750
C 216.25 81.25 20 0 17.5 0 125 26,500
D 235 125 20 100 30 0 0 29,000
E 60 50 20 0 80 0 0 14,000
F 97.5 87.5 20 0 5 50 0 19,000
G 120 43.3 20 0 0 0 66.7 16,000
H 120 62 20 0 56 0 48 ~8,800

I 120 86.3 20 0 7.4 40.5 23.7 20,421
J 120 93.6 20 16.4 9.1 41.8 0 20,636
K 90 80 20 0 20 40 0 18,000
L 210 80 20 0 20 0 120 26,000
M 214 80 20 0 16 0 124 26,200

tour lines change only when there is a change in the scarce resources, .

It is necessary to find either the land coordinate or the capital co-

determine which contours cut which lines. For example, it is known that

i.e., when the contour cuts a ridge line or line between the ridge lines.

ation using the relationship:

the $12,000 contour must cut AB since at A income is $6,000 and at B it

qui red change" refers to the change corresponding to the level desired.

is $24,750. The exact point at which it cuts AB is found by interpol-

From the plans obtained for points A, B, D, E, etc., it is simple to

where "actual change" refers to the change! between known points and "re-
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determined.

20.0.

6,000
18,750

=

=

x

x

62.5

These are the opportunity costs of including a unit of each of these

how much the return per unit of an activity could be shifted before an

advantageous change in the plan would be indicated. Because of the

linearity assumption the return per unit of activity (c j ) can be Changed

activities in the plan. From these values it is possible to determine

to some extent without forcing the values in the Zj-Cj row to become

The same procedure as outlined above is followed in the construc-

dairy would facilitate estimation of the optimum plans for all land-

2.2.4 Stability Analysis

capital combinations.

By-products of a linear programming solution are the Zj-Cj values

or 'shadow prices' of the activities not included in the optimum plan.

same thing for steers. Completion of the product maps for poultry and

tion of the product contours illustrated in Figures 2:8 and 2:9.

optimum plans for all land-capital combinations. Figure 2:9 shows the

procedure is followed until all of the desired income contours have been

to get the absolute land coordinate of the $12,000 contour on AB. This

Figure 2:8 shows the optimum sizes of calf enterprise included in the

The change in resource is 20 acres. This is added to the acreage at A

ordinate of a contour in order to determine its point of intersection.

For example, the land coordinate of the $12,000 contour onAB is
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negative. To determine the range over which the net price may be shifted

without altering the optimum plan, the amount of change permitted before

causing any Zj-Cj values to go negative is determined. The range for a

particular activity is calculated by dividing the shadow price of each

inactive activity by the aij in the same column and in the row of the

activity for which the price range is being determined and then sub-

tracting the smallest positive and least negative of these values from

the original price of that activity. Algebraically, this may be stated

-_CJ'-(~-~)Price stability of activity P.
~

aij

where j = 1, 2, 3 --- n, and

where a.. > 0 for a price decrease and less than zero for a
~J

price increase.

The smallest range around the original price (C j ) obtained by this com-

putation defines the price range over which the return per unit of that

activity could vary before a change in the plan would be indicated. The

identity of the activities which would enter the plan if the price varied

beyond this range is also revealed.
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CHAPTER III

MODEL FORMULATION

3.1 Introduction to Develop Concept of Model

The main difficulty encountered in building a model of a problem

to be solved using linear programming is the selection of a bundle of

farm resources which is sufficiently typical to provide useful inform

ation applicable to a reasonably large number of farms. Furthermore,

the model must conform to the assumptions of the linear programming

technique. In this chapter the conditions relating to resource restric

tions, production alternatives and other aspects of the problem are des

cribed and formulation of the problem is adapted to the linear programm

ing model.

A linear programming model must be specified in mathematical form.

This implies that the quantities of all resources, the input-output co

efficients of each activity, and the amount which each activity contri

butes to the objective must be stated in absolute terms. All value

judgments must be explicitly stated. The mathematical nature of the

model forces specification, in absolute terms, of the assumptions re

garding technology, resource supplies, product disposal and market con

ditions for factors and products. Subsequent interpretation of results

may then be related back to the explicitly-stated assumptions of the

model.
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restrictions.

Those costs which remained constant regardless of the farm

ex post by subtracting these fixed costs from the income figures obtained

In all, 31 resource restrictions were included in the model. It

particular product is consumed than is produced.

3.3 Resource Restrictions

3.2 The Objective

potentially limiting are set out and underlying assumptions outlined.

In this section the resources which were considered limiting or

The objective in all programs used in this study was to maximize

programming technique selected the combination of activities which ful-

returns to those resources which were limited in supply. The linear

was considered possible that any of these could limit one or more of the

products which are included in the model to assure that no more of any

in any plan of a linear programming problem cannot exceed the number of

in the various programs.

various programs were net returns after all variable non-limiting costs
V

52 activities included in the model. The number of activities included

organization were not deducted. Net farm income figures were estimated

Some of these so-called resource restrictions are really intermediate

filled this objective. The return or income figures obtained from the

were met.

11 Variable non-limiting costs are those costs which are directly
attributable to particular enterprises and vary with the levels
of those enterprises. They do not include fixed costs such as
taxes and depreciation which remain constant regardless of the
farm organization.
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3.3.2 Labor Restrictions

The irrigable portion of the land was assumed to be of the S2T2
y

Development costs for irrigation were assumed to apply to T2

11 Three soil and three topography classes were identified in order
that land could be classified according to its productivity under
irrigation. The S2T2 type represents the medium productivity

soils in the proposed irrigation area.

The total annual amount of labor supplied by the operator and his

resource restriction (See PI' P2 , and P31 in Table 3:7).

family was assumed to be 3500 hours (operator = 2900 hours; family =

technical assistance). It was assumed that not more than 50% of the

The following describes the resource restrictions included in the

A one-section grain farm on medium productivity soil (Bradwell

The basic farm unit for which alternative organization plans were

an irrigable land limit of 270 acres was included in the model as a

cultivated acreage would be irrigable. To comply with this assumption

and Development Branch estimate; $65 for land levelling and $10 for

type.

topography and were estimated at $75 per dryland acre. (Conservation

acreage (544 acres) was considered arable and under cultivation.

soil) was assumed as the land base. Eighty-five per cent of the total

various programs. These are listed in the first four columns of Table 3:7.

3.3.1 Land Restrictions

inant economic activity.

such a unit. Grain production for cash sale was assumed to be the do~

machinery and buildings was assumed to be adequate for the operation of

was assumed to be owner-operated and debt-free. The complement of

investigated was a dryland grain farm with no livestock. The farm unit
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600 hours)~ This labor was considered to be distributed throughout the

year in the manner indicated in Table 3:1 below. Because of climatic

factors and seasonality of operations more hours were available in the

spring* summer and fall seasons than in the winter season. Family labor

was assumed to be available in small amounts throughout the year with

larger amounts available in July and August.

Table 3:1 Distribution of Operator and Family Labor

hours/month

Month Operator Family Total

January 170 25 195
February 170 25 195
March 170 25 195
April 275 25 300
May 300 25 325
June 300 25 325
July 300 175 475
August 300 175 475
September 300 25 325
October 275 25 300
November 170 25 195
December 170 25 195

Total 2900 600 3500

The assumed seasonal distribution of operator and family labor is

indicated in Table 3:2 below. January, February and March were lumped

together to form one seasonal labor restriction since each activity in

the program had identical labor requirements in each of these three months.

The spring labor restriction referred to the period corresponding roughly

with the months of April and May. Tasks performed in this period in-

eluded seed preparation, pre-seeding, seeding and post-seeding operations,
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first summerfallow operation, farrowing and calving. The summer period

corresponded to the period in which hay~ng, spraying, forage crop ixri-

gation, cereal crop irrigation, and the majority of summerfallow oper-

ations were completed. Harvesting, second-crop haying, fall field oper-

ations, fall irrigation and straw baling were done mainly in the fall

period. The October labor supply was included in the fall labor re-

striction but a separate October labor restriction was also included.

This was done to limit the amount of labor available for livestock in

the month of October (The livestock activities were more specific than

other activities in their labor requirements in this period). November

and December were included as separate limitations because the labor neeas

of activities requiring labor in these two months differed significantly.

Table 3:2 Seasonal Distribution of Operator and Family Labor

hours/month

Period Operator Family Total

January-February-March 510 75 585
Spring 575 50 625
Summer 600 200 800
Fall 875 225 1100
October 275 25 300
November 170 25 195
December 170 25 195

Annual 2900 600 3500

The labor coefficients for each activity represented the time re-

quirements per unit of activity for the respective months or seasons

differentiated. The annual labor coefficients, for example, represented

the total time requirements per unit of activity. They included the time
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the labor coefficients shown in the matrix.

This study

requirements for direct labor inputs as well as for associated overhead

The basis for the distribution used for overhead and management
y

tasks and management. The labor coefficients in the seasonal labor rows

buildings, etc., are important within the various time periods. The

per unit of that activity which occurred in each of the various seasons

requirements for direct labor input and for overhead tasks and manage-

defined. For this, an estimated distribution of overhead time require-

time spent on these tasks occurred in the April-September period.

time was obtained from the Red River study on labor use.

ments was applied in an attempt to make seasonal labor coefficients

ment were added together for each labor period for each activity to give

coincide more closely with actual conditions of labor use. The time

were rather specific with respect to seasonjapproximately 70% of the

accounts, hauling supplies, repairing and maintaining machinery and

indicated that the time requirements for overhead tasks and management

to direct labor inputs for each activity for each time period.

of an activity represented the portions of the total time requirements

distribution shown by the Red River study was used in deriving the labor

Tasks such as planning of daily operations, labor supervision, keeping

coefficients for all cropping activities. For livestock activities

overhead and management time requirements were distributed in proportion

1/ Mackenzie, J.G., and Brown, J.C., How Labor is Used on Red River
Valley Farms, Publication 923, Economics Division, Canada
Department of Agriculture, 1954, P. 53.
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Three additional labor restrictions were included in the model to

allow labor hiring up to the equivalent of one man for the spring, summer

and fall seasons. A separate restriction was included for each season

to assure that not more than the labor supplied by one man was avail

able in anyone season.

The operator and family labor restrictions are listed in lines

three to 10 of the Po column of Table 3:7. The hired labor restrictions

appear in lines 23 to 25 of Table 3:7.

3:3:3 Capital Restrictions

Five capital restrictions were included in the basic matrix for

this study. These were included so that the amounts of various kinds

of capital existing on the farm or available to the farm could be speci

fied and the effects of limitational amounts of each studied. Capital

in the form of machinery and buildings was assumed adequate for the pur

poses of dryland grain farming and was not included in the model since

it was not considered a limiting resource. On the other hand, capital

restrictions were set up for livestock capital, operating capital and

irrigation capital as per the Po column of P26 to P30 in Table 3:7.

A "fixed livestock capital" restriction representing total invest

ment in livestock and livestock facilities was one of the capital re

strictions employed. This was set at zero, initially, to reflect no

investment in livestock on the basic farm unit. Originally, one ob

jective of the study was to study the impact of supplemental irrigation

on grain-livestock farms in which case the fixed livestock capital re

strictions would have been set at a level corresponding to an assumed
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eXisting investment in livestock and livestock facilities.

The "borrowed livestock capital'f restriction placed an upper limit

on the amount of capital available for investment in basic herds and

facilities. This was set at a level of $7500 corresponding to the maxi

mum amount available under the Farm Improvement Loans Act.

Two capital restrictions were included in the model to express

limits of operating capital. One of these (P2S) represented the amount

of operating capital in the form of cash, seed grain supplies, short-term

merchant credit, etc., considered to be available to the farm free of

charge. The limit of amount in this form was set at $3000. All expenses

incurred for the purchase of such items as feeder cattle, fuel, oil,

fertilizer, seed grain, seed treatment, weed spraying, hay, feed grain,

repairs, etc." were included in operating expense and a "borrowed oper

ating capital" restriction (P29) was included to limit the amount of

capital which could be borrowed to defray these operating expenses. The

limit for this was initially set at $7000 but was later allowed to vary.

The fifth capital restriction included in the model was an "irri

gation capital" restriction (P30). It was assumed that long-term credit

would be available to farmers for development of land for irrigation.

Furthermore, it was assumed that this credit would be specific as to

use, i.e., it would be available only for irrigation development; hence,

the individual restriction. The level of this resource was initially

set at zero, but was later allowed to vary in order to obtain optimum

farm plans for varying combinations of dryland and irrigated land.
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3:3:4 Wheat Output and Quota Restrictions

The wheat output restriction was an accounting restriction which

was included in the model to assure that the intermediate product of

the farm operatio~, wheat in this case, would not be sold in amounts

greater than the supply available. The activities which produced wheat

fed into this row on the basis of bushels produced per acre of the re

spective activities. The quota restriction limited cash grain output.

It was assumed that 7 bushels was the average limit of delivery quota

allowing delivery of (544 x 7) + 300 or 4108 bushels. The quota re

striction was not applied to feed grain sales.

3:3:5 Feed Grain Restrictions

The feed grain supply restriction was another accounting restric

tion included in the model to assure that feed grain would not be fed

or sold in amounts exceeding those produced or purchased. Feed-grain

producing activities fed into this row on the basis of hundred-weights

produced per acre of the respective rotations. Livestock activities

use up the feed grain produced on the basis of hundred-weights required

per unit of the respective activitieS\. The feed grain buying limit was

an arbitrary limit of 1000 bushels placed on the amount of feed grain

which could be purchased. This limit implied an unwillingness of oper

ators to purchase more than 1000 bushels of feed grain in anyone year.

3:3:6 Pasture Restrictions

Four pasture restrictions were included in the model to reflect

various conditions of pasture use. It was assumed that no dryland pas-

ture existed on the farm and that it would be available only through
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3.3.7 Hay Restrictions

an accounting restriction to handle this intermediate product and the

Irrigated pasture-pro-

~I One Animal-Unit-Month of pasture is the amount of pasture required
by 1 cow-calf unit in a month.

Three hay restrictions were specified in the model, the first being

chased. The hay-producing activities fed into the hay supply row and

the livestock activities obtained their hay requirements from this row

basis. No allowance was made for use of irrigated pasture from outside

pasture, consisting of hay aftermath and cereal grain stubble, from other

the farm (15%) was not considered a source of pasture since on most farms

provided by the farm activities. The fourth pasture restriction included

restriction included placed a limit of 100 Animal Unit Months (A.U.M.)
y

pasture on the basis of the time of year when it became available.

set at the level corresponding to their supply. The community pasture

other two being limits on the amounts of hay which could be sold or pur-

the farm, thereby restricting available irrigated pasture to the amount

in the matrix was a fall pasture restriction which distinguished fall

row in terms of A.U.M.'s per acre of activity and irrigated pasture-re-

ducing activities were made to feed into the irrigated pasture supply

native pasture available were being programmed this restriction would be

in the area the distribution of the unarable land essentially precludes

striction was, therefore, set at zero. If farms which have a supply of

qui ring activities used up this supply on an A.U.M. per unit of activity

seeded pasture or from community pastures. The uncultivated portion of

its use as a source of summer pasture. The dryland pasture supply re-

on the amount of community pasture available.
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in terms of 1000 pound units. The hay buying and selling restrictions

were both arbitrarily set at 35 tons per year. It was assumed that with

development of the South Saskatchewan River Irrigation Project a limited

hay market would develop in the surrounding area. It was further assumed

that if a farmer could sell hay then he should presumably also be able

to buy hay, hence the two-way restriction.

3:3:8 Straw Restriction

The straw restriction was another accounting restriction. Straw

produced by cropping activities made up the supply and the bedding and

feeding straw requirements of the livestock activities depleted it.

3:4 Production Alternatives

Fifty-two activities were included in the basic model for the study.

These are outlined in Table 3:7 and included four groups of activities

which may be described, generally, as follows: twelve dryland cropping

activities, P41 to P52, twelve irrigated cropping activities, P53 to P64,

sixteen livestock activities, P67 to P82' and twelve miscellaneous or

transfer activities, P83 to P95 • The latter category included labor

hiring activities, grain and hay buying and selling activities and cap

ital transfer activities. A number of activities not included in the

model were also considered but were left out of the matrix for various

reasons. The activities included were designed to represent the main

types of activities assumed possible in the initial development stage

on farms using supplemental irrigation.

Assumptions made concerning the level of management are important

in the specification of input-putput coefficients for the various act-
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ivities. While the level of management cannot be specified in absolute

terms it is implicit in the input-output coefficients used in connection

with machinery and equipment use, irrigating capacities, livestock feed

ing efficiencies, etc. In irrigation farming, management becomes a more

important factor in the production process than under dryland conditions.

It involves consideration of the fact that farmers contemplating irri

gation in what was preViously a dryland area probably have different

levels of managerial skill for different types of production. The

efficiency assumptions made for different types of production are especi

ally critical when they affect the competitive position of different

enterprises. The problem in this study was that of deriving input-output

coefficients for irrigation enterprises in an area where irrigation has

not so far been used. In the derivation of input-putput coefficients

for the basic programs high efficiency was assumed for dryland cropping

and low to medium efficiency was assumed for irrigated cropping and live

stock activities. The coefficients used were assumed to apply to the

initial development stage. In sUbsequent programs the competitive posi

tions of the livestock activities were changed by changing the labor and

feeding efficiency assumptions for livestock activities. In one program

labor efficiency in livestock production was increased; in the other

feed conversion efficiencies were reduced.

The study assumed that in the initial development stage a consider

able portion of the irrigated acreage would be used for cereal grain

production. Specialty crops production was not expected to occur in

the initial stage, hence, no specialty crop activities were included in

the matrix. Since livestock numbers in the area are low, it was assumed
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that in the initial stage livestock systems would consist of small cow

herds, feeder enterprises and some hog enterprises. These could occur

singly or in various combinations. Some pasture would be available in

the form of community pastures. It was felt that some conversion of

cultivated dryland from grain production to pasture production could

occur. On irrigated land sweet clover would be used in grain rotations

as a soiling crop and as a source of hay. Some permanent hay and pas

ture would also develop. A considerable amount of summerfallow was ex

pected to be included in irrigated crop rotations.

In the construction of the matrix,activities reflecting the above

production possibilities were included. In some cases several combin

ations of the alternatives described were allowed. These are described

below.

3:4:1 Dryland Cropping Activities

The cropping activities on dryland were designed to cover the

following types of production: cash crops, feed grain, hay, and pasture.

A number of activities were included to allow various methods of pro

ducing these crops and various combinations of crops. A list of these

activities and a description of them appears in Table 3:3.

Present cropping in the proposed irrigation area relies heavily on

a half-cropping system employing cash crop production. Under irrigation

it is probable that considerable reorganization of dryland farming prac

tices will occur. If a livestock industry develops in association with

irrigation it is possible that much of the land now producing cash grain



Description

HF - Partial hay and partial fallow
H Hay
F - Fallow
Cl - Clover
P - Pasture.

In this activity a half-cropping system is applied to
the production of feed grains.

This activity is identical to P46 , except that feed
grain is raised on fallow.

A fallow cash crop is followed by a stubble feed grain
crop and fallow.

In this activity oats is seeded on fallow in the spring
and cut for hay, while it is still green.

Same as P49t eEcept that forage is cut for hay rather
than used for pasture.

Same as P48, except that forage is cut for hay rather
than being utilized as pasture.

A cash crop is seeded on fallow. A forage crop mixture
suitable for pasture is seeded directly into the stubble
after harvest and utilized as pasture for four years
following.

This activity is similar to P48, except that feed grain
is seeded as the companion crop. Reduced seeding rates
and stubble yields are also used here.

Two years of cash grain production followed by a fallow
year is represented in this cropping system. Otherwise
this activity operates under the same conditions as
activity P41 •

A three-year rotation devoted entirely to the production
of feed grain to be fed to livestock on the farm or sold
as feed grain.

In this activity a cash crop is seeded as a companion
crop with a forage crop mixture suitable for pasture.
The cash crop is seeded at a reduced rate and stubble
yields are applied to the production of cash crops.

This activity corresponds to the typical farm organi
zation as it exists under present dryland farming
conditions. Cash grain production is based on wheat
production coefficients and price.

cash grain
cash grain companion crop

- Feed grain
Feed grain companion crop

- 62 -

Rotation

e-F

e-e-F

OH-F

e-F -Fg

F -Fg

F -P -Fg 4

F -F -Fg g

Table 3:3 Dryland Cropping Activities

No.
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crops may be diverted to the production of feed grain or pasture.

Activities to allow for these possibilities were included in the program.

The production of cash crops was simulated by the use of wheat pro

duction coefficients. The extent to which wheat could be produced was

limited by a quota restriction. Feed grain production was based on co

efficients applicable to barley production. The sale of feed grain was

included as an alternative to its use as feed. The mere fact that wheat

and barley production coefficients were used does not necessarily mean

that these will be the only crops grown. It was merely the method ad

opted to limit the number of kinds of cereal crops which would otherwise

have had to be included.

3:4:2 Irrigated Cropping Activities

The cropping activities included were designed to represent the

following types of production: cash crops, feed grain and forage crops

for either pasture or hay. A number of activities were included to allow

for several alternative methods of producing these crops or combinations

of them. As in the dryland activities cash crop production was based

on wheat production coefficients and feed grain on barley coefficients.

For irrigated cropping a minimum forage requirement was included in the

program. Under such a limitation no plan could result which allowed less

than 25 percent of the irrigated land in forage.

Forage crop production activities included alfalfa and legume

grass mixtures with alfalfa for hay production and the legume-grass

mixtures primarily for pasture. Pasture capacities and livestock re

quirements were determined on the basis of animal-uatt-months (A.U.M.)



Description

In this activity, wheat is seeded on fallow at
a reduced rate as a companion crop. The yield
coefficient used for this activity corresponds
to the stubble wheat yield. Alfalfa hay is
then produced for three years on a two-cut basis.
In the final year of the rotation the alfalfa is
ploughed down after the first hay crop has been
removed. The yield coefficient for alfalfa hay
is halved in the final year of the rotation.

Wheat is again seeded on fallow as a nurse crop
and the same yield coefficient applies. Four
full hay crops are removed followed by fallow
in the final year of the rotation.

Wheat is seeded on fallow at a reduced rate as a
nurse crop. Stubble yields are applied. In the
second year of the rotation the forage crop is
harvested for hay to allow time for a solid turf
to develpp before grazing. The forage crop is
then grazed for four years and fallowed by a
fallow year.
A feed grain is used as a nurse crop; otherwise,
this activity is identical to P57 •

The same conditions apply here as in Activity P54'
except that a feed grain is used as the companion
crop.

Wheat is seeded on fallow at the normal rate.
Alfalfa is then seeded in the fall after harvest
directly into the stubble. Three years of hay
production are then followed by a partial hay
and partial fallow year.

The same conditions apply here as in Activity P53 ,
except that a feed grain is used as the companion
crop.

Irrigated Cropping Activities

Rotation

- 64 -

C -H-P -Fn 4

Fg -H -HF
n 3

«rH -HF3

Fg -H -Fn 4

Twelve irrigated cropping activities were included in the basic

requirements of pasture.

P
54

model. These are summarized in Table 3:4.

Table 3:4

No.

P
55



The livestock activities embraced various forms of several types
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This activity is the same as P62' except that the
third year of the rotation a feed grain is used
as the companion crop.

In this activity cash grain is produced on fallow
only. Feed grain is produced in the second and
third years of the rotation. Otherwise, P64 is
the same as P62 •

This activity allows the alternative of producing
cash grain and sweet clover for hay on irrigated
land. The first three years are devoted to cash
grain production. In the third year clover is
seeded with the cash crop. In the final year of
the rotation the clover crop is cut for hay in
late June or early July and then turned under and
left fallow for the remainder of the year.

Wheat is seeded on fallow at the normal rate. The
fallow wheat yield is applied. After harvest a
pasture mixture is seeded directly into the stubble.
The following year hay is produced in order to
allow development of a solid turf before grazing.
Four years of pasture are then followed by a year
of fallow.

Wheat is seeded on fallow at the normal rate.
Alfalfa is seeded directly into the stubble after
harvest. Four years of hay production are followed
by a year of fallow.

(continued)

e-e-Cn-Clf

e-H -F
4

The various activities were differentiated mainly on the basis of ration

eight cow-calf and cow-yearling activities and six feeder activities.

fed and type of market animal produced. Time considerations did .l1'Ce:F(1

Table 3:4

and hog operations. Included in the two types of cattle operations were

of livestock operations including cattle rearing. cattle feeding, feeder

3.4.3 Livestock Production Alternatives
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the model but no activities were included which were separated from others

on the basis of time alone. The various cattle activities are described

in Table 3:5.

Hog operations included two activities. In ene, sows were farrowed

in October and market hogs sold in March. In the other, a two-litter

systemt sows were bred to farrow in October and April. Market hogs were

sold in March and September. In some programs the hog activities were

excluded. Reasons for their exclusion appear in later sections.

The eight cow-calf and cow-yearling activities included as indi

cated above could be divided into two groups of four on the basis of

source of summer pasture, with one group rely~ng on dryland pasture and

the other on irrigated pasture. Included in each group of four were:

(1) one activity in which calves were sold in the fall as feeders, (2) two

activities in which calves were finished in feedlot, in one case on a

high-roughage low-concentrate ration and in the other case on a low

roughage high-concentrate ration and (3) one activity in which calves

were maintained through the first winter and finished on pasture and con

centrates the following season.

The feeder activities included three feeder-calf and three feeder

yearling activities. The three activities in each category were dis

tinguished on the basis of ration fed with one activity in which the

animals were fed a low-concentrate high-roughage ration, one in which a

high-concentrate low-roughage ration was fed and another in which the

animals were finished on irrigated pasture with supplementary feeding of

concentrates.
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Table 3:5 Livestock Production Alternatives

Cow-calf

Description

Cows with spring calves are pastured through
the grazing season. The calves are sold in
the fall as feeders.

Spring purchased 700-lb. yearlings are
finished on irrigated pasture and concen
trates. These animals are sold off pasture
in the fall at 1000 lbs.

Fall purchased feeder calves are taken
through the winter on a maintenance ration
and finished on irrigated pasture and con
centrates.

In this activity, a fall-purchased feeder
calf is fed a low-concentrate high-roughage
ration and sold as a finished yearling.

In this activity, 700-lb. yearling steers
are purchased in the fall and sold in
spring at 1000 lbs. A low-concentrate
high-roughage ration is fed.

Same as P6S ' except that a high-concentrate
low-roughage ration is fed.

Same as P67' except that calves are fed
through the winter in feedlot and sold as
finished yearlings. A low-concentrate
high-roughage ration is fed.

Cows with spring calves are pastured through
the grazing season on dryland pasture.
Both cows and calves are taken through the
winter on a maintenance ration. The year
lings are finished on irrigated pasture
and concentrates the following summer.

Same as P72' except that a high-concentrate
low-roughage ration is fed.

Same as P70 , except that a high-concentrate
low-roughage ration is fed.

No.Activity

Cow-calf Feed (grain) P69

Cow-calf Feed (hay)

Cow-yearling_ P74
(pasture) ,

Feeder Steer
(pasture)

1/
Feeder Calf (hay)- P70

Feeder Calf (pasture) P75

1/
Feeder Steer (hay)- P72

Feeder Steer (grain) P73

Feeder Calf (grain) P71
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above in section 3.3.2.

3.4.4. Miscellaneous Activities

This activity is identical to P67' except
that the cows are pastured on irrigated
pasture produced on the farm.

A year-round hog operation is allowed
through this activity. Sows are bred to
farrow in October and April. Market hogs
are sold in March and September.

In this activity the alternative of pro
ducing hogs in the winter season is allowed.
Sows are bred to farrow in October.
Market hogs are sold in March.

Same as P68f except that cows are pastured
on irrigated pasture.

Same as P69t except that cows are pastured
on irrigated pasture.

Same as P74 , except that all pasture re
quirements are met with irrigated pasture.

~l

Feed grain was handled in the model as an intermediate product

Twelve miscellaneous or transfer activities were included to make

model. Three activities allowed for seasonal hiring of labor. Maximum

provision for resource transfers and alternative resource use within the

Cow-calf

amounts available were limited by the hired labor restrictions described

Table 3:5 (continued)

which could be fed, sold or purchased. A feed-grain selling activity

Cow-calf Feed /
(grain)l

Cow-calf Feed (hay}!/ P78

Cow-yearling
(pasture)

Hogs-I-litter

Hogs-2-litter

II It was assumed that animals fed a low-concentrate high-roughage
ration could be fed to the same grade and weight as animals on
a high-concentrate low-roughage ration if the feeding period was
extended 20-30 days.
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was included as an alternative to feeding it on the farm. A feed-grain

buying activity allowed off-farm purchase 0& feed grain. The level of

activity was not allowed to exceed the feed-grain purchase limit re

ferred to in section 3.3.5.

cash grain was also handled as an intermediate product so an

activity was included to allow sale of this product. The level of the

activity was limited by the quota restriction.

Alternatives for purchasing or selling h~y were included in the

basic model by adding a hay-selling and hay-buying activity. The act

ivities were limited by the relevant restrictions described in section

3.3.7.

A community pasture activity which allowed the transfer of com~

munity pasture supplies into the dryland pasture row from which it eould

be allocated to appropriate livestock activities was also included in

the program. This activity was limited by the community pasture restric

tion (see section 3.3.6).

The three remaining miscellaneous activities were capital-transfer

activities which allowed the borrowed capital supplies described in

section 3.3.3 to be used on the farm. The operating capital activity

allowed for the borrowing of funds to defray operating expenses. The

livestock-capital activity allowed for the transfer of borrowed livestock

capital into the livestock~capital supply row where it would be absorbed

by the various livestock activities. The other capital-transfer activity

provided for the development of irrigable dryland into irrigated land.

An 8 per cent allowance was made for ditches, roadways, additional

fences, etc., or, in other words, 1.08 acres of dryland were required
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for each acre of irrigated land. The unit of capital used was the amount

required to develop an acre of irrigated land. For borrowed livestock

capital repayment terms of 10 years at 5 per cent were assumed while for

irrigation capital repayment terms were set at 30 years and 5 per cent.

For all capital transfer activities the interest rate charged was

an assumed external market rate of interest. The assumption made was

that farm plans would be limited by external capital rationing. The

problem of internal capital rationing was not reflected in the model.

In actual practice, farm firms do not generally employ borrowed capital

as freely as business firms. This is especially true in high-risk areas.

A farmer's subjective discount rate, the rate at which he would be will

ing to borrow, would, therefore, be higher than the borrowing charges.

Use of borrowed capital would then be subject to internal rationing.

Funds would be borrowed by the farmer only if returns were equal to or

greater than the subjective rate held to by the operator. Internal cap

ital rationing is an expression of the farmer's aversion to risk. This

aversion may be very strong in the case of dryland grain farmers in a

proposed irrigation area and, consequently, the subjective interest rate

could be quite high. A further consideration here is the possibility

that the sUbjective rate would increase as amounts of borrowed capital

become larger. The results of this study, therefore, may be unrealistic

insofar as internal rationing is a factor in capital borrowing.

Additional information regarding the above activities is pre

sented in Table B:25.
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so the activities were not included.

3.4.5 Some Activities Considered but not Included

A number of variants of the included activi-

Other livestock activities were considered bat were not included in

Sale of the farm or the irrigable portion thereof was not considered

An activity called a specialty cr.pps activity to represent high-value

by high risk and high returns per acre was considered but not included.

No attempt was made in the study ~o assess the relative efficien-

try and Information and the Department of Agricultural Economics of the

ties which were distinguished on the basis of time considerations and

University of Saskatchewan indicated that very few acres of specialty crops

as an alternative to irrigation development.

did not permit sufficiently accurate differentiation of seasonal prices

study conducted to assess the effect of the irrigation project on t~e dairy
1/

cies of different irrigation techniques. Estimated irrigating capacities

seasonal price differentials were considered. Data on prices, however,

and use of the border-dyke system of water distribution.

were taken to apply to fully-modified topography assuming complete grading

industry in Saskatchewan.

assumption of full-scale irrigation than to supplemental irrigation.

the model. Dairy farming was excluded on the basis of the findings of a

crops requiring large capital outlays and labor inputs and characterized

Studies conducted by the Saskatchewan Departments of Agriculture and Indus-

would be needed to meet market requirements in the initial development stage.

Furthermore, specialty cropping would be more specifically applicable to an

17 Humbert, E.S., The Effect of the South Saskatchewan Dam Irrigation
P~ject on the Saskatchewan Dairy Industry, Unpublished report,
Department of Dairy Science, University of Saskatchewan, August, 1962.
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These data were used to develop the input-output coefficients for the

linear programming model.

Yield data, prices and the assumptions relating

The principal source of data for this study was the udget stand-

The livestock activity coefficients derived for the basic model

3.5 Source and Development of Data

The procedl're used in developing cropping activity coefficients

efficients for the programs dealing with different levels of labor and

Irrigation Project.

gation frequencies, yield adjustments for topography and soil type, etc.,

the livestock activity coefficients were obtained from the Irrigation

is sammarized in Table 3:6. The detailed calculations performed to de-

rive these coefficients appear in Appendix B.

ards developed for general investigation of the South Saskatchewan River

1/

to cultural practices, time requirements for various operations, irri-

ards in the Irrigation Budget Standards were revised on the recommend-

were developed in Tables B:14 to B:19. The changes made in these co-

were taken directly from these standards. The livestock feeding stand-

feeding efficiency appear in Tables B:20 and B:2l. Data used to derive

ation of the Animal Science Department, University of Saskatchewan.

3.5.2. Livestock Activity Coefficients

3.5.1 Cropping Activity Coefficients

11 Irrigation Budget Standards for the South Saskatchewan River Irri
gation Project, unpublished report, developed by H. Van Vliet,
Agricultural Economics Department, University of Saskatchewan, and
J.R. Lane, Conservation and Development Branch, Saskatchewan Depart-

ment of Agriculture, Regina, Saskatchewan.
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The information contained in Table B:14 outlines the general

each activity.

Guide to Development of Cropping Activity Coefficients

tained in Table B:14 includes price, grade, and weight assumptions as

characteristics of each livestock activity. This table forms the basis

Item Tables with Relevant Information Page

Cropping Alternatives Tables 3:3 and 3:4 62" 64
11

Cultural Practices Table B:l 286

Tillage Practices Tables B;2 and B;3 287

Eqaipment Complements Tables B:4 and B:6 288

Tractor Operation Costs Tables B:5 and B:7 288,289

Time and Cost of Machine
Operations:

Dryland Tables B:8, B;lO and B:11 290,292,295

Irrigated Land Tables B:9, B:12 and B:13 291,296,299

Production Levels Tables B:22 and B:23. 311,312

Budget Standards, the Animal Science Department, University of Saskat-

well as man time, machine time and timing of production assumptions for

3.5.2.1 Assumptions Underlying the Livestock Activities

for the calculations found in subsequent tables. The information con-

Table 3:6

chewan, and from several publications dealing with livestock production.

II Table B:l refers to the first table of Appendix B. All references
to Appendix tables are made in terms of A, B, or C.
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Livestock Feeding Standards

The figures in Table B:15 are the feed input levels estimated

to be required per unit of livestock activity for the various types of

animals and the grades and weights assumed in Table B:14. The implicit

assumption is that managerial skill is at the level corresponding to

these feeding standards. In a later program the feeding standards were

changed slightly to reflect a lower level of feeding efficiency or man-

agement.

3.5.2.3 Livestock Time Requirements

The time requirements for various types of livestock enter

prises were obtained from the Irrigation Budget Standards. Estimates of

direct labor inputs, overhead time and tractor time on a per unit per

year basis were obtained from these standards. The distribution used to

derive labor coefficients on a per unit per month basis were obtained

from several sources as listed in Table B:16.

3.5.2.4 Livestock Capital Requirements

Table B:19 sets out the estimated capital values of livestock

and replacement cost of livestock buildings and equipment per unit of

livestock activity. The total investment figures were used in the model

for the fixed livestock capital coefficients.

3.5.2.5 Other Assumptions

Tables B:20 and B:2l set out the changes made in the assump

tions of the basic model to study the effect of varying levels of effici

ency in livestock production. In Table B:20, the changes in feeding
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standards to reflect a 10 per cent increase in grain and hay require

ments are set out. Table B:21 sets out the changes in labor coefficients

to reflect a 15 per cent decrease in the direct labor input per unit of

activity.

3.6 Prices and Pre-budgets

The linear programming technique is designed to maximize a cer

tain stated objective. In this study the objective used was profit maxi

mization. In order to determine what combination of activities maximizes

returns to limiting resources assumptions must be made regarding the con

tribution of each actiVity towards this objective. These assumptions are

outlined in this section.

In general, historical prices were used to develop the product

and factor prices used in this study. The prices used in this study

appear in Appendix A. These prices were obtained from the Irrigation

Budget Standards. In these 3standards, the prices used to estimate future

conditions were based on the assumptions of a firm economy with continu

ing gradual inflation; a somewhat less favourable price-cost relation

ship than for the past decade (1950-60) but with some stren~thening of

livestock prices relative to grain. Factor prices assumed were gathered

in 1959.

In an attempt to reflect the present price relationships between

livestock and grain two programs were run in which the grain-livestock

price ratios were higher than those assumed in the budget standards.
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Pre-budgets are used in linear programming to determine the

1/
"profit" derived from one unit of each activity. These pre-budgets

show the cash operating expenses and cash income derived from each unit

of each activity. Since the objective of the study was to determine the

most profitable use of the restrictive resources the fixed costs associ-

ated with these resources are not included in the pre-budgets. l These

costs are incurred regardless of the farm organization; therefore, they

have no effect on the most profitable activity combination. The non-

limiting variable costs associated with the activities included in the

basic model for this study appear in Tables B:22 to B:25 inclusive.

3.5 Program Matrix

The input-output coefficients, resource restrictions and net pro-

fit figures described in the preceding sections are arranged in matrix

form in Table 3:7. The rows of the matrix specify the amounts of the

various resources available and the amounts of each resource required by

each activity. The columns of the matrix indicate the amounts of each

resource used or produced by each activity and the amount contributed by

each activity to the objective of profit maximization.

The basic matrix used in this study is presented in Table 3:7.

The amounts of the limiting resources assumed available for the basic

program are listed in the Po column. The activities which compete for the

use of these resources are numbered across the top of Table 3:7. These

numbers correspond to the activities described in Tables 3:3, 3:4, 3:5,

!I Profit here refers to return to fixed factors.
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and B;25. The bottom row (Cj ) was obtained from the pre-budgets·

(Tables B:22 to B:25 inclusive) and indicates the amount one unit of each

activity contributes to the objective. Since the products of cropping

activities are handled in the matrix in physical terms and disposed of

through livestock and selling activities, the Cj's of these activities

are negative.

The matrices used for other programs in this study were slightly

modified versions of the basic model. For example, in the program in

which hogs were excluded the matrix was the same as that in Table 3:7,

except that the cjt s of the hog activities were set at zero. In the

program admitting greater labor efficiency in livestock production, the

labor coefficients for livestock activities presented in Table B:18

were replaced with those in Table B:21.



Resource No. Po P41 P42 P43 P44

Unit acre acre acre acre
Dryland PI acre 544 1.0 1.0 1.0 1.0
Irrigated Land P2 acre 0
Annual Labor P3 hour 3500 2.62 2.62 2.S3 2.S3
Jan.Feb.Mar. Labor P4 hour 5S5 .2 .2 .2 .2
Spring Labor P5 hour 625 .7 .7 .75 .75
Summer Labor P6 hour SOO .67 .67 .61 .61
Fall Labor P7 hour 1100 .92 .92 1.13 1.13
October Labor Ps hour 300 .07 .07 .07 .07
November Labor P9 hour 195 .07 .07 .07 .07
December Labor PIO hour 195 .07 .07 .07 .07
Wheat Output Pll bushel 0 -S.25 -9.07 -5.5
Quota P12 bushel 4l0S
Feed Grain Supply P13 100 lbs. 0 -6.24 -2.7
Feed Grain Buy Limit P14 bushel 1000
Dryland Pasture P15 A.U.M. 0
Community Pasture P16 A.U.M. 100
Irrigated Pasture P17 A.U.M. 0
Fall Pasture PIS A.U.M. 0 -.OS -.OS -.1 -.1
Straw Supply P19 ton 0 -.2 -.2 -.27 - .27
Hay Supply P20 1000 lbs. 0
Hay Sell Limit P2l ton 35
Hay Buy Limit P22 ton 35
Hired Spring Labor P23 10 hrs. 25
Hired Summer Labor P24 10 hrs. 50
Hired Fall Labor P25 10 hrs. 50
Livestock Capital P26 $100 0
Borrow Livestock Capital P27 $100 75
Operating Capital P28 $10 300 .317 .303 .393 .383
Borrow Operating Capital P29 $10 700
Irrigation Capital P30 acre 0
Irrigable Land Limit P3l acre 270

Cj -3.17 -3.03 -3.93 -3.S3

- 7S -

Table 3:7 Matrix for the Basic Model - Program 1

C-F Fg-F C-C-F C-Fg-F

(continued)
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Table 3:7 (continued)

(continued)
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Table 3:7 (continued)

(continued)
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Table 3:7 (continued)

e-H4-F e-H-P4-F e-e-Cn-Clf e-e-Fgn-Clf e-Fg-Fgn-Clf Cow- Cow-
calf calf

Feed
(hay)

Noo P60 P61 P62 P63 P64 P67 P68

acre acre acre acre acre cow cow

PI
P2 1 00 1 00 1 00 1 00 1 00
P3 10 086 8018 807 8 07 807 2102 31 03
P4 048 048 048 048 048 7059 10 056
P5 1018 1013 2 007 2007 2 007 3083 5 088
P6 5 022 3 093 3 089 3089 3089 02 1.42
P7 307 2 035 1094 1094 1094 4 045 5071
P8 016 .16 016 .16 016 1065 2051
P9 016 .16 016 .16 016 2053 4 01
P10 .16 016 016 016 016 2 053 3.52
P11 -4.62 -3.96 -19 062 -13028 -6 092
P12
P13 -4.4 -808 18019
P14
P15 5.0 500
P16
P17 -1.81
P18 -039 -oIl -018 -018 - 018 1 00 1.0
P19 -01 -.ID8 -045 -.45 -045 2.0 2 028
P20 -2.28 -.45 -.62 -062 -.62 2 04 3 093
P21
P22
P23
P24
P25
P26 1065 1095
P27
P28 .838 .475 .859 .854 0845 10959 2.492
P29
P30
P31

".

Cj -8.38 -4.75 -8059 -8 054 -8.45 69 051 138058

(continued)
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Table 3:7 (continued)

Cow- Feeder Feeder Feeder Feeder Cow- Feeder Feeder

calf Calf Calf Steer Steer yr1g. Calf Steer

Feed (hay) (grain) (hay) (grain) (past.) (past.) (past.)

(grain)
No. P69 P70 P71 P72 P73 P74 P75 P76

cow calf calf steer steer cow calf steer

PI
P2
P3 30.4 10.7 9.8 10.1 9.3 35.1 14.5 7.8
P4 10.62 3.51 3.45 4.26 4.48 10.44 3.39
P5 6.46 2.34 2.56 .96 5.78 2.26 1.86
P6 .2 .77 2.74 2.26 2.48
P7 5.64 1.33 1.25 1.45 1.46 9.12 4.27 3.42
P8 2.44 .93 .85 .95 .96 3.48 1.71 .94
P9 3.99 1.55 1.41 1.99 2.02 3.48 1.13
P10 3.54 1.17 1.15 1.42 1.32 3.48 1.13
Pn
P12
P13 22.14 22.5 26.05 16.8 21.05 13.18 15.5 12.0
P14
P15 5.0 5.0
P16
P17 2.9 3.4 3.4
P18 1.0 1.67 .67
P19 2.28 .3 .3 .4 .4 2.24 .25
P20 3.505 1.8 1.3 1.64 1.05 4.1 2.0 .25
P21
P22
P23
P24
P25
P26 1.95 .3 .3 .3 .3 1.95 .3
P27
P28 2.492 9.977 9.977 15.784 15.784 2.647 10.156 15.692
P29
P30
P31

Cj 138.58 79.31 79.31 52.56 52.56 162.12 108.34 53.48

(continued)
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Table 3:7 (continued)

Cow- Cow- Cow- Cow- Hogs- Hogs- Labor Hiring

calf calf calf yr1g. 1- 2- Spring Summer Fall

Feed Feed (past.) litter litter

(hay) (grain)
No. P77 P78 P 79 P80 P81 P82 P83 P84 P85

cow cow cow cow sow sow 10 hrs. 10 hrs. 10 hrs.

PI
P2

25.2 35.3 34.4 39.1 51.9 80.1 -10. -10. -10.
P3
P4

7.59 10.56 10.62 10.44 11.64 16.83

P5 4.63 6.69 7.26 6.58 5.33 13.13 -10.
P6 1.8 3.04 1.76 4.34 5.82 8.26 -10.
P7 6.05 7.33 7.2 10.72 20.37 29.25 -10.

P8 1.65 2.51 2.44 3.48 13.09 14.54
P9 2.53 4.1 3.99 3.48 4.85 7.01
P10 2.53 3.52 3.54 3.48 3.88 5.61
P11
P12
P13 18.19 22.14 13.18 69.5 119.0
P14
P15
P16
P17 5.0 5.0 5.0 7.9
P18 1.0 1.0 1.0 1.67
P19 2.0 2.28 2.28 2.24 2.6 4.8
P20 2.4 3.93 3.505 4.1

¥~U
P22
P23 1.0

P24 1.0

P25
1.0

P26 1.65 1.95 1.95 1.95 3.5 4.75
P27
P28 2.484 3.017 3.017 3.172 6.765 11.615 .76 .76 1.0

P29
PSO
P31

Cj 64.26 133.33 133.33 156.87 201.45 420.85 -7.60 -7.60 -10.00

(continued)
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Table 3:7 (continued)

Sell Sell Sell Buy Buy Use Use Develop Use

Cash Feed Hay Hay Feed Com- Oper- Land Live-

Grain Grain Grain munity ating stock
Past. Capital Capital

No. PS6 PS7 PSS PS9 P90 P91 P92 P93 P95

10 bus. 10 bus. ton ton 10 bus. A.U.M. $10 acre $100

PI 1.0S
P2 -1.0
P3
P4
P5
P6
P7
Ps
P9
PI0
Pll 10.0
P12 10.0
P13 4.S -4.S
P14 10.0
P15 -1.0
P16

1.0
P17
PIS
P19
P20 2.0 -2.0
P21 1.0
P22 1.0
P23
P24
P25
P26

-1.0

P27
1.0

P2S
2.0 .S5 .3 -1.0

P29
1.0

P30
1.0

P31
1.OS

Cj 13.50 S.OO lS.00 -20.00 -S.50 -3.00 -.35 -5.S4 -12.95
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CHAPTER IV

RESULTS OF ONE-RESOURCE VARIABLE SOLUTIONS

4.1 The Basic Model - Program 1

4.1.1 Program Situation

The resource restrictions and production alternatives included in

the first program were those described in Chapter III for the basic model.

In this section an attempt is made to explain the development of the act

ivity combinations required to maximize income as the supply of irri

gation capital is varied from zero to an unlimited amount. The plans

derived maximize income under the conditions stated in Chapter III.

The optimum plans associated with various levels of irrigation

capital are presented in Table 4:l~ and illustrated in Figure 4:1. The

marginal value products (MVP) of the limiting resources associated with

each plan are presented in Table 4:2. Table 4:3 indicates the acreages

of each crop in the various plans of program 1.

Program 1 dealt with the one-section dryland grain farm with no

livestock. Alternatives for livestock production~ irrigation develop

ment of part of the farm and re-organization of the dryland portions of

the farm were included. The farm was assumed to be owner-operated and

debt free. The complement of machinery and buildings was assumed in

good condition and adequate for the operation of such a unit. Capital

had to be borrowed if livestock production and irrigation development

were to occur on this farm.

Program 1 assumed a policy in which the operation and maintenance

charge was levied regardless of whether the irrigable land was irrigated
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I

or not. In this form, it takes on the character of a fixed cost. If,

frowever, the 0 and M charge were~levied on land actually irrigated, it

must be considered a variable cost and included in the Cj of the land

development activity. With 0 and M a variable cost less acreage would be

irrigated and the difference in income between the dryland farm and that

with some irrigated land would be smaller. The effect of various 0 and M

rates on irrigated acreage and income was examined in sections 4.1.3 and

Before proceeding to a detailed analysis of program 1, one obser-

vation about the overall program is in order. An important thing to note

is the trend toward a rather extensive type of farming operation as the

variable resource solution progresses, namely, as irrigated acreage is in-

creased. In the first few plans of program 1, a more intensive type of

farming operation was carried on. Forage crops were produced on irrigated

land and fed to livestock, cash grain sales were low and as much hay as

was allowed to be available from outside the farm was purchased. This

suggests that if higher yields actually occur much of the increased out-

put would be used on the farm when the irrigated acreage is fairly low.

The trend toward extensive types of operations was particularly notice-

able in the range from 63.6 to 193.9 acres of irrigated land. Within

this range, cash grain sales increased, hay purchases declined and were

replaced by hay sales, and feeder cattle operations declined. The trend

toward extensification was halted by the restriction replaced on hiring

of spring labor. This occurred because the spring labor requirement

is a greater proportion of the total labor requirement for irrigated

grain rotations than it is for other activities. After 193.9 acres were
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irrigated production was expanded by introducing into the plan activi

ties which have a lower spring labor requirement than the irrigated grain

activities. Next to the irrigated grain activities the most extensive

type of operation allowed in the program was finishing feeders on irri

gated pasture. After 193.9 acres were irrigated this was the route by

which production was expanded. (The feeder calf (pasture) activity (P75)

increased from 20 to approximately 50 head and the pasture rotation (P6l)

increased from 37.5 acres to 92.9 acres).

Extreme caution must be exercised in the analysis and interpret

ation of the results of a linear program. This is particularly true when

making recommendations for farm application of these results. In the

construction of the model certain assumptions were made with respect to

labor efficiency, capital requirements, etc., for the various activities

included in the model. These must be kept in mind when results are anal

yzed and recommendations made. For example, the time and capital requir~

ments for cow-calf operations were estimated on the basis of a 20-30 cow

operation. Labor and capital estimates for feeder operations were based

on 40-60 head feeder operations and for hogs the estimates were based on

10-15 sow operations. In plans where the various activities came in at

lower levels than those indicated above, the labor and capital require

ments are under-estimated, in situations where they came in at higher

levels these requirements would be over-estimated. The time and cost

coefficients for cropping activities were based on specific assumptions

with respect to field size and topography. Where particular cropping

activities came into a plan at a low level the time and cost coefficients

would be under-estimated. In actual situations, then, the tendency would



- 88 -

included in the plan at a lower level than was consistent with the or-

purchased.

The feed grain produced was fed to livestock on the farm,

by the vertical axis of Figure 4:1. Return to fixed factors is $7014.

The cropping plan indicated in Table 4:1 as optimum for dryland

The limiting factors were land, spring labor, the hay buying re-

The farm plan consisted of 238.7 acres of Fg-Fg-F rotation, 305.3

To derive this plan irrigation capital was set at zero level and

be toward a higher level of each activity that is in a plan at a re-

the standard linear programming procedure was used. The profit-maxi-

enterprise.

acres of o-Fg-F rotation; 13.3 two-litter sows and a 38.9 head feeder
U

to assure that no more of any of these was used than was produced anqfor

merely rows included in the matrix to handle intermediate products so as

mizing plan is indicated in Table 4:1, and represented diagrammatically

while the cash grain (1679 bus.) was sold. Crop acreages for all plans

Table 4:2 as limiting (wheat output, feed grain supply, hay supply, etc.)

in program 1 are indicated in Table 4:3.

conditions was optimum only for a small range of prices and yields. The

striction and livestock capital. The other resources indicated in

latively high level and a lower level (or exclusion) of each activity

were not limiting in the same sense as the former resources. These were

iginal input-output coefficients.

4.1.2 Description of Optimum Plans for Program 1

Plan 1 - Optimum Dryland Solution

11 C, Fg and F refer to cash grain, feed grain and fallow, respectively.



- 89 -

first sub-optimum plan (income of $7009) had a slightly different cropping

plan. The same quantities of feed grain and cash grain were produced but

with 185.2 acres of o-o-F (P43 ) amd 358.8 acres of Fg-Fg-F (P45) rotations.

The alternative dryland cropping activities were very competitive and only

slig~income effects were realized by shifts in the cropping plan. The

half-cropping alternatives o-F (P4l) and Fg-F (P42) were also fairly

competitive having opportunity costs of $.31 and $.34 per acre, respect

ively. The costs associated with these activities would have to decline

by these amounts before they could be included in the plan without loss

of potential profits. In an actual farm situation, however, factors

such as personal preferences on the part of the farmer, yield stability,

labor limitations, etc., could shift the cropping plan to a half-cropping

system irrespective of the higher costs.

The marginal value productivities (MVP) of limiting resources are

indicated in Table 4:2. An additional acre of dryland (PI) of equal

productivity would add $7.62 to income. The net income change for an

additional acre of land would be $7.62 minus the annual cost of acquir

ing the additional acre. The MVP of irrigated land (P2) was $26.44.

From this must be subtracted the MVP of the amount of dryland taken out

of production by developing an acre of irrigated land (7.62 x 1.08) and

the cost of developing an acre of irrigated land. The net MVP of an

acre of irrigated land is $12.37, the MVP of irrigation capital (P30).

The MVP of spring labor was $.79 per hour. This was simply the

cost of hiring labor plus the interest charge on borrowed operating

funds. The MVP of wheat was $1.35 per bushel. The limit on wheat sales

set by the quota restriction was not reached; therefore, the MVP of wheat



Table 4:1 Optimum Plans for the Basic Model - Program 1

K Values 2.0 15.2 26.7 19.5 22.1 3.2
Plan Number

Activity No. Unit 1 2 3 4 5 6 7
Dryland Cropping

o-Fg-F P44 acre 305.3 291.9 271.6 236.1 210.0 175.9 149.7
Fg-Fg-F P45 acre 238.7 249.9 253.7 260.4 265.4 275.6 298.4

Irrigated Cropping
o-H:3-HF P59 ac:re 0 2.0 1.3
o-H-P4-F P6l acre 0 16.0 44.0 63.6 59.1 61.7
o-o-Cn-Clf P62 acre 0 26.5 27.1

Livestock
Cow-calf Feed (hay) P68 cow
Feeder Calf (hay) P70 calf 38.9 41.6 35.2 23.8 15.9 15.7
Feeder Calf (grain) P71 calf 0 16.7
Feeder Calf (pasture) P75 calf 0 0 8.5 23.4 33.8 31.5 32.8
Hogs-2-1itter P82 sow 13.3 13.2 13.0 12.8 12.6 12.8 12.7

Sell Cash Grain P86 bushel 1679. 1617. 1565. 1473. 1406. 1722. 1600. 1.0

Sell Hay P88 ton 0

I

Buy Hay P89 ton 35.0 35.0 35.0 35.0 33.8 24.1 21.4
Buy Feed Grain P90 bushel
Use Community Pasture P91 A.U.M.
Hire Spring Labor P83 hour 49.1 53.6 61.0 74.0 83.1 111.4 120.2
Hire Summer Labor P84 hour 0
Hire Fall Labor P85 hour 0 70.7 122.1 130.6 135.3

Use Operating Capital P92 $ 5223. 5486. 5704. 6156. 6448. 6155. 6337.
Use Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500. 7500.
Develop .Land P93 acre 0 2.0 17.3 44.0 63.6 85.6 88.8

Zo $ 7014. 7039. 7217. 7455. 7626. 7780. 7795.

Variable In P44 P61 P85 P22 P62 P71 P84
Variable Out P43 P9 P7 P59 P8 P6 P70

(continued)



Table 4:1 (continued)

48.5 2.8 0 53.9 9.3 20.4 11.9 1.1

Plan Number

No. 8 9 10 11 12 13 14 15

Dry1and Cropping
P44 75.8 92.2 92.2 9.2

P45 320.0 300.6 300.6 325.4 324.5 302.5 289.6 288.5

Irrigated Cropping
P59
P61

51.9 48.3 48.3 37.5 50.9 80.2 93.1 92.9

P62 85.4 91.8 91.8 156.4 152.3 143.4 142.4 143.7

Livestock
P68

0 0 0 0 0 1.8 1.1

P70 0 15.1 15.1 14.6 12.2 7.1

Pn 16.2
P75 27.6 25.7 25.7 20.0 27.1 42.7 49.6 49.4

P82
13.0 13.2 13.2 13.6 12.9 11.2 10.5 10.6

P
86

2298. 2499. 2499. 3268. 3190. 3130. 3163. 3188. I

P
88

0 23.8 20.6 13.4 12.0 13.8 c.o....

P
89

I

P
90

0 174.4 133.8 152.2

P
91

0 9.0 5.6

P
83

182.1 181.0 181.0 250.0 250.0 250.0 250.0 250.0

P84
147.4 165.1 165.1 328.6 367.4 452.3 495.9 500.0

P85
153.8 151.5 151.5 172.3 190.1 229.0 251.6 251.5

P92
5798. 5557. 5557. 5442. 5884. 7000. 7000. 7000.

P95
7500. 7500. 7500. 7500. 7291. 6833. 6829. 6751.

P
93

137.3 140.0 140.0 193.9 203.2 223.6 235.5 236.6

Z 8018. 8030. 8030. 8214. 8243. 8302. 8320.. 8321.

0

Variable In P70 P68 P88 P27 P90 P91 P9 P30

Variable Out P89 P71 P1 5 P23 P44 P29 P70 P24
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Table 4:2 Marginal Value Products of Limiting Resources - Program 1

Plan Number
Resource No. Unit 1 2 3 4 5 6
Dryland PI acre 7.62 7.58 6.36 6.20 5.96 5.66
Irrigated Land P2 acre 26.44 25.67 21.61 21.27 19.26 16.87
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .79 .79 .79 .79 .79 .79
Summer Labor P6 hour .68
Fall Labor P7 hour 1.03 1.03 1.03 1.03
October Labor P8 hour 3.48 2.04
November Labor P9 hour .48 1.18 3.50 3.47 3.33
December Labor PIO hour
Wheat Output P11 bushel 1.35 1.35 1.35 1.35 1.35 1.35
Quota P12 bushel
Feed Grain Supply P13 100 Ibs. 1.76 1.76 1.76 1.76 1.76 1.76
Feed Grain Buy Limit Pl4 bushel
Dryland Pasture P15 A.U.M.
Community Pasture P16 A.U.M.

(,0
Irrigated Pasture P17 A.U.M. 11.44 11.51 10.72 11.08 10.28 10.30 eN

Fall Pasture P18 A.U.M.
Straw Supply P19 ton
Hay Supply P20 1000 Ibs. 12.21 11.92 11.78 10.35 10.35 10.35
Hay Sell Limit P21 ton
Hay Buy Limit P22 ton 3.72 3.13 2.86
HiredSpring Labor P23 10 hrs.
HiredSummer Labor P24 10 hrs.
HireclFa11 Labor P25 10 hrs.
Livestock Capital P26 $100 41.54 40.84 33.42 30.00 19.39 22.82
Borrowed Livestock Capital P27 $100 28.59 27.89 20.47 17.04 6.44 9.87
Operating Capital P28 $10 .35 .35 .35 .35 .35 .35
Borrowed Operating Capital P29 $10
Irrigation Capital P30 acre 12.37 11.64 8.90 8.73 6.99 4.92
Irrigable Land Limit P31 acre

(continued)



Table 4:2 (continued)

Plan Number
No. 7 8 9 10 11 12 13 14 15
PI 5.61 5.52 5.36 5.31 5.20 5.88 5.59 5.44 5.15
P2 16.50 16.05 15.23 14.98 14.66 15.09 13.31 12.74 11.40
P3
P4
P5 .79 .79 .79 .79 .94 .80 1.78 2.06 2.22
P6 .79 .79 .79 .79 .79 .79 .81 .81 1.08
P7 1.03 1.03 1.03 1.03 1.03 1.03 1.06 1.07 1.06
P8 1.77 2.42 3.54 3.89 4.13 4.04 4.52 4.27 4.02
P9 3.37 3.94 5.12 5.48 5.27 4.44 .22
PI0
PH 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
P12
P13 1.76 1.76 1.76 1.76 1.76 1.83 1.88 1.89 1.88
PH
P15 .33 .58 1.15 3.18 3.20 3.19

(.0
P16 ~

P17 10.30 10.26 10.19 10.17 10.09 10.16 9.61 9.45 9.38 I

P18
P19
P20 10.35 9.95 9.23 9.00 9.00 9.00 9.00 9.00 9.00
P21
P22
P23 1.51 .16 9.71 12.48 14.15
P24 2.75
P25
P26 23.42 20.55 15.41 13.81 12.95 12.95 12.95 12.95 12.95
P27 10.47 7.60 2.46 .86
P28 .35 .35 .35 .35 .35 .35 .61 .66 ,.64
P29 .27 .31 .29
P30 4.60 4.25 3.60 3.40 3.21 2.90 1.43 1.03
P31
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was simply the price of wheat. The MVP of an additional unit of feed

grain (100 pounds) was $1.76. If the MVP of feed grain reaches $1.83,

it becomes profitable to buy feed grain at $.85 per bushel of barley

provided operating capital is not limiting. If it drops to $1.67 it be-

comes profitable to sell feed grain at $.80 per bushel of barley.

Irrigated pasture (P ) had an MVP of $11.44 per A.U.M. To obtain
17

the net MVP of irrigated pasture, the MVP of dryland, the cost of develop-

ingirrigated land and the cost of producing pasture must be subtracted.

An additional ton of hay increased gross returns $24.22 (2 x 12.21).

This was not the net effect which an additional ton of hay had on income.

The net effect was obtained by sUbtracting from $24.42 the cost of a ton

of hay fro~ the cheapest source. In this situation this source was the

hay purchase activity (P
89

) which permitted the purchase of hay at $20.00

per ton. The true MVP of a ton of hay was then $3.72 ($24.42 -(20.00 +
11

.70».- This is the MVP of the hay purchase restriction (P2~).

According to the results of program 1, capital could be profit-

ably invested in livestock and livestock facilities. The activity through

which livestock capital could be borrowed (P
95

) allowed for the borrowing

of funds for establishing herds and livestock facilities. The amount

which could be borrowed was limited to $7500 by the livestock capital

restriction (P27). The MVP of an additional unit of P27 ($100) was

$28.59. This means that an additional unit of borrowed livestock capital

would yield a 28.59 per cent return. The difference between the MVP of

livestock capital (P26) and P
27

was $12.95 and represented the annual

~I $.70 is the interest charge on $20.00 of borrowed operating capital.
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cost of an additional unit of capital. Livestock capital could be in

creased 14.8 units or $1480 before the MVP would decrease. At this point,

October labor would limit further expansion of the hog enterprise.

The MVP of operating capital (P29) was $.35 per $10 unit. This

was the price of an additional unit of borrowed operating capital. The

upper limit placed on the amount of operating funds which could be bor

rowed ($7000) was not reached, i.e., the borrowed operating capital re

striction (P29) was not a limitational resource.

The MVP of irrigation capital (P
30

), as indicated above was $12.37

per acre. A unit of irrigation capital ($81 or 1 acre of irrigated land)

could increase net farm income $12.37. The charge against the activity

through which land was developed for irrigation (P93 ) took into account

only the repayment of capital borrowed for land development and a charge

for higher taxes resulting from increased assessment. No charge was in

cluded for 0 and M. The 0 and M charge was not included because it was

assumed a charge of some sort will be levied against irrigable land

whether it is irrigated or not. The 0 and M charge would then be a

fixed cost per irrigable acre. The MVP of irrigation capital obtained

in 'this program is one which would result under very favourable conditions

for irrigation. The interest rate of 5 per cent on irrigation capital

was an assumed external market interest rate and was taken as the effect

ive interest rate from the viewpoint of the farmer. In actuality, the

internal interest rate may be much higher than 5 per cent. The effect

of this would be to lower the MVP of irrigation capital. The program also

assmumed that if capital were made available for development of irrigated



- 98 -

land, the farmer would be willing to irrigate as much of his farm as

possible with the resources he has available. It should also be pointed

out that the MVP of $12.37 per acre of irrigated land was constant over

a range of only 2.0 acres. If more land were irrigated the MVP of irri-

gation capital would be lower.

Plan 2

Plan 2 was the first plan for the condition where irrigation cap-

ital was allowed to vary. It resulted from the addition of 2.0 acres of

irrigated land ($162 of irrigation capital). At this level of investment

11
all of the irrigated land was devoted to a hay rotation, e-H

3
-HF (P ).

59

At each step in the variable-resource procedure the activity which yielded

the highest return per unit of the variable resource was introduced into

the farm plan. In plan 2, the marginal return per unit of irrigation

capital was highest when all irrigated land was used to produce hay. A

small amount of cash grain was produced since a cereal crop was used as

a companion crop in establishing the forage crop. The hay produced en-

abled the expansion of the feeder enterprise (P70) to 41.6 head. The

small decrease in hog numbers occurred because the $7500 available for

investment in livestock was being fully used and substitution among live-

stock enterprises was necessary if one livestock enterprise was to be

expanded over the level in the first plan.

The higher feed-grain requirements of plan 2 resulted in an in-

crease in feed grain production on dryland (P45) and a decrease in cash

grain production (P44). This resulted in reduced cash grain sales. The

increase in the number of feeders, the higher operating capital require-

~I See Table 3:4 for a description of irrigated crop rotation~.
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ments of irrigated land and higher spring labor requirements increased

the amount of operating capital borrowed. The increase in return to

fixed factors in plan 2 was $25.

The significant changes in MVpts of limiting resources in plan 2

occurred in the MVP's of irrigation capital; November labor and hay

supply. The variable resource procedure selects aativities on the basis

of the highest marginal return to the variable resource. Therefore, the

MVP of irrigation capital was lower at each successive step (see Figure

4:2).

In plan 2, November labor became a limiting resource and had a

MVP of $.48 per hour. Over a certain range (probably a small one) in

come could be increased $.48 for each hour increase in the amount of

November labor available. The limitational effect of November labor

caused the decline in the MVP of hay. Once November labor went limiting

hay use could increase only if labor was taken from some other activity.

~an3

Plan 3 resulted from the addition of $1231 of irrigation capital

which permitted the development of an additional 15.2 acres of irrigated

land and brought total irrigated acreage to 17.3 acres. The change in

return to fixed factors was $178. Fall labor became limitational in

plan 3.

A major change occurred in the enterprise combination in plan 3.

The dryland cropping plan remained basically the same as for plan 2,

with reduction in both P44 (o-Fg-F) and P45 (Fg-Fg-F) occurring as a re

sult of the conversion of more dryland into irrigated land but the irri

gated cropping system and livestock system changed substantially. Irri-



gated cropping changed from a plan in which hay production was the domin-

ant activity to one in which most of the irrigated land was devoted to

pasture production. The livestock system now included an activity in

which feeders were finished on irrigated pasture and grain (P75). The

November labor restriction (P9 ) limited the total number of feeders

which could be purchased. Consequently, the addition of the feeder calf

(pasture) enterprise coincided with a reduction in the feeder calf (hay)

activity. The competitive nature of these two activities is indicated

by the negative slope of the feeder calf (hay) line and the positive

slope of the feeder calf (pasture) line in Figure 4:1 over the range from
y

17.3 to 63.6 acres of irrigated land.

In plan 3, the MVP's of several resources changed substantially.

The MVP of dryland decreased to $6.36 per acre. Fall labor became a limi-

tational resource and its MVP jumped to $1.03 per hour. The MVP of fall

labor would remain at this level only over a small range. A relatively

small increase in the fall labor supply would reduce the MVP of fall

labor. The MVP of November labor increased to $1.18 per hour and that

of irrigation capital decreased to $8.90 per acre.

Plan 4

In plan 4, an additional 26.7 acres of irrigated land were added

to bring the total investment in irrigation development to $3564. Re-

turn to fixed factors increased by $248 to $7455. In plan 4, all of

the irrigated land was devoted to the pasture activity (P61) with a re-

suIting increase in the number of feeders finished on pasture (P ).
75

1/ See section 2.2.3, page 24.
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The total number of feeders increased slightly in plan 4. This occurred

because the November labor requirement of P75 was lower than that of P
70

which allowed the purchase of a few more feeders. This was reflected in

the increased use of borrowed operating capital. The only other sig

nificant change from plan 3 was that a small amount of labor was hired

in the fall season.

Significant changes occurred in the MVP's of November labor, hay

supply and livestock capital. The MVP of November labor increased to

$3.50 per hour. The hay purchase restriction lP
22

) was no longer a

limitational resource (the MVP of P
22

dropped to zero). The MVP of

livestock capital (P27) declined to 17.04 per $100 in plan 4. The de

clines in the MVP's of both P22 and P27 resulted from the limiting ef

fect that November labor had on the plan. The reason for the increased

relative importance of November labor can be seen by examining the

November labor requirements of irrigated and dryland cropping activities

in Table 3:7.

Plan 5

Plan 5 resulted from the addition of 19.5 more irrigated acres

bringing the total irrigated acreage to 63.6 acres. Return to fixed

factors rose to $7626, and investment in irrigation development to

$5152. This represented an increase in returns of $171 and an increase

in irrigation investment of $1580 over plan 4.

A cash grain activity (P62) entered the plan at this point and

the shift toward a more extensive type of cropping system began. In

program 1, the trend toward extensification began almost immediately

in the variable resource solution. In plan 2, after only 2.0 acres

were irrigated, a pasture activity, which is a more extensive tJPe of
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Plans 6 and 7

These plans resulted from the addition of 21.1 and 3.2 acres of

Return to fixed factors increased to

chases, (3) a slight decline in the total number of feeder cattle, and

plan 6 were in the MVpt s of summer labor and irrigation capital. Sum-

The major changes which occurred between plans 5 and 6 were (1)

ment to $7175 in plan 7.

irrigated land, respectigely.

The enterprise combination in plan 5 was the same as in plan 4,

The MVpts of limiting resources changed significantly in plan 5,

With October labor also a limiting resource now, there was less scope

November labor became limitational. The farm plan was then re-organized

in the feeder calf (hay) activity. Other changes included slight in-

ion in the MVP of livestock capital. The MVP of dryland declined to

for increased production through livestock activities, hence a reduct-

a change in the irrigated cropping system, (2) a reduction in hay pur-

operation than a hay rotation, entered the plan. This occurred when

was the increase in the feeder calf (pasture) activity and the decrease

and activities such as P with lower November labor requirements entered
75

the plan. When October labor (Ps) also became limitational the cash

grain rotation (P62) entered the plan.

creases in hired spring and fall labor and borrowed operating capital.

with the exception, of course, of P62 which entered plan 5 at a zero

$7795, irrigated acreage to SS.S, and investment in irrigation develop-

level. The major change aside from the increase in irrigated acreage

$5.96 per acre and that of irrigation capital to $6.99 per acre.

(4) an increase in cash grain sales. The main changes in MVP's in
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mer labor became a limitational resource in plan 6. The MVP of irri-

gation capital declined to $4.92 per acre.

The change from plan 6 to plan 7 occurred as a result of the limi-

tational effect of summer labor. The feeder calf (hay) activity (P )
70

has a small summer labor requirement and the feeder calf (grain) act-

iVity (P71 ) requires no summer labor; therefore, when summer labor went

~imiting, a change from P70 to P71 resulted. Other changes which oc

curred as a result of the shift to a high-grain ration for feeders in-

cluded reductions in cash grain sales and hay purchases. The MVp·s of

limiting resources changed only slightly between plans 6 and 7.

Plans 8, 9, and 10

Plan 8 resulted from the addition of another 48.5 acres of irri-

gated land. At this point hay purchases ceased and the feeder calf

(hay) activity (P70) re-entered the plan. Between plans 7 and 8, feed

grain production relative to cash grain production on dryland increased;

cash grain production on irrigated land increased; feeder cattle num-

bers, hay purchases, and pasture production declined, and hired labor

use increased. In other words, the trend toward extensification con-

tinued.

Plan 9 resulted from the addition of 2.8 acres of irrigated land

bringing irrigated acreage to 140.0 acres. Between plans 8 and 9, the

feeder calf (grain) activity was replaced by the feeder calf (hay)

activity. This resulted from a change in the hay supply situation.

The switch in the opposite direction between plans 6 and 7 resulted

from a change in the limitational effect of the summer labor restrict-

ions. In plan 8, the hay purchase activity (P89 ) left the plan. Other



- 104 -

resources became limitational to the extent that they were not avail

able in amounts adequate to make it profitable to purchase hay. It

was no longer profitable to feed $20 hay to livestock. Only the cheaper

home grown hay could be used. Since hay could be produced on the farm

for less than $20 per ton it became profitable to shift from a high

grain ration to a high-hay ration for feeders hencejthe shift from P
71

to P70 • This reduced feed grain requirements and allowed cash grain

production to be increased.

In plan 10, the MVP of hay dropped to $lS per ton at which point

the h~y selling activity (P
SS

) entered the plan. Hay could now be pro

duced on the farm at a cost of $lS or less per ton and hence it became

profitable to sell hay.

The major changes in MVP's between plans 7 and S were in the MVP's

of October and November labor, hay supply, and livestock capital. Bet

ween plans Sand 9, the MVP"'s of October and November labor increased

still further. The MVP of livestock capital dropped to $2.46 per $100

in plan 9 and to $.S6 per $100 in plan 10. The MVP of irrigation capi

tal dropped from $4.25 per acre in plan S to $3.40 per acre in plan 10.

Plan 11

Plan 11 resulted from an addition of 53.9 acres of irrigated land

and an increase of $4366 in irrigation investment. Irrigated acreage

was now at 193.9 acres, investment in irrigation development was at

$15,706 and return to fixed factors was $S214. At this point hired

spring labor (P
23

) became limiting and extensification through cash

grain production and hay sales was halted. Borrowed livestock capital
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on irrigated land in Table 4:3.

duction had occurred becomes evident upon examination of crop acreages

In plans 12 to 15 inclusive, dryland crop pro-

pasture activity (P9l) entered the basis in plan 13, and stayed in the

duction was devoted entirely to feed grain production. The community

the basis in plan 12, and a small amount of feed grain was purchased
1/

The effect which the hired spring labor restriction had on the

Other changes occurred which were not very important from the point of

The last four plans in program 1 resulted from addition of 9.3,

plan irrigated acreage was 236.6 acres; investment in irrigation devel-

tions in cash grain production, grain and hay sales, hog numbers and

view of practical application. The feed-grain buying activity entered

in subsequent plans.

1/ The words "basis" and "plan" ~re used interchangeably.

ating capital use and in the number of feeder cattle finished on pasture

opment was $19,265, and return to fixed factors was $8321, an increase

20.4, 11.9, and 1.1 acres of irrigated land, respectively. In the final

of $1307 over that obtained on the dryland farm (plan 1). In the last

in section 4.1.1, and will not be dealt with further here.

four plans the major changes which occurred in the plans were reduc-

optimum plans may be detected in Figure 4:1. This was discussed above

feedlot feeder numbers. Increases oe~urred in pasture acreage,oper-

Plans 12, 13, 14, and 15

(P
27

) was not a limitational resource in plan 11 (The MVP of P27 dropped

to zero). The extent to which extensification in irrigated crop pro-
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basis at a low level to provide the pasture required by the cow-calf

feeding (hay) activity (P
68

). The restriction on borrowed operating

capital (P
29

) became an effective limit in plan 13, and the supply of

hired summer labor was exhausted in plan 15.

Plans 14 and 15 are good examples of plans derived by the linear

programming technique which would not be entirely realistic from the

point of view of practical application. Cost and labor requirements

for the cow-calf activity (P68) were set on the basis of a 20-30 cow

herd and would, therefore, be drastically under-estimated for the low

level of this activity in plans 14 and 15. A practical recommendation

based on these plans would probably exclude this activity. The same

holds true for other cropping and livestock activities which were in

some of the other plans at low levels.

The MVP's of some of the limiting resources in plans 12 to 15

underwent quite substantial changes. The MVP of spring labor increased

after the supply of hired spring labor was exhausted. The MVP of

summer labor (P
6

) increased to $1.08 per hour in plan 15, as a result

of the limitational effect of the hired summer labor restriction (P
24

).

The MVP of October labor (P~) varied from $4.00 per hour to $4.50 per

hour in plans 11 to 15. November labor became non-limiting in plan 14.

The MVP of feed grain (P13) increased to $1.83 per 100 pounds in plan 1 •

At this point it became profitable to purchase feed grain. When oper

ating capital (P29 ) became limiting in plan 13, the MVP of feed grain

increased to $1.88 per 100 pounds. When the MVP of dryland pasture

reached $3.15 per A.D.M., it became profitable to use community pasture
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when operating capital was not a limiting resource. Operating capital

was, however, a limiting resource in plans 13 to 15, therefore, the

MVP of dryland pasture needed to be higher than $3.15 per A.U.M. before

community pasture was used. The MVP of hay supply remained at $9.00

per 1000 lbs. from plans 12 to 15 reflecting the value of hay being

sold at a price of $18 per ton. The MVP of operating capital (P29) in

plans 13 to 15 shows how much income could be increased with each $10

increase in the supply of operating capital. The ~ of irrigation

capital (P30) dropped to zero in plan 15, which indicated that income

could not be increased through additional investment in irrigation de-

velopment.

4.1.3 Effect of 0 and M Rates on Irrigated Acreage

Program 1 was set up under the assumption that 0 and M charges

would be a fixed charge per irrigable acre and would be levied regard-

less of whether or not the irrigable land woyld be irrigated. In this

case, it becomes a fixed cost and was, therefore, not included in the

charge (C
j

) placed against the land development activity (P93). If,

however, 0 and M were charged on a per irrigated acre basis it becomes

a variable cost and must then be included in the C. of the land de
J

velopment actiVity. Figure 4:2 was an attempt to show what effect 0

and M charged ~ a variable cost would have on irrigated acreage in

program 1. The solid "stepped" line in Figure 4:2 indicates the MVP

of irrigation capital in program 1. The MVP of irrigation capital was

$12.37/acre in plan 1 and declined gradually until it became zero in

plan 15 (236.6 acres) (See Table 4:2, line 30). The broken horizontal
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lines represent 0 and M rates of $3.00 and $5.00 per irrigated acre.

The points at which these lines intersect the MVP line indicate the

points at which the MVP of irrigation capital would go to zero or, in

other words, the points at which it wowld not be profitable to develop

more land for irrigation. At a $5.00 0 and M rate, the MVP of irri

gation capital would drop to zero at 85.6 acres and at a $3.00 rate it

WV&~d drop to zero at 203.2 acres. At the $3.00 rate the profit margin

was very narrow after 140.0 acres were irrigated. In an actual situation

it would probably be unwise to go beyond the 14o-acre level.

4.1.4 Price Stability of the Final Plan

In section 2.2.5, the procedure used to calculate the range over

which the price of an activity (C j ) could vary without a change occur

ring in the optimum enterprise combination was described. This procedure

was used to calculate these ranges for the activities included in the

final plan (plan 15) of program 1. These ranges appear in Table 4:4.

The variable solution for program 1 showed that the combination

of enterprises was sensitive to the quantity of fixed resources avail

able. This became more evident in later programs where resources were

fixed at levels different from those of program 1. The enterprise co~

bination was also sensitive to the prices attached to the various activi

ties. In the case of the final plan of program 1, this became evident

upon examination of Table 4:4. It should also be noted that the price

range for some activities was relatively narrow while for others it was

somewhat wider.
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Several of the activities in the final plan of program 1 were very

unstable with respect to price changes. The price of cash grain could

vary only from $1.33 per bushel to $1.37 per bushel without the plan

changing. (This corresponds to a range of $13.27 to $13.71 per 10 bushels

for PS6 in Table 4:4.) If the price dropped to $1.33, P64 ' an irrigated

grain activity which produces mainly feed grain, entered the plan. If

the price rose to $1.37 the feeder calf (hay) activity (P70) entered the

plan. The price range was also fairly narrow for the hog activity (PS2).

The range of $411.91 to $423.29 per 2-litter sow corresponds to a range

of $23.10 to $23.61 per hundred-weight. The ranges for the cow-calf

feeding activity (P6S)' the irrigated cash grain activity (P62) and the

hay selling activity (PSS) were also fairly narrow. For other activities

the price range was somewhat wider. For example, the price of community

pasture (P
9l

) could vary between $2.76 per A.U.M., and $3.S4 per A.U.M.

without causing the optimum combination of activities to change. For

some aetivities the range in one direction from the original price was

wider
c
than in the opposite direction. For example, the cost of the

Fg-Fg-F rotation (P45) could increase only $.17 per acre before P42 , the

nearest alternative, entered the plan but it could decrease $2.20 per

acre before P70 entered the plan. The cost of the irrigated pasture

rotation (P6l) could increase only $.33 per acre but could decrease $1.30

per acre. For other activities there was no limit to the amount the price

could change in one direction. The prices of P92,.PS4' PS5 ' and P93 could

decrease to zero and no change would occur in the enterprise combinations.

There was, however, a limit to the amount these prices could i~crease.
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If operating capital (P ) became more expensive less of it would be used.
92

Also, if hired summer labor became more expensive, less summer labor would

be hired (P
24

would no longer limit the plan).

It will be noted that the incoming activities in most cases were

P
24

(the hired summer labor restriction) and '70 (the feeder calf (hay)

activity). A change in the price of an activity alters its competitive

position relative to the other activities. Therefore, levels of activities

change when prices change. This leads to changes in the pattern of re-

source use and may cause a limiting resource to become non-limiting. This

occurred in the final plan of program 1 in the case of the hired summer

labor restriction (P24). The opportunity cost of the feeder calf (hay)

activity (P70) was very low in this plan. This meant that only small

changes were required in the prices of the activities actually in the plan

before P70 was able to compete with these activities for the available

resources.

4.1.5 Net Income Estimates and Income Comparisons

The income figures (Z ) obtained for the various plans of program 1
o

are not net incomes but "returns to the fixed factors". This was pointed

out several times in the foregoing sections. To objain net income fig-

ures the fixed costs (those costs which remain the same regardless of the

use made of fixed resources) must be subtracted from the Zo values of the

various plans. The fixed costs for the representative farm used in pro:

gram 1were estimated in Table A: 5. To obtain estimates of the return to

labor and management for the various plans of program 1, these costs

($5667) must be subtracted from the Zo values in program 1. It can be

readily seen that the net income estimates depend on the assumptions made
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obtain net income estimates.

here was that there were two identical farms with the exception that on

With 0 and M charged as a variable cost net income

Figure 4:3 was an attempt to compare the income obtainable through

~ This assumes an 0 and M charge of $3.00 per acre on 250 acres.

the MVP of irrigation capital dropped below $3.00 per acre. (See Fig-

M was charged at a flat rate per irrigable acre. Since there was no

the other had no irrigable land. In other words, plan 1 of program 1

regarding the various components of the fixed cost estimate. For example,

productivity with no irrigable land. The first basic assumption made

optimum dryland solution would be $750 higher than if 0 and M were charged
V

interest rates, 0 and M rates, etc., all affect the fixed cost estimate.

if 0 and M were charged as a variable cost the net income figure for the

as a fixed cost.

Table A:5 merely attempted to show which costs must be subtracted from

the Z values obtained from a linear programming solution in order too

assumption made for this comparison was that on the irrigated farm 0 and

irrigable land could be developed into 250 acres of irrigated land) and

irrigable land on the other farm the difference in income between them

would be largest at 203.2 acres (plan 12), the point in program 1 at which

irrigation development with the income of a dryland unit of equal dryland

ure 4:2). Assumptions regarding land values, taxes, depreciation rates,

one of them, 50 per cent of the cultivated acreage was irrigable (the

was the optimum farm plan for the farm with no irrigable land. The other
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when both were dryland farms was the amount of the 0 and M charge.

In Figure 4:3, the horizontal axis is the same as for Figures

4:1 and 4:2. The vertical axis measures the change in net farm income

due to irrigation development. The line on shows income increasing at

a decreasing rate as more land is developed for irrigation. The line ABO

is used to show the difference in income between the farm with no irri

gable land and the farm on which 250 acres may be irrigated (assumes 0

and M rate of $4.50 per acre on 250 irrigable acres or $1125). The ver- t

tical distance between ABC and on represents these differences. At zero

acres of irrigated land, i.e., both farms farmed as dryland units, the

income difference is $1125, the amount of the 0 and M charge on the irri

gable farm. At 137.3 acres of irrigated land the income of the dryland

farm with no irrigable land is $120 higher than on the other farm. At

B (approximately 172 acres) the income levels of the two farms would be

equal. If more than 172 acres were irrigated, income on the irrigated

farm would be higher than on the other farm. The line EF assumes an

o and M rate of $3.00 per acre on 250 acres charged as a fixed cost.

Here, the income levels of the two farms would be equal at-approximately

78 acres. The effects of other 0 and M rates and other aSBumptions re

garding irrigable acreage may be depicted on Figure 4:3 by draWing the

appropriate lines.
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4.2 Effect of Changing Resource Restrictions

4.2.1 Family Labor Eliminated - Program 2

The situation dealt with in program 2 was similar to that of pro

gram 1 with the exception that family labor was excluded from the labor

supply. The total labor supply available to the farm was the operator's

labor (2900 hours) plus the amount of seasonal labor which could be hired.

All production alternatives were identical to those of program 1.

There was a great deal of similarity between programs 1 and 2.

This became evident upon examination of Figures 4:1 and 4:4. The same

kinds of farm plans were derived in program 2 as were obtained in pro

gram 1. The differences occurred in the levels of the activities and

the irrigated acreages at which the activity combinations changed. The

MVP of irrigation capital was considerably lower in this program than in

program 1 (see Tables 4:2 and 4:6). A $5.00 0 and M rate charged on a

per irrigated acre basis, i.e., as a variable cost, reduced the MVP of

irrigation capital to zero after only 38.8 acres were irrigated (see

Figure 4:5). This compared to 85.6 acres in program 1. A $3.00 0 and M

rate would not reduce irrigated acreage in program 2 (the MVP of irri

gation capital dropped from $3.20 to zero when 189.2 acres are irrigated).

In program 2, November labor was limitational in the dryland

situation. Since this restriction limited the size of the feeder calf

(hay) enterprise additional hay supplies could not be utilized, and

therefore, the hay activity (P59) did not enter the plan when the vari

able resource solution was begun. All hay requirements were filled

through the hay purchase activity. The program went immediately to a
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pasture rotation (P
61

) and the feeder calf (pasture) activity (P75) in

order to expand production. It should be noted that the trend toward

extensification was stronger and began earlier in this program than in

program 1. The pasture rotation was in the plan at the beginning of

the variable resource solution and the cash grain rotation (P62) domin-

ated the irrigated cropping system from plan 3 to the end of the variable

resource solution.

October labor became limiting in plan 2. This prevented expansion

of the feeder calf (pasture) enterprise (P
75

) and resulted in the decline

of the pasture rotation (P61) and P75 as the labor requirements for irri-

gated cropping increased. The decline was offset for a time between

38.8 and 48.9 acres of irrigated land by the introduction of the feeder

calf (grain) activity (P71). This activity had slightly lower labor re

quirements than the feeder calf (hay) activity (P
70

) and partially over-

came the limiting effect of the November and October labor restrictions.

When hay purchases ceased in plan 5, P70 re-entered the plan. The hay

requirements were now met with on-farm produced hay.

The hay selling activity (P88) entered the basis in plan 7 (51.3

acres) to dispose of surplus hay produced in the irrigated cash grain

rotation. The limit to which this could be expanded (35 tons) was reached

in plan 9. At this point all irrigated acreage was devoted to the cash

grain rotation (P ). Further extensification was prevented by the limit
62

placed on hay sales and later by the limit on hired spring labor. The

same thing which occurred in program 1 when the suppl¥ of hired spring

labor was exhausted also occurred in program 2. When further extensifi-
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Table 4:6 Marginal Value Products of Limiting Resources - Program 2

Plan Number
Resource No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and PI acre 6.20 5.96 5.66 5.61 5.52 5.36 5.29 5.28 5.19 4.53 4.32
Irrigated Land P2 acre 21.27 19.26 16.87 16.50 16.05 15.23 14.94 14.84 14.66 11.52 10.51
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .79 .79 .79 .79 .79 .79 .79 .79 .94 1.45 1.63
Summer Labor P6 hour .68 .79 .79 .79 .79 .79 .79 1.37 1.55
Fall Labor P7 hour 1.04 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03
October Labor P8 hour 3.48 2.04 1.77 2.42 3.54 4.17 4.07 4.13 3.73 3.58
November Labor P9 hour 3.50 3.47 3.33 3.37 3.94 5.12 5.48 5.68 5.27 4.44 4.22
December Labor P10 hour
Wheat Output P11 bushel 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
Quota P12 bushel
Feed Grain Supply P13 100 1bs. 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76
Feed Grain Buy Limit P14 bushel
Dry1and Pasture P15 A.U.M. .52 .50 .58 .98 1.08
Community Pasture P16 A.U.M.

......

'"'"Irrigated Pasture P17 A.U.M. 11.08 10.28 10.30 10.30 10.26 10.19 10.11 10.16 10.09 9.84 9.75 0

Fall Pasture P18 A.U.M.
I

Straw Supply P19 ton
Hay Supply P20 1000 1bs. 10.35 10.35 10.35 10.35 9.95 9.23 9.00 8.88 9.00 9.00 9.00
Hay Sell Lindt P21 ton .24
Hay Buy Limit P22 ton
Hire Spring Labor P23 hour .15 .67 .84
Hire Summer Labor P24 10 hours 5.84 7.67
Hire Fall Labor P25 10 hours
Livestock Capital P26 $100 30.00 19.39 22.82 23.42 20.55 15.41 12.95 12.95 12.95 12.95 12.95
Borrowed Livestock Capital P27 $100 17.05 6.44 9.87 10.47 7.60 2.46
Operating Capital P28 $10 .35 .35 .35 .35 .35 .35 .35 .35 .•35 .35 .35
Borrowed Operating Capital P29 $10
Irrigation Capital P30 acre 8.73 6.99 4.92 4.60 4.25 3.60 3.38 3.30 3.21 .78
Irrigab1e Land Limit P31 acre



Table 4:7 Crop Acreages on Irrigated and Dry Land - Program 2

Dry Land Irrigated Land
Feed Partial Hay Full

Plan No. Acreage Wheat Grain Fallow Acreage Wheat Hay Pasture & Fallow Fallow

1 544.0 125.4 237.2 181.3 0

2 528.6 119.1 233.3 176.2 14.2 2.0 2.0 8.1 2.0

3 502.1 106.5 228.3 167.4 38.8 23.5 1.3 5.3 7.4 1.3

4 499.2 99.1 233.7 166.4 41.5 24.2 1.6 6.5 7.5 1.6

5 491.1 95.3 232.1 163.7 48.9 30.6 1.4 5.6 9.8 1.4

6 488.6 100.1 225.7 162.9 51.3 34.4 1.0 3.9 11.1 1.0
\

7 452.0 82.7 218.7 150.7 85.2 63.9 21.3

8 389.5 54.3 205.5 129.8 143.1 107.3 35.8
I-'
t.:l
I-'

9 355.0 41.1 195.5 118.3 175.0 117.4 3.2 13.0 38.0 3.2
I

10 339.8 36.5 190.1 113.3 189.0 115.6 6.1 24.6 36.5 6.1

11 339.7 35.6 190.8 113.2 189.2 114.9 6.4 25.4 36.2 6.4
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cation through cash grain production and hay selling was prevented the

next most "extensive" activity entered the plan. Therefore, P61 and P
75

re-entered the plan. In the range from 143.1 to 175.0 acres of irrigated

land, cash grain acreage increased slightly. The hay produced by this

activity beyond the 35 tons sold was fed to livestock. When hired spring

labor became limiting, hay and grain sales declined and the feeder calf

(pasture) activity (P75) increased along with the pasture rotation (P61).

Hog production also declined after 143.1 acres were irrigated. This was

also due to the limitational effect of October and November labor re

strictions.

The MVpt s of some of the limiting resources i~ program 2 were quite

different than in program 1. The MVP of livestock capital, for example,

was substantially lower in most plans of program 2, than in~program 1.

This was a result of the more restrictive labor situation of program 2.

Labor was not available to make use of additional capital supplies, hence

the lower MVP of livestock capital in program 2. The MVP of dryland was

also lower in program 2 than it was in program 1. Operating capital

supply (P29) was not a limiting resource in any of the plans of program 2.

The same holds true for the hay purchase restriction (P22).

The price stability of the final plan obtained in program 2 is in

dicated in Table 4:8. A significant thing to note is the amount which

the price of hired spring and summer labor could increase before a change

in plan would occur. The price of spring labor could increase to $16.01

per unit before part of this resource would go unused. The price of hired

summer labor could increase to $15.27. There was no limit to the amount

which the prices of these resources could decline. The plan would remain



Table 4:8 Price Stability of the Final Plan - Program 2

Original Price Range Incoming Activity
Activity No. Unit Price low high low high
Hire Spring Labor P83 10 hours -7.60 -16.01 P

23

Hire Fall Labor P
85

10 hours -10.00 -10.86 P
70

Cow-calf Feed (hay) P
68

cow 138.58 133.20 148.73 P
15

P
91

Borrow Operating Capital P
92

$10 -0.35 -0.37 -0.19 P
70

P
15

o-o-Cn-Clf
P

62
acre -8.59 -9.35 -8.49 P23 P70

Hire Summer Labor P84 10 hours -7.60 -15.27 P24

Sell Cash Grain P86 10 bushels 13.50 13.05 13.54 P15 P70

Hogs-2-li tter P82 sow 420.85 402.71 422.52 P23 P70

Sell Hay P88 ton 18.00 16.41 18.47 P23 P70
I-'

""Feeder Calf (pasture) P75 calf 108.34 108.17 110.12 P70 P23
w
I

Borrow Livestock Capital P95 $100 -12.95 -16.66 -12.06 P15 P70

o-H-P4-F P61 acre -4.75 -4.84 -3.80 P70 P23

Feeder Calf (grain) P71 calf 79.31 79.25 81.50 P70 P15

Fg-Fg-F P45 acre -3.72 -3.77 -3.68 P70 P43

o-Fg-F P44 acre -3.83 -3.85 -3.78 P43 P70

Develop Land P93 acre -5.84 -5.92 P70
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the same irrespective of any declines in the prices of these resources.

Any decline in price would make their use more profitable.

Program 2 could be thought of as applying to the bachelor farmer.

More than anything else, this program emphasized the importance of an

abundant supply of labor on an irrigated farm. It indicated that unless

there is an abundant supply of labor available there is little hope of

reaching a large irrigated acreage. In program 2, the income change due

to irrigation development was only $815 even with 0 and M charged as a

fixed cost. If 0 and M were charged at the rate of $3.00 per irrigated

acre, i.e., as a variable cost, any irrigation development beyend approxi

mately 50 acres would have a marginal value of less than $.50 per acre,

under the conditions specified in program 2.

4.2.2 Hired Labor Eliminated - Program 3

One of the objectives of this study was to examine the impact of

varying labor supplies on the optimum farm plans in particular situations.

In program 1, the labor supply consisted of that supplied by the operator

and his family with alternatives for hiring labor in the spring, summer

and fall seasons included. In program 2, family labor was excluded from

the labor supply and its effect on the optimum farm organization was ex

amined. In program 3, the labor hiring alternatives were excluded, thus

limiting the labor supply to operator and family labor. Aside from the

change in the hired labor restrictions, program 3 ~as identical to pro

gram 1.

The optimum farm plans derived in program 3 are presented in

Table 4:9, and illustrated in Figure 4:6. Table 4:10 indicates the MVP's
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Table 4:10 Marginal Value Products of Limiting Resources - Program 3

Plan Number
Resource No. Unit 1 2 3 4 5 6 7 8
Dryland PI acre 5.96 3.27 3.17 2.96 2.56 .09
Irrigated Land P2 acre 22.69 15.92 15.58 15.21 14.22 8.15 6.55 5.84
Annual Labor P3 hour
Jan. Feb. Mar. Labor P4 hour
Spring Labor P5 hour 3.00 6.58 6.56 6.99 7.56 11.09 10.84 10.58
Summer Labor P6 hour .40 .58
Fall Labor P7 hour .10 .06
October Labor P8 hour
November Labor P9 hour
December Labor P10 hour
Wheat Output Pll bushel 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
Quota P12 bushel
Feed Grain Supply P13 100 Ibs. 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76
Feed Grain Buy Limit P14 bushel
Dryland Pasture P15 A.U.M.
Community Pasture P16 A.U.M. ....Irrigated Pasture P17 A.U.M. 11.60 10.09 10.03 10.00 9.84 8.93 8.70 8.60 l"

(Xl
Fall Pasture P18 A.U.M.

I
Straw Supply Pl9 ton
Hay Supply P20 1000 lbs. 10.35 10.35 10.35 10.23 10.07 9.08 9.30 9.43
Hay Sell Limit P21 ton
Hay Buy Limit P22 ton
Livestock capital P26 $100 35.42 25.52 24.94 24.39 22.71 12.95 12.95 12.95
Borrowed Livestock Capital P27 $100 22.48 12.57 11.99 11.44 9.76
Operating Capital P28 $10 .35 .35 .35 .35 .35 .35 .35 .35
Borrowed Operating Capital P29 $10
Irrigation Capital P30 acre 10.42 6.54 6.32 6.17 5.61 2.21 .71
Irrigable Land Li~it P31 acre
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of the limiting resources in the various plans of program 3, while

Table 4:11 gives a detailed breakdown vf crop acreages in these plans.

The first, and most obvious, difference between the plans deter

mined in this program and those of program 1 was the difference in irri

gated acreage. In the situation programmed in program 3, it was profit

able to irrigate only 77.0 acres. This compared with 236.6 acres in

program 1. 0 and M rates of $3.00 and $5.00 charged as variable costs

would both stop the variable resource solution at 38.3 acres (the MVP of

irrigation capital dropped from $5.61 per acre in plan 5 to $2.21 per

acre in plan 6). Differences also exist in the cropping pattern on both

irrigated land and dryland, in the livestock system, in grain sales and

in hay purchases. The MVP's of limiting resources were also significantly

different between the two programs.

The optimum plans derived in the dryland situation for programs

1 and 3 differed quite markedly. The activity combinations were similar

but the levels differed. The differences in activity levels reflected

the scarcity of spring labor in program 3. The low level of the feeder

calf (hay) actiVity (P
70

) in program 3 as compared to program 1 resulted

from the labor shortage in the spring period. This also explains the

difference in hay purchases. In program 3, labor was not available to

utilize the hay which was available from this source. Feed grain re

quirements were lower in program 3. This released acreage from feed

grain production and resulted in more cash grain production. Cash grain

acreage in plan 1 of program 3 was 141 acres compared with 102.0 acres

in program 1. Livestock capital was a limiting resource in both programs
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and the difference in the size of the hog enterprise was due to the dif

ference in the amount of livestock capital available for the hog enter

prise after facilities were provided for feeder cattle.

The limitational effect of the spring labor supply was reflected

in the MVP's of limiting resources. The MVP of spring labor in plan 1

of program 3 was $3.00 per hour. Because spring labor was such a severe

restriction the MVP's of other limiting resources in program 3 were much

lower than in program 1. The MVpt s of land, livestock capital and irri

gation capital were all lower in program 3 (see Tables 4:2 and 4:10).

The plans obtained in the variable resource solution of program 3

were very much different than those derived in program 1. All of the

differences between the two programs were attributable to the changed

labor situation. The dryland cropping plan in program 3 changed over to

a two-year cropping system from a three-year system. This was due to the

lower spring labor requirements of the two-year cropping activities, P41

and P42 • On irrigated land the cash grain rotation (P62) which entered

the basis in program 1 after 63.6 acres were irrigated and was the main

irrigated cropping activity in later plans did not enter the basis in

program 3. The spring labor requirement relative to the total labor re

quirement was higher for this activity than for other irrigated cropping

activities; consequently,in a situation where spring labor was such a

critical resource the competitive position of this activity declined.

Therefore, activities such as a hay rotation and a pasture rotation,

P
59

and P6l , which had lower spring labor requirements relative to total

labor requirements mdde up the irrigated cropping plan~
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The livestock system which was optimum for the situation posed in

program 3 also reflected the limiting effect of the spring labor restri

tion. The feeder calf (pasture) actiVity (P75) had a relatively low

spring labor requirement and, consequently, this activity was expanded

as more irrigable land was developed. When summer and fall labor supp

lies were also exhausted it was no longer profitable to develop land for

irrigation and the variable resource solution stopped.

Comparison of the MVP's of limiting resources in programs 1 and 3

gave further indications of the limitational effect of the spring labor

restriction. In plan 2 of program 3 (9.0 acres irrigated), the MVP of

spring labor went up to $6.58 per hour, while those of land, livestock

capital and irrigation capital dropped to $3.27 per acre, $12.57 per $100

amd $6.54 per acre, respectively. In program 1, the MVP;s of spring

labor, land, livestock capital and irrigation capital for the same irri

gated acreage were $.79 per hour, $7.58 per acre, $27.89 per $100 and

$11.64 per acre, respectively. These same kinds of comparisons could be

made throughout the variable resource solutions of both programs. In

program 3, livestock capital became non-limiting at 38.3 irrigated acres.

This did not occur in program 1 until 193.9 acres were irrigated. Land

became idle in plan 7 of program 3 and 30.3 acres were idle in plan 8.

This did not occur in programs 1 and 2. In the final plans of programs

1 and 2, land (PI) had an MVP of $5.15 per acre and $4.32 per acre, re

spectively. The change in income resulting from irrigation development

was only $350 in program 3. In program 1, it was approximatly $1300.

A comparison similar to the one depicted in Figure 4:3 would show the

dryland farm with no irrigable land to advantage and suggests.that under
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such a condition of labor supply it would appear unreaxistic to promote

irrigation.

4.2.3 Hay Buying and Selling Eliminated - Program 4

Another of the objectives of this study was to indicate the effect

of different pToduction alternatives on the optimum farm organization

under various situations. In this program the hay buying and selling

restrictions were set at zero which! in effect, eliminated them as pro

duction alternatives. Aside from this change, program 4 was identical

to program 1. The optimum plans for program 4 are presented in Table 4:12

and Figure 4:7. The MVpts of the limiting resources and the crop acre

ages associated with the various plans in program 4 appear in Tables 4:13

and 4:14, respectively.

In a broad sense, program 4 was quite similar to program 1. (See

Figures 4:1 and 4:7). The same kinds of farm plans were derived in pro

gram 4 but differences did exist in the levels of the various activities

and in the range over which they were in the basis. For example, the

irrigated hay activity (P59) was in the basis at a higher level and over

a wider range in program 4 than in program 1. In program 4, the pasture

rotation (P
61

) entered the basis in plan 6 (29.7 acres), while in program 1

this actiVity entered in plan 2 (2.0 acres). Plans 10 and·ll of program 4

were identical to plans 8, 9, and 10 of program 1. In plans 8, 9, and 10

of program 1 there was no buying or selling of haY,and,since these two

programs differed only with respect to hay buying and selling alternatives

the plans in both programs at these levels of the variable resource had

to be the same.



- 134 -

The differences in the cropping pattern between programs 1 and 4

were attributed entirely to the elimination of the hay buying and _elling

activities. More emphasis was placed on hay production in the first few

plans of program 4 than in program 1. Since there was no hay available

from off-farm sources a small amount of cereal forage was produced on

dryland in the first few plans of program 4. As irrigated acreage in~

creased this was replaced by irrigated hay production (P59) which stayed

in the plan until 103.9 acres were irrigated. In program 4, the hay

rotation (P59) reached a level of 29.7 acres in contrast to program 1

where it never exceeded 2.0 acres. Since hay was not available in the

first few plans for livestock enterprises there was less need for feed

grain, hence, cash grain production was higher in the first few plans of

program 4 than it was in program 1. (In plan 1 of program 1, 101.8 acres

were devoted to cash grain production while in plan 1, program 4, cash

grain acreage was 135.7). Cash grain acreage in program 4 declined

rapidly as forage production increased and feed grain requirements of

livestock enterprises increased. In the last few plans of program 4,

cash grain sales were lower than in corresponding plans of program 1.

This resulted from the provision made in the program that all irrigated

cropping activities must have 25 per cent forage in the rotation. The

hay produced by the cash grain rotation (P ) could not be profitably
62

used by livestock activities because of labor limitations and since hay

could not be sold in this program, this placed a limit on the amount of

cash grain which could be produced on irrigated land.
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Table 4:13 Marginal Value Products of Limiting Resources - Program 4

Plan Number
Resource No. Unit 1 2 3 4 5 6 7 8 9 10 11 12
Dryland PI acre 8.11 7.62 6.94 6.40 6.36 6.19 6.12 5.84 5.61 5.31 4.97 4.70
Irrigated Land P2 acre 28.66 26.44 24.76 22.38 21.61 20.16 19.57 17.69 16.50 14.98 12.53 10.92
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .13 .79 .79 .79 .79 .79 .79 .79 .79 .79 .84 .87
Summer Labor P6 hour .31 .43 .79 .79 .79 .84 .87
Fall Labor P7 hour .60 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.11 1.15
October Labor P8 hour 1.77 3.89 4.47 3.18
November Labor P9 hour .71 1.18 .86 .87 1.81 3.37 5.48 3.11 4.93
December Labor PI0 hour
Wheat Output Pll bushel 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
Quota P12 bushel
Feed Grain Supply P13 100 Ibs. 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76
Feed Grain Buy Limit P14 bushel
Dryland Pasture P15 A.U.M. 3.34 3.45
Community Pasture P16 A.U.M.
Irrigated Pasture P17 A.U.M. 1l.34 11.44 10.91 10.63 10.72 10.53 10.44 10.40 10.30 10.17 9.76 9.53
Fall Pasture P18 A.U.M.
Straw Supply P19 ton ....

w
Hay Supply P20 1000 Ibs. 12.85 12.21 12.38 12.07 11.78 11.93 11.97 1l.41 10.35 9.00 6.47 4.91 ....:J

Hay Sell Limi t P21 ton 5.06 8.18 I

Hay Buy Limit P22 ton 4.99 4.52 3.72 4.06 3.44 2.86 3.16 3.24 2.13
Hired Spring Labor P23 10 hours
Hired Summer Labor P24 10 hours
Hired Fall Labor P25 10 hours
Livestock Capital P26 $100 43.36 41.54 37.84 34.12 33.42 33.35 33.14 31.12 23.42 13.81 12.95 12.95
Borrowed Livestock

Capital P27 $100 30.41 28.59 24.89 21.17 20.47 20.40 20.19 18.18 10.47 .86
Operating Capital P28 $10 .35 .35 .35 .35 .35 .35 .35 .35 .35 .35 1.12 1.49
Borrowed Operating

Capital P29 $10 .77 1.14

Irrigation Capital P30 acre 14.06 12.38 11.42 9.64 8.90 7.63 7.12 5.54 4.60 3.40 1.33

Irrigable La1!d
Limit PSI



Table 4:14 Crop Acreages on Irrigated and Dry Land - Program 4

Dry Land Irrigated Land
Feed Partial Hay Full

Plan No. Acreage Wheat Grain Hay Fallow Acreage Wheat Hay Pasture & Fallow Fallow

1 544.0 135.7 222.0 3.8 182.6 0

2 539.3 139.0 220.5 179.8 4.3 0.9 2.6 0.9

3 528.0 116.1 236.0 176.0 14.8 3.0 8.9 3.0

4 518.1 78.3 257.4 7.2 175.1 24.0 4.8 14.4 4.8

5 511.9 83.4 257.9 170.6 29.7 5.9 17 .. 8 5.9

6 466.2 64.7 246.2 155.4 72.0 11.8 22.9 25.3 5.5 6.3

7 461.2 53.3 254.1 153.7 76.6 12.4 22.4 29.5 5.0 7.4

8 431.7 33.4 254.3 143.9 103.9 66.5 2.7 10.8 21.2 2.7 ....
w
00

9 395.7 25.2 238.5 131.9 137.3 71.4 7.4 29.6 21.4 7.4 I

10 392.8 30.7 231.1 130.9 140.0 75.7 6.9 20.7 23.0 6.9

11 331.6 7.4 213.6 110.5 196.7 93.7 12.7 50.7 27.0 12.7

12 316.7 7.9 203.2 105.6 210.4 97.2 14.3 57.1 27.6 14.3
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The trend toward extensification as irrig~ted acreage was increased

was not as noticeable in this program as in the former programs. Extensi

fication was prevented in this program by the elimination of the hay sell

ing alternative. Cash grain production on irrigated land could not be

expanded because there was no profitable way of disposing of the hay pro

duced in the rotation.

The differences in the livestock systems between programs 1 and 4

were also traced to the change in the restrictions governing hay sales

and purchases. In the first few plans of program 4 feeder cattle numbers

were low because hay could not be purchased. The feeder calf (grain)

activity (P71) was in plan 1 of program 4 because it was cheaper to pr~

duce feed grain than hay on dryland. This activity was replaced by the

feeder calf (hay) activity (P70) as soon as irrigated hay production be

gan. The switch from P7G to P
71

and back again in plans 7 and 8 and

plans 10 and 11 of program 4 also occurred in program 1 and for the same

reasons (see section 4.1.2). In the last few plans of program 4, feeder

cattle numbers were higher than in the corresponding plans of program 1.

Feeder cattle production was expanded to the limits allowed by the labor

restrictions in order to use up as much hay as possible, thereby allowing

expansion of the cash grain rotation. The operating capital restriction

(P
29

) limited feeder cattle purchases. Hog numbers were comparable in

the two programs throughout the variahle resource solutions of both.

Some significant differences existed berween programs 1 and 4 in

the MVpt s of limiting resources. Because of the hay shortage in plans 1

*0 10 of program 4, the MVP of irrigation eapital was higher in program

4 over the range of irrigated acreage covered by these plans. Beyond
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this point there was a hay surplus (plan 10 in program 1 and plan 11 in

program 4) and since there was no way of disposing of it the MVP or

irrigation capital dropped below the level at the corresponding acreage

in program 1. When operating capital became limiting in program 4, its

MVP rose much more sharply than in program 1. When expansion through

cash grain production was prevented, because hay produced by the cash

grain rotation could not be sold, feeder calf (pasture) production was

increased. The operating capital restriction limited feeder pu~chases

and labor hiring. When this occurred the variable resource solution

stopped. (The MVP of irrigation capital dropped to zero).

Return to fixed factors was lower in the first few plans of pro

gram 4 than in program 1. This was because hay could not be purchased

cheaply enough to make feeder cattle finishing profitaple. Income started

at a lower level in program 4 than in program I ($6878 vs. $7014) and did

not reach as high a level in the final plan. At the lower end elimin~

ation of hay purchasing caused income to be lower and in later plans

elimination of hay sales limited income potential. The elimination of

the hay selling alternative resulted in less irrigated acreage being de

veloped (210.4 acres vs. 236.6 acres) than in program 1. This indicated

the importance of potential hay sales when irrigated acreage was ex-

.panded. If hay yields were higher, irrigated acreage would be smaller

and the laPor released by the reduction in irrigated acreage would be

used to increase livestock numbers.

Since the variable resource solutions of programs I and 4 crossed

over each other, the possibility arose of examining two other situations

without running any additional programs. These were: (1) allOWing hay
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purchases but .0 sales and (2) allowing hay sales but no purchases.

The first situation could be examined using plans 1 to 9 of program 1

and plans 10 to 13 of program 4, and the second by using plans 1 to 10

of program 4, and plans 10 to 15 of program 1.

In the situation where hay purchases were allowed and hay sales

were not, the change in income due to irrigation development would be

$1221 and irrigated acreage would reach 210.4 acres. In the opposite

situation the change in income would be $1443 and irrigated acreage would

reach 236.6 acres. Further analysis of these situations can be obtained

by examining the sections dealing with programs 1 and 4 which are re

levant to each situation. (Also see Figures 4:1 and 4:7).

4.3 Effect of Excluding Hogs as a Production Alternative

In the preliminary discussions dealing with this study it was

suggested that hogs were not impprtant from an irrigation point of view.

It was argued that there was no special advantage for hogs on farms with

irrigation over that available for farms without irrigation. In the pro

grams which follow the hog activities were eliminated as production

alternatives and the effects of this change on the optimum farm organi

zation in the various situations were examined.· Programs 5, 6, and 7

were identical to programs 1, 2, and », respectively, with the except

ion of the hog activities.

Some similarities between programs became evident when comparing

programs 1, 2, and 3 with programs 5, 6, and 7, respectively. In general,

there was more emphasis on forage production in the latter series of pro

grams. Hay was purchased throughout the full extent of the variable re-
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source solutions for prpgrams 5, 6, and ,7. Programs 5, 6, and 7 were

limited throughout by the operating capital restriction. This limited

feeder cattle purchases and resulted in more cash grain production on

dryland than in the first series of programs. In programs 5, 6, and 7,

it was profitable to irrigate a larger acreage than in programs 1, 2,

and 3, respectively. (The MVP of irrigation capital was higher through-

out the variable resource solutions of programs 5, 6, and 7). This would

suggest that hog production, to some extent, is a substitute for irri-

gation development. The reason for this is that both represent a means

of more intensive production where one refers to a higher capital to

labor ratio and the other to a higher capital to land ratio. The income

levels in programs 5, 6, and 7 were lower than in plans at corresponding

acreages in programs 1, 2, and 3, but the income difference between the

optimum dryland solutions and final plans were greater in programs 5, 6,

and 7.

4.3.1 Optimum Plans with Hogs Excluded as a Production Alternative 
Program 5

Program 5 was identical to program 1 with the exception that the

hog activities were excluded. The farm plans derived in program 5 appear

in Table 4:15, and are depicted in Figure 4:8. The MVP's of limiting re-

sources are found in Table 4:16, and crop acreages associated with the

various plans appear in Table 4:17.

In program 5, the livestock system was limited to various beef

activities, hence if livestock production was to occur some forage was

required. As a result there was more emphasis on forage production in

program 5 than in program 1. This became evident upon comparison of
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crop acreages in Tables 4:17 and 4:3. Hay was such a critical resource

in the dryland situation for program 5 that cereal forage was produced

on dryland. In the first step of the variable resource solution irri

gated hay production replaced dryland hay production. The dryland re

leased from hay production was used to exppnd cash grain production.

The irrigated hay rotation remained in the basis at a higher level and

over a much wider range of irrigated acreage in program 5 than in pro

gram 1. When hay requirements were satisfied through purchases and pro

duction on irrigated land the pasture rotation entered the basis (31.2

acres). As pasture acreage was increased the feeder calf (pasture)

activity (P75) replaced the feeder calf (grain) activity (P
7l

). The

cash grain rotation entered the plan after both summer and fall labor

supplies became limiting. In subsequent plans cash grain production on

dryland decreased and increased on irrigated land, the net effect being

an increase in cash grain sales up to the limit imposed by the quota

restriction. The irrigated cropping pattern in the last few plans of

program 5 was very similar to that of the latter plans of program 1.

Because of lower feed grain requirements in program 5, cash grain pro

duction on dryland was higher than in program 1.

The main livestock enterprises in program 5 were feeder cattle

activities. Feeder cattle purchases were limited by the supply of oper

ating capital. Lack of operating capital explained the presence of the

cow-calf activity (P6S) in the farm plans. The operating capital require

ments of this activity were lower than for feeder enterprises and since

capital for basic herds and facilities was available livestock production



Table 4:15 Optimum Plans With Hogs Excluded - Program 5

K Values 31.2 62.4 23.5 76.8 15.5 24.4 12.4 3.7
Plan Number

Activity No. Unit 1 2 3 4 5 6 7 8 9
Dryland Cropping

o-F P41 acre 0 106.6 97.5
o-Fg-F P44 acre 291.5 370.6 348.2 344.3 240.1 240.2 199.2
Fg-Fg-F P45 acre 175.5 139.7 94.7 73.2 94.4 77.6 92.2 171.4 176.5
OH-F P52 acre 77.0

Irrigated Cropping
D-H3-HF P59 acre 0 31.2 30.8 30.7
D-H-P4-F P61 acre 0 62.7 86.3 85.1 100.9 100.6 102.4 102.2
o-o-Cn-Clf P62 acre 0 108.S 108.6 133.2 143.9 147.S

Livestock
Cow-calf Feed (hay) P68 cow 15.8 15.5 17.1 18.0 18.4 19.2 18.7 18.2 18.1
Feeder Calf (grain) P7l calf 65.4 64.4 29.2 15.0 10.0
Feeder Calf (pasture) P75 calf 0 0 33.4 46.0 45.3 53.7 53.6 54.5 54.4

Sell Cash Grain P86 bushel 1603. 2211. 2335. 2406. 3792. 3851. 4108. 410S. 4108. ....
Sell Feed Grain P87 bushel 0 78.1 M:>o

H:>-

Buy Hay PS9 ton 35.0 35.0 35.0 35.0 35.0 35.0 26.4 22.6 21.2
Use Community Pasture P91 A.U.M. 78.9 77.4 85.5 90.1 91.8 95.8 93.4 90.9 90.6
Hire Spring Labor PS3 hour 39.4 46.4 61.3 66.4 183.2 186.1 214.1 221.8 226.6
Hire Summer Labor P84 hour 0 106.4 290.4 361.1 439.2 487.2 498.3
Hire Fall Labor P85 hour 0 45.5 59.8 48.2 52.0

Borrow Operating Capital PS2 $ 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000.
Borrow Livestock Capital P95 $ 5040. 4952. 5212. 5344. 5239. 5348. 5252. 5180. 5167.
Develop Land P93 acre 0 31.2 93.6 117.1 193.9 209.4 233.9 246.3 250.0

Zo $ 5559. 59S0. 6723. 6916. 7364. 7442. 7558. 7608. 7623.

Variable In P61 PS4 P62 P85 P22 P41 P87 P30
Variable Out P52 P6 P7 P59 P71 P12 P44 P31
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Table 4:16 Marginal Value Products of Limiting Resources - Program 5

Plan Number
Resource No. Unit 1 2 3 4 5 6 7 8 9
Dryland PI acre 7.27 7.23 6.75 5.85 5.51 5.46 4.72 4.69 4.69
Irrigated Land P2 acre 27.18 25.57 21.32 17.99 16.82 16.48 15.00 14.94 14.94
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .82 .82 .82 .83 .83 .84 .86 .86 .86
Summer Labor P6 hour .82 .83 .83 .84 .86 .86 .86
Fall Labor P7 hour .82 1.10 1.10 1.13 1.13 1.13
October Labor P8 hour
November Labor P9 hour 1.90 2.52 1.93 .92 1.37 1.65 1.41 1.40 1.40
December Labor P10 hour
Wheat Output P11 bushel 1.35 1.35 1.35 1.35 1.35 1.35 1.28 1.28 1.28
Quota P12 bushel .06 .07 .07
Feed Grain Supply P13 100 1bs. 1.76 1.76 1.76 1.76 1.76 1.76 1.67 1.67 1.67
Feed Grain Buy Limit P14 bushel
Dryland Pasture P15 A.U.M. 3.25 3.24 3.26 3.28 3.28 3.30 3.38 3.39 3.39
Community Pasture P16 A.U.M. ....

~

Irrigated Pasture P17 A.U.M. 11.53 11.71 11.06 10.28 10.26 10.21 9.62 9.59 9.59 en

Fall Pasture P18 A.U.M. I

Straw Supply P19 ton
Hay Supply P20 1000 1bs. 12.84 12.20 12.46 12.24 11.36 11.00 11.28 1.1.29 11.29
Hay Sell Limit P21 ton
Hay Buy Limit P22 ton 4.04 2.77 3.20 2.62 .82
Hired Spring Labor P23 10 hours
Hired Summer Labor P24 10 hours
Hired Fall Labor P25 10 hours
Livestock Capital P26 $100 12.95 12.95 12.95 12.95 12.95 12.95 12.95 12.95 12.95
Borrowed Livestock Capital P27 $100
Operating Capital P28 $10 .82 .82 .86 .93 .95 1.00 1.28 1.29 1.29
Borrowed Operating Capital P29 $10 .47 .47 .52 .58 .60 .65 .93 .94 .94
Irrigation Capital P30 acre 13.49 11.92 8.20 5.82 5.03 4.74 4.06 4.03
Irrigab1e Land Limit P31 acre 3.73
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was expanded through this activity. If production had not been limited

by the operating capital restriction, the cow-calf activity would not

have been in the farm plans of program 5.

The importance of an adequate hay supply was apparent in program 5.

Hay purchases were at the maximumlevel (35 tons) over the range from zero

to 209.4 acres and then decreased to a level of 21.2 tons in the final

plan. Cereal forage was produced on dryland until sufficient acreage

was developed~for irrigation. A high-concentrate low-roughage ration

was fed to feeder cattle (P
71

was in the basis rather than P70). Further

evidence of the importance of hay in program 5 may be obtained by exam

ining the MVP's of the hay supply restriction (P20) in Table 4:16, and

comparing these with the MVP's of P20 in Table 4:2 at corresponding

irrigated acreages. In the final plan of program 5, the MVP of P20 was

$22.58 per ton, while in the final plan of program 1, it was $18 per ton,

the selling price.

In program 5, the labor restrictions did not impose limits on

production to the extent they did in program 1. This was indicated by

the lower MVP's of labor restrictions and by the fact that the supply

of seasonal hired labor was not exhausted in any of the plans in this

program. In program 1, the hog actiVity was the most profitable enter

prise over a wide range of irrigated acreages. This activity used large

amounts of labor causing labor to go limiting when production associated

with irrigation farming was expanded. In other words, hogs competed

with irrigation farming for labor and also were more profitable, as

suggested by the higher income level in program 1.
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capital requirements were high. Also, the hay purchase restriction limi

ted the expansion of the beef enterprises in program 5, while it had no

effect on the hog enterprise in program 1.

In the situations where farmers do not wish to raise hogs or if the

potential earnings from hogs were lower than the value used here, then

program 5 provides a more accurate estimate of potential gains from irri

gation development than program 1.



Table 4:18 Optimum Plans With Hogs and Family Labor Excluded - Program 6

K Values 21.4 27.6 1.2 2.8 3.6 45.6 75.6 14.3 13.4 7.7
Plan Number

Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and Cropping

o-Fg-F P44 acre 344.4 398.8 388.9 400.2 388.1 377.8 316.0 316.5 292.5 217.7 138.1
Fg-Fg-F P45 acre 146.6 122.1 102.2 89.6 98.6 105.0 117.5 35.4 44.0 104.3 175.6
OH-F P52 acre 52.9

Irrigated Cropping
o-Hs-HF P59 acre 0 21.4 21.3 23.6 21.3 18.2
o-H-P4-F P61 acre 0 27.7 26.7 31.8 27.6 26.9 103.6 103.5 71.6 53.3
o-o-Cn-Clf P62 acre 0 10.8 75.3 74.2 88.6 133.9 159.9

Livestock
Cow-calf Feed (haY) P68 cow 8.7 8.5 9.2 8.6 9.4 9.2 9.4 13.3 13.0 10.6 9.1
Feeder Calf (hay) P70 calf 0 15.5
Feeder Calf (grain) P71 calf 68.2 67.5 52.0 37.2 49.6 51.6 48.6 0 20.0 31.5
Feeder Calf (pasture) P75 calf 0 0 14.8 14.2 16.9 14.7 14.3 55.2 55.1 38.1 28.4

Sell Cash Grain P86 bushel 1894. 2312. 2367. 2437. 2378. 2501. 3322. 3607. 3758. 4108. 4108.
Sell Feed Grain P87 bushel 0 315.2 .....

01

Buy Hay P89 ton 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 29.9 14.2 5.2
.....
I

Use Community Pasture P91 A.U.M. 43.6 42.5 46.1 42.8 46.8 46.0 47.0 66.5 65.1 52.8 45.7
Hire Spring Labor P83 hour 56.2 61.1 67.6 61.2 68.5 79.4 148.6 162.6 179.0 224.1 250.0
Hire Summer Labor P84 hour 0 109.0 454.3 500.0 500.0 500.0
Hire Fall Labor P85 hour 0 11.7 0 221.8 230.2 165.1 127.7

Borrow Operating Capital P92 $ 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000.
Borrow Livestock Capital P95 $ 3746. 3685. 3800. 3677. 3822. 3784. 3722. 4250. 4194. 3804. 3578.
Develop Land P93 acre 0 21.4 49.0 50.2 53.1 56.7 102.2 177.9 192.2 205.5 213.2

Zo $ 5470. 5759. 6088. 6102. 6124. 6148. 6414. 6794. 6862. 6916. 6934.

Variable In P61 P70 P85 P62 P84 P85 P22 P71 P87 P30
Variable Out P52 P7 P6 P70 P85 P59 P71 P24 P12 P23
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Table 4:19 Marginal Value Products of Limiting Resources - Program 6

Plan Number
Resource No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and PI acre 7.27 7.23 7.05 5.90 5.78 5.85 5.51 5.46 5.35 4.42 3.70
Irrigated Land P2 acre 27.18 25.57 24.88 19.88 18.78 17.99 16.82 16.48 15.69 12.92 9.84
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .82 .82 .82 .83 .83 .83 .83 .84 .83 .85 1.53
Summer Labor P6 hour .25 .46 .83 .83 .84 1.04 1.39 1.87
Fall Labor P7 hour .17 1.09 1.09 .82 1.10 1.10 1.10 1.12 1.12
October Labor P8 hour
November Labor P9 hour 1.90 2.52 2.31 1.00 .85 .92 1.37 1.65 1.67 1.45 .34
December Labor P10 hour
Wheat Output P11 bushel 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.28 1.28
Quota P12 bushel .07 .07
Feed Grain Supply P13 100 Ibs. 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.67 1.67
Feed Grain Buy Limit P14 bushel
Dry1and Pasture P15 A.U.M. 3.25 3.24 3.25 3.28 3.28 3.28 3.28 3.30 3.29 3.36 3.35 .....
Community Pasture P16 A.U.M. C1l

w
Irrigated Pasture P17 A.U.M. 11.53 11.71 11.55 10.49 10.32 10.28 10.26 10.21 10.22 9.62 9.28
Fall Pasture P18 A.U.M.
Straw Supply P19 ton
Hay Supply P20 1000 1bs. 12.84 12.20 12.16 11.99 12.06 12.24 11.36 11.00 10.96 11.19 11.17
Hay Sell Limit P21 ton
Hay Buy Limit P22 ton 4.04 2.77 2.65 2.13 2.24 2.62 .82
Hired Spring Labor P23 10 hours 6.84
Hired Summer Labor P24 10 hours 2.11 5.41 10.19
Hired Fall Labor P25 10 hours
Livestock Capital P26 $100 12.95 12.95 12.95 12.95 12.95 12.95 12.95 12.95 12.95 12.95 12.95
Borrowed Livestock Capital P27 $100
Operating Capital P28 $10 .82 .82 .83 .92 .93 .93 .95 1.00 .96 1.19 1.17
Borrowed Operating Capital P29 $10 .47 .47 .48 .57 .58 .58 .60 .65 .61 .84 .82
Irrigation Capital P30 acre 13.49 11.92 11.43 7.67 6.70 5.83 5.03 4.74 4.07 2.31
Irrigab1e Land Limit P31 acre
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it did the other labor restrictions. (See Tables 3:1 and 3:2, pages 52

and 53). The effect of this on the farm plans derived in program 6 was

that more summer and fall labor were hired. The increased expenditures

for hired labor reduced the amount of operating capital available for

livestock production. The farm plans obtained in program 6 were very

similar to those obtained in program 5 up to the point where the hired

summer labor restriction became limiting (Pian 9). In subsequent plans

the feeder calf (pasture) activity (P75) was partially replaced by a

feeder calf (grain) activity (P71). This occurred because P
71

required

no summer labor and also because labor was idle in the months in which

the labor requirements for this activity were greatest. The introduction

of P71 caused November labor to become limitational again and resulted

in a reduction in the level of the cow-calf activity (P ). The quota
68

restriction limited cash-grain sales in plan 10. Further extensification

occurred through the feed-grain selling activity (P
87

). This was eventu

ally halted by the spring labor restriction. At this point the variable

resource solution stopped because it was not profitable to transfer more

dryland into irrigated land.

Operating capital was once again a seriously limiting resource.

The supply of this resource was fixed at the same level as in programs 5

and 6. The resemblance between programs 5 and 6 was attributed in large

part to the fact that both reflected an operating capital shortage more

strongly than a labor shortage. Further evidence to support this was ob-

tained by examining the MVP's of irrigation capital in the two programs.

The MVP of irrigation capital remained relatively high over a wide range

of irrigated acreage in both situations. This indicated that the situ-



ations programmed in programs 5 and 6 were very similar or, in other words,

the changed labor situation had little effect on the optimum farm organi

zation.

The effect of excluding the hog activities from program 1 was e~

amined in program 5. In program 2, the effect of excluding family labor

from the labor supply of program 1 was studied. In program 6, the effect

of excluding family labor from the supply assumed for program 5 was ob

served. In comparing the results of program 2 with those of program 1,

it was noted that a substantial reduction occurred in irrigated acreage

or, in other words, the MVPof irrigation capital declined much more

rapidly in program 2. It was also noted that hog numbers were higher

throughout program 2. This occurred because the labor supply was reduced

more drastically in program 2 in the periods in which the labor require

ments for irrigated crop production were higher than in the periods in

which the labor requirements for hogs were high. The reduction in irri

gated crop production was partially offset by an increase in hog numbers.

The increase in income between the first and final plans of program 2

was $492 smaller than in program 1. The increase between the first and

final plans of program 6 was $600 smaller than in program 5. The smaller

decrease in the former resulted from the fact that in program 2 hogs were

substituted for irrigation development when the labor supply was changed

in this manner. In program 6, the livestock activities were more closely

tied to a land base and, therefore, this substitution could not occur,

hence the greater income differences due to the change in labor supply in

the programs with hog activities excluded.
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4.3.3 Optimum Plans with Hogs and Hired Labor Excluded - Program 7

In program 7, the hired labor activities as well as the hog activi

ties were eliminated from the basic model. Program 7 differed from pro

gram 5 in that the hired labor activities were excluded. Program 7 was

identical to program 3, except that the hog activities were excluded.

Optimum plans derived for program 7 are presented in Table 4:20 and Fig-

ure 4:10. Table 4:21 indicates the MVP's of the limiting resources in these

plans.

The plans obtained in the variable resource solution for program 7

were quite similar to the first few plans obtained in program 5. Oper

ating capital was again an important limiting resource and the plans de

rived reflected an operating capital shortage. This explained the simi

larity in thetlans obtained in programs 5, 6, and 7. It will be noted

that the MVP's of operating capital in program 7 compared favorably with

those of the first few plans of programs 5 and 6.

The optimum dryland solutions of programs 5, 6, and 7 were very

similar. The small differences in activity levels were reflections o~

the differences in spring labor supplies. The presence of the feeder

calf (hay) activity (P70) in program 7, while the feeder calf (grain)

activity (P7l) was in programs 5 and 6, was accounted for by the lower

spring labor requirement of P70 as compared to P
7l

• The income differ

ences in the dryland solutions of the three programs were very small.

The MVP's of limiting resources, with the exception of spring labor,

were slightly lower in program 7 than in programs 5 and 6.
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Table 4:21 Marginal Value Products of Limiting Resources - Program 7

Plan Number
Resource No. Unit 1 2 3 4 5 6
Dry1and PI acre 6.37 5.94 5.84 5.82 5.38 5.05
Irrigated Land P2 acre 25.88 23.19 20.34 20.00 12.56 11.29
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour 2.23 2.80 2.33 2.30 1.57 1.85
Summer Labor P6 hour .74 .82 2.40 2.60
Fall Labor P7 hour
October Labor P8 hour
November Labor P9 hour
December Labor PIO hour
Wheat Output P11 bushel 1.35 1.35 1.35 1.35 1.35 1.35
Quota P12 bushel
Feed Grain Supply P13 100 1bs. 1.76 1.76 1.76 1.76 1.76 1.76
Feed Grain Buy Limit P14 bushel
Dryland Pasture P15 A.U.M•. 3.23 3.24 3.23 3.23 3.27 2.87
Community Pasture P16 A.U.M.

I-'
c.n

Irrigated Pasture P17 A.U.M. 11.42 11.48 11.12 11.06 9.82 9.70 0

Fall Pasture P18 A.U.M.
I

Straw Supply P19 ton
Hay Supply P20 1000 1bs. 12.77 11.90 12.35 12.37 12.92 12.99
Hay Sell Limit P21 ton
Hay Buy Limit P22 ton 3.99 2.20 3.17 3.20 4.07 4.38
Livestock Capital P26 $100 12.95 12.95 12.95 12.95 12.95 12.95
Borrowed Livestock Capital P27 $100
Operating Capital P28 $10 .77 .80 .76 .77 .89 .80
Borrowed Operating Capital P29 $10 .42 .45 .42 .42 .54 .46
Irrigation Capital P30 acre 13.16 10.94 8.19 7.88 .94
Irrigab1e Land Limit P31 acre
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When irrigation capital was allowed to vary in program 7, the

changes in enterprise combination followed a pattern similar to that in

programs 5 and 6. The hay rotation was introduced first to offset hay

production on dryland. The pasture rotation and the feeder calf (pasture)

activity then entered the plan and offset the feedlot feeder enterprises.

The irrigated acreages at which these occurred vary slightly among pro-

grams but the pattern was similar. The high summer labor requirements of

P59, P6l , and P75 exhausted the summer labor supply in program 7 after 94.2
y

acres were under irrigation. When this,occured P7l , which required no

labor in the summer period, replaced P
70

• When summer labor became limi

tational (plan 3) hay acreage and activities which had relatively high

summer labor requirements declined, hence the decline in P68, P70, and
y

P59 , and the increase in P71 • In plan 6 (102.6 acres), the MVP of summer

labor was higher than that of spring labor. Consequently, a change occurred

in the activ~ty combination and P62, which had a relatively low summer

labor requirement, entered the plan. The.MVP of irrigation capital de-

clined sharply when the MVP of summer labor went up to $2.40 per hour in

plan 6. After this point, only 7 more acres of irrigated land were added

at a marginal value of $.94 per acre.

P59, P61 and P75 are a hay rot~tion, a pasture rotation and a feeder
calf (pasture) activity, respectively.

P68, P70 and P71 are a cow-calf, feeder calf (hay) and a feeder
calf (grain) activity, respectively.
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4.4 Effect of Changes in Input-Output Coefficients

One objective of this study was to examine the effect of varying

levels of efficiency in livestock production on the optimum plans in par

ticular situations. It was felt that this would provide some insight into

the effects of supplemental irrigation for farmers with varying amounts of
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experience in livestock production. In programs 8 and 9, the effect of

changes in labor efficiency and feed efficiency on the optimum farm or

ganization were examined.

4.4.1 Increased Labor Efficiency in Livestock Production - Program 8

In program 8, the direct labor inputs for all livestock activities

were reduced by 15 per cent (overhead time requirements were not changed).

In other words, labor efficiency in livestock production was increased

relative to the other activities. The labor coefficients used to replace

those in program 1 are found in Table B:2l. Programs 1 and 8 were identi

cal with the exception of the livestock labor coefficients.

The farm plans obtained in the variable resource solution of pro

gram 8 closely resembled the plans derived in program 1 (see Tables 4:1

and 4:22 and Figures 4:1 and 4:11). The optimum dryland solutions were

identical with respect to enterprise combinations. The increase in labor

efficiency resulted in less hired spring labor in program 8 and hence

slightly higher income. The difference in income between the first and

final plans was slightly larger in program 8 than in program 1.

There was less difference in the farm plans derived in programs

1 and 8 than was expected. This occurred because the livestock capital

(P
27

) and operating capital (P29) restrictions both became limiting in

program 8 and prevented expansion of livestock production. Livestock

capital was a limiting resource throughout program 8 and operating capital

was limitational for all plans except plan 1. This~· a different situ

ation than in program 1. The differences between programs 1 and 8 became

obvious upon comparison of the MVP's of limiting resources for the two



Table 4:22 Optimum Plans With Higher Labor Efficiency in Ldvestock Production - Program 8

K Values 14.0 26.4 45.8 0.5 16.2 90.1 3.5 1.2 43.1 3.0
Plan Number

Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dryland Cropping

(}-Fg-F P44 acre 305.3 213.3 195.4 169.6 169.2 156.9
Fg-Fg-F P45 acre 238.7 315.6 304.9 281.2 281.1 275.9 335.5 331.8 330.4 283.9 280.6

Irrigated Cropping:
o-H3-HF P59 acre 0 14.0 9.3
o-H-P4-F P61 acre 0 31.2 86.3 86.8 102.9 99.5 98.7 99.3 91.6 80.2
0-0-Cn-C1f P62 acre 0 93.5 97.8 94.6 112.8 163.7

o-Fg-Fgn-C1f P64 acre 0 3.9 36.5
Livestock
Feeder Calf (hay) P70 calf 38.9 57.5 40.6 9.4 9.2.
Feeder Calf (pasture) P75 calf 0 0 16.6 45.9 46.2 54.8 53.0 52.5 52.9 48.8 42.7
Hogs...2-litter P82 sow 13.3 12.2 12.2 12.3 12.3 12.3 12.4 12.5 12.4 12.7 13.1

Sell Cash Grain P86 bushel 1679. 1251. 1249. 1275. 1274. 1271. 2229. 2310. 2275. 2828. 3529.
Sell Hay P88 ton 0 18.1 26.1

III
Hire Spring Labor P83 hour 13.9 42.1 49.0 59.4 59.5 63.1 177.6 182.2 183.6 240.0 247.0

ifHire. Summer Labor P84 hour 0 63.8 352.0 362.7 367.2 500.0 500.0
Hire Fall Labor P85 hour 0 116.2 117.4 157.7 217.3 218.6 220.4 239.7 224.4
Buy Hay P89 ton 35.0 35.0 35.0 35.0 34.9 31.6 1.6
Buy. Feed Grain P90 bushel 0 47.0 0 613.6

Borrow Operat:l.ng Capital P92 $ 5196. 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000. 7000.
Borrow Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500.
Develop Land P93 acre 0 14.0 40.4 86.3 86.8 102.9 193.0 196.5 197.8 240.9 243.8

Zo $ 7042. 7218. 7523. 7931. 7935. 8020. 8465. 8479. 8483. 8583. 8584.

Variable In P61 P85 P22 P84 P62 P90 P64 P88 P90 P30
Variable Out P29 P7 P59 P6 P70 P44 P89 P90 P24 P64
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Table 4:23 Marginal Value Products of Limiting Resources - Program 8

Plan Number
Resource No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and PI acre 7.62 7.58 6.36 6.25 5.76 5.73 6.67 6.83 6.76 6.40 6.36
Irrigated Land P2 acre 26.62 25.58 21.62 21.03 17.29 16.98 17.06 15.94 15.46 12.93 12.71
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .79 .79 .80 .81 ..•81 .82 .81 .83 .84 .83 .83
Summer Labor P6 hour .81 .82 .81 .83 .84 1.53 1.58
Fall Labor P7 hour 1.05 1.07 1.07 1.07 1.06 1.09 1.10 1.09 ·1.09
October Labor P8 hour
November Labor P9 hour
December Labor P10 hour
Wheat Output - P11 bushel 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
Quota P12 bushel'
Feed Grain Supply P13 100 1bs. 1.76 1.76 1.76 1.76 1.76 1.76 1.88 1.93 1.93 1.93 1.93
Feed Grain Buy Limit P14 bushel
Dry1and Pasture P15 A.U.M.
Community Pasture P16 A.U.M. II

Irrigated Pasture P17 A.U.M. 11.43 11.46 10.68 10.71 10.41 10.29 10.26 10.09 10.02 10.06 10.06 11-II
aD)

Fall Pasture P18 A.U.M. ~

Straw Supply P19 ton
I

Hay Supply P20 1000 1bs. 12.28 11.88 11.78 10.71 10.67 10.70 10.64 9.48 9.00 9.00 9.00
Hay Sell Limit P21 ton
Hay Buy Limit P22 ton 3.87 2.90 2.57
Hired Spring Labor P23 10 hours
Hired Summer Labor P24 10 hours 6.98 7.58
Hired Fall Labor P25 10 hours
Livestock Capital P26 $100 41.84 41.64 35.69 35.04 33.87 33.73 30.80 28.80 28.40 27.75 .27.73
Borrowed Livestock Capital P27 $100 28.89 28.68 22.74 22.09 20.92 20.78 17.85 15.85 15.46 14.80' 14.78
Operating Capital P28 $10 .35 .43 .50 .70 -.69 .74 .64 .90 1.03 .90 .89
Borrowed Operating Capital P29 $10 .08 .15 .36 .34 .38 .30 .55 .68 .55 .54
Irrigation Capital P30 acre 12.56 11.55 8.90 8.44 5.23 4.94 4.01 2.72 2.32 .17
Irrigab1e Land Limit P31 acre
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programs (See Tables 4:2 and 4:23). October and November labor were not

limitational resources in any of the plans derived. in program 8. In pro

gram 1, these labor restrictions prevented full utilization"of the avail

able capital supplies. Whereas October and November labor were important

limiting resources in program 1, operating capital and livestock capital

limited production in program 8. The shift from the feeder calf (hay)

activity (P70) to the feeder calf (grain) activity (P71) between plans 6

and 7 of program 1 resulted from the limitational effect of labor re

strictions. This shift did not occur in program 8, where labor was not

so limitational. The MVP of irrigation capital was slightly higher

throughout most of program 8 than it was in program 1. This occurred

because of the higher output potential for livestock in this program.

It will be noted that there was a fairly significant change in farm or

ganization between Ilans 10 and 11 of program 8. The last three acres,

however, were added at a marginal value of only $.17 acre. This sug

gested that from the standpoint of level of income there were several

plans which were almost identical.

The trend toward extensification was less pronounced in program 8

than it was in program 1. The dryland cropping plans were quite similar

in the two programs. Irrigated cropping, on the other hand, was somewhat

more intensive in program 8. The hay activity (P59) was in the plan at

a higher level in program 8 than in program 1 and remained in the plan

over a wide range of irrigated acreage. The pasture activity (P
61

) did

not enter the basis as soon in program 8 as it did in program 1, but

reached a higher level (102.9 acres) before the cash grain rotation (P
62

)

entered. In plan 8 of program 8, an irrigated grain rotation which pro-
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duced feed grain (P64) entered the basis. This activity reached a level

of 36.5 acres in plan 10. At this point the supply of hired summer labor

was exhausted and it became more profitable to buy feed grain than to

produce it on irrigated land.

The effect of the increase in labor efficiency in livestock pro

duction in program 8 did not show up very strongly in terms of income and

farm plans. The significant thing to note is that livestock production

in program 8 was limited by capital rather than labor as was the case in

program 1. This reinforces the observation made with respect to previous

programs which suggested that if livestock production is to be encouraged

capital will have to be available for investment in livestock as well as

for investment in irrigation development. Availability of irrigation cap

ital alone will not encourage irrigation development.

Irrigated acreage reached a slightly higher level in program 8 than

it did in program 1. The last 45 or 50 acres, however, were added at a

fairly low marginal value. Once adequate feed was available for the nunr

ber of feeders allowed under the capital restrictions the income potential

of additional irrigated acreage was low.

4.4.2 Effect of a Decrease in Livestock Feed Efficiency - Program 9

In program 9, the feed efficiency assumptions made for program 1

were changed to study the effect of such a change on the optimum farm or

ganization. Grain and hay requirements of all livestock activities were

increased by 10 per cent in program 9. The coefficients used to replace

the grain and hay coefficients of livestock activities in program 1 are
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found in Table B:20. Pasture requirements were left unchanged in pro

gram 9. This lowered the opportunity costs of those livestock activities

in which a large proportion of the feed requirements we~e supplied by

pasture. That is, among the livestock activities this change in feeding

efficiency favored those activities using substantial amounts of pasture.

A cursory examination of Figures 4:1 and 4:12 and Tables 4:1 and

4:24 indicates a considerable degree of similarity between the plans de

rived in programs 1 and 9. While, in general, the plans were quite similar,

some significant differences which were directly attributable to the change

in feeding efficiency did occur.

The effects of the decrease in feeding efficiency were most notice

able in the first few plans of program 9, i.e., before irrigated acreage

reached a level such that the effect of the change was offset by the feeder

calf (pasture) activity. The effect of the change in feeding efficiency

became apparent when comparing plan 1 of program 9 with plan 1 of pro-

gram 1. Spring labor became limiting in Program 9 when the feeder calf

(hay) activity reached a level of 6.4 head. The profit margin of this

activity in this situation was not large enough to make it profitagle to

purchase hay at $20 per ton and also hire spring labor. In program 1, as

much hay as was available off the farm was purchased (35 tons) and spring

labor was hired besides. Hog production was higher in program 9 simply

because less livestock capital was being used for feeder facilities. The

profit margin of the hog activity was also reduced through the decrease

in feed efficiency but it was still wide enough to make it profitable to

expand hog production to the limit imposed by the livestock capital re

striction. Although the per unit feed grain requirements were higher in



Table 4:24 Optimum Plans With Decreased Feeding Efficiency - Program 9

K Values 9.7 54.2 22.8 29.0 32.9 15.5 29.7 11.4 12.3 17 ..7

Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and Cropping

o-Fg-F P44 acre 374.8 372.1 2],4.5 179.0 133.8 23.5
Fg-Fg-F P45 acre 169.2 161.4 260.4 271.3 285.1 359.9 366.7 334.6 322.3 309.1 289.9

.
Irrigated Cropping

o-H-P4-F P61 acre 0 9.7 63.9 59.4 53.5 46.5 43.4 37.5 35.5 48.4 85.9
o-o-Cn-C1f P62 acre 0 27.4 62.3 102.2 120.8 156.4 169.8 169.2 149.4

Livestock
Feeder Calf (hay) P70 calf 6.4 0 15.0 14.9 14.6 4.9
Feeder Calf (pasture) P75 calf 0 5.2 34.0 31.6 28.5 24.8 23.1 20.0 18.9 25.7 45.7
Hogs-.2-1itter P82 sow 15.4 15.5 13.6 13.8 14.0 13.3 13.4 13.6 14.3 .13.7 11.3

Sell Cash Grain P86 bushel 2062. 2085. 1433. 1758. 2170. 2318. 2541. 3217. 3472. 3511. 3271. ....
Sell Hay P88 ton --- 7.0 20.5 35.0 35.0 15.3 ~

Buy Hay P89 ton 6.3 3.5 23.0 12.9
Buy Feed Grain P90 bushel 0 390.5 212.9 239.9 554.0
Hire Spring Labor P83 hour 0 .1 59.5 89.1 126.7 192.1 211.9 250.0 250.0 250.0 250.0
Hire Summer Labor P84 hour 0 88.2 191.4 238.4 328.7 361.0 408.2 491.8
Hire Fall Labor P85 hour 0 131.2 139.9 150.9 154.9 160.8 172.3 182.1 202.4 244.1

Borrow Operating Capital P92 $ 1618. 1462. 4772. 4489. 4196. 5533. 5500 •. 5773. 4719. 4948. 7000.
Borrow Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7291. 6726.
Develop Land P93 acre 0 9.7 63.9 86.8 115.8 148.7 164.2 193.9 205.3 217.5 235.2

Zo $ 6546. 6660. 7119. 7288. 7434. 7586. 7645. 7743. 7775. 7807. 7850.

Variable In P85 P62 P84 P70 P88 P90 P9 P27 P21 P30
Variable Out P7 P8 P6 P89 P9 P44 P23 P21 P70 P29
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Table 4:25 Marginal Value Products of Limiting Resources - Program 9

Plan Number
Resource No. Unit 1 2 3 4 5 6 7 8 9 10 11

Dry1and P:t acre 8.19 6.45 6.30 5.94 5.85 5.74 6.22 5.92 5.82 5.67 4.69
Irrigated Land P2 acre 26.48 21.26 20.04 17.27 16.79 16.25 15.87 15.07 14.73 14.37 10.94
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .02 .79 .79 .79 .79 .79 .79 1.16 1.28 1.49 3.18
Summer Labor P6 hour .79 .79 .79 .79 .79 .79 .79 .80
Fall Labor P7 hour 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.06
October Labor P8 hour 2.10 .30 1.64 2.41 3.31 3.92 4.25 4.06 2.00
November Labor P9 hour .83 .52
December Labor P:to hour
Wheat Output P:tl bushel 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
Quota P:t2 bushel
Feed Grain Supply PI3 100 1bs. 1.76 1.76 1.76 1.76 1.76 1.76 1.83 1.83 1.83 1.83 1.87
Feed Grain Buy Limit P14 bushel
Dry1and Pasture P15 A.U.M. 1.60 2.12 2.41 .2.18 .96 ....
Community Pasture P16 A.U.M. ~

~
Irrigated Pasture P17 A.U.M. 11.83 10.77 10.28 10.30 10.27 10.22 10.17 9.98 9.91 9.81 8.89 •Fall Pasture PI8 A.U.M.
Straw Supply P19 ton
Hay Supply P20 1000 1bs. 10.35 10.35 10.35 10.35 9.93 9.46 9.00 9.00 8.91 9.00 9.00
Hay Sell Limit P21 ton .18
Hay Buy Limit P22 ton
Hired Spring Labor P23 10 hours 3.78 4.92 7.04 23.73
Hired Summer Labor P24 10 hours
Hired Fall Labor P25 10 hours
Livestock Capital P26 $100 39.25 30.76 24.33 28.48 24.38 20.78 16.43 14.27 12.95 12.95 12.95
Borrowed Livestock Capital P27 $100 26.30 17.81 11.38 15.53 11.43 7.84 3.48 1.32
Operating Capital P28 $10 .35 .35 .35 .35 .35 .35 .35 .35 .35 .35 .56
Borrowed Operating Capital P29 $10 .20
Irrigation Capital P30 acre 11.79 8.46 7.40 5.01 4.63 4.21 3.31 2.83 2.60 2.41
Irrigable Land Limit P31 acre
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program 9, total feed grain requirements were lower because of the low

level of the feeder activities. Cash grain production was, therefore,

higher than in program 1.

Since the relative decrease in feed efficiency was not as great

for the feeder calf (pasture),activity as it was for the other livestock

activities this activity and the pasture rotation (P6l) entered the basis

as soon as the variable resource solution was begun. The feeder calf

(hay) activity went out in the first step and did not re-enter the plan

until hay became available for less than $20 per ton (plan 6). The

level of this activity began to decline again when hired spring labor

became limiting (plan 9).

The cropping plan in program 9 also reflected the change in live

stock feeding efficiency. Cash grain production on dryland was higher in

plan 1 of program 9 than in plan 1 of program 1 because of the lower total

feed grain requirements of livestock activities. Cash grain production

on dryland declined more rapidly tlt,an in program 1 as irrigated acreage

increased. This occurred because more feed grain was required to feed the

cattle and hogs included in the plans. After 164.2 acres were irrigated

all dryland was used for feed grain production. In program 1, this did

not occur until 203.2 acres were irrigated. The irrigated cash grain

rotation (P62) entered the basis at about the same irrigated acreage in

program 9 as it did in program 1 but it reached a higher level in pro

gram 9. (The opportunity cost of this activity was lower because of the

change in livestock feeding efficiency). The restriction on hired spring

labor prevented continuation of the trend toward extensification. From

plans 9 to 11 in program 9, the increased spring labor requirements of
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P62 were offset by a decrease in the level of the feeder calf (hay)

activity. When this activity left the basis in plan 11, the levels of

activities with lower spring labor requirements relative to total labor

requirements than P62 i~reased. When operating capital became limiting

production expansion through th~se activities was also prevented. Conse

quently, the MVP of irrigation capital dropped to zero and the variable

resource solution stopped.

Return to fixed factors was approximately $470 lower in program 9

than in program 1 in both the first and final plans. The change in income

due to irrigation development was approximately the same in the two pro

grams. The MVP of irrigation capital in the first few plans of program 9

was lower than in program 1, but it did not decline quite as rapidly as

irrigated acreage was increased. The lower returns indicated the "port

ance of efficiency in livestock production. The impact on income was

roughly the same under both dryland and partially irrigated conditions.

4.5 Effect of Higher Grain to Livestock Price Ratios

One of the assumptions made with respect to the prices used in the

basic model for this study was that in the future there would be some

strengthening of livestock prices relative to grain (See section 3.5.1).

In the last two or three years, however, there was a strengthening of

grain prices relative to livestock prices. Programs 10 and 11 were run

to show the effect of a higher grain to livestock price ratio on the op

timum farm organization in particular situations.

In all previous programs the prices for wheat and feed grain were

set at $1.35 per bushel and $.80 per bushel, respectively. The prices
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used in programs 10 and 11 were $1.65 per bushel for wheat and $.90 per

bushel for feed grain.

4.5.1 The Basic Model with Higher Grain to Livestock Price Ratios 
Program 10

The situation dealt with in program 10 was identical to that of

program 1 with the exception of the changes in grain prices. The objective

in this program was to show the effect of higher grain prices on the op-

timum farm organization .of program 1. Selected plans of the variable re-

source solution of program 10 are presented in Table 4:26. MVP's of

limiting resources for these plans are presented in Table 4:27. The op-

timum plans are illustrated in Figure 4:13.

In plan 1 of program 10, the dryland solution, wheat acreage was

considerably higher than in the corresponding plan of program 1 lsee

Tables 4: 3 and 4: 28) • Wheat acreage in plan 1 of program 1.0 was 190 acres,

while in plan 1 of program 1, it was 102 acres. Feed grain acreage in

program 10 was down to 173 acres from 261 acres in program 1. Under the

new price relationships it was profitable to purchase feed grain for live-

stock in order that cash grain production could be eppanded. This occurred

because of the higher relative increase in wheat prices. In program 10,

feed grain was purchased up to the limit allowed in the program. The MVP

of the feed-grain buying limit (P14) was $.05 per bushel. This means

that if more feed grain could have been purchased income would have in-

creased at the rate of $.05 for each bushel added to the buying limit

(This would, however, apply only over a certain range). By way of com-

parison, no feed grain was purchased in plan 1 of program 1. The price

of feed grain in program 1 would have to be approximately $0.036 per



Table 4:26 Optimum Plans With Higher Grain to Livestock Price Ratios - Selected Plans - Program 10

K Values 5.4 2.2 16.3 8.6 10.7
Plan Number

Activity No. Unit 1 2 3 4 5 6
Dryland Cropping

o-o-F P43 acre 25.9 9.6 17.6
o-Fg-F P44 acre 518.1 528.5 518.1 518.1 502.8 430.0
Fg-Fg-F P45 acre 0 6.0 67.3

Irrigated Cropping
o-H-P4-F P61 acre ---
o-o-Cn-Clf P62 acre 0 5.4 7.7 24.0 32.6 43.3

Livestock
Feeder Calf (hay) P70 calf 1.9 0 14.9
Feeder Calf (pasture) P75 calf 0 0 0 0 0 0
Hogs-2-li tter P82 sow 15.8 15.7 15.8 15.8 15.8 14.8

Sell Cash Grain P86 bushel 3084. 3101. 3160. 3320. 3404. 3214.
I-'

Sell Hay P88 ton 0 2.4 7.4 10.1 o,J

~

Buy Feed Grain
I

P90 bushel :J,.OOO. 1000. 1000. 1000. 1000. 1000.
Hire Spring Labor P83 hour 0 20.5 31.4 67.4
Hire Summer Labor P84 hour
Hire Fall Labor P85 hour 0

Borrow Operating Capital P92 $ 1770. 1966. 1803. 1890. 1936. 3382.
Borrow Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500.
Develop Land P93 acre 0 5.4 7.7 24.0 - 32.6 43.3

Zo $ 7665. 7729. 7752. 7923. 8013. 8122.

Variable In P88 P83 P45 P70 P85
Variable Out P5 P70 P43 P7 P88

(continued)



Table 4:26 (continued)

K Values 56.0 2.6 61.4 8.4 7.1 24.4 16.8 26.7
Plan Number

No. 7 8 9 10 11 12 13 14

r43
P44 260.8 256.9 164.4 134.3 108.9 123.7 115.0 57.9
P45 175.9 177.0 203.2 224.2 242.0 200.7 191.3 219.5

P61 0 35.8 53.8 67.2
P62 99.3 101.9 163.3 171.7 178.8 167.5 166.3 179.6

P70 34.2 34.0 29.3 28.7 22.7 6.6
P75 0 0 0 0 0 19.1 28.7 35.8
P82 13.6 13.6 13.9 14.0 14.4 14.2 13.4 10.5

P86 3382. 3412. 4108. 4108. 4108. 4108. 4108. 4108.
P88 0 1.0 24.2 27.4 35.0 35.0 35.0 35.0

P90 1000. 1000. 1000. 849.3 553.2 871.8 858.2 304.1
P83 167.0 170.1 240.3 250.0 250.0 250.0 250.0 250.0 ....
P84 0 197.2 224.3 245.8 355'.4 420.0 500.0

...:J
Ol

P85 30.3 32.3 78.9 85.3 93.5 180.4 208.5 180.9 I

P92 5508. , 5505. 5593. 5475. 4728. 5449. 5747. 5769.
P95 7500. 7500. 7500. 7500. 7500. 75,00. 7208. 6077.
P93 99.3 101.9 163.3 171.7 178.8 203.3 220.1 246.8

Zo 8671. 8697. 9135. 9187. 9220. 9312. 9348. 9349.

P88 P84 P14 P9 P61 P27 P8 P30
P9 P6 P12 P23 P21 P8 P7'0 P24
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Table 4:27 Marginal Value Products of Limiting Resources in Selected Plans of Program 10

Plan Number
Resource No. Unit , 1 3 4 6 7 9 10 11 12 13 14
Dry1and PI acre 10.90 10.31 10.34 9.17 9.14 7.79 6.99 6.55 5.84 4.18 4.18
Irrigated Land P2 acre 29.'90 27.43 27.43 25.55 25.37 20.42 18.14 16.64 14.36 10.38 10.36
Annual Labor P3 hour
Jan.Feb.Mar.Labor P4 hour
Spring Labor P5 hour .79 .79 .79 .79 .79 2.02 2.60 3.34 5.76 5.75
Summer Labor P6 hour .79 .79 .79 .79 .79 .79
Fall Labor P7 hour 1.03 1.03 1.04 1.04 1.04 1.04 1.04 1.03
October Labor P8 hour 2.18
November Labor P9 hour .33 1.68
December Labor P10 hour
Wheat Output P11 bushel 1.65 1.65 1.65 1.65 1.65 1.56 1.56·· 1.56 1.56 1.56 1.56
Quota P12 bushel .08 .08 .08 .08 .08 .08
Feed Grain Supply P13 100 1bs. 2.14 2.14 2.15 2.15 2.15 2.04 2.04 2.04 2.04 2.04 2.04
Feed Grain Buy Limit P14 bushel <.05 .05 .05 .05 .05
Dry1and Pasture P15 A.U.M. .52 .60 .18 .50 2.44
Community Pasture P16 A.U.M.
Irrigated Pasture P17 A.U.M. 11.96 12.42 12.39 11.54 11.59 11.18 11.00 11.04 10.60 9.44 9.44 ....

~
Fall Pasture P18 A.U.M. GO

Straw Supply P19 ton I

Hay Supply P20 1000 1bs. 10.35 9.00 9.00 9.20 9.00 9.00 9.00 8.52 7.88 8.97 8.96
Hay Sell Limit P21 ton .97 2.24 .06 .07
Hay Buy Limit P22 ton
Hired Spring Labor P23 10 hours 12.34 18.12 25.55 49.72 49.67
Hired Summer Labor P24 10 hours .07
Hired Fall Labor P25 10 hours
Livestock Capital P26 $100 34.05 31.87 31.60 25.23 24.74 24.21 23.28 21.68 12.95 12.95 12.95
Borrowed Livestock Capital P27 $100 21.10 18.92 18.65 12.28 11.79 11.26 10.33 8.74
Operating capital P28 $10 .35 .35 .35 .35 .35 .35 .35 .35 .35 .35 .35
Borrowed Operating capital P29 $10
Irrigation Capital P30 acre 12.29 10.46 10.43 9.81 9.66 6.16 4.75 3.72 2.20 .02
Irrigab1e Land Limit P31 acre
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bushel lower before it would be profitable to purchase feed grain (The

opportunity cost of P90 was $.36 per 10 bushels).

The only livestock enterprise in plan 1 of program 10 was a hog

enterprise. This was expanded to the maximum level allowed by the live

stock capital restriction (P27). In plan 1, program 1, a 38.9 head

feeder enterprise was included in the optimum plan. In the situation

posed in program 10, this was not a profitable enterprise. Under the

wheat prices assumed the feeder enterprise could not compete for the

available resources. No hay purchases were made in program 10. In pro

gram 1, on the other hand, hay purchases were extended to the limit allowed

in the program and the MVP of the hay buy restriction (P22) was $3.72 per

ton. The difference in the amount of operating capital used in the two

programs resulted from the fact that no feeders or hay were purchased in

program 10.

Labor was not limitational in any period in plan 1 of program 10.

In plan 1, program 1, a small amount of labor was hired in the spring

period.

It is interesting to note that the MVP of dryland was significabtly

higher in program 10 than in program 1 ($10.90 per acre in program 10

versus $7.62 per acre in program 1). The MVP of irrigation capital was

almost the same in the two programs. The new price relationship had a

negligible effect on the MVP of irrigation capital. The MVP of dryland,

on the other hand, increased $3.30 per'acre under the new conditions.

The MVP of livestock capital was lower in program 10. (MVP of P27 was

$21.10 per $100 in program 10 and $28.59 per $100 in program 1). The

opportunity cost of producing feed grain was higher in program 10, hence
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the lower MVP of livestock capital.

When irrigation capital was allowed to vary in program lO, all of

the irrigated land was used to produce wheat until l7S.S acres were de

veloped for irrigation. This differed drastically from program 1, where

a hay rotation, a pasture rotation and then the wheat rotation entered

the plan (P62 entered the plan after 63.6 acres were irrigated in pro

gram 1). 'A certain amount of hay was also produced by the irrigated wheat

rotation. This occurred because of the 25 per cent forage requirement i~

posed on the program. As the variable resource solution continued wheat

sales increased and hay sales increased up to the limit allowed for these

activities. Once these limits were reached a pasture rotation (P
61

) and

the feeder calf (pasture) actiVity (P
75

) entered the plan.

Feed grain purchases continued at the maximum level until wheat

sales reached the limit imposed by the quota restriction. Throughout the

range from zero to 163.3 acres of irrigated land, it was profitable to

purchase feed grain for livestock in order that more land could be used

for wheat production. The incidence of hay sales in program 10 was also

attributed to the emphasis on cash grain production. If all hay produced

were used on the farm feed grain production would also have expanded.

Under the price relationships in this program this was not the most pro

fitable thing to do. When wheat and hay sales reached the maximum level

it dLd become profitable to increase feed grain and feeder cattle pro

duction.

The livestock systems derived in this program were much simpler

than those obtained in many of the other programs. Up to the point where

32.6 acres were irrigated the hog actiVity (P
S2

) was the only livestock
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gated acres.

final plan. Differences also existed in the total amount of labor re-

When wheatsharply and hay sales increased to the maximum level allowed.

ing hay sales again entered the plan and P
70

declined. When the supply

of hired spring labor was exhausted the feeder calf (hay) activity declined

acres of irrigated land the feeder calf (hay) activity (P) entered the
70

plan to utilize the hay produced in P
62

• When fall labor became limit-

enterprise. Hay produced in the cash grain rotation was sold. At 32.6

and hay sales reached the m~imum level the pasture rotation and the

tion and, therefore, entered the plan. The levels of these activities

rose until the MVP of irrigation capital dropped to zero at 246.8 irri-

The hired labor pattern was also somewhat different in program

labor d~d enter the plan the emphasis was on hired spring labor. This

feeder calf (pasture) activity were able to compete with the wheat rota-

10 than it was in program 1. No labor was hired in the dryland situation

and in the first few plans of the variable resource solution. When hired

was a larger proportion of the total labor requirement than it was for

irrigated land were important activities. These required more summer

other cropping activities. In program 1, hay and pasture production on

gated land and the supply of hired summer labor went limiting in the

occurred because the spring labor requirement of the wheat rotation (P
62

)

hired. The supply of spring labor was exhausted at 171.7 acres of irri-

and fall labor, hence the differences in the amount and kind of labor

quired in the various plans of programs 1 and 10. Labor use was gener-

grams, for example, labor use was approximately 200 hours lower in program

ally lower in program 10. In the first and final plans of the two pro-

10 than in program 1.
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It was also interesting to note the income difference between

the first and final plans of program 10, and to compare these income

figures with those of program 1. In program 10, the difference in income

between the first and final plans was $1684. The difference in program 1

was $1307. Return to fixed factors in the dryland situation of program 10

was $651 higher than in program 1. The difference in the final income

figures between the two programs was $1029.

4.5.2 Optimum Plans with Higher Grain to Livestock Price Ratios 
Hogs Excluded - Program 11

The situation dealt with in program 11 was identical to that of

program 5 with the exception of the changes in grain prices. The differ-

ence between programs 10 and 11 was that the hog activities were ex-

eluded from program 11. Selected plans of the variable resource solution

for program 11 are presented in Table 4:29. The MVpts of limiting re-

sources for ,these plans are presented in Table 4:30. The optimum plans

are illustrated in Figure 4:14.

The change in grain prices had a very marked effect on the op-

timum farm plan in the dryland situation. This became evident upon

examination of plan 1 of program 11. Wheat acreage in program 11 was

288 acres and in program 5 was 97 acres. Wheat acreages would have been

extended still further in program 11 if the quota restriction were re-

moved. Feed grain acreage in program 11 was low (63.5 acres) compared

with that of program 5 (214.2 acres). Cereal forage production on dry-

land was also substantially lower in program 11 (8.0 acres in program 11

versus 38.5 acres in program 5).



Table 4:29 Optimum Plans With Higher Grain to Livestock Price Ratio - Hogs Excluded - Program 11

Plan Number
Activity No. Unit 1 2 4 5 6 7
Dryland Cropping

o-o-F P43 acre 337.4 313.6 315.5 268.8 139.8 124.3
o-Fg-F P44 acre 190.5 221.3 200.8 234.5 327.5 307.3
Fg-Fg-F P45 acre
OH-F P52 acre 16.1

Irrigated Cropping
o-IIJ-HF P59 acre 0 8.5 25.6 25.5 25.2 20.7
o-H-P4-F P61 acre 0 29.4
o-o-Cu- C1f P62 acre 0 12.2 45.8 54.0

Livestock
eow-calf Feed P68 cow 20.0 20.0 20.0 20.0 20.0 20.0
Feeder Calf (hay) P70 calf 29.3 33.3 44.5 31.2
Feeder Calf (grain) P71 calf 5.8 9.0
Feeder Calf (pasture) P75 calf 0 0 0 0 0 15.7

Sell Cash Grain P86 bushel 4108. 4108. 4108. 4108. 4108. 4108. .....
00

Sell Feed Grain P87 bushel ~

I

Buy Hay P89 ton 35.0 35.0 35.0 35.0 35.0 35.0
Buy Feed Grain P90 bushel 1000. 1000. 1000. 1000.
Use Community Pasture P9l A.U.M. 100.0 100.0 100.0 100.0 100.0 100.0
Hire Spring Labor P83 hour 0 68.5 91.6
Hire Summer Labor P84 hour
Hire Fall Labor P85 houI'

Borrow Operating Capital P92 $ 1203. 1550. 4510. 4962. 6263. 6583.
Borrow Livestock Capital P95 $ 4073. 4169. 4778. 4899. 5234. 5307.
Develop Land P93 acre 0 8.5 25.6 37.7 71.0 104.1

Zo $ 6310. 6461. 6753. 6922. 7337. 7723.

(continued)
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Table 4:30 Marginal Value Products of Limiting Resources in Selected Plans of Program 11

Plan Number
Resource No. Unit 1 2 4 5 6 7
Dryland PI acre 10.09 10.18 10.81 10.01 9.53 9.51
Irrigated Land P2 acre 34.49 33.91 31.56 29.08 27.81 27.75
Annual Labor P3 hour
Jan.Feb.Mar. Labor P4 hour
Spring Labor P5 hour .79 .79 .79
Summer Labor P6 hour .01
Fall Labor P7 hour
October Labor P8 hour
November Labor P9 hour 1.24 1.24
December Labor P10 hour
Wheat Output Pll bushel 1.56 1.57 1.64 1.62 1.57 1.57
Quota P12 bushel .09 .08 .01 .03 .08 .08
Feed Grain Supply P13 100 Ibs. 2.02 2.04 2.13 2.10 2.04 2.04
Feed Grain Buy Limit P14 bushel .04 .03
Dryland Pasture P15 A.U.M. 3.54 3.70 4.26 3.95 3.42 3.41
Community Pasture P16 A.U.M. .43 .59 1.16 .85 .31 .30
Irrigated Pasture P17 A.U.M. 11.77 11.87 12.12 12.12 12.17 12.16 J-I

(Xl

Fall Pasture P18 A.U.M. ""Straw Supply P19 ton I

Hay Supply P20 1000 Ibs. 14.74 14.48 13.33 12.69 12.34 12.35
Hay Sell Limit P21 ton
Hay Buy Limit P22 ton 8.78 8.25 5.96 4.68 3.99 4.00
Hired Spring Labor P23 10 hours
Hired Summer Labor P24 10 hours
Hired Fall Labor P25 10 hours
Borrowed Livestock Capital P27 $100
Livestock Capital P26 $100 12.95 12.95 12.95 12.95 12.95 12.95
Operating Capital P28 $10 .35 .35 .35 .35 .35 .35
Borrowed Operating Capital P29 $10
Irrigation Capital P30 acre 17.75 17.08 14.04 12.43 11.68 11.64
Irrigable Land Limit P31 acre

(continued)



Table 4:30 (continued)

Plan Number
No. 8 14 15 16 17 19 21
PI 9.41 8.46 8.65 8.93 8.66 6.72 5.82
P2 27.24 23.65 23.72 23.73 22.76 18.94 16.74
P3
P4
P5 .79 .79 .79 .79 .79 .81 1.76
P6 .11 .79 .79 .79 .79 .81 .Sl
P7 .19 .SO 1.07
Ps
P9 1.13 1.27 1.71 2.17 2.90 2.15 .40
P10
P11 1.56 1.51 1.53 1.56 1.56 1.43 1.44
P12 .08 .14 .12 .OS .08 .21 .21
P13 2.04 1.97 2.00 2.04 2.04 1.87 1.S7
Pl4
P15 3.43 3.12 3.10 3.32 3.10 3.21 3.22
P16 .33 .21
Pl7 12.10 11.65 11.S0 12.00 11.97 10.97 10.54

....
00

P18 00

P19
I

P20 12.41 12.74 12.1S 11.22 10.45 10.70 10.71
P21
P22 4.11 4.70 3.65 1.74 .19
P23 9.42
P24
P25
P27
P26 12.95 12.95 12.95 12.95 12.95 12.95 12.95
P2S .35 .38 .35 .35 .35 .70 .72
P29 .03 .36 .37
P30 11.24 8.67 8.54 8.24 7.56 5.S4
P31 4.27
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Because of the difference in the amounts of hay produced in the

two programs there was also a substantial difference in the sizes of

livestock enterprises. In program 11, the cow-calf feeding (hay) act

ivity (P68) was in the optimum plan at a level of 20 units. (The size

of this enterprise was limited by community pasture supply (P16». In

program 5, this activity was in the plan at a level of 16.0 units. A

feeder enterprise (P7l) was an important part of plan 1, program 5, but

was a rather insignificant part of plan 1, program 11. In program 5,

the size of the feeder enterprise was limited mainly by the supply of

operating capital. In program 11, it was not profitable to produce feed

grain and hay until wheat acreage reached a level sufficient to exhaust

the quota, hence, the low level of the feeder enterprise. Hay purchases

were extended to the limit (35 tons) in both programs. The MVP of hay

was higher in program 11 than in program 5 ($8.78 per ton versus $4.04

per ton). This reflected the change in the competitive position of the

cropping activities. It was not profitable to produce hay on dryland

hence pressure was exerted on the hay purchase restriction and resulted

in a higher MVP for that restriction.

As was noted above. wheat sales were limited by the quota re

striction in program 11. In contrast to this only 1600 bushels of wheat

were sold in plan 1 of program 5. This difference points out the effect

of the changed price relationships on the optimum plans in the two

situations.
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Another effect of the increase in grain prices can be seen in

the labor use figures. Total labor use in program 11 was 2234 hours and

in program 5 was 2730 hours. Also, in program ll~ labor was not limi

tational in any period whereas in program 5, spring and November labor

were limiting resources.

Income and capital use differed quite markedly between the two

programs. A very substantial difference existed in the amount of oper

ating funds borrowed in the two programs. In program 11, only $1200 of

operating capital were borrowed, while in program 5, the limit of $7000

placed on this activity was reached. This difference and the difference

in the amounts of livestock capital borrowed in these two programs can

be attributed mainly to the difference in the size of the feeder enter

prises. Return to fixed factors in program 11 was $750 higher than in

program 5. The change in grain prices brought the income levels of the

programs with hogs and those without hogs closer together. The differ

ence in Ze between programs 1 and 5 was $1460, while that between pro

grams 10 and 11 was $1345. The changed price relationships had a re

latively greater impact on the programs without hogs than on those with

hogs. This occurred because the price of feed grain was moved up less

than Wheat, both absolutely and relatively.

The new price relationships also resulted in higher MVpt s for

some of the limiting resources. The MVP of dryland in program 11 was

$10.09 per acre, $2.82 per acre higher than the MVP of dryland in pro

gram 5. The MVP of irrigation capital was $17.75 per acre, an increase

of $4.26 per acre over the corresponding figure for program 5.
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In the dryland situation of program II, cash grain sales were at

the maximum level allowed by the quota restriction. Therefore, when the.

variable resource solution was begun, the tendency toward cash grain

production on irrigated land was not as great as in program 10. The

tendency was, however, more pronounced than it was in program 5. (P
62

entered the plan at 25.6 acres of irrigated land in program 11 and at

117.1 acres in program 5).

Livestock production, especially feeder cattle finishing, was

limited by the supply of hay in plan 1 of program 11. As was already

noted, the hay purchase restriction had an MVP of $8.78 per ton. There

fore, when irrigation capital was allowed to vary this hay shortage was

alleviated by the introduction of a hay rotation into the plan. As

hay production increased feeder cattle numbers, operating capital use

and feed grain purchases also increased. When the acute hay shortage in

the first few plans of program 11 was overcome, it became profitable to

purchase feed grain. This allowed cash grain sales to remain at the

maximum level. When feed grain purchases reached the maximum level

(1000 bus.) wheat production on irrigated land began and feed grain pro

duction on dryland increased to allow further expansion of the feeder

calf (hay) activity. The expansion of this activity was halted in plan 6

by the November labor restriction. When this occurred a pasture rota

tion and the feeder calf (pasture) activity (P75 ) entered the plan.

Summer labor sup~ly halted the expansion of these activities. In subse

quent plans the activities with high summer labor requirements (P59' P6l •

and P75) declined. The irrigated land released from P59 and P6l was
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then used to increase cash grain production through P62.

To alleviate the summer labor shortage the summer labor hiring

activity (PS4) entered the basis in plan 10. The November labor short

age forced reduction in the cow-calf activity (P
6S

) as the feeder calf

(hay) enterprise was increased. Expansion of this activity was halted

in plan 12 when operating capital became limiting. The feeder calf pas

ture activity (P75) re-entered the basis in plan 13 because (1) labor

was available in the spring, summer and fall periods through the labor

hiring activities whereas additional labor was not available in November,

(2) the November labor requirement of P
75

was smaller than for the feed

lot feeder enterprises, and (3) P75 .could utilize the hired labor supplies

whereas P70 and P7l could not. The operating capital supply which became

unlimiting in plan 15 became limiting again in plan IS, and prevented

further feeder cattle purchases.

After operating capital became limiting in plan IS, additions to

irrigated acreage had to coincide with reductions in the levels of some

other enterprises. This occurred because the operating capital require

ments of irrigated cropping activities were higher than for dryland

cropping activities. Therefore, when irrigated acreage increased the

operating capital requirements for irrigated cropping increased; conse

quently, fewer operating funds were available for other activities, hence

in subsequent plans hay and feed grain purchases declined.

Comparisons of MVpt s of limiting resources in programs 5 and 11

brought out some interesting points. The MVP of dryland was higher

throughout the variable resource solution of program 11 than in program 5.
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The same held true for the MVpt s of irrigation capital in the two pro

grams. The MVP of irrigation capital in plan 4 of program 5, for ex

ample, was $5.82 per acre. The MVP of irrigation capital in program 11

did not drop to this level until 213.6 acres were developed for irri

gation (plan 9). There were also differences in the resources which were

limitational and in the ranges over which certain resources were limiting

in the two programs. Operating capital, for example, was limitational

throughout program 5, and was a limiting resource for only part of pro

gram 11. The quota restriction, on the other hand, was a limiting factor

throughout program 11, but affected program 5 only after 234 acres were

developed for irrigation.

Income comparisons among programs 1, 5, 10, and 11 showed that

the higher grain prices had a greater income effect on the programs in

which hogs were excluded as a production a~ternative. Return to fixed

factors in the final plan of program 1 was $698 higher than in the final

plan of program 5. The difference between the final plans of programs

10 and 11 was only $451. The change in income due to irrigation develop

ment was $2588 in program 11. This compared with changes of $1307, $2064,

and $1684 in programs 1, 5, and 10, respectively,
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CHAPTER V

RESULTS OF THE TWO-RESOURCE VARIABLE SOLUTION

5.1 Program Situation

In the foregoing sections optimum plans for each level of irri-

gation capital (measured in terms of irrigated acres) were derived for

various situations on a one-section farm by allowing the supply of irri-

gation capital to vary from zero to an unlimiting amount. The various

plans were described and the effects of different supplies of fixed re-

sources on the productivity of the variable resource (irrigation capital)

were indicated. In this section the plans associated with all levels of

two resources, irrigation capital and borrowed operating capital, were

derived for the situation programmed in program 1. The procedure followed

in two-resource variable programming was described in section 2.2.3.

The procedure used here was basically the same except for one modifi-

cation needed to adapt the program to the computer program used in this
11

study.

The program situation dealt with in this section was the same as

that in program 1. except that the starting point was at zero supplies

of both borrowed operating capital and irrigation capital. All other

resource restrictions and production alternatives were unchanged from

program 1.

11 Boles, J.N., LP20 Linear Programming System. This program does not
provide for simultaneously varying the levels of two resources. To
obtain the first ridge line using this program the supply of one
variable must be set high enough so as not to limit production in
any plan, while the supply of the other resource is varied from zero
to an unlimiting amount. To obtain the other ridge line this pro
cedure is reversed, i.eeJ! the supply of the second variable resource
is set at a level which will not limit production while the supply
of the first variable resource is varied.
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5.2 Derivation of the Ridge Lines

The first step in the two-resource variable solution was spec

ification of the ridge lines, i.e., the lines which bordered the area

within which both variable resources were limiting. The operating cap

ital ridge line (hereafter referred to as the capital ridge line) showed

where, at varying levels of operating capital, the MVP of irrigation

capital was zero. Similarly, the irrigation capital ridge line (here

after referred to as the land ridge line) showed where, at varying irri

gated acreages, the MVP of operating capital was zero. Within the area

enclosed by these ridge lines both of these resources were limitational

and, therefore, had MVP's greater than zero. The ridge lines for pro

gram 1 are illustrated in Figure 5:1 and the plans associated with the

various points on the ridge lines appear in Tables 5:1 and 5:2.

The ridge lines of the conventional production surface described

in production economics theory differ from those derived here in two

respects. First, the ridge lines of the conventional production surface

both start at the origin and, second, the slope of one ridge line de

creases continuously, while the slope of the other increases until they

intersect. The land and capital ridge lines of Program 1 did not begin

at the origin because a certain level of production was attainable with

out any of the two resources being varied. The classical example in

production economics theory assumes some of both of the factors are

necessary before any production can occur; therefore~ the ridge lines

begin at the origin.
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Table 5:1 Optimum Plans on the Land Ridge Line - Program 1

K Values 2.0 15.2 26.7 19.5 22.1

Activity No. Unit 1 2 3 4 5 6
Dry1and Cropping

e-Fg-F P44 acre 305.3 291.9 271.6 236.1 210.0 175.9
Fg-Fg-F P45 acre 238.7 249.9 253.7 260.4 265.4 275.6

Irrigated Cropping
e- H3-HF P59 acre 0 2.0 1.3
e-H- P4-F P61 acre --- 0 16.0 44.0 63.6 59.1
e-e-Cn-C1f P62 acre --- --- --- --- 0 26.5

Livestock
Cow-calf Feed (h~y) P68 cow
Feeder Calf (hay) P70 calf 38.9 41.6 35.2 23.8 15.9 15.7
Feeder Calf (grain) P71 calf ----- --- --- --.- --- 0
Feeder Calf (pasture) P75 calf 0 0 8.5 23.4 33.8 31.5
Hogs-2-1itter P82 sow 13.3 13.2 13.0 12.8 12.6 12.8

Sell Cash Grain P86 bushel 1679. 1617. 1565. 1473. 1406. 1722. ....
Sell Hay P88 ton --- --- --- --- --- --- u:>

.....:t

I

Hire Spring Labor P83 hour 49.1 53.6 61.0 74.0 83.1 111.4
Hire Summer Labor P84 hour
Hire Fall Labor PS5 hour --- --- 0 70.7 121.2 130.6
Buy Hay P89 ton 35.0 35.0 35.0 35.0 33.8 24.1
Buy Feed Grain P90 bushel
Use Community Pasture P91 A.U.M.

Borrow Operating Capital P92 $ 5223. 5486. 57114. 6156. 6448. 6155.
Borrow Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500.
Develop Land P93 acre 0 2.0 17.3 44.0 63.6 85.6

Zo $ 7014. 7039. 7217. 7455. 7626. 7780.

Variable In P61 P85 P22 P62 P71
Variable Out P9 P7 P59 P8 P6

(continued)



Table 5:1 (continued)

K Values 3.2 48.5 2.8 0 53.9 9.3 21.2 10.6
Plan Number

No. 7 8 9 10 11 12 13 14

P44 149.7 75.8 92.2 92.2 9.2
P45 298.4 320.0 300.6 300.6 325.4 324.5 301.7 290.2

P59
P61 61.7 51.9 48.3 48.3 37.5 50.9 81.3 96.7
P62 27.1 85.4 91.8 91.8 156.4 152.3 143.0 138.3

P68 0 0 0 0
P70 0 15.1 15.1 14.6 12.2 6.9 4.2
P71 16.7 16.2
P75 32.8 27.6 25.7 25.7 20.0 27.1 43.3 51.5
P82 12.7 13.0 13.2 13.2 13.6 12.9 11.2 10.3

I-'

P86 1600. 2298. 2499. 2499. 3268. 3190. 3128. 3097. to
00

P88 0 23.8 20.6 13.1 9.4 I

P83 120.2 182.1 181.0 181.0 250.0 250.0 250.0 250.0
P84 0 147.4 165.1 165.1 328.6 367.4 455.5 500.0
P85 135.3 153.8 151.5 151.5 172.3 190.1 230.0 250.9
P89 21.4
P90 0 181.2 272.6
P91 0 0

P92 6337. 5798. 5557. 5557. 5442. 5884. 7043. 7628.
P95 7500. 7500. 7500. 7500. 7500. 7291. 6815. 6575.
P93 88.8 137.3 140.0 140.0 193.9 203.2 224.2 235.0

Zo 7795. 8018. 8030. 8030. 8214. 8243. 8305. 8336.

Variable In P84 P20 P68 P88 P27 P90 P91 P30
Variable Out P70 P89 P71 PI5 P23 P44 P68 P24



Table 5:2 Optimum Plans on the Operating Capital Ridge Line - Program 1

K Values 128.7 0 270.7 61.5 621.4 141.8 0 102.2
Plan Number

Activity No. Unit 1 2 3 4 5 6 7 8 9
Dry1and Cropping

o-F P41 acre 229.4 229.4 229.4 229.4 232.9 138.8 121.0 121.0 135.5
Fg-F P42 acre 192.6 192.6 192.6 192.6 190.7 301.1 301.1 301.1 139.7
Fg-Fg-F P45 acre 0 146.8

Irrigated Cropping
o-H-P4-F P61 acre
o-o-Cn-C1f P62 acre 112.9 112.9 112.9 112.9 111.4 96.4 112.9 112.9 112.9

Livestock
Cow-calf Feed (h~y) P68 cow
Feeder Calf (hay) P70 calf
Cow-yearling (pasture) P74 cow 0 0 0 0 0 0 0 0 0
Feeder Calf (pasture) P75 calf 0
Cow-yearling (pasturel P80 cow 0 0 0 0 0 0
Hogs-2-li tter PS2 sow 6.2 7.3 7.3 9.4 10.0 15.8 15.8 15.8 15.8

Sell Cash Grain P86 bushel 4108. 4108. 4108. 4108. 4108. 3036. 3213. 3213. 3333.
Sell Feed Grain P87 bushel 969.1 694.5 694.5 162.4 ....
Sell Hay P88 ton 35.0 35.0 35.0 35.0 34.6 29.9 35.0 35.0 35.0 c.o

c.o
Hire Spring Labor P83 hour 0 28.2 33.6 89.7 111.5 111.5 118.8
Hire Summer Labor P84 hour 0 52.4 52.4 43.6
Hire Fall Labor P85 hour
Buy Feed Grain P9 0 bushel
Use Community Pasture P91 A.U.M. 0 0 0 0 0

Borrow Operating Capital P92 $ 0 128.7 128.7 399.0 461.0 1082. 1224. 1224. 1326.
Borrow Livestock Capital P95 $ 2941. 3467. 3467. 4487. 4751. 7500. 7500. 7500. 7500.
Develop Land P93 acre 112.9 112.9 112.9 112.9 111.4 96.4 112.9 112.9 112.9

Zo $ 6236. 6410. 6410. 6724. 6796. 7461. 7549. 7549. 7606.

Variable In P80 P83 P21 P12 P24 P91 P45 P75
Variable Out P5 P91 P6 P87 P27 P21 P80 P7

(continued)



Table 5:2 (continued)

K Values 0 0 115.2 2633. 532.8 405.7 41.4 745.0 367.4 671.5 789",6
Plan Number

No. 10 11 12 13 14 15 16 17 18 19 20

P41 135.5 135.5 148.2 41.0 ]8.3 9.1
P42 139.7 139.7 0 65.4
P45 146.8 146.8 273.9 297.9 295.9 296.6 237.0 297.8 294.3 288.1 290.2

P61 0 38.7 45.7 54.1 55.6 70.5 77.2 89.5 96.7
P62 112.9 112.9 112.9 151.3 167.1 166.5 168.1 157.5 153.9 147.4 138.3

P68 0 0 0 0 1.4 0 0 0
P70 0 4.2
P74 0
P75 0 0 0 20.6 24.3 28.8 29.6 37.5 41.1 47.7 51.5
P80
P82 15.8 15.8 15.8 14.5 13.7 13.3 13.2 12.3 11.8 11.0 10.3

P86 3333. 3333. 3438. 3459. 3610. 3557. 3518. 3369. 3326. 3247. 3097. t\:)

P87
0
0

P88 35.0 35.0 35.0 35.0 35.0 35.0 35.0 27.1 24.0 18.2 9.4 I

P83 118.8 118.8 125.2 220.7 250.0 250.0 250.0 250.0 250.0 250.0 250.0
P84 43.6 43.6 35.0 315.9 392.1 422.7 437.2 457.6 472.6 500.0 500.0
P85 0 26.7 170.4 194.6 207.1 198.3 227.1 234.5 248.2 250.9
P90 0 55.7 157.4 272.6
P91 0 7.0 0 0 0

P92 1326. 1326. 1442. 4074. 4607. 5013. 5054. 5799. 6167. 6838. 7628.
P95 7500. 7500. 7500. 7500. 7500. 7204. 7173. 6957. 6856. 6670. 6575.
P93 112.9 112.9 112.9 190.0 212.7 220.6 223.7 228.0 231.2 237.0 235.0

Zo 7606. 7606. 7627. 8106. 8198. 8234. 8237. 8274. 8289. 8316. 8336.

Variable In P68 P85 P61 P91 P27 P42 P21 P90 P9I P70 P29
Variable Out P91 P74 P42 P8 P23 P91 P41 P42 P68 P24 P9



- 201 -

In the formulation of the model for this study it was assumed

that the operator had $3000 of operating capital available to him free

of charge. With this supply of operating capital and with none of the

two variable resources concerned (the origin of Figure 5:1) return to

fixed factors was $6016 (see Table C:l). With this supply of operating

capital, a certain amount of irrigation development (112.9 acres) was

possible without increasing the operating capital supply. This explains

why the operating capital ridge line began at 112.9 acres of irrigated

land. The land ridge line did not start at the origin since borrowed

operating capital could be used profitably in the dryland situation

without any irrigation development present. The land ridge line, there

fore, began at $5223 of borrowed operating capital. The farm plan at

this point was the same as plan 1 of program 1.

The abnormal shape of the production surface derived in this

program arises from the fact that the two resources being varied in this

program were not available free of charge. The increasing supplies of

the variable resources were made available to the farm through activities

which reflected the cost of using a unit of each of these resources. As

a result substitutions other than that between irrigation capital and

operating capital occurred. These multiple substitutions account for the

peculiar appearance of the ridge lines in Figure 5:1. The ridge lines

enclosed the area within which the two variable resources were substitutes

for each other. Over some ranges of the levels of the two resources being

varied the marginal value product of one of them was higher when it was

combined with some activity or resource other than the other variable
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resource. The negative slope of the operating capital ridge line in the

range from $399 to $1082 of operating capital, for example, resulted from

the substitution of hog production for irrigation development over this

range. At lower levels of operating capital the supply of operating cap

ital was not sufficient to make it profitable to use the available supply

hog production became more profitable than irrigation development, hence,

the nagative slope of the operating capital ridge line over this range.

The substitution of hogs for irrigation development ceased when livestock

capital became limiting (plan 6, Table 5:2) and as a result irrigated

acreage increased again as the supply of operating capital was increased.

If livestock capital had not gone limiting. hog production would have in

creased somewhat further as more operating capital became available and

irrigated acreage would have declined further.

It will also be noted that the operating capital ridge line is

vertical at 112.9 acres in the ranges from 0 to $399 and from $1224 to

$1442 of operating capital. With the exception of the hog activity,

production at low levels of operating capital was relatively extensive.

All of the irrigated acreage was devoted to a cash grain rotation (P62)

and the hay produced by this activity was sold since the supply of oper

ating capital was not sufficient to make livestock production other than

hog production profitable. The hay-selling restriction (P2l) prevented

irrigation development from going beyond 112.9 acres over the range

from 0 to $1442 of operating capital. Beyond this range feeder-cattle

production became profitable and irrigation development increased as

When the supply of operating capital was increasedof livestock capital.
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operating capital was increased.

The slope of the land ri<it.. line was negative, in general. over

the range from 63.6 to 193.9 acres of irrigated land. The ratio of oper

ating capital to irrigation capital declined over this range as irri

gation capital was increased. This resulted mainly from the limitational

effect of the labor restrictions on the livestock activities. As irri

gated acreage was increased the labor requirements for cropping in

creased thereby leaving less labor available for livestock production.

As a consequence, livestock production declined and. since the operating

capital requirements of irrigated cropping were lower than for feeder

activities, operating capital use also declined. This accounted for the

generally negative slope of the land ridge line over this range. It

should be noted here that plans 1 to 11 of the land ridge line were the

same as plans 1 to 11 of program 1. (See Tables 4:1 and 5:1). The

reasons for the declining use of operating capital as irrigated acreage

was increased were described in the analysis of program 1. (See section

4.1.2). The overall effect was a trend toward more extensive types of

farming operations as irrigated acreage was increased. The analysis of

the plans along the land ridge line parallels that of program 1. In the

range from 63.6 to 193.9 acres of irrigated land "extenSive" operations,

such as cash grain production and hay selling, were substituted for the

more "intensive" livestock activities. In other words, activities which

were relatively labor and capital extensive were substituted for activi

ties which were relatively labor and capital intensive, resulting in a

reduction in operating capital use as irrigated acreage was increased.



- 204 -

In plan 11 of the land ridge line (193.9 acres) hired spring

labor became a limitational resource and livestock capital became non

limiting. In subsequent plans-production was expanded through act

ivities that were less spring-labor intensive than those in plan 11.

It so happened that the activities which were less spring-labor inten

sive than those in plan 11 were relatively operating-capital intensive,

hence after plan 11 there was a sharp rise in operating capital use as

irrigated acreage was increased. The feeder calf (pasture) activity

(the activity which increased after ~pring labor became limiting) was

relatively summer-labor intensive, and when hired summer labor also be

came limiting (plan 14) production could not be expanded further by in

creasing irrigated acreage.

The final plan on the land ridge line was the same as the final

plan on the capital ridge line (see Tables 5:1 and 5:2). At the point

where the ridge lines intersect both variable resources become non

limiting. Resources other than operating capital and irrigation capital

limit production to the extent that the MVP's of both dropped to zero

at this point. Irrigated acreage was 235.0 acres and the amoUnt of

operating capital borrowed was $7628. Return to fixed factors was $8336.

The main activities in the farm plan at this point were a dryland feed

grain rotation, an irrigated cash grain rotation, an irrigated pasture

rotation, a hog enterprise and a feeder calf (pasture) activity.

Within the area enclosed by the ridge lines, operating capital

and irrigation capital (irrigated land) were substitutes for each other,

i.e., an increase in the level of one of them could be offset by a de-
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crease in the level of the other, while income remained at the same

level. The optimum farm organization, however, changed as operating

capital was substituted for irrigation capital and vice versa. The

nature of these changes is the subject of the following section.

5.3 Development of the Resource Map

In the preceding section variable resource solutions for oper

ating capital and irrigated land were computed in order to determine

ridge lines. The plans associated with these solutions appeared in

Tables 5:1 and 5:2. All plans above the land ridge were the same as

vertically corresponding points on the ridge line (see section 2.2.3).

Similarly, all plans to the right of the capital ridge line were the

same as horizontally corresponding points on the ridge line. It was of

interest, however, to know the optimum plans for land-capital combin

ations between the ridge lines. In order to specify these plans it was

necessary to find where each resource became limitational. This was

done by running several one-resource variable solutions which traversed

the area between the ridge lines.

Figure 5:2 indicates the points at which traverses were run

across the production surface in order to obtain the resource map shown

in Figure 5:3. The farm plans associated with these traverses are pre

sented in Appendix C. All of the one-resource variable solutions which

were required to develop the map in Figure 5:3 do not appear here; how

ever, the number included is sufficient to indicate the farm plans

associated with the various land-capital combinations. The traverses
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across the production surface indicated where the optimum farm organi-

zation changed as the supply of one of the variable resources was in-

creased. For example, the traverse at D in Figure 5:2 (Table C:4) shows

how the optimum farm plan changed as irrigated acreage was increased

with borrowed operating capital fixed at a level of $2000. Fall labor

(P7) became limitational at 10.7 acres of irrigated land. At this point

the hired fall-labor activity (PS5) was added to the farm plan. This

activity combination remained optimum until lS.7 acres were irrigated

at which point the feeder calf (hay) activity (~~O~ left the plan and

an irrigated cash grain activity (P62) entered. After the next lS.7

acres of irrigated land were added the hay buying activity (PS9 ) was

replaced by the hay-selling activity (PSS). The activity combination

in plan 4 of program l~ (Table C:4) remained optimum over a 63.9 acre

range before summer labor (P6) became limitational in plan 5. These

points on the traverse, i.e., 10.7 acres, lS.7 acres, 37.4 acres, '101.3

acres, etc., each show where a line in Figure 5:3 cut the production

surface and resulted in a change in the manner in which the variable

resource was used. After several traverses had been run identical

points, i.e., where the same changes in activity combination occurred,

were found on some of these traverses and then joined to eventually

form the map presented in Figure 5:3.

The activity combination remained the same within any individ-

ual area. For example, in Figure 5:3, the activity combination remained

the same for all land-capital combinations within.area A. The levels

of the individual activities and income did, however, change at all
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points within the area. The activity combinations and resource re-

strictions of adjoining areas differed by two activities, two limiting

resources or one of each. For example, at the border between A and B

in Figure 5:3 (moving from A to B) a cash grain rotation (P ) entered
62

the plan and the feeder calf (hay) activity (P
70

) left the plan. At

the border between A and F the cash grain rotation (P
62

) entered and

October labor (Ps) became limiting. Between E and K hired spring labor

(P23) became limiting and livestock capital (P
27

) became non-~imiting.

Tables 5:1 and 5:2, Figure 5:3, and the tables in Appendix C

contain all of the information necessary to determine the levels of all

activities for any desired combination of the two variable resources.

This type of analysis tends to become extremely involved in details

which detract from the usefulness of the results, especially from the

point of view of farm or policy recommendations. To clarify the presen-

tation and indicate trends rather than details a number of diagrams,

each of which is part of or uses part of Figure 5:3, were presented

which show the changes in particular aspects of the farm plans for vari-

ous land-capital combinations. This series of diagrams can then be put

together to show the effect on the overall farm organization of varying

operating capital and irrigation capital in this situation. In these

diagrams the small areas were ignored since only small, insignificant

changes in farm plans occurred between these areas. Their inclusion

tended to complicate interpretation of the changes which occurred in

farm plans as land and capital were varied and detracted from indication

of the more meaningful result.
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5.4 Farm Plans, Resource Use and Income

In each diagram in this section, the lines which relate to a

particular aspect of farm organization for varying land-capital combin

ations were taken off Figure 5:3 and presented as a single diagram. In

this way the pattern of change which occurred as land and capital were

varied could be shown for each actiVity.

5.4.1 Optimum Cropping Systems

Figures 5:4 and 5:5 illustrate the optimum conbinations of cropp

ing activities for all land-capital combinations. Figure 5:4 shows the

pattern of change in dryland cropping activities as land and capital were

varied. For land-capital combinations in area 1, the sryland cropp~ng

plan was made up of a half-cropping system (o-F and Fg-F). A feed grain

activity (P42) supplied the grain requirements of the hog activity and

the remaining dryland acreage was devoted to cash grain production

through P4l. The changes which occurred in acreages of these activities

within this area can be obtained from the relevant parts of Tables 5:2,

C;l, C:2, C:7, and C:8. In general, feed grain production was increased

as the operating capital supply was increased. This corresponded with

an increase in hog production. The line between areas 1 and 2 in Fig-

ure 5:4 indicated where the supply of livestock capital became limiting,

thus limiting expansion of the hog actiVity. This resulted in a change

in the optimum use of dryland. The major change which occurred in dry

land cropping between areas 1 and 4 was that a three-year cropping

system replaced the half-cropping system. In area 2, a three-year feed

grain rotation (P45) entered the plan. At the border between areas 2
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and 3. P44 (o-Fg-F) entered the plan and P
42

(Fg-F) went out. P41 (o-F)

went out at the border between areas 3 and 4. For all land-capital co~

binations within area 4, the optimum dryland cropping plan was made up

of two three-year rotations, P44 and P45 - In general. dryland feed

grain production increased as the supplies of operating capital anqlor

irrigated land were increased. In area 5, dryland cropping was devoted

entirely to feed grain production through P45 • The acreages of the

various cropping activities could be estimated for any land capital

combinations from Tables 5:1. 5:2. and the appropriate tables in Appen

dix C. For example, for a combination of $5000 of operating capital

and 50 acres of irrigated land the acreages of P44 and P45 commensurate

with that combination could be determined by interpolating between

plans 2 and 3 of program IF (Table C:6).

Figure 5:5 illustrates the irrigated cropping system~ for all

land-capital combinations. In general. the irrigated cropping system

became less capital-intensive and less labor-intensive as irrigated

acreage was increased and as operating capital was decreased. i.e.,

moving from area 1 to areas 2. 3, and 4. In area I, a hay rotation (P59)

and a pasture rotation (P6l) were included in the irrigated cropping

system. In area 2. irrigated cropping was devoted entirely to the pas

ture rotation. A cash grain rotation (P62) entered the plan at the

border between areas 2 and 3. This combination of cropping activities

remained optimum for all combinations of land and capital in area 3.

The cash grain rotation (P62) was the only irrigated cropping activity

in the farm plans for the land-capital combinations of area 4_ At low
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clarified further in the discussions dealing with labor use and livestock

systems in subsequent sections).

The acreages of the various cropping activities could be cal

culated from the tables in Appendix C. In areas 2 and 4, the acreages

of the respective activities for land-capital combinations within these

areas were necessarily the same as the irrigated acreage at the various

points because there was only one irrigated cropping activity in each

area. In area 3, the general tendency was for pasture production to

increase as the supply of operating capital was increased and for cash

grain production to increase as irrigated acreage was increased. The

exception to this was in the upper right-hand corner of Figure 5:5. i.e.,

beyond the point where hired spring labor became limiting. Within this

(This isintensive, hence the sharp increase in operating capital use.

levels of operating capital (area 4) the irrigated cropping system was

relatively capital-extensive. As the supply of operating capital was

increased the irrigated cropping system became relatively capital-in

tensive. At the same time irrigated cropping became more labor-intensive.

This combination accounted for the generally negative slope of the land

ridge line over the range from 63.6 to 193.9 acres of irrigated land.

(See section 5.2). The sharp increase in operating capital use after

193.9 acres were irrigated resulted from the fact that hired spring labor

became limiting at this point. This resulted in a change in the com

petitive position of various activities. In subsequent plans a change

away from spring labor-intensive activities occurred. The activities

which were less spring-labor intensive were relatively operating-capital
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area (area 7 in Figure 5:10) pasture production increased as land anQlor

capital were increased. (This occurred because the pasture rotation was

less spring labor-intensive than the cash grain rotation).

5.4.2 Optimum Livestock Systems

Figure 5:6 illustrates the livestock systems associated with

varying levels of irrigated land and operating capital. For land-capital

combinations in area 1 of Figure 5:6 s the only livestock activity in the

farm plan was a 2-litter hog activity (PS2). In area 2, the livestock

system consisted of a hog activity (PS2) and a feeder calf (pasture)

activity (P
75

). In area 3, the feeder-calf (hay) activity (P70) was

also included in the livestock system. In area 4, the feeder-calf (grain)

activity (P
71

) replaced the feeder-calf (hay) activity (P70). It entered

the plan at the border between areas 3 and 4 and reached its highest level

at the top of area 4 (the land ridge line) at which point P70 left the

- -
plan) The substitution of P

71
Lo~ P70 partially offset the limitational

effect of October labor which became limiting at the border between

areas 3 and 4 in Figure 5:6; the October labor requirement of P was
71

lower than for P
70

•

In area 1, hog production increased up to the limit imposed by

the livestock-capital restriction. It was maintained at this level

(approximately 16 two-litter sows) until the supply of operating capital

was sufficient to make feeder-cattle finishing a profitable enterprise.

The border between areas 1 and 2 indicates the land-capital combination

at which the supply of operating capital was sufficiently high for the

addition of cattle enterprises to the livestock system. For all land-
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capital combinations above this line, except for the upper right-hand

corner, hog production was limited by the livestock capital supply.

The decline in the level of the hog activity as feeder cattle numbers

were increased resulted from the fact that the feeder enterprises re-

quired livestock capital for buildings and facilities leaving less live-

stock capital available for the hog activity. In the upper right-hand

corner (the area in which hired spring labor was a limiting resource)

activities which are more operating-capital intensive and less spring-

labor intensive than the hog activity were substituted for the hog activity.

The border between areas 2 and 3 in Figure 5:6 indicates the

various land-capital combinations at which the feeder-calf (hay) activity

(P
70

) was able to compete with the feeder-calf (pasture) activity. The

change in the competitive position of this activity occurred for differ-

ent reasons over different ranges of land-capital combination;; For ex-

ample, in the range from approximately 110 to 190 acres, the feeder-calf

(hay) activity became profitable because along this part of the border

between areas 2 and 3, October labor (P
8

) became limiting, and, since

P was a less October-labor intensive activity than P t it was intro-
70 75

duced into the farm plan. P
70

entered the plan for the same reason in

the range from 64 to 87 acres (approximately). The MVP of operating

capital was fairly low above and to the left of that part of the border

line between areas 2 and 3 which lies in the range from $907 to $4700

of operating capital. Because of tPis low MVP it was ~ore profitable

to purchase hay to be used in the feeder-calf (hay) activity than to

hire labor for the feeder-calf (pasture) actiVity.
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activities. The levels of the livestock activities could be obtained

Here, feeder cattle numbers increased as operating capital

In general, feeder cattle numbers increased as the supply of

enterprises than shown in the farm plans derived here.

enterprise and elimination of the smaller enterprise unless all activi-

plans 2 and 3 of Table C:5. (See section 2.2.3, page 24, for the proper

acreage was increased. The upper right-hand corner was again an ex-

procedure). It should be remembered that the input-output coefficients

and/or irrigated acreage were increased; the~feeder-calf (pasture) act-

to obtain the level of the feeder-calf (hay) activity (P70) at $4000 of

for the feeder enterprises were based on 40-60 head enterprises; there-

operating capital was increased and declined slightly as irrigated

ties are in the plan at a low level, in which case costs and time re-

activity, and the cash grain rotation (P ) were substituted for these
62

ivity, which was relatively less spring-labor intensive than the hog

feeder activity, the tendency would be toward a higher level of the larger

quirements would be under-estimated for all of them. In general, the

operating capital and 50 acres of irrigated land interpolate between

ception.

for any land-capital combination by interpolating between the levels

for land-capital combinations in the tables in Appendix C. For example,

fore, at any land-capital combination where there was more than one

farming system used in an actual farm situation would tend to have fewer
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5.4.3. Labor Use Patterns

Figure 5:7 illustrates the operator and family-labor restric

tions at varying levels of irrigated land and operating capital. Each

line represents the border between land-capital combinations for which

a particular labor restriction was limiting or non-limiting. In area 1,

none of the labor restrictions limited production. For land-capital

combinations above the border between areas I and 2 spring labor was a

limitational resource. Spring and summer labor were both limiting in

area 3, whereas spring and fall labor were restrictive resources in

area 4. In area 5, spring, summer and fall labor restrictions were

limitational.

The restrictive labor 'supplies in area 6 were spring, fall and

October; in area 7, they were spring, summer, fall and November; and in

area 8, ~hey were spring, summer, fall and October. All five of these

labor limits were restrictive in area 9. The restrictive nature of the

spring, summer and fall labor supplies was quite straight-forward but

the October and November restrictions caused some confusion. These re

strictions became effective at the higher levels of the feeder activi

ties. October labor was restrictive ·for some land-capital combinations

and November labor for others because of the relative differences in

October and November labor requirements o~ the feeder-calf (hay) act

ivity (P70) and the feeder-calf (pasture) activity (P75). The latter

required more October labor per unit than P70; consequently, October

labor was a limiting resource for land-capital combinations where P75
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was at relatively high levels (areas 6 and 8 in Figure 5:7). The same

was true with respect to P70 and November labor for land-capital combin

ations within area 7 of Figure 5:7.

Figure 5:8 shows the hired labor pattern for varying levels of

operating capital and irrigated land. It shows only the land-capital

combinations at which the hired-labor activities entered the plan.

Figures 5:9, 5:10, and 5:11 show the variation in levels of the respec

tive hired-labor activities for all land-capital combinations.

For land-capital combinations in area 1 in Figure 5:8, no labor

was hired. Spring labor was hired for all combinations above area 1.

In area 3, spring and summer labor were hired; in area 4, spring and fall

labor were hired and~in area 5, all forms of labor were hired.

Figure 5:9 is a contour map showing how the amount of hired

spring labor changes as land and operating capital supplies were increased.

(Contour maps were described in section 2.2.3). The zero contour cor

responds to the line between areas 1 and 2 in Figure 5:8, and shows at

what land-capital combinations the hired spring-labor activity (P83)

entered the plan. The 50, 100, 150, etc., contours show the land-capital

combinations for which the respective amounts (in hours) of spring labor

were hired. The 25O-hour contour shows where hired spring labor became

limitational. For all land-capital combinations represented by area 7

in Figure 5:9, the amount of spring labor hired was 250 hours. This

area differs from the others in Figure 5:9.in';'that the amount of labor

hired did not increase as operating capital and irrigated land were in

creased. This was because of the restriction of 250 hours placed on the
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spring-labor hiring activity. It was for land-capital combinations with

in area 7 that the relatively less spring-labor intensive activities are

substituted for the more spring-labor intensive activities.

Figure 5:10 illustrates for hixed summer labor what Figure 5:9

showed for hired spring labor. The zero contour corresponds to the line

between areas 4 and 5, and 2 and 3 in Figure 5:8. To the left of the

zero contour no summer labor was hired. The generally vertical nature

of the hired summer-labor contours indicates that this resource was used

mainly for operations associated directly with irrigation farming. For

any given irrigated acreage the amount of summer labor hired did not

change appreciably as operating capital was varied. The limit placed

on hired summer labor (500 hours) formed part of the operating capital

ridge line. It is the limit placed on this resource that prevented

further profitable use of operating capital and irrigation capital with

in this range. This limit also explains the negative slope of the last

segment of the operating capital ridge line. To use more operating cap

ital, it was necessary that irrigated acreage be reduced (See plans 19

and 20 of Table 5:2).

Figure 5:11 is the contour map for hired fall labor. The zero

contour corresponds to the border between areas 2 and 4, and 3 and 5 in

Figure 5:8. Over some ranges of land-capital combination an increase,;

in the amount of fall labor hired was associated with increased irrigated

acreage, while for other combinations it was more directly related to in

creasing operating capital supplies. In the areas in which the contours

are almost vertical hired fall labor was responsive to changes in irr-
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igated acreage; where they are more nearly horizontal fall labor was re

sponsive to changes in the supply of operating capital. The hired fall

labor restriction was not a limiting factor for any land-capital combin

ation in this program situation.

5.4.4. Hay Contour Map

Figure 5:12 is a hay contour map showing the amounts of hay pur

chased or sold for varying land-capital combinations. Both the hay

purchase and hay-selling restrictions were limiting for some land-capital

combinations. At high levels of operating capital and low irrigated

acreages hay purchases were high. The hay-purchase restriction was a

limiting resource for land-capital combinations above the 35-ton pur

chase contour. As irrigated acreage was increased and operating capital

supply decreased, hay purchases declinedantil they reached zero. For

some land-capital combinations hay was neither purchased nor sold. The

hay-selling restriction formed part of the operating capital ridge line

(the vertical portions at 112.9 acres) at low levels of operating cap

ital. At low levels of operating capital hay sales were related directly

to irrigated acreage (hay sales contours were vertical). This was be

cause at these levels the only livestock enterprise in the farm plan was

the hog activity. Hay was produced only because of the minimum require

ment of 25 per cent forage placed on irrigated-cropping activities.

Hay sales remained relatively high for all land-capital combinations where

irrigated cash grain acreage was high.

The hired spring-labor restriction had a very noticeable effect

on hay sales. As irrigated acreage and operating capital were increased
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in the area in which the hired spring-labor restriction was limiting

hay sales declined. Hay production for sale arose primarily from the

cash grain rotation (P62). This was a spring-labor intensive activity,

the level of which declined as the farm plan was changed to higher levels

of less spring-labor intensive activities. This change resulted in higher

feeder cattle numbers and higher on-farm hay consumption, hence the de

cline in hay sales.

5.4.5. Grain Sales Contour Map

Figure 5:13 illustrates the variations in cash grain sales as

land and capital were varied. In general, at a given level of operating

capital cash grain sales increased as irrigated acreage was increased.

At ~ given irrigated acreage cash grain sales generally decreased as the

supply of operating capital was increased. It is evident from the dia

gram that there were exceptions to this general rule (See the lower por

tion of the 300Q-bushel contour). When comparing Figure 5:13 with Fig

ure 5:4, it will be noted that this was the range of land-capital co~

binations where the dryland cropping system was converted from a two

year to a three-year system. This accounts for the extreme changes in

grain sales as operating capital was varied within this range. Another

exception to the general rule above was found in the upper right hand

corner of Figure 5:13. Within the area in which hired spring labor was

a limiting resource (area 7 in Figure 5:9), cash grain sales declined

as operating capital and irrigated land were increased. This occurred

because of the shift away from the spring-labor intensive irrigated

cash grain rotation (P
62

) in the a~ea in which hired-spr~g labor was

limitational.
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5.4.6. Income Contour Map

Figure 5:14 shows the income levels (Zo) associated with the

optimum plans for all land-capital combinations. Although the activity

combinations change each time an income contour crosses one of the solid

lines in Figure 5:14, and the activity levels change from one point to

another within each area, return to fixed factors remains constant for

the land-capital combination along anyone contour. The slope of a

contour indicates the relative marginal value productivities of the two

variable resources. Where an income contour is relatively steep the

MVP of irrigation capital is high relative to the MVP of operating cap

ital. Where a contour is relatively flat the reverse is true. It will

be noted that, in general, income increased at a decreasing rate as the

supplies of the two variable resources were increased. (Income contours

got further apart as the supplies of the variable resources were increased).

To show that activity combinations and actiVity levels could be

varied and income maintained at a constant level, Table 5:3, which shows

the enterprise combination at a number of ~oints on the $7900 contour,

was presented. The farm plans presented in Table 5:3 are the optimum

plans associated with the land-capital combinations indicated by points

A to H, inclusive, on Figure 5:14. Each of the foregoing diagrams pre

sented the changes in a particular aspect of the farm plans as land and
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Table 5:3 Optimum Plans on the $7900 Income Contour

Point on Figure 5:14
Activity No. Unit A B C D E F G H
Dry1and Cropping

o-F P41 acre 87.1
o-Fg-F P44 acre 115.0 135.7 122.3 159.6 164.0 148.7 156.3
Fg-Fg-F P45 acre 308.6 287.6 295.3 254.7 240.9 228.3 287.6 234.6

lrrigated Cropping
o-H-P4-F P61 acre 57.1 53.9 21.0 52.4 51.0 20.9 22.0 35.9
o-o-Cn-C1f P62 acre 54.5 57.8 96.0 67.0 77.8 133.6 134.8 105.7

Livestock
Cow-calf Feed (hay) P68 cow 0
Feeder Calf (hay) P70 calf 15.4 25.9 5.2
Feeder Calf (grain) P71 calf 16.5
Feeder Calf (pasture) P75 calf 30.4 28.7 11.2 28.0 27.1 11.1 11.7 19.1
Hogs-2-li tter P82 sow 12.8 13.0 13.5 14.0 14.0 15.1 15.1 14.6

Sell Cash Grain P86 bushel 1928. 2095. 2639. 2413. 2631. 3523. 3450. 3077.
Sell Hay P88 ton 8.4 35.0 35.0 21.7

~
(;J
(;J

Hire Spring Labor P83 hour 149.3 144.8 173.1 139.7 143.5 181.4 179.6 162.5
I

Hire Summer Labor P84 hour 69.3 79.3 67.1 101.0 127.6 182.0 195.5 154.8
Hire Fall Labor P85 hour 144.0 140.6 83.0 149.7 155.8 123.4 108.6 139.6
Buy Hay P89 ton 11.4 12.5

Borrow Operating Capital P92 $ 6084. 5868. 5039. 4671. 4186. 2950. 2922. 3568.
Borrow Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500.
Develop Land P93 acre 111.6 111.8 117.0 119.6 128.8 154.6 156.8 141.7

Zo $ 7900. 7900. 7900. 7900. 7900. 7900. 7900. 7900.
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capital were varied. In the analysis which follows these changes were

brought together for specific land-capital combinations on the $7900

income contour. Emphasis in the analysis is on changes which occurred

between one point and another. Plans A to G, inclusive, are the points

or land-capital combinations at which a change occurred in the optimum

enterprise combination. Plan H is mid-way between Plans E and F.

Plan A is situated on the land ridge at $6084 of operating

capital and 111.6 acres of irrigated land. M~ing down the $7900 con

tour, the enterprise combination at A remained optimum until the land

capital combination at B was reached. The levels of the activities in

the plan did, however, change between A and B. The major change which

occurred is that the feeder-calf (hay) activity (P70) was substituted

for the feeder-calf (grain) activity (P71). At A, the feeder-calf (hay)

activity was at zero level and the feeder-calf (grain) activity was at

16.5 units. At B, P
7l

was at zero and P70 was at 15.4 units. At any

point between A and B both activities were at some positive level. The

change from A to B represented a shift in ration used. This change in

ration resulted in higher hay purchases and reduced feed grain produc

tion. Other changes which occurred between plans A and B were: slight

reductions in irrigated pasture production, feeder-calf (pasture) num

bers, hired-spring and fall labor and operating-capital use. Sl~ght

increases occurred in hog production, cash grain sales and hired-summer

labor. At point B, P
71

left the plan. At the same time, October labor

became non-limiting. (See a~eas 7 and 9 in Figure 5:7 and areas 3 and

4 in Figure 5:6).
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The major change in the optimum farm plan between points Band

C was the reduction in hay purchases. At Bt 12.5 tons were purchased

while none was purchased at C, i.e., the hay-buying activity was the

outgoing activity at point C. The incoming activity was the November

labor restriction (P9)' i.e., November labor became non-limiting. (See

areas 5 and 7 in Figure 5:7 and the zero contour in Figure 5:12).

Changes in activity levels between B and C included increases in dryland

feed-grain production, cash grain production on irrigated land, feeder

calf (hay) numbers, hog numbers, hired spring labor and irrigated acre

age. Reductions occurred in feeder calf (pasture) numbers, operating

capital use and hired spring and fall labor. Return to fixed factors

remained at $7900.

The enterprise combination at C remained optimum until, at the

land-capital combination found at D ($4671 of operating capital and 119.6

irrigated acres), the hay-selling activity entered the plan. The out

going row was the October labor restriction (Ps)t i.e., OCtober labor

became a limiting resource again (See areas 5 and S in Figure 5:7 and

the zero contour in Figure 5:12). Significant changes occurred in irri

gated crop production and in the sizes of feeder cattle enterprises

between C and D.

Between D and E the level of the feeder calf (hay) activity

continued to decline until at E it left the plan. At this point OCtober

labor became non-limiting again (See areas 5 and S in Figure 5:7 and

areas 2 and 3 in Figure 5:6). The optimum plan for any combination of

the variable resources between D and E could be obtained by interpol-

ating between the levels of the various activities at D and E.
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The enterprise combination at E remained optimum over a con

siderable range of land-capital combination. A number of significant

changes occurred in activity levels between E and F. Irrigated cash

grain production increased by more than the increase in irrigated acre

age. Consequently, there was a reduction in the level of the pasture

rotation. Feeder cattle numbers declined and hog numbers increased.

Cash grain sales and hay sales increased until at F the hay-selling re

striction (P2l) became limiting. The incoming activity was a half-

cropping dryland activity (P4l). (See areas 3 and 4 in Figure 5:4

and the 35-ton contour in Figure 5:12).

The changes in farm plans between F and G were not very sig

nificant. The levels of most activities changed slightly because of

the effects of a change in resource restrictions and variable resource

supplies. The change which occurred in dryland cropping between F and

G was not very important since actual acreages of dryland crops changed

only slightly. At G, irrigated land became non-limiting (The MVP of

irrigated land was zero along the operating capital ridge line). Beyond

this point any additional supplies of irrigation capital would go un

used, hence the income contour was horizontal to the right of G.

Plan H was included in Table 5:3 to show that the plans between

any of the points on the contour could be obtained by interpolating

between two plans. Point H on Figure 5:14 is mid-way between E and F.

The levels for each activity at point H could be obtained by interpolating

between the levels of each activity at E and F.
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CHAPTER VI

SUMMARY AND CONCLUS IONS

6.1 Summary

The general objective of this study was to develop profit

maximizing ~ans for farms using supplemental irrigation in the proposed

South Saskatchewan River Irrigation Project. Of particular interest

were the optimum plans associated with varying acreages of irrigated land.

Variable-resource programming procedures, with irrigation capital the var

iable resource, were used to derive these plans. A number of separate

variable resource programs were derived for situations dealing with dif

ferent labor supplies, production alternatives, management levels and

price ratios. A two-resource variable program was also developed in

order to determine optimum farm plans associated with varying levels of

irrigation capital and operating capital.

The fixed resources in the basic model used in this study were

one section of drylaad, a machine and building complement adequate for

that size of grain farm, a labor supply of one full-time operator and a

small amount of family labor, and $3,000 of operating capital. It was

assumed that 50 per cent of the cultivated acreage on the farm was irri

gable. Provisions were made in the model for borrowing livestock de

velopment f capital, irrigation development capital and additional oper

ating funds. Other resources made available to the farm in the basic

model were seasonal supplies of hired labor, and limited amounts of

community pasture and off-farm hay and feed grain. Restrictions were
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placed on cash grain sales and hay sales. The supplies of these re

sources were fixed at different levels in the various programs to de

termine the effect of different resource, supplies on the productivity

of the variable resource (irrigation capital).

Tables 6:1 to 6:6, inclusive, are presented here to facilitate

comparison of the optimum plans at various irrigated acreages under the

different situations. Table 6:1 presents the optimum dryland solution

for all programs. Tables 6:2, 6:3, 6:4, and 6:5 present the optimum

plans for all programs at 50, 100,150, and 200 acres irrigated, respect

ively. The final plans of all programs, irrespective of irrigated acre

age, are presented in Table 6:6.

In the presentation of the results of the various programs

(Chapter IV), the optimum plans derived in the variable resource solu

tion of program 1 were examined in considerable detail. Subsequent

sections dealt with variations of this basic model and the results of

these programs were compared with those obtained for program 1. In all

of these programs irrigation capital was a variable resource and the

optimum plans derived were related to particular levels of this resource.

Irrigation capital was treated as a variable resource for two reasons.

First, it was assumed that capital would be made available to farmers

for irrigation development. The number of irrigable acres was the only

limit placed on the amount anyone farmer could borrow. By varying the

supply of irrigation capital from zero to an amount beJOnd which it

would not be profitable to borrow more, it was possible to obtain the



Table 6:1 Optimum Dryland Solutions for all Programs

Program Number
Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dryland Cropping

o-o-F P43 acre 25.9 337.4
e-Fg-F P44 acre 305.3 376.3 422.3 407.0 291.5 344.4 329.4 305.3 374.8 518.1 190.5
Fg-Fg-F P45 acre 238.7 167.7 121.7 129.4 175.5 146.6 120.5 238.7 169.2
OH-F P52 acre 7.6 77.0 52.9 94.1 16.1

Livestock
Cow-calf Feed (hay) P68 cow 15.8 8.7 10.8 20.0
Feeder Calf (hay) P70 calf 38.9 19.2 6.4 38.9 6.4
Feeder Calf (grain) P71 calf 5.8 65.4 68.2 67.5 5.8
Hogs-2-litter P82 sow 13.3 14.6 15.4 15.4 13.3 15.4 15.8

Sell Cash Grain P86 bushel 1679. 2070. 2323. 2239. 1603. 1894. 1812. 1679. 2062. 3084. 4108.

Buy Hay P89 ton 35.0 17.3 5.8 35.0 35.0 35.0 35.0 6.3 35.0
Buy Feed Grain P90 bushel 1000. 1:"

CtJ
Use Community Pasture P91 A.U.M. 78.9 43.6 54.2 100. to

Hire Spring Labor P83 hour 49.1 69.3 39.4 56.2 13.9 I

Hire Fall Labor P85 hour 191.3

Use Operating Capital P92 $ 5223. 3261. 1612. 1446. 7000. 7000. 7000. 5196. 1618. 1770. 1203.
Use Livestock Capital P95 $ 7500. 7500. 7500. 7500. 5040. 3746. 4139. 7500. 7500. 7500. 4073.

Zo $ 7014. 6711. 6906. 6878. 5559. 5470. 5526. 7042. 6546. 7665. 6310.



Table 6:2 Optimum Plans at 50 Acres Irrigated

Program Number
Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and Cropping

e-F P41 acre 178.2
Fg-F P42 acre 311.7
e-e-F P43 acre 221.1
e-Fg-F- P44 acre 228.1 292.5 223.2 363.9 398.3 425.1 190.0 255.0 409.7 268.9

Fg-Fg-F P45 acre 262.0 197.4 266.7 126.2 91.8 64 •.8 299.9 235.0 80.3

Irrigated Cropping
e-~-HF P59 acre 10.2 28.7 31.1 23.2 31.9 7.3 25.4
e-H-P4-F P61 acre 50.0 8.5 39.8 21.3 18.8 26.9 18.1 42.8 50.0
e-e-Ch-Clf P62 acre 41.5 50.0 24.6

Livestock
Cow-calf Feed (hay) P68 cow 16.0 8.7 7.9 20.0
Feeder Calf (hay) P70 calf 21.4 6.0 30.9 12.9 57.7 34.0 17.2 37.4
Feeder Calf (grain) P71 calf 6.4 53.8 39.7
Feeder Calf (pasture) P75 calf 26.6 4.5 21.2 11.3 10.0 14.3 9.7 22.8 26.6 I.\:l

Ill>
Hogs-2-1itter P82 sow 12.7 14.6 13.6 13.1 12.2 14.1 14.7 0

I

Sell Cash Grain P86 bushel 1452. 2458. 1685. 1471. 2248. 2425. 2563. 1254. 1601. 3234. 4108.

Buy Hay P89 ton 34.6 35.0 35.0 35.0 35.0 18.0 35.0
Buy Feed Grain P90 bushel 1000. 1000.
Use Community Pasture P91 A.U.M. 79.8 43.4 39.7 100.
Hire Spring Labor P83 hour 76.8 123.9 66.9 50.9 62.3 51.2 44.1 79.4 25.3
Hire Summer Labor P84 hour 29.6
Hire Fall Labor P85 hour 86.6 244.0 77.3 24.4 97.5 3.6

Use Operating Capital %2 $ 6246. 3121. 2523. 5096. 7000. 7000. 7000. 7000. 3921. 3637. 5443.
Use Livestock Capital P95 $ 7500. 7500. 7088. 7500. 5030. 3698. 3569. 7500. 7500. 7500. 5023.
Develop Land P93 acre 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0

2b $ 7508. 7059. 7198. 7408. 6203. 6100. 6152. 7609. 7001. 8188. 7076.



Table 6:3 Optimum Plans at 100 Acres Irrigated

Program Number
Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and Cropping

o-o-F P43 acre 126.2
G-Fg-F P44 acre 132.7 226.2 108.8 347.1 319.1 391.5 159.2 158.4 259.8 309.8
Fg-Fg-F P45 acre 303.4 209.8 327.1 88.9 116.9 44.4 276.9 277.6 176.2

Irrigated Cropping
o-H:3-HF P59 acre 3.6 30.8 1.1 13.4 21.3
o-H-P4-F P61 acre 59.5 23.7 69.1 26.9 86.7 100.0 56.7 25.8
o-o-Co- C1f P62 acre 40.5 100.0 72.8 72.1 43.3 100.0 53.0

Livestock
Cow-calf Feed (hay) P68 cow 17.3 9.4 4.3 20.0
Feeder Calf (hay) P70 calf 12.1 4.9 1.7 34.2 32.9
Feeder Calf (grain) P71 calf 16.6 30.2 25.4 48.8 17.6
Feeder Calf (pasture) P75 calf 31.6 12.6 36.8 14.3 46.1 53.2 30.2 13.8 I

Hogs-2-li tter P82 sow 12.8 15.0 13.1 12.3 13.9 13.6 ~
Ill-
I-'

Sell Cash Grain P86 bushel 1760. 3206. 2141. 2354. 3281. 2571. 1272. 1945. 3390. 4108. I

Sell Hay P88 ton 20.1 0.3

Buy Hay P89 ton 16.5 35.0 35.0 35.0 32.2 7.0 35.0
Buy Feed Grain P90 bushel 1000. 1000.
Use Community Pasture P91 A.U.M. 86.7 47.0 21.5 100.0
Hire Spring Labor P83 hour 134.4 183.5 160.6 62.7 145.1 62.4 106.2 167.8 88.7
Hire Summer Labor P84 hour 33.9 187.7 28.9 104.0 52.0 40.1
Hire Fall Labor P85 hour 139.5 264.5 76.3 150.2 144.9 30.8

Borrow Operating Capital P92 $ 6213. 2995. 5795. 7000. 7000. 7000. 7000. 4356. 5507. 6543.
Borrow Livestock Capital P95 $ 7500. 7459. 7500. 5571. 3725. 2897. 7500. 7500. 7500. 5298.

Develop Land P93 acre 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Zo $ 7846. 7230. 7806. 6775. 6401. 6682. 8004. 7354. 8678. 7675.



Table 6:4 Optimum Plans at 150 Acres Irrigated

Program Number
Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dryland Cropping

Q-Fg-F P44 acre 76.8 154.3 79.8 299.7 316.3 74.9 21.5 184.5 261.5
Fg-Fg-F P45 acre 305.2 227.7 302.1 82.3 65.6 307.1 360.5 197.5 120.5

Irrigated Cropping
Q-H3-HF P59 acre 17.6
Q-H-P4-F P61 acre 46.3 4.9 55.5 85.8 75.4 101.1 46.2 17.4
Q-Q-~-Clf P62 acre 103.8 145.1 94.7 46.6 74.6 48.9 103.8 150.0 132.6

Livestock
Cow-calf Feed (h~y) P68 cow 18.2 11.9 14.2
Feeder Calf (hay) P70 calf 15.0 9.4 13.7 15.0 30.3 43.1
Feeder Calf (grain) P71 calf 12.9 17.9 6.2
Feeder Calf (pasture) P75 calf 24.6 2.6 29.5 45.7 40.1 53.9 24.7 9.2
Hogs-2-litter P82 sow 13.3 14.5 12.8 12.3 13.3 13.8

Sell Cash Grain P86 bushel 2642. 3713. 2516. 2999. 3502. 1772. 2337. 3957. 4108.
Sell Hay P88 ton 4.4 35.0 .6 19.2 l'oj

>l::>
l'oj

Buy Hay P89 ton 35.0 35.0 15.9 35.0 I

Buy Feed Grain P90 bushel 1000.
Use Community Pasture P91 A.U.M. 90.8 59.3 71.1
Hire Spring Labor P83 hour 193.8 235.8 186.6 116.4 157.4 123.0 193.8 225.1 176.8
Hire Summer Labor P84 hour 195.5 349.6 201.9 185.2 327.2 214.5 195.3 154.4 91.4
Hire Fall Labor P85 hour 155.4 297.6 164.0 140.2 188.9 155.4 68.8

Use Operating Capital P92 $ 5536. 3338. 5812. 7000. 7000. 7000. 5530. 5574. 7000.
Use Livestock Capital P95 $ 7500. 7255. 7375. 5299. 4056. 7500. 7500. 7500. 4528.
Develop Land P93 acre 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Zo $ 8064. 7399. 8063. 7108. 6654. 8253. 7591. 9040. 8165.



Table 6:5 Optimum Plans at 200 Acres Irrigated

Program Number
Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dry1and Cropping

OoFg-F P44 acre 3.2 22.6 240.1 249.0 121.8 268.3
Fg-Fg-F P45 acre 324.8 305.4 &1.••9: 79.1 328.0 328.0 206.1 59.6

Irrigated Cropping
OoH-P4-F P61 acre 46.3 91.4 91.3 84.9 98.9 36.4 31.1 82.5
00 00 Cn-Clf P62 acre 153.7 108.6 108.7 115.0 95.5 163.6 169.0 117.5
00 Fg-Fgn-C1f P64 acre 5.5

Livestock
Cow-calf Feed (hay) P68 cow .4 18.7 11.6 19.3
Feeder Calf (hay) P70 calf 13.0 5.3 9.4 8.7 7.2
Feeder Calf (grain) P71 calf 6.1 11.6
Feeder Calf (pasture) P75 calf 24.6 48.6 48.6 45.2 52.7 19.4 16.6 43.9
Hogs-2-li tter P82 sow 13.2 10.7 12.4 14.0 14.2

Sell Cash Grain P86 bushel 3217 .. 2617. 3815. 3962. 2303. 3353. 4108. 4108. 1\:1
w::.

Sell Hay P88 ton 21.7 0.9 28.3 35.0
w
I

Buy Hay P89 ton 35.0 20.8 33.4
Buy Feed Grain P90 bushel 295.5 830.1 127.0
Use Community Pasture P91 A.U.M. 2.2 93.4 57.9 96.6
Hire Spring Labor P83 hour 250.0 214.6 184.3 205.2 186.4 250.0 250.0 187.2
Hire Summer Labor P84 hour 354.0 384.9 318.2 500.0 373.8 346.0 341.0 313.8
Hire Fall Labor P85 hour 184.0 226.9 17.9 192.3 221.4 177.5 169.0

Use Operating Capital P92 $ 5732. 7000. 7000. 7000. 7000. 5209. 5354. 6759.
Use Livestock Capital P95 $ 7363. 6794 .. 5282. 3967. 7500. 7500. 7500. 5302.
Develop Land P93 acre 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0

Zo $ 8233. 8221. 7394. 6893. 8488. 7760. 9300. 8585.



Table 6:6 Final Plans for All Programs

Program Number
Activity No. Unit 1 2 3 4 5 6 7 8 9 10 11
Dryland Cropping

o-F P41 acre 111.1 97.5
Fg-F P42 acre 319.4
o-Fg-F P44 acre 106.8 23.7 138.1 384.9 57.9 67.1
Fg-Fg-F P45 acre 288.5 232.9 293.0 176.5 175.6 40.9 280.6 289.9 219.5 206.8

Irrigated Cropping
o-H:3-HF P59 acre 15.8 1.2
o-H-P4-F P61 acre 92.9 44.5 61.3 100.0 102.2 53.3 90.1 80.2 85.9 67.2 74.5
o-o-Ch-Clf P62 acre 143.7 144.7 110.5 147.8 159.9 18.1 163.7 149.4 179.6 175.5

Livestock
Cow-calf Feed (h~y) P68 cow 1.1 1.8 18.1 9.1 16.2
Feeder Calf (hay) P70 calf 16.0
Feeder Calf (grain) P71 calf 2.2 31.5 22.1
Feeder Calf (pasture) P75 calf 49.4 23.7 32.6 53.2 54.4 28.4 48.0 42.7 45.7 35.8 39.6
Hogs-2-1i tter P82 sow 10.6 12.3 12.5 10.2 13.1 11.3 10.5

l\:l
w::.

Sell Cash Grain P86 bushel 3188. 3603. 1246. 2694. 4108. 4108. 2836. 3529. 3271. 4108. 4108. w::.

Sell Feed Grain P87 bushel 78.1 315.2 692.2 I

Sell Hay P88 ton 13.8 29.8 26.1 15.3 35.0

Buy Hay P89 ton 21.2 5.2 35.0 14.6
Buy Feed Grain P90 bushel 152.2 613.6 554.0 304.1
Use Community Pasture P91 A.U.M. 5.6 9.0 90.6 45.7 80.8
Hire Spring Labor P83 hour 250.0 250.0 219.2 226.6 250.0 247.0 250.0 250.0 250.0
Hire Summer Labor P84 hour 500.0 500.0 423.1 498.3 500.0 500.0 491.8 500.0 467.2
Hire Fall Labor P85 hour 251.5 356.9 243.6 52.0 127.7 224.4 244.1 180.9 8.0

Use Operating Capital P92 $ 7000. 4707. 3519. 7000. 7000. 7000. 7000. 7000. 7000. 5769. 7000.
Use Livestock Capital P95 $ 6751. 6610. 6916. 6803. 5167. 3578. 2103. 7500. 6726. 6077. 4820.
Develop Land P93 acre 236.6 189.2 77.0 210.4 250.0 213.2 109.4 243.8 235.2 246.8 250.0

Zo $ 8321. 7526. 7255. 8235. 7623. 6934. 6702. 8584. 7850. 9349. 8898.
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plans which showed the optimum farm organization for all levels of

irrigation capital in the various situations. The second reason for

treating irrigation capital as a variable was because irrigable acre

age varies from farm to farm. By varying irrigation capital in the

various situations optimum plans were derived for irrigable acreages

from zero to 250 acres, the assumed maximum irrigable land area.

6.1.1. The Basic Model - Program 1

In the optimum dryland solution of program 1, the farm plan

consisted of a hog enterprise, a feeder enterprise and two dryland

cropping activities with feed grain being the main crop. Grain sales

were low and hay purchases were extended to the limit allowed in the

program. Livestock capital was the major limitational resource with an

MVP of $28.59 per $100 unit and irrigation capital was also an important

restriction, having an MVP of $12.37 per acre.

As the supply of irrigation capital was increased, cash grain

production on irrigated land increased until hired spring labor became

limiting. In subsequent plans the level of a less spring-labor inten

sive cropping activity, namely, an irrigated-pasture rotation, increased.

The trend in dryland cropping was toward more feed grain production as

irrigated acreage was increased.

Throughout the full extent of the variable resource solution,

the main livestock activities were a hog enterprise and feeder calf

enterprises. Hog numbers varied from approximately 150-190 market hogs

and total feeder calf numbers varied from approximately 40-50 head. A
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Grain sales, in general, increased as irrigated acreage in

creased and farming operations became more labor and operating-capital

extensive. Hay purchases declinedas irrigated acreage increased and

Much of the hay was produced only because

of the 25 per cent forage requirement imposed on irrigated cropping

activities in the program. Utilization of hay on the farm would depend

on the availability of labor and capital.

Livestock capital was an important limiting resource in pro

gram 1, especially in the first 7 or 8 plans. It was this resource

which restricted the size of the hog enterprise in all but the last

four or five plans. If more livestock capital had been available hog

numbers would have been considerably higher in those plans in which

livestock capital was a limiting resource. If this had been the case

the MVP of irrigation capital would have been lower. In other words,

hogs were a substitute for irrigation development in the situation

posed in program 1.

Operating capital was not a limiting resource in program 1,

except in the range from 223.6 to 236.6 irrigated acres. Over a con

siderable range of irrigated acreage operating-capital use declined

were replaced by hay. sales.

feeder calf (pasture) activity dominated the beef operations except at

low irrigated acreages. In an actual situation the tendency would be

toward higher levels of this activity and elimination of the other

feeder activities because of the relationship between the input-output

coefficients and the level of the specific enterprise. (See section

4.1.1).
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as irrigated acreage was increased. In this range feeder numbers, hay

purchases and acreage of operating-capital intensive cropping activi

ties all declined. It was in this same range that cash grain sales and

hay sales increased. The restricting effect of labor caused labor to

be transferred to irrigated cropping and away from other activities.

Labor restrictions were important in most plans of program 1.

For example, in all plans with more than 63.6 acres irrigated, four or

five of the seven seasonal labor restrictions were limiting resources.

Spring labor was limitational throughout program 1 and in the last 4 or

5 plans hired spring-labor supplies were also exhausted. Table 6:7

shows the seasonal labor distribtuion at various irrigated acreages in

program 1. The overall increase in labor use between the first and final

plans of program 1 was approximately 1400 hours. The largest increases

occurred in summer labor use. Summer labor requirements were high for

activities related to irrigation farming. A substantial amount of

summer labor was idle in the dryland solution of program 1, but summer

labor requirements increased rapidly as irrigated acreage increased.

tThere was a difference of approximately 830 hours in summer-labor re

quirements between the first and final plans of program 1). Fall-labor

requirements were closely associated with livestock activities. Since

the level of the livestock activities did not increase Tery much in

program 1, the increase in fall-labor use was associated with fall

operations on irrigated land.

Under the conditions specified in the model for program 1, the

change in income due to irrigation development was approximately $1300.
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The change in income which can be attributed to irrigation development

depends, to a large extent, on the assumptions made regarding the policy

regulating 0 and M rates. If 0 and M is levied as a flat rate per irri-

gable acre, the income difference is much larger than if 0 and M is

1:UL
levied on a per-irrig~-acre basis. Charged on the basis of an irri-

gable acre, the 0 and M charge becomes a fixed cost and must be paid

whether the land is irrigated or not. If it is charged as a variable

cost, it will only increase as the acreage is increased. Farmers will

only expand irrigation so long as the variable costs are covered and,

as a result, they will irrigate fewer acres if the latter method is use~.

Their net farm income will be higher, however. (See sections 4.1.3 and

4.1.5, pages 107 and 112).

The change in income between the dryland solution and the final

plan of program 1 would also be considerably smaller if more livestock

capital had been available to the farm. If additional livestock capital

had been available the hog enterprise would have been larger and income

higher in the dryland situation. The change in income due to irrigation

development would then have been much smaller. Under the price and pro-

ductivity conditions assumed here hogs provide an alternative to irri-

gation as a means of intensification.

6.1.2 Effect of Changing Resource Restrictions

Program 2 was the same as program 1 with the exception that family

labor was eliminated from the labor supply. Elimination of family labor

had a proportionately greater effect on summer and fall labor supplies
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Table 6:7 Labor Use at Various Irrigated Acreages in Program 1

Irrigated Acreage
0 50 100 150 200 236.6

Dry1and Cropping - hours -
Annual Labor 1540 1387 1234 1081 928 816

Jan.Feb.Mar. Labor 111 98 87 76 66 58

Spring Labor 408 368 327 286 246 216

Summer Labor 332 299 266 233 200 176

Fall Labor 615 554 493 432 371 326

October Labor 38 34 30 27 23 20

November Labor 38 34 30 27 23 20

December Labor 38 34 30 27 23 20

Irrigated Cropping
Annual Labor 409 839 1282 1716 2010

Jan.Feb.Mar. Labor 24 48 72 96 114

Spring Labor 56 151 267 370 402

Summer Labor 196 391 586 780 924

Fall Labor 118 218 310 407 497

October Labor 8 16 24 32 38

November Labor 8 16 24 32 38

December Labor 8 16 24 32 38

Livestock
Annual Labor 1482 1632 1646 1582 1553 1599

Jan.Feb.Mar. Labor 360 379 380 360 351 358

Spring Labor 266 277 282 265 259 256

Summer Labor 140 182 177 177 175 200

Fall Labor 441 514 530 514 508 527

October Labor 230 250 254 250 246 241

November Labor 154 152 149 144 140 135

December Labor 120 126 127 120 117 119
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than on the other seasonal labor supplies ( See Table 3:1). Therefore,

the activities which required large amounts of summer labor were af

fected to a greater degree by the elimination of family labor. The

general impact of this was that irri.gation was less favorable.

The labor restrictions were more significant limits on pro

duction in program 2 than in program 1. Three of the seasonal labor

restrictions were limiting in the dryland situation while after 38.8

acres were irrigated, five of the seven seasonal labor restrictions were

limitational. The supplies of both hired-spring and hired-summer labor

were also exhausted although irrigated acreage was lower than in pro

gram 1. In general, the MVP's of the labor restrictions were higher

than in program 1.

The effect of the change in labor supplies was noticeable in

all aspects of the farm plans in program 2. Feeder cattle numbers were

much lower, varying from 10 to 26 head. Also, costs associated with

feeder production would be under-estimated in program 2 because of the.

low level of the feeder activities suggesting even lower numbers in·the

practical situations. Hog numbers were higher in program 2, varying

f~m approximately 170 to 210 market hogs. Livestock capital again

limited the size of the hog enterprise. Because of reduced feed grain

requirements there was less emphasis on dryland feed grain production.

A cash grain rotation dominated the irrigated cropping system in most

plans of program 2. Cash grain sales and hay sales were higher in pro

gram 2, while hay purchases in the first few plans were lower than in

program 1.
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The income change due to irrigation development was $800

(approximately) in program 2. Again this change depended on 0 and M

policy and again it would be smaller if more livestock capital had been

available. The effect of the reduced labor supply was to decrease the

productivity of the other resources; hence, the lower income level

throughout program 2, and a smaller change in income resulting from

irrigation development.

In program 3, the hired labor supplies were eliminated from

the model used in program 1, thus limiting the labor supply to that

provided by the operator and his family. Spring labor was the main

limiting resource in program 3. In programs 1 and 2, spring labor was

a limiting resource throughout the programs but its supply could be in

creased through spring-labor hiring in these programs. With this source

of additional spring labor eliminated this resource became the most

limiting factor in the farm plans; so limiting, in fact, that full utili

zation of the other seasonal labor supplies was prevented.

The dryland solution differed from that in program 1 in that

feeder numbers were lower. Consequently, hay purchases and feed grain

production were also lower. The income level in plan 1 of program 3 was

higher than in plan 1 of program 2 indicating that the small amount of

labor provided by the family in October and November was more important

than a supply of hired spring labor in the dryland situation.

In the variable resource solution of program 3, a trend toward

spring-labor extensive activities was begun immediately. What happened

in program 1 after hired spring labor went limiting was begun in the
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first plan of program 3. The irrigated cash grain rotation did not enter

any of the farm plans in program 3, because this activi ty,lwas too spring

labor intensive to compete with the other irrigated cropping activities

in this situation. Dryland crop production shifted from a three-year

system to a half-cropping system as irrigated acreage increased. The

livestock system in program 3 was dominated by the hog activity, hog

numbers varying from 155 to 215 market hogs. Feeder cattle numbers

were insignificant in the first few plans but increased gradually to

reach a level of 33 head in the final plan.

The irrigated acreage in the final plan and the income change

due to irrigation development were both small compared to programs 1 and

2. Even though the 0 and M charge was assumed to be a fixed cost, the

income change was only $350 and irrigated acreage reached only 77 acres.

Under these circumstances if an 0 and M charge of $3.00 per irrigable

acre was levied the farmer would incur a loss of $400/year despite his

effort to irrigate as much as possible ($3.00 x 250 acres - $350 = $400).

If the 0 and M was a variable cost then 38 acres would be irrigated and

the farmer would gain $135/year.

As in the other programs the MVP of livestock capital was high

in the first few plans and a substantial return could be realized from

additional investment in hog production. In the range from zero to 23.5

acres the MVP of livestock capital declined from $22.48/$100 to $9.76/$100.

In program 4, the hay buying and selling restrictions were set

at zero which, in effect, eliminated the hay market from the situation

posed in program 1. Aside from this change programs 1 and 4 were identi

cal. All the differences in farm plans between programs 1 and 4 were
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attributed to the elimination of the hay market in program 4.

In the dryland situation the two main activities in program 4

were hog production and cash grain production. Since hay could not be

purchased and could not be produced cheaply on dryland, feeder enter

prises were insignificant in plan 1 of program 4. This resulted in in

come being $135 lower in plan 1 of program 4 than in plan 1 of program 1.

In the variable resource solution of program 4. there was much

more emphasis on forage production than in program 1. At low irrigated

acreages (the range within which hay purchases were high in program 1) a

hay rotation was the main irrigated cropping activity. The hay purchase

activity was the cheapest source of hay but the returns from feeding

livestock were adequate to make farm production worthwhile, too, within

this range. At higher irrigated acreages (the range within which hay

sales occurred in program 1) a pasture rotation was a more important

cropping activity than it was in program 1. This occurred because the

hay produced by the cash grain rotation could not be sold. Because of

a hay shortage feeder numbers were low in the first few plans of pro

gram 4. Livestock production was dominated by the hog activity at low

irrigated acreages. Feeder numbers reached 40 head at 25 irrigated

acres and varied between 40 and 55 head in subsequent plans. Hog

numbers varied between 140 and 220 market hogs, the higher numbers

occurring at low irrigated acreages. Hired labor use was lower in

program 4 than in program 1. Operating capital use was low in plan 1

but increased rapidly as hay became available from irrigated land and

became a limitational resource in the final two plans of program 4.
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The income change due to irrigation development was $1360 in

program 4, slightly more than in program 1. Because of the hay shortage

in the first plans of program 4, the MVP of irrigation capital was

higher in these plans than at corresponding acreages in program 1. In

later plans (the range within which hay was sold in program 1) the MVP

of irrigation capital was lower in program 4 and dropped to zero at

210.4 acres compared with 236.6 acres in program 1.

Programs 1 and 4 present some interesting situations if it can

be argued that no hay can be purchased under dryland conditions (except

at high prices) and only becomes available from irrigated lands. In this

situation the real change in income would be the difference between the

initial plan of program 4 and the final p~an of program 1 ($1440). Plan 1

of program 4 shows the situation under dryland conditions, i.e., with no

irrigation in the area. Plan 1 of program 1, on the other hand, indi

cates the situation that would exist after other farms in the area began

producing hay in excess of their requirements. The last plan of pro-

gram 4 represents the situation in which the farmer will produce only

as much hay as he can use on the farm. The final plan of program 1

represents a situation in which other farms in the area have expanded

livestock production beyond their ability to produce hay thereby creat

ing a market for hay.

6.1.3 Effect of Excluding Hogs as a Production Alternative

In programs 5, 6, and 7, the hog activities were eliminated

from the situations posed in programs 1, 2, and 3, respectively. No

changes other than these were made. The differences between programs
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1, 2, and 3 and programs 5, 6, and 7 lie in the labor supplies assumed

available. In programs 1 and 5, the labor supply was made up of oper

ator and family labor with alternatives included for hiring additional

seasonal labor. Family labor was eliminated from programs 2 and 6. In

programs 3 and 7, the labor supply consisted only of operator and family

labor. The differences in farm plans between each pair of programs

was, therefore, directly attributed to the absence of the hog activities

in one of the programs.

Some differences between the former and latter series of pro

grams were common to each lair of programs. In general, when hogs were

excluded there was more emphasis on forage production, cash grain sales

were higher, hay purchases were higher, operating capital was a limiting

resource, irrigated acreages were higher, the MVP's of irrigation cap

ital were higher, incomes were lower for both dryland and irrigated farms

and income changes due to irrigation development were larger.

The main livestock enterprises in programs 5, 6, and 7 were

feeder calf enterprises. In program 5, feeder numbers varied from 55

to 65 head; in program 6, from 55 to 68 head and in program 7, from 65

to 70 head. In each program there was also a cow-calf feeding enter

prise (P68>. This activity varied from 16 to 19 cows in program 5; from

8 to 13 cows in program 6; and 0 to 11 cows in program 7. The presence

of this activity in the farm plans was entirely due to the operating

capital restriction. This restriction limited feeder cattle purchases

and since operating capital requirements for cow-calf operations were

not as high as for feeders livestock production was expanded through
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increases in P68 • If production had not been limited by the operating

capital restriction the cow-calf activity (P68) would not have been in

any of the plans of programs 5, 6, and 7.

The labor restrictions were not nearly as restrictive in pro

grams 5, 6, and 7 as in the former series. This was because the hog

activities were not in the latter series and, therefore, could not com

pete with irrigation development for labor. Here is further evidence

that hog production is a substitute for irrigation under the conditions

specified in this model.

The MVP's of limiting resources differed widely between the two

series of programs. The MVP of irrigation capital, for example, was

much higher in the latter series. This was reflected in the income

changes due to irrigation development in the two series of programs.

Income differences between the first and final plans of programs 5, 6, and

7 were ( approXimately) $2050, $1450, and $1200, respectively, as com

pared to $1300, $800, and $350 in programs 1, 2, and 3, respectively.

Comparison of these differences indicates two things. First, with hogs

eliminated, irrigation development can raise the income level substan

tially. Secondly, since the programs in each series differed from each

other only in labor supplies, the smaller relative differences in income

changes among the latter programs indicate that labor was a less critical

resource in the latter series. The MVP's of labor restrictions were

generally lower while those of dryland and operating capital were higher

in the latter series. The livestock capital restriction was not a limit

ing resource in any plan in the latter series, hence its MVP was zero.
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These programs indicated the upper limit to cattle production given the

restrictions specified. At higher levels of operating capital more

cattle feeding would occur bpt the return from additional funds invested

would be fairly low.

6.1.4 Effect of Changes in Input-Output Coefficients

In programs 8 and 9, changes were made in the input-output co

efficients of the livestock activities. Program 8 was identical to pro

gram 1 e$Cept for a 15 per cent decrease in direct labor inputs of the

livestock activities, i.e., labor efficiency in livestock production

was increased. Program 9 was identical to program 1, except for a 10

per cent increase in grain and hay requirements of the livestock act

ivities, i.e., livestock feeding efficiency was reduced in program 9.

The farm plans derived in program 8 were very similar to those

in program 1. The effects of the increase in labor efficiency in live

stock activities were as follows: more feeders and as a result more

feed grain and forage crop production, less use of hired labor and

higher income. The difference between programs 1 and 8 became obvious

upon examination of the MVP's of limiting resources. Fewer labor re

strictions were limiting and the MVpts of those that were limiting were

lower than in program 1. Operating capital and livestock capital were

limiting resources over a wide range in program 8 and their MVP's were

generally higher. The effects of increased labor efficiency in live

stock production in program 8 did not show up strongly in terms of in

come and differences in enterprise combinations. The significant dif-
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ference between programs 1 and 8 was that in program 8 livestock pro

duction was limited by capital rather than labor as was the case in

program 1. This suggests that there would be little gain from increased

efficiency unless funds were available for expansion of these enterprises.

In program 9, the effect of a decrease in feed efficiency in

livestock activities was examined. Pasture requirements were left un

changed in program 9. The effect of the change in feed efficiency was

partially offset by an increase in the level of an activity which obtained

a larger proportion of its feed requirements from pasture. Therefore,

the effects of the change in feed efficiency were most noticeable in the

first few plans of program 9, i.e.~ before irrigated acreage reached a

level such that a large amount of pasture could be produced.

In the first few plans of program 9, the number of feeders was

low compared to program 1, but the effect of this on income was partly

offset by higher hog numbers. Hog production was extended to the limit

of the livestock capital restriction and was at a higher level in these

plans than in program 1 because less livestock capital was being used for

feeder facilities. The MVP of livestock capital was lower than in pro

gram 1. Per unit grain requirements were higher in program 9, but because

of lower feeder numbers total feed grain requirements were lower, hence

cash grain production was generally higher in program 9. A sma~l amount

of feed grain was purchased in the last four plans of program 9. The

level of income was approximately $470 lower in program 9, but the change

in income due to irrigation development was approximately the same in the

two programs.
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6.1.5 Effect of Higher Grain to Livestock Price Ratios

Programs 10 and 11 examined the effects of higher grain-livestock

price ratios on the optimum farm plans of programs 1 and 5, respect

ively~ In all programs up to this point the price assumptions made

in the Irrigation Budget Standards were used. The prices used in pro

grams 10 and 11 reflected the strengthening which occurred in grain

prices relative to livestock prices in the last two or three years.

In the dryland solution of program 10, wheat acreage was about

double that in the corresponding plan of program 1. The only livestock

enterprise in the plan was a hog activity. This activity was in the

plan at the maximum level allowed by the livestock capital restriction

(220 market hogs approximately). Feed grain production on dryland was

supplemented by feed grain purchases. If there had been no limit placed

on feed grain purchases wheat production would probably have been ex

panded to the limit allowed under the quota restriction. It was more

profitable, under these price and production relationships, to produce

wheat and purchase feed grain. Labor was not a limitational resource

in plan 1 of program 10. In this plan the M!P of dryland was higher,

the MVP of irrigation capital was lower and income was $650 higher than

in plan 1 of program 1.

In the variable resource solution the first 180 acres of land

developed for irrigation were used only for an irrigated cash grain

rotation. The hay produced by this rotation was sold or fed to feeder

calves. At 180 acres of irrigated land the quota restriction and hay

sales restriction prevented further expansion of the cash grain rotation.
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Only then did a pasture rotation and a feeder calf (pasture) activity

enter the farm plan.

Total labor use was lower in program 10 than in program 1.

Because the cash grain rotation was a relatively spring-labor inten

sive activity hired spring labor use increased faster and became a

limiting resource at a smaller irrigated acreage than in program 1.

Operating capital use was lower in program 10 than in program 1.

Livestock capital use was similar but its MVP was lower than in pro

gram 1. Income was higher in program 19 and the change in income due

to irrigation development was higher than in program 1.

In program II, in which no hog activities were allowed, the

effect of the change in grain prices was particularly noticeable in the

dryland solution. Wheat acreage in plan 1 of program 11 was 290 acres

as compared to 100 acres in program 5. This increase was made possible

by reductions in feed grain and cereal forage acreage. In the absence

of a quota restriction wheat acreage woUld have been still higher. The

cow-calf enterprise was expanded to the limit of the community pasture

supply in program 11, but feeder numbers were much lower. Whereas in

program 5, livestock numbers were limited mainly by operating capital;

in program 11 they were limited by hay supply. In plan 1 of program 11,

none of the labor restrictions were limiting resources and total labor

use was 500 hours lower than in program 5. The MVpt s of hay, dryland

and irrigation capital were all substantially higher in program 11.

Income was $750 higher than in plan 1 of program 5.
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Labor use, in general, was lower in program 11. Hired spring

labor use was higher over part of the range of irrigated acreage in

program 11. Summer labor requirements were closely related to irrigated

The only other

Because grain sales were at the maximum level in the dryland

plan~ the differences in farm plans were not as great between programs

5 and 11 as between programs 1 and 10. As in program 5, irrigated acre

age was used initially for hay production in program 11. Feeder num

bers increased rapidly until the feed grain purchase limit was reached.

Thenin order that cash grain sales could be maintained at the maximum

level cash grain production was begun on irrigated land and dryland

was diverted to feed grain production. The last three or four plans

of programs 5 and 11 were quite similar. Wheat sales were at the maxi

mum level in these plans of program 5; therefore, the main effect of the

higher grain prices was higher income.

Operating capital use was lower in most of program 11 than it

was in program 5. In program 5, the operating capital restriction was

a limiting resource throughout; in program 11, it was a limiting re

source in only a few plans. Because of the profitability of cash grain

production in program 11, forage production was low.

source of forage was the hay purchase activity. When this source was

exhausted,-further expansion of livestock activities was prevented.

This occurred before all of the available operating capital was used up,

therefore, operating capital use was lower in program 11 than in pro

gram 5.
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acreage, therefore, its use increased with irrigated acreage in all pro

grams. No hired fall labor was used in program 11.

The change in income due to irmigation development was $2588 in

program 11. Income comparisons among programs 1, 5, 10, and 11 indi

cated that the higher grain prices had a greater income effect on the

programs in which hogs were excluded as production alternatives. In

other words, the income level of program 11 was not as much below the

income level of program 10 as the income level of program 5 was below

that of program 1. In all instances, however, the exclusion of hogs

lowered income. If in programs 10 and 11, livestock prices had been

reduced in the same proportions as grain prices actually were increased,

the same kinds of enterprise combinations would have been obtained.

Cash grain production would also have been favored in this situation.

However, income would have declined and the gains from irrigation would

have been smaller than in programs 10 and 11, respectively.

~.1.6 Two-resource Variable Solution

In the two-resource variable solution the optimum plans for all

levels of operating capital and irrigation capital were derived for the

situation posed in program 1. There were two major reasons for doing

this analysis; first, to demonstrate the technique by applying it to an

actual situation and, second, to show the variation in the optimum farm

plans as the levels of two critical resources were varied.

In the two-resource variable solution the first step was to

derive the ridge lines of the production surface associated with vary

ing levels of operating capital and irrigation capital. The operating
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capital ridge line showed where, at varying levels of operating capital,

the MVP of irrigation capital was zero. Similarly, the irrigation cap

ital ridge line (land ridge line) showed where, at varying irrigated

acreages, the MVP of operating capital was zero. Within the area en

closed by these ridge lines both of these resources restricted produc

tion and income and the MVP of both was greater than zero. It was shown

that irrigation capital could be substituted for operating capital with

in this area and income maintained. The changes which occurred in farm

plans as these two resources were substituted for each other at a par

ticular income level were described. At low levels of one or both of

the variable resources a small increase in the level of one or both of

the resources produced a relatively large increase in income. At higher

levels of the two resources larger increases in the levels of the vari

able resources were required to produce the same income change, i.e.,

the marginal productivities of the variable resources declined as

their supplies were increased. For example, at a level of $5000 of

operating capital the MVP of irrigation capital was such that at 8.5

acres of irrigated land, 22 acres had to be added to increase income

by $200, while at 123 acres of irrigated land, 48 acres had to be added

to get the same inoome change. The MVP of operating capital relative

to the MVP of irrigation capital was low except at low levels of oper

ating capital (This was indicated by the slope of the income contours

in Figure 1l1~). For example, at 75 acres of irrigated land and $750

of borrowed operating capital, the MVP of operating capital was so

high that a $200 increase produced a $200 increase in income. At a
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level of $2500 of borrowed operating capital and 75 acres, operating

capital supply had to be increased by $3650 to get a $200 increase in

income. (It should be remembered that the levels of operating capital

discussed here are those amounts over and above the $3000 assumed

available to the farm free-of-charge). At low levels of operating

capital the MVP of irrigation capital was extremely low. The inference

to be drawn from this is that an adequate supply of operating capital

is necessary in order to make irrigation development profitable. Avail

ability of irrigation capital alone would not guarantee profitable irri

gation development.

At high levels of both variable resources the MVpt s of both re

sources were low. Also, the ranges within which they substituted for

each other were narrow. It should also be mentioned here that, as in

the one-resource variable solution of program 1 (section 4.1), 0 and M

rates were assumed as fixed costs. The effect of 0 and M rates charged

on a per irrigated acre basis was not examined for the two-resource

variable situation but it is certain that the ridge lines would be much

closer together and the substitution ranges between operating capital

and irrigation capital would be much narrower. In program 1, a $5.00

o and M rate levied on a per irrigated acre basis resulted in the MVP

of irrigation capital dropping to zero at 85.6 acres of irrigated land

(see Figure 4:2). With this 0 and M rate the ridge lines of a two

resource variable solution would intersect at 85.6 acres.
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To illustrate the changes which occurred in the different

aspects of the farm plans as operating capital and irrigation capital

were varied, a number of diagrams were prepared; each of which was

part of or used part of the resourcei'map for the two- resource variable

solution. The dryland cropping pattern was presented in one of the

diagrams. In general, feed grain production increased as the supply

of operating capital was increased. Except at low levels of operating

capital feed grain production also increased as irrigated acreage was

increased. Dryland cash grain production decreased as the supplies of

one or both resources were increased. Other diagrams illustrated other

aspects of the farm plans. The irrigated cropping system became gener

ally less capital-intensive and less labor-intensive as irrigated acre

age was increased and operating capital supply decreased, i.e., there

was a trend towards more cash grain production. The livestock system

consisted of a hog enterprise and feeder calf activities. As the supply

of operating capital was increased hog production was increased up to

the limit of the livestock capital supply. In general, feeder cattle

numbers increased as the s~pply of operating capital was increased

and declined slightly as irrigated acreage was increased. The labor

restrictions associated with various land-capital combinations were

also illustrated in a diagram. Spring labor was limitational except

at very low levels of operating capital. Fall labor was a limiting

resource for almost the same land-capital combinations as spring labor.

Summer labor requirements were almost directly proportional to irrigated

acreage. Summer labor was, in general, a limiting resource at irri-
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gated acreages beyond 90 acres. October and November labor restric

tions were limiting at high levels of operating capital. The hired

labor pattern was illustrated through the use of contour maps. Except

at low levels of operating capital hired spring labor use was more

closely associated with irrigated acreage than with operating capital.

Hired summer labor use was almost directly proportional to irrigated

acreage. At low levels of operating capital hired fall labor use was

closely associated with the operating capital supply. At higher levels

of operating capital it was more closely associated with irrigated

acreage. The hay contour map showed that hay purchases were high at

high levels of operating capital and low irrigated acreages and declined

as irrigated acreage increased and operating capital decreased. Hay

purchases were replaced by hay~sales Which, in general, increased as

irrigated acreage increased and operating capital supply decreased.

The grain sales contour map indicated that grain sales, in general, in

creased as irrigated acreage was increased and decreased as operating

capital supply was increased. From these diagrams which illustrated

the changes in particular aspects of the farm organization for varying

land-capital combinations it was possible to indicate the general

changes in the overall farm plans for varying combinations of the two

variable resources.

6.1.7 Limitations and Suggestions for Further Study

One of the most serious limitations of this study was lack of

adequate input-output data. This situation arose mainly because irri

gation is a relatively new development in Saskatchewan agriculture and
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hence no data are available from past experience on a project that

closely resembles that of the proposed South Saskatchewan River Irri

gation Project. Another factor contributing to the difficulty of

establishing reasonable coefficients is that input requirements are

related to a given technology, management level and resource quality

situation. These items vary over time and from farm to farm.

The income levels and income changes due to irrigation de

velopment are upper limits for the conditions specified in the model.

There are a number of reasons why this should be the case. First, the

linear programming technique provides normative answers to the problems

considered. Resource values, income figures, etc., derived from a

normative study are upper limits under the specified conditions of

the study model. The study also assumed certainty with respect to

yields, prices, etc. Furthermore, the model assumed profit maximization

as the only objective of the farmer. Insofar as this is not the only

objective the conditions specified in the model were not realistic.

Internal capital rationing was not considered a factor in capital bor

rowing. That is, it was assumed that capital availability was limited

only by external rationing. In addition, it was assumed that the debt

position with respect to one type of capital did not affect availability

of capital for other uses. The repayment rates for borrowed capital,

thirty years at 5 per cent for irrigation capital and 10 years at 5

per cent for livestock capital, could also be considered very favour

able from the point of view of the farmer. (These were, however, the

rates suggested by those responsible for developing irrigation policy
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at the time the study was initiated). All of these factors indicate

that the results obtained in this study are upper limits for the speci

fied conditions.

The above factors suggest a need for further study. The effect

of different interest rates and various policies regarding the repay

ment of borrowed capital could be considered. The general result of

this would be to show irrigation investment to be less favorable with

higher interest rates anq/or faster repayment and more favorable with

lower interest rates anq/or slower repayment.

Activities employing different time considerations for live

stock production could be examined. This would add some flexibility

to the program and result in better use of available labor. Activities

of this type were considered when the model was constructed but were

excluded to keep the number of activities within manageable limits.

In subsequent analysis some activities could be deleted and replaced

by others employing different time and technical considerations. Lack

of data precluded designation of activities which reflected seasonal

price variations. Activities of this type could also be considered in

future studies. Consideration could also be given to the interim;

intermediate and final stages of development in an attempt to show the

potential income level once irrigation capacity, yields, ~nagerial

ability, etc., have improved.
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6.2 Conclusions

When 0 and M wastwo different policies regarding 0 and M rates.

In the introduction to this study a number of specific ob

jectives were outlined. General conclusions relating to these various

objectives were discussed by way of the summary above. The following

conclusions relate more specifically to a number of the major object

ives of this study.

One of the major objectives was to study the effect of varying

labor supplies on the optimum farm organization in various situations.

Three labor supply situations in programs with and without hogs were

studied. The results of these programs showed that without extra labor

during key periods farmers will gain little from irrigation development.

This is especially true in those programs in which hogs were included as

a production alternative. In these programs irrigation development and

hog production were both means of intensification~ therefore, when the

labor supply was restricted potential gains from irrigation development

were small. With hogs eliminated irrigation development appeared more

favourable.

The effect which irrigation development will have on a farm

organization~ income, labor use, investment, etc., will depend to a

considerable extent on the policy adopted with regard to 0 and M rates.

In the various programs, 0 and M was assumed a fixed cost per irrigable

acre, i.e., a tax which would be levied against irrigable acreage re

gardless of its use. The effect of this is to encourage irrigation

development. Table 6:8 was prepared to show the effect on income of
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effects of eliminating hogs were (1) reduced income, (2) larger irrigated

acreages, and (3) larger changes in income due to irrigation development.

(See income figures for programs 5, 6, and 7 in Table 6:8).

The availability of capital will have important effects on the

extent and profitability of irrigation development. Availability of

capital for irrigation development will..not guarantee profitable irri

gation development. Funds will have to be available to expand those

charged as a flat rate per irrigable acre income differences between the

dryland and final irrigated plans were larger and more acres were irri

gated but net income was lower than when 0 and M was charged on the basis

of acreage actually irrigated. In all programs net income would have

been higher and the gains from irrigation lower if 0 and M had been

charged as a variable cost. This has important policy implications. If

the objective uf an irrigation policy is to maximize irrigated acreage

then 0 and M charged as a fixed cost would encourage irrigation develop

ment. If the objective of policy is higher net income for irrigation

farmers then 0 and M would be charged as a variable cost. With such a

policy irrigated acreage per farm would be much lower in most cases than

with a fixed 0 and M charge.

In the situation programmed in this study hog production acted

as a substitute for irrigation development. Both hog production and

irrigation development are means of intensification. When both were

allowed in the same program they competed for available resources with

the result that less acreage was developed for irrigation in those pro-

The maingrams in which hogs were allowed as a production alternative.



Table 6:8 Net Income Estimates for All Programs

Program Number
Item 1 2 3 4 5 6 7 8 9 10 11
Net Income ( 0 and M Fixed)

Z
--!}-

Dryland 7014 6711 6906 6878 5559 5470 5526 7042 6546 7665 6310
Final 8321 7526 7255 8235 7623 6934 6702 8584 7850 9349 8898

Costs
--~--- 11

FJ.xed - 21 $4917 for all programs
o and M- $1250 for all programs
Total $6167 for all programs

~~:E_.!~~~!!}~

Dryland 847 544 739 711 -608 -697 -641 875 379 1498 143
Final 2154 1359 1088 2068 1456 767 535 2417 1683 3182 2731

Gain From Irrigatio~1 1307 815 349 1357 2064 1464 1176 1542 1304 1684 2588
Irrigated Acreage 236.6 189.2 77 .0 210.4 250.0 213.2 109.4 243.8 235.2 246.8 250.0

Net Income ( 0 and M Variable ) l.\;)

Z
...:r

--!}-
I-'

Dryland 7014 6711 6906 6878 5559 5470 5526 7042 6546 7665 6310
Final 7780 7007 7172 8018 7442 6794 6696 8020 7434 9187 8898

Costs------ 11
Fixed - $4917 for all programs
o and M 4/ 428 194 192 686 1047 890 513 514 579 858 1250
Total 5345 5111 5109 5603 5964 5807 5430 5431 5496 5775 6167

Net Income
---------'5/

Dry1and - 2097 1794 1989 1961 642 553 609 2125 1629 2748 1393
Final.&.1 2435 1896 2063 2415 1478 987 1266 2589 1938 3412 2731

Gain From Irrigation 31 338 102 74 454 836 434 657 464 309 664 1338
Irrigated Acreage 85.6 38.8 38.3 137.3 209.4 177.9 102.6 102.9 115.8 171.7 250.0

11 See Table A:5. 21 $5.00 per irrigable acre for 250 acres.

31 Final net income minus dryland net income. 41 $5~00 per irrigated acre.

]1 Dry1and Zo minus fixed costs. ]1 Final Zo minus total costs.
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enterprises which are complementary with respect to irrigation. Forage

crop production is an integral part of irrigated cropping systems and a

livestock industry is necessary for the profitability of forage crop pro

duction. Therefore, it makes little sense to make credit available for

irrigation development if credit is not available to expand the livestock

industry in conjunction with it. At low levels of operating capital the

productivity of irrigation capital was very low. It was only after oper

ating capital was available in amounts sufficient to allow enterprises

complementary with respect to irrigation that an~ significant amount of

irrigation development became profitable. The credit policies assumed

in this study were fairly liberal, having extended repayment periods and

low interest rates. With shorter repayment periods and higher interest

rates irrigation development would be less favourable than shown in the

programs of this study. It would appear that low interest rates and ex

tended repayment periods will have to be part of any promotional policy

for irrigation development.

The relationship between grain and livestock prices will have

important implications for the kinds of farm plans which will be optimum

for farms using supplemental irrigation. In most of the situations pro

grammed in this study the emphasis in irrigated cropping was on cash

grain production. If, as at the present time, wheat prices remain high

relative to prices of other farm products the emphasis on cash grain pro

duction will be even stronger. The same result would be obtained if

wheat yields on irrigated land were to move up relatively ~ore than

forage yields in later stages of development.
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The various situations programmed in this study also indicated

that there may be considerable inter-farm movement of forage. Inmost

situations hay was purchased to supplement farm production when irri

gated acreage was low. The demand for hay was greatest in those situ

ations where hogs were not included as a production alternative. Where

hogs were included hay was sold at higher irrigated acreages. In an

area where all the various situations programmed in this study could

occur, considerable inter-farm movement of hay is a distinct possibility.

Unless forage yields and/or prices are higher than those assumed in this

study there is little likelihood that there will be much movement of

forage from the irrigation area to surrounding dryland areas.

The variable resource programming procedure used in this study

seems well adapted to this kind of analysis. Variable resource programm

ing is a practical way of generating considerable information about the

effects of variations in the resource base without having to;pilTQgram a

large number of representative farms. Another good feature of the tech

nique is that it is adapted to use of electronic computers. The tech

nique does, however, have some important limitations. Since activities

can enter the plans at levels inconsistent with the specified input

output coefficients there is some problem in interpretation of the re

sults. In order to be realisitc the plans derived must be related to

the coefficients specified in the model. Analysis of a variable solution

can become involved in so much detail that the important relationships

tend to become obscured. This criticism applies ~ore specifically to

two-resource variable programming and becomes especially important where
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the results are to be used for farm or policy recommendations.

The results of this study suggest that considerable reor

ganization will occur on farms using supplemental irrigation. Under

present dryland conditions the dominant economic activity on the typi

cal farm is cash grain production. In the plans developed in this

study a more diversified operation which includes livestock, forage

crops and feed grain production as well as cash grain production would

seem to be a more appropriate type of farm organization from the point

of view of profit maximization. In the plans developed in this study

cash grain production was an important activity but its position re

lative to other types of production declined. With the yield levels

used in this study dryland grain production shifted toward feed grain

production in most programs as irrigated acreage increased and cash

grain production became concentrated on irrigated land. In order to

utilize the forage crops and feed grains produced some type of live

stock production is inevitable on irrigated farms. The reorganization

which will occur on farms that have substantial livestock ~nterprises

under dryland conditions will probably be much less spectacular. The

changes in farm organization which are likely to occur on these farms

are the following: (1) hay production will shift to irrigated land,

(2) livestock numbers will increase, (3) livestock production will

become more intensive, i.e., finish feeding will increase, and (4) if

the present source of pasture is arable land this might be shifted to

irrigated land with a consequent increase in dryland grain production.
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Heady, E.O., and Candler, W., Linear Programming Methods, Iowa State
College, Ames, Iowa, 1958.
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Table A:l Product Prices.

Product Grade Unit Price

Wheat 2 N bus. 1.35
Oats 2 C.W. bus. .56
Barley 2 C.W. - 6 Row bus. .90
Barley 1 Feed bus. .80
Flax 2 C.W. bus. 2.85
Hay Mixed ton 18.00

Steers Choice cwt. 21.50
Good cwt. 20.00
Medium cwt. 18.50
Common cwt. 16.00

Heifers Choice cwt. 19.50
Good cwt. 18.50
Common cwt. 14.00

Fed Calves Choice cwt. 21.50
Good cwt. 20.50

Feeder Steers Good cwt. 19.00
Common cwt. 16.00

Cows Medium cwt. 12.00

Stock Calves Good cwt. 21.00

Hogs B cwt. 23.50
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(continued)

Table A:2 Principal Factor Prices

.25

.21

.44
1.45

.25
2.75

Price

2.00
1.85
1.40
1.25
1.90
1.70

.75

4.25
5.35
4.00
3.75
4.70
5.30
2.70

2.25
2.25
2.40
1.25

.05

.08

.07

.04
109.00

84.00
104.00
100.00

84.00
64.00

.35
1.00

.70

.60

Unit

gal.
gal.
gal.
gal.
Ibs.
gal.

acre
acre
acre
acre
bus.
bus.
bus.
bus.
ton
ton
ton
ton
ton
ton
acre
acre
ton

cwt.
cwt.
cwt.
cwt.
cwt.
cwt.
cwt.

bus.
bus.
bus.
bus.
bus.
bus.

price/bushel

Grade
Kind or
Size

Gas #2
Diesel #1

Alfalfa
Hay mixture
Pasture mixture
Sweet clover
Mercuric
Gamma compounds
Composite price used

11-48-0
16-20-0
23-23-0
27-14-0
33.5-0-0
21-0-0
Regular
Special

$lO/acre coverage

24% Beef concentrate
35% Hog concentrate
16% Hog starter
15% Hog grower
Alfalfa meal
Beef mineral
Sal t (iod.-cob)

Tractor Fuel

Wheat: Reg.
Cert.

Oats: Reg.
Cert.

Barley: Reg.
Cert.

Composite price of certified less commercial

Weed Sprays

Truck Fuel
Lubricating Oil
Grease
Ant i- freeze
Replacement Seed

Seed Treatment

Factor

Baling Twine
Hail Insurance

Seed Cleaning
Fertilizer

Feed Supplements
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.12

.10

.07

.13- .18

.13

.13

.15

.50
1.25

1.25
2.75

.55

135.00
40.00

170.00
190.00

head
head

month
month

Unit Price

cow 2.50
sow 3.00
A.U. 2.50

head 3.00
head 10.00

cwt. 20.50
cwt. 21.00

" "
" "
" "
" "
" "
" "

head
head

livestock unit 9.00
($.06/day,
150 days)'

head 0.15
head 4.00
head 0.15
cow 5.00

$/hr./$lOO new
cost

Beef cows
Sows

less than 400 Ibs.
more than 400 Ibs.

Cattle less than 400 lbs. head
Cattle more than 400 lbs. head
Hogs head

Medium tillage
Light tillage
Harvest
Haying: Mower

Rake
Baler

Heavy tillage

Vaccination
Calves
Spraying
Breeding

Grazing

Steers
Stocker steers

Full year
Season

Sows
Cows (farm)

Beef herd
Swine herd
Feeders

Grade,
Kind or
Size

Livestock Selling Charges

Livestock Capital Values

Livestock Buying Charges

Hired labor

Machine Rentals:

Breeding Fees:

Community Pasture Rates:

Veterinary Services:

Table A:2 (continued)

Purchase price of feeders

Factor
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2/ Stubble yields assumed to be 65% of fallow yields on dryland.

822
533
819
532
886
576
338

1720
1564
1240

990
642

1241
806

1258
811
800
720

2000

TDN ~/

Ibs. Ibs.

3.17
.52
.24
.70
.30
.15

3420
3140
2480

1.71
1.57
1.24

27.7 1662 1379
25.4 1524 1265
51.7 1758 1160
36.7 1762 1251

.6 1200 506

16.5
10.7
36.5
23.7
26.0
16.9

.40

.36
1.0

Tons or
Bus.

-83%
-66%
-71%
-50.3%
-47.3%
-42.0%

(Wheat
(Oats
(Barley
(Alf. hay
(Other hay
(straw

Wheat (smf) 2/
Wheat (st.) 
Oats (smf) 2/
Oats (st.) -:-
Barley (smf)2/
Barley (st.p
Grain straw
Mixed tame hay
Oat hay

Wheat (smf)
Wheat (st)
Oats (st)
Barley (st)
Grain Straw

3/ TON
Values

Alfalfa
Mixed hay
Sweet Clover

Irrigated pasture
Irrigated hay aftermath
Irrigated grain stubble
Seeded pasture (dryland)
Native pasture
Dryland grain stubble

l/ Yields obtained from Irrigation Budget Standards
TON figures obtained from Animal Science Department, University
of Saskatchewan.

Irrigated Grains

Irrigated Hay

Crop

Table A:3 Yield Levels

Pasture Capacities (A.U.M!acre)

Dryland Crops
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Table A:4 Improvement Complement, Depreciation and Repair Rates

Type of
Improvement

Dwelling

Grain Storage

Garage and Shop

Water supply

Fencing

:Rept. Depreciation : Repair
Size :Value Rate Amount: Rate Amount

800 sq.ft. 8800 3.0 264.00 0.8 80.40

1-4000 bu. 800 3.0 24.00 0.25 2.00

3-1500 bu. 1125 3.0 33.75 0.25 2.80

350 sq. ft. 700 3.0 21.00 0.3 2.10

400 3.0 12.00 0.5 2.00

4 mi. 1240 4.6 57.04 1.0 12.40
Total 411.79 101.70

Bldg. Rep/acre $101.70 = $.19/acre
= 544 acres
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3/ Land valued @ $ 30/acre.

~/ $ 3.00/irrigated acre for 250 acres.

471

735

750

362

327

960

5667

1650
412

Annual
Fixed
Cost

.05

Rate
%

.025

.025

1/
~/

13065

19200

18840
13065

6/
Real Estate

Improvements

Water Charge

~/
Machinery and Equipment 18840

if

Machinery and Equipment
Improvements

Valuation
$

Total Annual Fixed Costs

Includes car operating expenses, power, telephone,
insurance and other costs incurred independently
of the use made of fixed resources.

Land

~/ See Table A:4.

~/ $ 0.566/acre.

if Interest charge is 5% of i the replacement value.

11 See Table B:6. for assumptions regarding machinery complement.

Interest
~/

Miscellaneous

Taxes

Table A:5 Estimated Fixed Costs for a One Section Farm

Depreciation
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Table B:1 Cultural Practices

: Frequency: :Unit Cost:Cost/ac.

Practice :in years Use or Rate $ $

Weed spraying 1/1 Cereal crops except .35 .35
companion crops

Seed
Wheat Ii bu./acre 1.35 2.02

Wheat (companion) 1 bu./acre 1.35 1.35

Barley 2 bu./acre .80 1.60
Barley (companion) 1 1/3 bu./acre .80 1.07

Oats 21 bu./acre .56 1.40

Oats (companion) 1 3/4 bu./acre .56 .98

Pasture mixture $2.40/acre 2.40 2.40

Hay $2.25/acre 2.25 2.25

Seed Replacement
Wheat 1/4 .75/bu. .75 .28

Barley 1/4 .75/bu. .75 .38
Oats 1/4 .75/bu. .75 .47

Seed Cleaning
Wheat 1/1 .04/bu. .04 .06
Barley 1/1 .04/bu. .04 .08
Oats 1/1 .04/bu. .04 .10

Seed Treatment
(dual)

Wheat 1/1 .07/bu. .07 .10
Barley 1/1 .07/bu. .07 .14
Oats 1/1 .07/bu. .07 .18

Insect Spray 1/5 4 oz./acre Dieldrin .14/oz. .11

Fertilizer
Cereals 1/3 35 lbs. (1l-48-0

and 16-20-0) .048/lb.
Hay 1/4 50 1bs.) .042/1b.
Pasture 1/3 25 1bs.) 33.5-0-0 .042/1b.



Tillage Practices on Dryland

Tillage Practices on Irrigated Land

Table B:2

Practice

Crop on summerfallow

Crop on stubble

Summerfallow

Summerfallow after forage crops

Establishing forage crops (1)

Establishing forage crops (2)

Table B:3

Practice

Crop on summerfallow

Crop on stubble

Companion crop on summerfallow

Sod breaking (Partial)

Sod breaking (Full)

Fallow after cereals

Haying Operations

KEY
D -discer
C -cultivator
H -harrow
Sp -sprayer
Sw -swather
Cb -combine
PI -plough
Dr -drill
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Tillage Operations

D- H- Sp- Sw- Cb

D( fall)- D- H- Sp- Sw- Cb

e-e-RW-RW

C( spike)-e- D- RW- RW

D- II- Sp- Sw-Cb- Dr(fall)

D- H- Dr- Sw- Cb

Tillage Operations

e-Ir H- Dr- II- Sp- Sw- Cb

Pl- DD- Fl- Fl- II- Dr- H- Sp- Sw- Cb

D- e- II-e- Fl- Fl- II- Dr- H-Sw-Cb

Pl- DD- DD- e-Fl- H

Pl- DD- DD- II- e- e- e- H

Pl-FF- II- e-e- e-Ir Ir H

F-M- R- B- Ha-M-R- B- Ha

F -fertilizer
Fl -float
L -level
DD -double disc
R -rake
B -bale
Ha -haul
M -mow
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Table B:6 Additional General Cropping Equipment for Irrigation Farming

Table B:4 Equipment Complement, Replacement and Repair Costs,
One-Section Dryland Farm

Fuel Add 15% oil Repair Total
cost/hr. & grease cost/hr. cost/hr.

.42 .06 .24 .72

.52 .08 .24 .84

.59 .09 .24 .92

600 .12 .72 .83 .60 .72 .60 1.20
600 .12 .72 .83 .60 .84 .70 1.30
465 .10 .46 .37 .17 .72 .27 .44
600 .12 .72 .42 .30 .92 .39 .• 69

460 .07 .32 .30 .10 .72 .23 .33
150 .07 .10 .29 .03 .72 .21 .24

400 @ Depreciation rate of 3.5% and Replacement rate
of 1.75% for 200 acres = .10

1/ Rental Rates $/hr./$lOO new cost - Agricultural Economics
Department estimates.

: 11 :Machine :Machine:Tractor:Tractor:Total
Rept.:Rental-:Rental:Time/ :Cost/ : Cost/ :Cost/ : Machine

Machine Cost : Rate :/hr. : acre :acre :hour : acre : Cost/acre

Size of Fuel con-
tractor Load sumption

40 H.P. light 2.0
40 H.P. medium 2.5
40 H.P. heavy 2.8

Plow
(stubble)
(grass)
Disk Harrow
Leveller
Fertilizer
spreader
Float
Other
Irrigation
Equipment

Rept. Repair Repair
Item Size Cost Rate Cost/hr.

Tractor 40 h.p. 4000 .006 .24
Combine 12 'A.M. 4700 .032 1.504 & fuel 48~

Swather 12' 1000 .028 .28
Truck IT 3170 .OOI/mi.
Discer 12' 1100 .016 .176
H.D. cultivator 12' 850 .021 .178
Rod weeder 14' 450 .016 .072
Harrow 36' 360 .010 .036 )
Harrow drawbar 36' 150 .010 .015 ) .051
Sprayer 32' 320 .016 .051
Grain loader and
engine 28' 470 .012 .056
Drill 24 run 1170 .023 .269
Shop tools 1100 1.0%/yr. $ll/yr.

Table B:5 Tractor Fuel Requirements and Cost



Machine cost/ton = 1.67

Mower 470)
Rake 480)
Trailer 175) 5.0 2.2 91.08 200
Bale elevator 140)
Baler 1860 6.5 2.7 171.12 200

Tractor cost/ton = machine time/ton x tractor cost/hr.

.46

.86

.ll

.86

.70

.54

.70
2.02

2.21/ton=

=

200
200

Capacity Cost/
T ton

Depr. &
Repair

22.68
171.12

Twine

2.2
2.7

Repair
rate

Total cost/ton

= .75 x .72

Twine
Machine cost/ton =

5.0
6.5

Depree.
rate

Man hrs./ton = 4.0

= 3.0 x .72 = 2.16

Man hrs./ton = 1.3

Total cost/ton = 2.02 + 2.16 = $4.18
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Rept.
cost

315
1860

Hay and Straw Operations.

Tractor Cost/Ton = time/ton x tractor-cost/hr.

Item

Table B:7

Haying Operations

Haul
Baler

Straw Operations



Seed preparation .22

Machine and building repair .28

II Adapted from Brown, J.C. and Mackenzie, J.G., Ope cit.

.213

.188

.274

.224

.062

.150

.210

.069

.218

.213

.919

.175

.269

.072

.178

.178

.051

.176

.176

.051

.280

.176

1.984

.84

.72

.72

.92

.84

.72

.72

.72

.72

.72

.84

truck & loader
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.28

.25

.27

.24

.24

.22

.09

.23

.14

.39

.40

.25

.34

.25

.22

.22

.08

.19

.21

.27

.09

.21

0.21
.21

II 1/:Tractor :Machine:Total
Machine Time: Man Time costl costl :costl

hours per acre hour hour :acre

Time and Cost of Machine Operations on Dryland

- Medium
Light

Table B:8

Type of operation

Rod weeder

Cultivator-Heavy
Medium

Harrow

Discer

Swather

Sprayer

Combine

Haul Grain to storage

Drill

Overhead tasks:

Discer (seeding)

Management, supply hauling, super-
vision and product marketing 1.0
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Table B:9 Time and Costs of Machine Operation on Irrigated Land

: Tractor : Machine : Total
Machine Time : Man Time cost/ cost/ :cost/

Type of Operation hours per acre hour hour : acre

Discer - Medium .22 .25 .84 .176 .224
Light .22 .25 .72 .176 .197

CuItivator -Heavy .30 .35 .92 .178 .329
Medium .30 .35 .84 .178 .305

Plow - Heavy .83 .94 .84 .720 1.295
Medium .83 .94 .72 .720 1.195

Double disk .37 .42 .72 .460 .437

Harrow .09 .10 .72 .051 .069

Drill .29 .36 .72 .269 .287

Sprayer .10 .15 .72 .051 .077

Swather .21 .23 .72 .280 0.210

Combine .42 .49 .72 1.984 1.136

Leveller .42 .46 .92 .72 .689

Mower .70 .77 .72 .243 .674

Float .29 .32 .72 .10 .238

Fertilizer spreader .30 .35 .72 .32 .312

Haul Grain to storage .27 .40 truck & loader .175

Overhead tasks:

Irrigation, maintenance and servicing
and miscellaneous .16 .27 .72 .215
irrigation

Seed cleaning and
preparation .22 (per cereal seeded acre)

Machine and building repair .28

Management, supply hauling, super-
vision and product marketing 2.5
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-per acre-

Table B:IO Man-Time and Machine Cost of Various Operations ort Dryland

.28

.47

.22
2.25

.28

.46

.50
2.52

.56

.14
1.02
3.00

1.65

1.84

0.80

.56

.14
1.26
3.24

1.06

Spring
Summer
Fall
Total Labor
Machine

cost

Spring
Summer
Fall
Total Labor
Machine

cost

Spring
Summer
Fall
Total Labor
Machine

cost

Spring
Summer
Fall
Total Labor
Machine

cost

( continued)

.213

.062

.069

.210

.919

.175

.188

.175

.213

.062

.069

.210

.919

.274

.224

.150

.150

.274

.274

.213

.150

.150

.22

.25

.09

.14

.23

.39

.24

.22

.25

.09

.14

.23

.39

.28

.28

.24

.22

.22

.40
1.28

1.28

.28

.25

.22

.22
1.28

Spring
Spring
Spring
Summer
Fall
Fall

Spring
Summer
Summer
Fall
N.R.

Fall
Spring
Spring
Spring
Summer
Fall
Fall

Fall .40
N.R...!! 1.28

Fall
N.R.

Fall
Spring
Summer
Summer
Fall

(spike)

Crop on Stubble

Haul Grain to Storage
Miscellaneous

Crop on Summerfallow

Time :Man :Machine
Machine Used Period : Time: Cost

Haul Grain to Storage
Miscellaneous

Seed Preparation
Discer
Harrow
Sprayer
Swather
Combine

Summerfallow

Summerfallow after Forage Crops

Cultivator
Cultivator
Rod Weeder
Rod Weeder
Miscellaneous

Discer
Seed Preparation
Discer
Harrow
Sprayer
Swather
Combine

Miscellaneous

Cultivator
Cultivator
Discer
Rod Weeder
Rod Weeder
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Establishing Forage Crops (2) - companion crop

-per acre
Establishing Forage Crops (1) - late fall

.83

1.02
3.13
1.80

.56

.14
1.29
3.27
1.86

1.08

.11

.22

.22
1.98

.05

2.35
1.50

( continued)

Spring
Summer
Fall
Total Labor
Machine Cost

Spring
Summer
Fall
Total Labor
Machine Cost

Spring
Summer
Fall
Total Labor
Machine Cost

.213

.062

.218

.210

.919

.175

.213

.062

.069

.210

.919

.175

.218

Spring
Summer
Fall

.050 Total Labor
Machine Cost

.22

.25

.09

.27

.23

.39

.40
1.28

.22

.25

.09

.14

.23

.39

.40

.27
1.28

.11
0.22
0.22

.15
1.28

1.08 1.50
1.28

Time :Man :Machine
Period :Time: Cost

Spring
Spring
Spring
Spring
Fall
Fall
Fall
N.R.

Spring
Spring
Spring
Summer
Fall
Fall
Fall
Fall
N.R.

Spring
Summer
Fall
N.R.
N.R.

Summer
N.R.

Machine Used

Table B:IO (continued)

Mow ) @ .36 T./acre @ $4.18/T. and
Rake ) 3.0 Man Hours/T.
Bale and Haul )

Haying Operations (Tame Hay)

Pasture

Seed Preparation
Discer
Harrow
Sprayer
Swather
Combine
Haul Grain to Storage
Seed Grass
Miscellaneous

Miscellaneous

Spring Pasture
Summer Pas ture
Fall Pasture
Fence Repair, etc.
Miscellaneous

Seed Preparation
Discer
Harrow
Seed Grass
Swather
Combine
Haul Grain to Storage
Miscellaneous
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1/ N.R. - Not restricted to any particular period of the year.

Spring .22
Spring .25 .213 Spring .56
Spring .09 .062 Summer 3.00
Summer ) Fall
Summer ) Total Labor 4.84
Summer ) 3.00 4.18 Machine Cost 4.46
Summer )
N.R. 1.28

-per acre-

Man:
Time: Cost_

Time
PeriodMachine Used

Cereal Forage Production

Seed Preparation
Discer
Harrow
Mow )
Rake)
Bale)
Haul )
Miscellaneous

Table B:IO (continued)



1/
Table B:ll Man-Time and Machine Cost per Acre of Cropping Activity on Dryland

Jan.
Activity Total Feb. Machine

Rotation Number Labor Mar. Spring Summer Fall October November December Cost

Q-F P41 2.62 .20 .70 .67 .92 .07 .07 .07 1.22

Fg-F P42 2.62 .20 .70 .67 .92 .07 .07 .07 1.22

Q-CF P43 2.83 .20 .75 .61 1.13 .07 .07 .07 1.43

Q-Fg-F P44 2.83 .20 .75 .61 1.13 .07 .07 .07 1.43

Fg-Fg-F P45 2.83 .20 .75 .61 1.13 .07 .07 .07 1.43

Q-P4-F P46 2.28 .20 .49 .61 .74 .07 .07 .07 .52

Fg-P4-F P47 2.28 .20 .49 .61 .74 .07 .07 .07 .52

Q-P4-F P48 2.26 .20 .54 .58 .70 .07 .07 .07 .51 I.\:)
cg
t1l

Fg-P4-F P49 2.26 .20 .54 .58 .70 .07 .07 .07 .51 I

Q-H4-F P50 2.52 .20 .46 1.16 .55 .07 .07 .07 1.48

Fg-HrF P51 2.52 .20 .46 1.16 .55 .07 .07 .07 1.48

OH-F P52 3.54 .20 .70 2.10 .41 .07 .07 .07 2.63

1/ From Table B:I0
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Table B:12 Man-Time and Machine Cost of Various Operations
on Irrigated Land

-per acre-

1.59
1.35
1.12
7.11
3.26

1.84
1.35
2.06
8.30
4.35

2.13
.42

2.55
2.78

( continued)

Spring
Summer
Fall
Total Labor
Machine Cost

Spring
Summer
Fall
Total Labor
Machine Cost

Spring
Summer
Fall
Total Labor
Machine Cost

.437

.238

.238

.069

.287

.069

.329

.689

.069

.287

.069

.077

.210
1.136

.175

.215

1.195

.077

.210
1.136

.175

.215

Man Machine
Time Cost

.94 1.295

.42 .437

.42 .437

.35 .305

.32 .238

.10 .069

.22

.35

.46

.10

.36

.10
1.20

.15

.23

.49

.40

.27
2.78

.94

.22

.42

.32

.32

.10

.36

.10
1.20

.15

.23

.49

.40

.27
2.78

Spring
Spring
Spring
Spring
Spring
Spring
Summer
Summer
Fall
Fall
Fall
N.R.
N.R.

Time
Period

Fall
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Summer
Summer
Fall
Fall
Fall
N.R.
N.R.

Summer
Summer
Summer
Summer
Fall
Fall

Item

Sod Breaking (Partial)

Crop on Stubble

Seed Preparation
Cultivator
Leveller
Harrow
Drill
Harrow
Irrigate
Sprayer
Swather
Combine
Haul Grain to Storage
Irrigation Maintenance
Miscellaneous

Crop on Summerfallow

Plow
Seed Preparation
Double Disk
Float
Float
Harrow
Drill
Harrow
Irrigate
Sprayer
Swather
Combine
Haul Grain to Storage
Irrigation Maintenance
Miscellaneous

Plow
Double Disk
Double Disk
Cultivator
Float
Harrow
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Table B:12 (continued)

Time Man . Machine.
Item Period Time Cost

-per acre-

Companion Crop on Summerfallow

Discer Fall .25 .197
Seed Preparation Spring .22
Cultivator Spring .35 .305 Spring 2.22
Harrow Spring .10 .069 Summer 1.20
Cultivator Spring .35 .305 Fall 1.37
Float Spring .32 .238 Total Labor 7.84
Float Spring .32 .238 Machine Cost 3.51
Harrow Spring .10 .069
Drill Spring .36 .287
Harrow Spring .10 .069
Irrigate Summer 1.20
Swath Fall .23 .210
Combine Fall .49 1.136
Haul Grain to Storage Fall .40 .175
Irrigation Maintenance N.R. .27 .215
Miscellaneous N.R. 2.78

Sod Breaking (Full)

Plow Spring .94 1.295 Spring .94
Double Disk Summer .42 .437 Summer 1.64
Double Disk Summer .42 .437 Fall .45
Harrow Summer .10 .069 Total Labor 6.08
Cultivator Summer .35 .305 Machine Cost 3.44
Cultivator Summer .35 .305
Cultivator Fall .35 .305
Harrow Fall .10 .069
Irrigation Maintenance N.R. .27 .215
Miscellaneous N.R. 2.78

Fallow After Cereals

Plow Spring .94 1.195 Spring .94
Double Disk Summer .42 .437 Summer 1.57
Harrow Summer .10 .069 Fall 1.02
Cultivator Summer .35 .305 Total Labor 6.58
Cultivator Summer .35 .305 Machine Cost 4.28
Cultivator Summer .35 .305
Leveller Fall .46 .689
Leveller Fall .46 .689
Harrow Fall .10 .069
Irrigation Maintenance N.R. .27 .215
Miscellaneous N.R. 2.78

( continued)



Fall Seeding of Forage Crops

Spring .09 .078
Summer 1.20

@ .855T. 3.42 3.574
@ .785 T. 3.14 3.281
@ 1.24 T. 4.96 5.183

Summer 1.20
@ .855 T. 3.42 3.574
@ .785 T. 3.14 3.281

Fall .60
N.R. .27 .215
N.R. 2.78

Spring .12 .104 Spring .12
Summer 1.20 Summer 3.27
Summer .77 .674 Fall 1.47
Summer .10 .069 Total Labor 7.91
Summer 1.20 Machine Cost 1.80
Fall .77 .674
Fall .10 .069
Fall .60
N.R. .27 .215
N.R. 2.78

.36

.29
Fall
Machine Cost

.287

- 298 -

-per acre-

.36

Man : Machine
Time Cost

1.31 Man Hours/T.
$2.21 Machine Cost/T.

Time
Period

Fall )
Fall )

Fall

Table B:12 (continued)

Haying Operations

Item

Straw Operations

Bale
Haul

Pasture

Fertilize
Irrigate
Mow )
Rake) Summer
Bale )
Haul )
Irrigl.lte
Mow )
Rake) Fall
Bale )
Haul )
i Irrigate
Irrigation Maintenance
Miscellaneous

Drill

Fertilize
Irrigate
Mow
Harrow
Irrigate
Mow
Harrow
i Irrigate
Irrigation Maintenance
Miscellaneous



Table B:13 Man-Time and Machine Cost per Acre of Rotation on Irrigated Land

Jan.
Activity Total Feb. Machine

Rotation Number Labor Mar. Spring Summer Fall October November December Cost

Cn- H3-Hf P53 11.37 .48 1.18 5.92 3.47 .16 .16 .16 6.50

Cn-I4-F P54 10.92 .48 1.28 5.19 3.68 .16 .16 .16 6.12

Fgn-H3- HF P55 11.37 .48 1.18 5.92 3.47 .16 .16 .16 6.50

Fg -H -F P56 10.92 .48 1.28 5.19 3.68 .16 .16 .16 6.12n 4

C -H-P -F P57 8.23 .48 1.22 3.90 2.33 .16 .16 .16 3.00n 4

Fgn-H-P4-F P58 8.23 .48 1.22 3.90 2.33 .16 .16 .16 3.00

o-H3-HF P59 11.29 .48 1.05 5.95 3.49 .16 .16 .16 6.50

o-H4-F P60 10.86 .48 1.18 5.22 3.70 .16 .16 .16 6.12 t..:lcoco
o-H-P4-F P61 8.18 .48 1.13 3.93 2.35 .16 .16 .16 3.02 I

o-o-Cn-C1f P62 8.70 .48 2.07 3.89 1.94 .16 .16 .16 4.82

o-o-Fgn-C1 f P63 8.70 .48 2.07 3.89 1.94 .16 .16 .16 4.82

o-Fg-F~-C1f P64 8.70 .48 2.07 3.89 1.94 .16 .16 .16 4.82
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Table B:14 Assumptions Regarding Marketing, Prices, Grades, etc. ,
for Livestock Activities

Buying :Freight : Buying Buying
Activity :No. :Unit Charges: (in) . Price Weight.

$ $ $ lbs.
Cow-calf P67 1 cow

Cow-calf feeding (hay) P6S 1 cow

Cow-calf feeding
(grain) P69 1 cow

Feeder Calf (hay) P70 1 calf 1.25 2.00 21.00 400

Feeder Calf (grain) P7l 1 calf 1.25 2.00 21.00 400

Feeder Steer (hay) P72 1 steer 1.25 3.50 20.50 700

Feeder Steer (grain) P73 1 steer 1.25 3.50 20.50 700

Cow-yearling (pasture) P74 1 cow

Feeder Calf (pasture) P75 1 calf 1.25 2.00 21.00 400

Feeder Steer (pasture) P76 1 steer 1.25 3.50 20.50 700

Cow-calf P77 1 cow

Cow-calf feeding (hay) P7S 1 cow

Cow-calf feeding
(grain) P79 1 cow

Cow-yearling (pasture) PSO 1 cow

Hogs-I-litter PSI 1 sow

Hogs- 2-litter PS2 1 sow

(continued)
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Table B:14 (continued)

Grade Selling Price : Tractor :Month Born Month
No. : Buying : Selling: Steers :Heifers: Hours : or Purchased: Sold

P67 Stock 21.00 21.00 3.0 April October
calf

P68 l-G-!Ch 20.75 19.00 4.12 April May-June

P69 !G-!Ch 20.75 19.00 4.12 April May-June

P70 Good !G-!Ch 20.75 1.12 Oct .-Nov. May-June

P71 Good !G-!Ch 20.75 1.12 Oct.-Nov. May-June

P72 Good !G-!Ch 20.75 1.09 Oct.-Nov. Mar.-Apr.

P73 Good !G-!Ch 20.75 1.09 Oct.-Nov. Mar.-Apr.

P74 !G-!Ch 20.75 19.00 4.7 April Sept.-Oct.

P75 Good !G-!Ch 20.75 1.7 Oct.-Nov. Sept .-Oct.

P76 Good !G-!Ch 20.75 1.09 April Sept.-Oct.

P77 !G-!Ch 20.75 19.00 3.0 April October

P78 !G-iCh 20.75 19.00 4.12 April May-June

P79 !G-!Ch 20.75 19.00 4.12 April May-June

P80 icr-!Ch 20.75 19.00 4.7 April Sept.-Oct.

P81 B 23.50 4.5 October April

P82 B 23.50 6.75 Apr.& Oct. Mar.-Sept.



Table B:15 Livestock Feed Requirements by Livestock Activities

: Time Dryland: Protein: Mineral:Fall Irrigated
Activity :No. : Period Hay Grain Pasture: Straw : Bedding Supp. Supp. : Pasture: Pasture

Ibs. Ibs. A.U.M. T. T. Ibs. $ A.U.M. A.U.M.

Cow-calf P67 1 year 2400 5.0 1.0 1.0 1.00 1.0

Cow-calf feeding (hay) P 68 1 year 3930 1819 5.0 1.0 1.28 1.60 1.0

Cow-calf feeding (grain) P 69 1 year 3505 2214 5.0 1.0 1.28 1.60 1.0

Feeder Calf (hay) P 70 225 days 1800 2250 .30 .60

Feeder Calf (grain) P 71 210 days 1300 2605 .30 .60

Feeder Steer (hay) P72 140 days 1640 1680 .40 .45

Feeder Steer (grain) P 73 125 days 1050 2105 .40 .45

Cow-yearling (pasture) P 74 1 year 4100 1318 5.0 1.0 1.24 1.45 1.67 2.9
w
0

Feeder Calf (pasture) P 75 1 year 2000 1550 .25 .75 .67 3.4
l\:)

I

Feeder Steer (pasture) P 76 150 days 250 1200 .45 3.4

Cow-calf P 77 1 year 2400 1.0 1.0 1.00 1.0 5.0

Cow-calf feeding (hay) P 78 1 year 3930 1819 1.0 1.28 1.60 1.0 5.0

Cow-calf feeding (grain) P79 1 year 3505 2214 1.0 1.28 1.60 1.0 5.0

Cow-yearling (pasture) P80 1 year 4100 1318 1.0 1.24 1.45 1.67 7.9

Hogs-I-litter P81 1 year 6950 2.6 730

Hogs-2-litter P82 1 year 11 ,900 4.8 1250
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1/

Table B:16 Labor Distribution for Livestock Activities by Months

2/ Total Percent of Total
Activity No. : Unit Hours : January February March

Cow-calf P67 Cow 20. 11.2 11.2 11.2

Cow-calf feeding (hay) P68 Cow 28.9 10.9 10.9 10.9

Cow-calf feeding (grain) P69 Cow 28.0 11.3 11.3 11.3

Feeder Calf (hay) P70 Calf 8.9 11.4 11.4 11.4

Feeder Calf (grain) P71 Calf 8.0 12.2 12.2 12.2

Feeder Steer (hay) P72 Steer 8.2 14.8 14.8 14.8

Feeder Steer (grain) P73 Steer 7.4 15.0 15.0 21.0

Cow-yearling (pasture) P74 Cow 32.8 9.6 9.6 9.6

Feeder Calf (pasture) P75 Calf 12.8 8.0 8.0 8.0

Feeder Steer (pasture) P76 Steer 6.4

Hogs-I-litter P8I Sow 45.0 8.0 8.0 8.0

Hogs-2-li tter P82 Sow 67.5 7.6 7.6 7.6

(continued)



11.2

15.0

11.4

10.9

11.3

14.8

S.O

12.2

8.0

7.6

12.7

23.0

20.7

12.7

15.0

15.0

11.2

8.0

9.5

9.6

10.0

7.8

7.8

7.3

9.9

9.0

9.0

9.6

12.0

27.0

12.0

19.7

11.0

2.8

2.8

4.0

5.S

8.0

6.0

4.0

16.0

2.8

2.8

4.0

4.0

6.0

8.0

16.0

7.3 6.6 2.8

4.0 4.0 4.0

8.0 8.0 8.0

6.0 6.0 6.0

9.1 2.8 2.8

3.0 S.O 4.0

7.5 5.6 5.6

P70 11.4 11.4 7.5

P71 12.2 15.0

P81 S.O

P76 8.0 16.0 16.0 16.0

~ P77 to PSO ' inclusive, have same labor requirements as P67 , P6S ,
P69 and P74 , respectively.

/

Percent of Total
No.:April May June July August September October November December

Table B:16 (continued)
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II Estimated from several sources:
1. Dean E. McKee, E.O. Heady, and J.M. Scholl, Research Bulletin

435, Iowa State College, 1956.
2. E.O. Heady, and J.C. Gilson, Research Bulletin 437, Iowa

State College, 1956.
3. E.O. Heady, J.R.Gibbon, and G. Irwin, Research Bulletin 496,

Iowa State College, 1961.
4. Lee, G.E., A Linear Programming Analysis of Farm Plans for

Northwestern Saskatchewan, M.Sc. Thesis, University of
Saskatchewan, 1963.

5. Nicholson, R.C., A Linear Programming Analysis of the Lmpacv!
of Varying Prices Upon a Central Indiana Hog and Beef Farm,
unpublished doctoral thesis, Purdue University, 1961.

6. Irrigation Budget Standards, unpublished report, Department
of Agricultural Economics, University of Saskatchewan.
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Table B:17 Distribution of Overhead Labor for Livestock Activities

:Hours of:
1/ :Overhead: Hours per month

Activity :No. :Unit :Labor : January February March

Cow-calf P 67 Cow 2.6 .29 .29 .29

Cow-calf feeding (hay) P 68 Cow 3.4 .37 .37 .37

Cow-calf feeding (grain) P 69 Cow 3.4 .38 .38 .38

Feeder Calf (hay) P 70 Calf 1.4 .16 .16 .16

Feeder Calf (grain) Pn Calf 1.4 .17 .17 .17

Feeder Steer (hay) P72 Steer 1.4 .21 .21 .21

Feeder Steer (grain) P73 Steer 1.4 .21 .21 .29

Cow- yearling (pasture) P74 Cow 3.4 .33 .33 .33

Feeder Calf (pasture) P75 Calf 1.4 .ll .ll .11

Feeder Steer (pasture) P76 Steer 1.4

Hogs-I-litter P8l Sow 3.5 .28 .28 .28

Hogs-2-litter P82 Sow 6.3 .48 .48 .48

(continued)
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Table B:17 (continued)

Hours per month
No. :April May June July August September October November December

P67 .43 .10 .10 .10 .10 .10 .19 .29 .29

P68 .46 .25 .22 .10 .10 .10 .26 .43 .37

P69 .48 .31 .10 .10 .10 .10 .26 .43 .38

P70 .16 .16 .10 .13 .21 .16

P71 .17 .21 .13 .21 .17

P72 .14 .14 .29 .21

P73 .15 .32 .21

P74 .41 .20 .20 .20 .20 .20 .33 .33 .33

P75 .11 .ll .11 .ll .ll .11 .17 .11 .11

P76 .ll .22 .22 .22 .22 .22 .17

P81 .28 .10 .28 .14 .14 .14 .94 .35 .28

P82 .65 .47 .35 .35 .35 .36 1.24 .60 .48

11 P77 to P80 , inclusive, the same as P67 , P68 , P69 and P74 •



Table B:18 Labor Distribution for Livestock Activities by Labor Periods

:Direct: :Jan. :Ba1ing &:Tota1
:Labor :Overhead:Ann-:Feb. :Hau1ing :Annua1

Activity :No. : Input Labor :ual :Mar. :Spring:Summer:Fa11:0ctober:November:December:Straw l/: Labor

Cow-calf P67 16.0 2.6 18.6 7.59 3.83 .20 1.85 1.65 2.53 2.53 2.6 21.2

Cow-calf feeding (hay) P68 24.9 3.4 28.3 10.56 5.88 1.42 2.71 2.51 4.10 3.52 3.0 31.3

Cow-calf feeding (grain) P69 24.0 3.4 27.4 10.62 6.46 .20 2.64 2.44 3.99 3.54 3.0 30.4

Feeder Calf (hay) P70 8.9 1.4 10.3 3.51 2.34 .77 .93 .93 1.55 1.17 0.4 10.7

Feeder Calf (grain) P71 8.0 1.4 9.4 3.45 2.56 .85 .85 1.41 1.15 0.4 9.8

Feeder Steer (hay) P72 8.2 1.4 9.6 4.26 .96 .95 .95 1.99 1.42 0.5 10.1

Feeder Steer (grain) P73 7.4 1.4 8.8 4.48 .96 .96 2.02 1.32 0.5 9.3

Cow- year1ing (pasture) P 74 28.8 3.4 32.2 10.44 5.78 2.74 6.22 3.48 3.48 3.48 2.9 35.1
w
0

Feeder Calf (pasture) 1.4 14.2 3.39 2.26 2.26 3.97 0.3
~P 75 12.8 1.71 1.13 1.13 14.5
I

Feeder Steer (pasture) P 76 6.4 1.4 7.8 1.86 2.48 3.42 .94 7.8

Cow-calf P 77 20.0 2.6 22.6 7.59 4.63 1.80 3.45 1.65 2.53 2.53 2.6 25.2

Cow-calf feeding (hay) P 78 28.9 3.4 32.3 10.56 6.69 3.04 4.33 2.51 4.10 3.52 3.0 35.3

Cow-calf feeding (grain) P 79 28.0 3.4 31.4 10.62 7.26 1.76 4.20 2.44 3.99 3.54 3.0 34.4

Cow-yearling (pasture) P 80 32.8 3.4 36.2 10.44 6.58 4.34 7.82 3.48 3.48 3.48 2.9 39.1

Hogs-I-litter P 81 45.0 3.5 48.5 11.64 5.33 5.82 16.97 13.09 4.85 3.88 3.4 51.9

Hogs-2-1itter P 82 67.5 6.3 73.8 16.83 13.13 8.26 22.95 14.54 7.01 5.61 6.3 80.1

1/ Included in fall labor requirements in program matrix.
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Table B: 19 Capital Requirements for Livestock Activities

: Buildings
and Total

Activity :No. : Livestock: Equipment Investment
- dollars -

Cow-calf P67 135 30 165

Cow-calf feeding (hay) P68 135 60 195

Cow-calf feeding (grain)P69 135 60 195

Feeder Calf (hay) P70 30 30

Feeder Calf (grain) P71 30 30

Feeder Steer (hay) P72 30 30

Feeder Steer (grain) P73 30 30

Cow- yearling (pasture) P74 135 60 195

Feeder Calf (pasture) P75 30 30

Feeder Steer (pasture) P76

Cow-calf P77 135 30 165

Cow-calf feeding (hay) P78 135 60 195

Cow-calf feeding (grain)P79 135 60 195

Cow-yearling (pasture) P80 135 60 195

Hogs - 1 - litter P81 40 310 350

Hogs - 2 -litter P82 40 435 475
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Table B:20 Livestock Feeding Standards for Program 9

Original Standards
Standards Add 10% for Program 9
Hay Grain Hay Grain Hay Grain

Activity No. 1bs. 1bs. 1bs. 1bs. 1bs. 1bs.

Cow-calf P 67 2400 240 2640

Cow-calf feeding (hay) P 68 3930 1819 393 182 4323 2001

Cow-calf feeding (grain) P 69 3505 2214 350 221 3855 2435

Feeder Calf (hay) P 70 1800 2250 180 225 1980 2475

Feeder Calf (grain) P 71 1300 2605 130 260 1430 2865

Feeder Steer (hay) P 72 1640 1680 164 168 1804 1848

Feeder Steer (grain) P 73 1050 2105 105 210 1155 2315

Cow-yearling (pasture) P 74 4100 1318 410 132 4510 1450

Feeder Calf (pasture) P 75 2000 1550 200 155 2200 1705

Feeder Steer (pasture) P 76 250 1200 25 120 275 1320

Cow-calf P 77 2400 240 2640

Cow-calf feeding (hay) P 78 3930 1819 393 182 4323 2001

Cow-calf feeding (grain) P 79 3505 2214 350 221 3855 2435

Cow-yearling (pasture) P 80 4100 1318 410 132 4510 1450

Hogs-I-litter P 81 6950 695 7645

Hogs- 2-1itter P 82 11,900 1190 13,090





Table B:22 Variable Costs and Production Levels of Dryland Cropping Activities

Rotation Number
P

41
P

42
P

43
P

44
P

45
P

46
P

47
P

48
P

49
P

50
P

51
P

52

Production Level

Cash Grain Supply (bus.) 8.25 9.07 5.5 ------ 2.75 1.78 1.78
Feed Grain Supply (lbs.) 624.0 270.2 686.4 207.8 135.4 135.4
Pasture Supply (A.U.M.) .47 .47 .47 .47
Hay Supply (lbs.) 580. 580. 1000.
Straw Supply (T.) .2 .2 .27 .27 .27 .07 .07 .07 .07 .07 .07
Fall Pasture Supply (A. U.M.) .08 .08 .1 .1 .1 .025 .025 .025 .025 .12 .12 .12

Cash Operating Costs

Machine Operating Costs 1.22 1.22 1.43 1.43 1.43 .52 .52 .51 .51 1.48 1.48 2.63
Seed 1.01 .80 1.35 1.21 1.07 .74 .67 .62 .58 .62 .58 .70
Seed Replacement .14 .19 .19 .22 .25 .05 .06 .03 .04 .03 .04 .24
Seed Cleaning .03 .04 .04 .05 .05 .01 .01 .01 .01 .01 .01 .05 CAl

I-'

Seed Treatment .05 .07 .07 .08 .09 .02 .02 .01 .01 .01 .01 .09 I-'

Weed Spray .18 .18 .23 .23 .23 .06 .06 .18
I

Insect Spray .06 .06 .07 .07 .07 .02 .02
Building Repair .19 .19 .19 .19 .19 .19 .19 .19 .19 .19 .19 .19
Maintain Additional Fence/ .17 .17 .17 .17
Additional Breeding Fee .! .47 .47 .47 .47 ---
Miscellaneous (10%) .29 .28 .36 .35 .34 .22 .22 .20 .20 .23 .23 .41

Total Cash Cost 3.17 3.03 3.93 3.83 3.72 2.47 2.41 2.21 2.18 2.57 2.54 4.49

1/ A charge to cover higher breeding costs of cows on on-farm pasture as compared to cows in community pasture.



Table B:23 Variable Costs and Production Levels of Irrigated Cropping Activities

Rotation Number
P53 P54 P55 P56 P57 P58 P59 P60 P61 P62 P63 P64

Production Level

Cash Grain Supply (bus.) 5.08 4.23 3.63 5.54 4.62 3.96 19.62 13.28 6.92
Feed Grain Supply (lbs.) 352. 293. 251. 440. 880.
Pasture Supply (A.U.M.) 1.81 1.81 1.81
Hay Supply (lbs.) 2390. 2280. 2390. 2280. 450. 450. 2390. 2280. 450. 620. 620. 620.
Straw Supply (T.) .12 .10 .12 .10 .08 .08 .12 .10 .08 .45 .45 .45
Fall Pasture Supply (A.U.M.) .36 .39 .36 .39 .ll .ll .36 .39 .ll .18 .18 .18

Cash Operating Costs

Machine Operating Costs 6.50 6.12 6.50 6.12 3.00 3.00 6.50 6.12 3.01 4.82 4.82 4.82
Seed .72 .60 .66 .55 .54 .50 .85 .71 .63 1.35 1.27 1.14
Seed Replacement .04 .03 .05 .04 .03 .03 .06 .05 .04 .50 .52 .55 t.:l....
Seed Cleaning .01 .01 .01 .01 .01 .01 .01 .01 .01 .04 .04 .05 t>:l

Seed Treatment .01 .01 .02 .02 .01 .01 .02 .02 .01 .07 .08 .09 I

Weed Spray ---- .07 .06 .05 .18 .18 .18
Insect Spray .02 .02 .02 .02 .02 .02 .02 .02 .02 .08 .08 .08
Fertilizer .53 .44 .53 .44 .36 .36 .53 .44 .36 .56 .56 .56
Building Repair .19 .19 .19 .19 .19 .19 .19 .19 .19 .19 .19 .19
Miscellaneous (10%) .80 .74 .80 .74 .42 .41 .82 .76 .43 .80 .80 .79

Total Cash Costs 8.82 8.16 8.78 8.13 4.58 4.53 9.07 8.38 4.75 8.59 8.54 8.45



Table B:24 Pre-budgets for Livestock Activities

P67 P68 P69 P70 P71 P72 P73 P74

Cash Receipts
Sale of Animals 85.80 158.00 158.00 176.38 176.38 207.50 207.50 183.34Manure Credit 3.30 5.50 5.50 2.70 2.70 2.90 2.90 5.25

Total Cash Receipts 89.10 163.50 163.50 179.08 179.08 210.40 210.40 188.59

Cash Operating Costs
Buying Charges 1.25 1.25 1.25 1.25
Breeding Fees 5.00 5.00 5.00 ------ ------ ------ ------ 5.00Veterinary Services 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50Feeds Purchased 1.00 1.60 1.60 .60 .60 .45 .45 1.75Tractor Use 2.16 2.97 2.97 .81 .81 .78 .78 3.38Building Repair-1/ .15 .30 .30 .15 .15 .15 .15 .30Loss Allowance 2/ 3.43 6.32 6.32 7.05 7.05 4.15 4.15 7.33Bale and Haul Straw ~/ 4.42 5.04 5.04 .66 .66 .88 .88 4.95 (.oJ

I-'Freight (in) 2.00 2.00 3.50 3.50 (.oJ

Miscellaneous (5%) .93 1.19 1.19 .75 .75 .68 .68 1.26 I
Animal Replacement 84.00 84.00 143.50 143.50

Total Operating Costs 19.59 24.92 24.92 99.77 99.77 157.84 157.84 26.47

Return Above Cash Costs 69.51 138.58 138.58 79.31 79.31 52.56 52.56 162.12

(continued)



Table B:24 (continued)

P75 P76 P77 P78 P79 P80 P81 P82

Cash Receipts
Sale of Animals 207.50 207.50 85.80 158.00 158.00 183.34 263.20 526.40Manure Credit 2.40 2.90 3.30 5.50 5.50 5.25 5.90 10.60

Total Cash Receipts 209.90 210.40 89.10 163.50 163.50 188.59 269.10 537.00

Cash Operating Costs
Buying Charges 1.25 1.25
Breeding Fees 10.00 10.00 10.00 10.00 3.00 6.00Veterinary Services 2.50 2.50 2.50 2.50 2.50 2.50 3.00 3.00Feeds Purchased .75 .45 1.00 1.60 1.60 1.75 39.06 66.88Tractor Use 1.22 .78 2.16 2.97 2.97 3.38 3.24 4.86Building Repair )1 .15 .15 .15 .30 .30 .30 2.48 3.48Loss Allowance~ 8.30 4.15 3.43 6.32 6.32 7.33 7.90 15.79Bale and Haul Strsw1/ .55 4.42 5.04 5.04 4.95 5.75 10.61 to.)

I-'Freight (in) 2.00 3.50 If>.
Miscellaneous (5%) .84 .64 1.18 1.44 1.44 1.51 3.22 5.53 I
Animal Replacement 84.00 143.50

Total Operating Costs 101.56 156.92 24.84 30.17 30.17 31.71 67.65 116.15

Return Above Cash Costs 108.34 53.48 64.26 133.33 133.33 156.87 201.45 420.85

l/ Beef Cattle Housing - Replacement Value = $30. per head; Repair rate = 0.5 % .Hog Housing - Replacement Values - I-litter = $310. per sow)
Repair rate = 0.8 %.- 2-litter = $435. per sow)

2/ Loss Rates - Calves - 4 %
- Yearlings - 2 %
- Hogs - 3 %

~/ @ $2.21 per ton.
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Table B:25 Miscellaneous and Transfer Activities

PS3 - Hire Spring Labor
Unit =10 hours =1 day
Price per unit @ $190.00 per month for 25 working days
per month = $.76 per hour = $7.60
Supply = 250 hours or 25.0 days

PS4 - Hire Summer Labor
Unit = 10 hours =1 day
Price per unit =$7.60
Supply =500 hours or 50 days

PS5 - Hire Fall Labor
Unit = 10 hours = 1 day
Price per unit = $10.00
Supply =500 hours or 50 days

PS6 - Sell Cash Grain
Unit = 10.0 bushels of wheat
Price per unit @ $1.35 per bushel = $13.50

PS7 - Sell Feed Grain
Unit =10.0 bushels of barley
Price per unit @ $.SO per bushel = $S.OO

PSS - Sell Hay
Unit = 1 ton
Price per unit = $lS.OO (on stack price)
Supply = 35 tons

PS9 - Buy Hay
Unit =1 ton
Price per unit (on stack) = $lS.OO
Hauling = $ 2.00
Net price per unit = $20.00
Supply = 35 tons

P90 - Buy Feed Grain
Unit = 10 bushels of barley
Purchase price @ $.SO per bushel = $S.OO
Trucking and handling = $ .50
Net price per unit = $S.50
Buy limit = 1000 bushels

(continued)
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P93 - Develop Land
Unit ~ 1 acre of irrigated land
One acre of irrigable dryland may be developed into .925
acres of irrigated land after an 8% allowance is made for
ditches, fences, roads, etc.
Estimated development costs = $75.00 per acre
0.925 acres of irrigated land = $75.00
Cost per unit for development = $81.00

= $9.00
= $4.00

= $2.00
=$15.00

~ $5.27
= $ .57

= $5.84

$12.95

Annual cost per unit @ 5% for 30 years
Increase in taxes

(assuming assessment doubles)
Net price per unit

Table B:25 (continued)

P9l - Use Community Pasture
Unit ~ 1 Animal Unit Month
Costs - grazing

- charge per calf
- vaccination,dehorning,castration,

spraying, etc.
Total costs for 5 months per Animal Unit
Net price per Animal Unit Month = $3.00
Supply ~ 100 Animal Unit Months

P92 - Use Operating Capital
Unit = $10~00

Price per unit @ 7% for 6 months = $0.35

P95 - Use Livestock Capital
Unit =$100.00
Annual cost per unit @ 5% for 10 years =



APPENDIX "e"
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Table C:l Program 1A - Variable Land Solution at Zero Operating Capital

K ValuesY 77.7 35.2
Plan Number

Activity No. Unit 1 2 3

Dryland Cropping

C - F P41 acre 329.6 313.2 229.4
Fg - F P 42 acre 214.4 146.9 192.6

Irrigated Cropping

o-C-Cn-Clf P62 acre 0 77.7 112.9

Livestock

Hogs- 2-litter P82 sow 11.2 7.7 6.2

Sell Cash Grain P86 bushel 2720. 4108. 4108.
Sell Feed Grain P87 bushel 969.1
Sell Hay P88 ton 0 24.1 35.0

Use Operating Capital P92 $ 0 0 0
Use Livestock Capital P95 $ 5339. 3659. 2941.
Develop Land P93 acre 0 77.7 112.9

Zo $ 6016. 6188. 6236.

1/ Refers to change in the level of the variable resource.



Table C:2 Program IB - Variable Capital Solution at Zero Irrigated Acreage

K Valuesfl 516.3 192.8 99.7 97.8 705.4 3611.
Plan Number

Activity No. Unit 1 2 3 4 5 6 7

Dryland Cropping

e-F P41 acre 329.6 242.9 270.0 133.7
Fg-F P42 acre 214.4 301.1
c-Fg-F P44 acre 0 224.9 445.4 422.3 305.3
Fg-Fg-F P45 acre 0 273.9 185.4 98.6 121.7 238.7

Livestock

Feeder Calf (hay) P70 calf 0 6.4 38.9
Hogs- 2-litter P82 sow 11.2 15.8 15.8 15.8 15.8 15.4 13.3

Sell Cash Grain P86 bushel 2720. 2004. 2228. 2340. 2450. 2323. 1679.

Hire Spring Labor P83 hour 0 49.1 e,.,

Buy Hay P89 ton 0 5.8 35.0 f-J
co
I

Use Operating Capital P92 $ 0 516.3 709.1 808.9 906.6 1612. 5223.
Use Livestock Capital P95 $ 5339. 7500. 7500. 7500. 7500. 7500. 7500.
Develop Land P93 acre 0 0 0 0 0 0 0

Zo $ 6016. 6678. 6782. 6830. 6876. 6906. 7014.

1/ Refers to change in the level of the variable resource.



Table C:3 Program 1C - Variable Land Solution at $ 907 Operating Capital

K Values 10.1 24.8 33.0 32.8
Plan Number

Activity No. Unit 1 2 3 4 5

Dry1and Cropping

C-F P41 acre 0 60.3 232.4 169.6 165.4
Fg-F P42 acre 0 301.1 269.9
C-Fg-F P44 acre 445.4 328.0
Fg-Fg-F P45 acre 98.6 144.8 273.9

Irrigated Cropping

C-C-Cn-Cl f P62 acre 0 10.1 34.9 67.9 100.6

Livestock

Hogs-2-1itter P82 sow 15.8 15.8 15.8 15.8 14.2

wSell Cash Grain P86 bushel 2450. 2499. 2602. 2731. 3339. t\:l
0Sell Hay P88 ton 0 3.1 10.8 21.0 32.2 I

Hire Spring Labor P83 hour 0 22.7 52.3 73.8

Use Operating Capital P92 $ 907. 907. 907. 907. 907.
Use Livestock Capital P95 $ 7500. 7500. 7500. 7500. 6723.
Develop Land P93 acre 0 10.1 34.9 67.9 100.6

Zo $ 6876. 6941. 7073. 7238. 7273.



Table C:4 Program ID - Variable Land Solution at $ 2000 Operating Capital

K Values 10.7 8.1 18.7 63.9 24.4 0 3.6

Activity No. Unit 1 2 3 4 5 6 7 8

Dryland Cropping

crF P41 acre 0 125.4crFg-F P
44 acre 409.7 399.8 392.9 359.6 254.0 215.0 215.0Fg-Fg-F P
45

acre 134.2 132.7 130.9 144.0 180.5 193.2 193.2 279.0

Irrigated Cropping

e-H-P -F P
61

acre 0 10.6 18.7 18.8 10.7 6.4 6.4 8.2cre-C:-Cl
f P

62
acre 0 18.6 90.6 119.3 119.3 121.0

Livestock

Feeder Calf (hay) P70 calf 9.9 4.4
Feeder Calf (pasture) P75 calf 0 5.6 10.0 10.0 5.7 3.4 3.4 4.4 wHogs- 2-litter P82 sow 15.2 15.2 15.2 15.2 15.4 15.6 15.6 15.5 t\:l....

JSell Cash Grain P86 bushel 2254. 2241. 2235. 2418. 3218. 3548. 3548. 3442.Sell Hay P88 ton 0 24.8 35.0 35.0 35.0

Hire Spring Labor P83 hour 5.3 8.4 10.6 34.1 116.1 147.5 147.5 145.4Hire Summer Labor P84 hour 0 74.6 74.6 95.3Hire Fall Labor P85 hour 0 21.9 35.4 67.6 77.9 77.9 57.2Buy Hay P89 ton 8.9 7.2 5.8

Use Operating Capital P92 $ 2000. 2000. 2000. 2000. 2000. 2000. 2000. 2000.Use Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500.Develop Land P93 acre 0 10.6 18.7 37.4 101.3 125.7 125.7 129.2

Zo $ 6917. 7035. 7102. 7243. 7638. 7725. 7725. 7729.

Variable In P P P
62

P
88

P
84 P

68 P41 P3044 85
Variable Out P 43 P 7 P70 P89 P6 P21 PIS P44



Table C:5 Program IE - Variable Land Solution at $ 4000 Operating Capital

K Values 14.1 38.0 36.8 5.7 8.2 83.7 1.2
Plan Number

Activity No. Unit 1 2 3 4 5 6 7 8

Dry1and Cropping

o-F P41 acre 0 44.0o-Fg-F P44 acre 345.0 331.7 299.4 233.7 202.5 209.4 75.4Fg-Fg-F P45 acre 199.0 197.0 188.3 214.2 239.2 223.5 267.1 297.2

Irrigated Cropping

o-H-P4-F P61 acre 0 14.1 52.1 52.2 29.8 51.6 37.0 37.6o-o-Cn-Clf P62 acre 0 36.8 64.8 51.2 149.6 150.2

Livestock

Feeder Calf (hay) P70 calf 27.9 20.6 0 12.2
Feeder Calf. (pasture) P75 calf 0 7.5 27.7 27.8 15.9 27.5 19.7 20.0 w

l\:lHogs-2-1itter P82 sow 14.0 14.0 14.0 14.0 14.0 14.0 14.5 14.5 l\:l

ISell Cash Grain P86 bushel 1897. 1880. 1853. 2213. 2504. 2361. 3496. 3458.Sell Hay P88 ton 0 35.0 35.0

Hire Spring Labor P83 hour 32.4 36.7 46.7 93.1 122.6 110.7 218.8 218.0Hire Summer Labor P84 hour 0 44.5 300.7 308.0Hire Fall>Labor P85 hour 0 102.6 129.2 89.1 138.4 173.6 166.4Buy Hay P89 ton 25.1 22.9 16.0 4.6

Use Operating Capital P92 $ 4000. 4000. 4000. 4000. 4000. 4000. 4000. 4000.Use Livestock Capital P95 $ 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500.Develop Land P93 acre 0 14.1 52.1 88.9 94.7 102.9 186.5 187.8

Zo $ 6977. 7134. 7446. 7725. 7754. 7794. 8092. 8093.

Variable In P 44 P85 P62 P70 P84 P88 P41 P30Variable Out P43 P 7 P70 P6 P89 P70 P21 P44





Table C:7 Program 1G - Variable Capital Solution at 50 Acres of Irrigated Land

K Values 526. 271. 203. 120. 58. 1199. 1496. 2371.
Plan Number

Activity No. Unit 1 2 3 4 5 6 7 8 9

Dry1and Cropping

e-F P
41 acre 319.0 230.7 188.9 216.1 59.7

Fg-F P
42 acre 170.9 259.3 301.1

e-Fg-F P
44 acre 0 257.9 356.4 330.7 305.3 228.1Fg-Fg-F P
45 acre 0 273.9 172.4 133.6 159.3 184.7 261.9

Irrigated Cropping

e-H-P -F P
61 acre 0 25.1 50.0 50.0e-e-C:-C1f P
62

acre 50.0 50.0 50.0 50.0 50.0 50.0 24.9

Livestock

Feeder Calf (hay) P
70 calf 0 21.4 '"l\.')Feeder Calf (pasture) P
75 calf 0 0 0 13.4 26.6 26.6 M:-Hogs-2-litter P
82 sow 9.0 13.6 15.8 15.8 15.8 15.8 14.9 14.1 12.8 I

Sell Cash Grain P
86 bushel 3613. 2885. 2539. 2764. 2892. 2941. 2407. 1877. 1453.Sell Hay P ton 15.5 15.5 15.5 15.5 15.5 15.588

Hire Spring Labor P
83 hour 0 28.8 42.5 50.3 53.3 48.8 44.4 76.8Hire Fall Labor P
85 hour 0 12.5 55.2 97.5 86.4Buy Hay P
89

ton 0 15.4 34.6

Use Operating Capital P
92 $ 0 526. 796. 1000. 1120. 1178. 2378. 3874. 6246.Use Livestock Capital P
95 $ 4258. 6458. 7500. 7500. 7500. 7500. 7500. 7500. 7500.Develop Land P
93 acre 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0

Zo $ 6127. 6801. 7098. 7191. 7240. 7245. 7356. 7424. 7507.

Variable In P83 P45 P 44 P 85 P 61 P 89 P 70 P29Variable Out P 5 P27 P42 ~ P 41 P 88 P 62 P9



Table C:8 Program IH - Variable Capital Solution at 77.7 Acres of Irrigated Land

K Values 354. 613. 203. 24. 0 151. 1864. 1333. 1718.
Plan NumberActivity No. Unit 1 2 3 4 5 6 7 8 9 10

Dryland Cropping
o-F P41 acre 313.2 253.7 159.0 186.2 154.6 154.6Fg-F P42 acre 146.9 206.4 301.1
o-Fg-F P44 acre 0 52.1 52.1 307.0 267.2 244.6 188.2Fg-Fg-F P45 acre 0 273.9 253.4 253.4 153.0 192.9 215.6 271.9
Irrigated Cropping
o-H-P4-F P61 acre

0 39.0 61.2 60.7o-o-Cn- Clf P62 acre 77.7 77.7 77.7 77.7 77.7 77.7 77.7 38.7 16.5 16.9
Livestock
Feeder Calf (hay) P70 calf

0 15.8Feeder Calf (pasture) P75 calf 0 0 0 0 20.8 32.6 32.3 IHogs-2-litter P82 sow 7.7 10.8 15.8 15.8 15.8 15.8 15.8 14.5 13.7 12.8 '"t-:lCJlSell Cash Grain P86 bushel 4108. 3617. 2836. 3060. 3086. 3086. 3213. 2383. 1911. 1608. ISell Hay P88 ton 24.1 24.1 24.1 24.1 24.1 24.1 24.1

Hire Spring Labor P83 hour 0 65.2 78.9 80.5 80.5 88.2 81.2 77.3 101.2Hire Fall Labor P85 hour 0 32.5 98.7 136.4 127.5Buy Hay P89 ton
0 13.7 27.6

Use Operating Capital P92 $ 0 354. 967. 1170. 1195. 1195. 1346. 3210. 4542. 6261.Use Livestock Capital P95 $ 3659. 5142. 7500. 7500. 7500. 7500. 7500. 7500. 7500. 7500.Develop Land P93 acre 77.7 77.7 77.7 77.7 77.7 77.7 77.7 77.7 77.7 77.7

Zo $ 6188. 6643. 7315. 7408. 7417. 7417. 7432. 7604. 7664. 7724.

Variable In P83 P45 P75 P44 P85 P61 P89 P70 P29Variable Out Ps ~7 P42 P, P 74 P41 P88 P8 19



Table C:9 Program II - Variable Capital Solution at 125.7 Acres of Irrigated Land

K Values 2190. 739. 305. 481. 212.
Plan Number

Activity No. Unit 1 2 3 4 5 6

Dry1and Cropping
crFg-F P

44 acre 215.0 168.9 140.0 110.9 114.3 93.4Fg-Fg-F P
45 acre 193.2 239.4 268.2 297.3 294.0 314.8

Irrigated Cropping
crH-P4-F P

61 acre 6.4 51.6 51.3 31.3 51.1 54.2crcrC
n

-C1
f P

62
acre 119.3 74.1 74.3 94.4 74.5 71.5

Livestock
Feeder Calf (hay) P70 calf 0 8.1 21.8 15.3Feeder Calf (grain) P

71
calf 0 16.3Feeder Calf (pasture) P

75 calf 3.4 27.4 27.3 16.6 27.2 28.8Hogs- 2-litter P82 sow 15.6 14.0 13.6 13.4 13.1 12.9

ISell Cash Grain P
86 bushel 3548. 2587. 2432. 2586. 2294. 2131.

(.0.)Sell Hay P
88

ton 35.0 7.1 N
O'l

IHire Spring Labor P
83 hour 147.5 139.5 151.7 176.1 162.6 167.3Hire Summer Labor P
84

hour 74.6 118.2 119.9 104.0 121.5 112.2Hire Fall Labor P
85 hour 77.9 154.6 150.1 108.8 146.0 149.4Buy Hay P
89 ton 0 6.4 5.1

Use Operating Capital P
92 $ 2000. 4190. 4929. 5234. 5715. 5927.Use Livestock Capital P
95 $ 7500. 7500. 7500. 7500. 7500. 7500.Develop Land P
93 acre 125.7 125.7 125.7 125.7 125.7 125.7

Z $ 7725. 7889. 7938. 7949. 7964. 7965.0

Variable In P
70 P

8 P
89 P

71 P
29Variable Out P

8
P

88
P

9 P
8 P

70



Table C:10 Program IJ - Variable Capital Solution at 220.4 Acres of Irrigated Land

K Values 10. 23. 793. 999.
Plan Number

Activity No. Unit 1 2 3 4 5

Dryland Cropping
C-F P

41 acre 9.4
C-Fg-F P

44
acre 0 15.4

Fg-Fg-F P
45 acre 296.6 290.6 306.0 306.0

Irrigated Cropping
C-H-P -F P

61
acre 53.8 54.4 64.5 75.6

C-C-Cn-Clf P
62

acre 166.6 166.0 155.9 144.8

Livestock
Feeder Calf (hay) P

70
calf 0 3.8 7.9

Feeder Calf (pasture) P
75

calf 28.6 29.0 34.3 40.2
Hogs-2-litte r P82

sow 13.4 13.3 12.4 11.5

Sell Cash Grain P86 bushel 3559. 3557. 3314. 3140. (.oJ

Sell Hay P
88

ton 35.0 34.7 25.1 14.5 l"
'-J

I

Hire Spring Labor P
83 hour 250.0 250.0 250.0 250.0

Hire Summer Labor P
84

hour 421.8 421.6 429.9 438.9
Hire Fall Labor P

85
hour 206.7 209.1 215.7 222.9

Buy Feed Grain P90 bushel 0 147.0

Use Operating Capital P92 $ 5000. 5010. 5032. 5825. 6824.
Use Livestock Capital P

95 $ 7213. 7200. 7059. 6905.
Develop Land PEl3 acre 220.4 220.4 220.4 220.4 220.4

Z $ 8233. 8233. 8234. 8265. 8293.
0

Variable In P
21

P
70 P90 P

29
Variable Out P91 P41 P44 P9
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