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The farmers of the Columbia Plateau region of Oregon,

as well as other individuals and groups, have expressed a desire

for information on the economic feasibility of irrigated farming

in their area. This recent interest in irrigation is a result of

reduced lifts and lower pumping costs brought about by the con-

struction of The Dalles, John Day and McNary Dams, the appear

ance of alternative uses for Columbia River water, and the intro-

duction of new crops.

Linear programming models were developed for farms of

four different sizes to determine if enough additional income would

be produced by irrigation to pay for its added costs. Profit maxi-

mization was assumed to be the goal of the farm operator, realizing

that other goals are undoubtedly involved. The resources of
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interest for this study include land, labor, water, operating

capital, and management. The MVPs or shadow prices found by

the models identified the restricting resources for each respective

farm, thereby providing some hints about the most efficient use of

additional resources.

It was assumed that a large amount of the cultural practices

necessary for crop production would be custom hired, which re-

duced the quantity of labor needed for the production of the various

crops selected by the models. Other assumptions included;

better than average management, successful production of crops

selected by the models, contracts or other marketing arrangements

for the sale of these products at given prices, and the availability

of labor, water, and operating capital at the levels used by the

model farms.

The results of this study, based on the linear programming

models, indicate that irrigation may be profitable for some farms

in this area. The model farms returned gross profits of from

55.50 to 150 dollars per acre as a return to irrigation and manage-

ment. However, to enable these farms to cover the costs of

relatively expensive irrigation systems it is necessary that they

raise some high income producing horticultural crops. While

some of these crops have been grown here, there are horticul-

turists that question whether such crops can be widely produced



in this area. Many technical production problems remain to be

solved before these crops can be produced extensively.

The availability of capital for investment and operating

purposes presents another problem when these high income pro-

ducing crops are raised. Although irrigation appears to be profit-

able under certain circumstances, it is evident that many economic

and technical problems remain to be solved.
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AN ECONOMIC STUDY OF IRRIGATION POTENTIAL
FOR COLUMBIA PLATEAU FARMS IN OREGON

I. INTRODUCTION

Farming in the Columbia Basin area of Oregon1 is presently

going through a period of transition. A few farm operators have

taken the necessary steps for irrigation. Many others are consider-

ing this change. Today, as in the past, this region of the Pacific

Northwest is known as a dryland wheat producing area. Without

water, its crop possibilities are largely limited to grain farming

with a crop being raised every other year. Such a grain-summer-

fallow rotation is necessary to preserve moisture in this area of

low annual rainfall. 2

The Problem and Its Setting

The main resource restriction faced by farmers of this area

has been the lack of water. Due to recent developments in pumping

arid sprinkler irrigation this physical restriction can now be

removed, shifting the question of physical capabilities to one of

economics.

'A five county area with the northern boundry cm the

Columbia River. The counties included are Gilliam, Morrow,
Sherman, Umatilla, and Wasco.

2See Page 4 for a further explanation.



This research project was undertaken to understand the ec-

onimics of applying irrigation water to farms currently restricted

to dryland crops. The problem is analyzed from the viewpoint of

the individual farm firm. A question is posed as to whether these

farms can generate enough additional income under irrigation to

pay the costs of irrigating. Research and demonstration plots in

the area, substantial irrigation on the east end of the Columbia

Plateau, and some well irrigation gives an indication of the physical

feasibility of irrigation on a wide variety of crops. The purpose of

this study is to determine the economic feasibility for the firm,

assuming the crops can be grown and sold.

Federal irrigation projects using water from the Columbia

River have long encouraged development of similar soils in Wash-

ington. But interest in Oregon is a more recent development

coming with reduced lifts and lower pumping costs brought about

by the construction of The Dalles, John Day and McNary Dams,

the appearance of alternative uses for Columbia River water, and

the introduction of new crops. A further comparison of these two

areas shows that a good deal of the land under consideration for

irrigation development in Oregon has been dryland farmed for

many years, while a large portion of Washington development did

not require changing existing farming patterns. It was desert

land and largely unsettled. This difference is significant for
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the farm operator who is presently making a living on a dryland

unit, as he has a different decision making framework than the

person who is considering development of desert land.

Description of the Area of Study

The Columbia Plateau Region of Oregon is a long, relatively

narrow strip of land that borders the Columbia River in the North

Central part of Oregon. It includes the northern portions of five

counties: Wasco, Sherman, Gilliam, Morrow, and Umatilla.

Rolling hills typify the general topography. They show a

wide range in terms of size, shape and steepness of slope. Waste

land is mixed with cropland and deep water-eroded gorges are to

be found in some areas. The soils of the area vary considerably

from deep, light-textured, permeable soils to shallow soils

having medium-textured surface soil, underlain by impermeable

subs oils or bedrock. Water and wind erosion aggravated by earlier

production practices have been a problem on many farms. However,

recent conservation practices have been beneficial in reducing

these hazards (22, p 3). As present irrigation developments in

the area indicate, the soil can be irrigated; although problems exist

with crusting, permeability, and water run-off or washing on the

steeper slopes.

The elevation of the area ranges from less than 500 feet
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near the Columbia River to more than 2000 feet near the foothills.

The climate is generally semi-arid with low winter temperatures

and high summer temperatures. Annual precipitation in this area

varies from eight to twenty inches. Rain during the irrigation

season averages less than seven inches in most areas and is only

two inches at Arlington. Severe rainstorms occur occasionally in

spring and summer, causing soil erosion and flood damage and

adding little to soil moisture. Strong winds, usually southerly,

may occur at any time, drifting snow in winter and causing soil

movement and excessive evaporation in other seasons. The frost

free growing season varies from 120 days at the higher elevations

to 200 days along the Columbia River (24, p 3-4; 25, p 14 and 19).

Present Farming Operations

At present, the majority of the cropland in this area is being

farmed by dryland techniques. The farms of the area are usually

quite large in terms of total acres per farm. The 1964 United States

Census of Agriculture for Oregon shows that the average acreage

per farm for these five counties varies from about 1000 to about

4,600 acres. Thus, these are large farms, using land and labor

extensively combined with large machinery.

The current grain-fallow rotation is relatively simple. One-

half of the land lies idle, in fallow, while the other half is usually
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planted to fall grain. Each year the cropland and fallow are ro-

tated. With this type of farming each acre of cropland produces a

crop every two years.

Objectives

The general objective of this study is to obtain information

on the economic aspects of irrigating the dryland farms located in

the Columbia Basin region of Oregon. Specific objectives are as

follows:

1) To identify crops that are economically feasible to

produce under irrigation in the area, physical feasi-

bility to grow these crops has been assumed.

2) To estimate the relative profitability of different

sizes of farm operations under irrigated conditions

in the area.

3) To estimate the marginal value products for the limit-

ing resources.

4) To draw some conclusions that will assist the farmers

of the area in making decisions relating to irrigation

investments.



Theory and Procedures

In a farm business the manager combines producing units

or enterprises into an overall farming operation. However, the

manager is restricted by resources available to him. These re-

sources are often called limiting or restricting resources.

Bishop says that an economic problem exists when persons

who are seeking to achieve some goal have limited resources and

must choose between alternative courses of action (2, p 23). The

goal assumed in this study is profit maximization. The limiting

resources for the models include: (1) land, the basis for the dif-

ferent model sizes; (2) labor, distributed so that the major portion

of this resource is available during the spring and summer months;

(3) water, limited by the systems capacity and distributed in a

manner similar to labor; (4) operating capital, the amount of

capital available for producing the crops selected; and (5) manage-

ment, included by placing a maximum acreage restriction on
3certain crops.

As stated above, profit maximization is assumed to be the

goal of the farm operator for this study, realizing that other goals

3A management restriction has been imposed on the models
included in this study since management appears to be a limiting
resource in the production of some crops.



are undoubtedly involved. This goal is consistent with economic

production principles as such principles also assume that the

individual firm attempts to maximize profits. In light of this goal,

there must be some net gain shown by investing in irrigation in

order for the farmer to decide in favor of such an investment. Ex-

pressed in simplest terms this means that irrigation must increase

the farmerts net income to induce the switch from dryland to irri-

gated farming.

An Explanation of Linear Programming

Several tools of measurement were available for analyzing

the economic potential for irrigation development. Included among

this group were budgeting and linear programming. The linear

programming technique was selected. It provides an optimum

solution in terms of the most profitable farm organization for the

resources available. This technique is a systematic method of

budgeting, assuring that the optimum is reached. It also allows

for consideration of a greater variety of alternatives and restrictions

than does the budgeting technique.

Linear programming can be explained as a simultaneous

budgeting process which, through the use of a computer, permits

numerous enterprises and restrictions to be considered in finding

an optimum solution for either a minimization or a maximization



problem. In this study it was used for making resource allocation

decisions which maximized gross revenue (13).

The optimum solutions, given the limiting resources, pro-

vide other information in conjunction with total revenue or gross

profit, as it shall be referred to in this study. Such information

includes the number of acres of the different crops raised, the

quantity of the restricting resources used, and the marginal value

product (MVP) of these resources (see interpretation below). Linear

programming has been widely used in farm management for a num-

ber of years, and material has been developed that indicates its

strengths and weaknesses as well as the nature of its assumptions

(11, p 2-7; 13, p 11-18).

Explanation and Use of Marginal Value Products

Heady says that the terms marginal and additional have the

same meaning in economics and are the most powerful tool in the

science. He states that marginal productivity should serve as the

final criterion in determining the use of resources. Marginal

quantities actually refer to ratios of change; and marginal product

is the ratio of change in total output as related to the change in

input (12, p 42).

Marginal value products, in linear programming often

called shadow prices (13, p 84-95), indicate the amount added to



or subtracted from profit by a one unit increase of a limiting re-

source when that resource is accompanied by a proportional in-

crease in the other inputs necessary for production. It is not pos-

sible to increase an activity level by increasing only the quantity of

the restricting resource (14, p 75-76). Therefore, within the

linear programming framework shadow prices are not true reflec-

tions of MVP. However, given the assumption that all other re-

sources are in surplus, the shadow price of the resource being ex-

amined is ana]cgous to MVP. For this reason, the terms shadow

price and MVP are used interchangeably in this thesis.

While MV-Ps are useful for making resource allocation de-

cisions, they do not show how much more of the limiting resources

can be profitably used. Certainly there is a limit to profitable

resource use by any one farm firm. Such a limit is explained by the

law of variable proportions which states that,"If successive units

of one input are added to given quantities of other inputs, a point

is eventually reached where the additional product per additional

unit of input will declinet'(2, p 35-3 6). This explains why MVPs

change with increases or decreases in available resources. Thus,

they provide only an indication of the resources that offer an oppor-

tunity for increasing profits, if increased employment of the re-

sources is possible.

While the marginal increment of each resource is assigned
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a value, the fact that MVPs are not given for some resources by

the linear programming models in this study means that there is a

surplus of the resource for that model. When such a surplus exists

addition or subtraction of one unit of the resource only changes the

quantity in disposal and will not affect profits (13, p 91). Hence,

the relative MVP for that resource is zero. For example, if there

is a surplus of water for any given month of the growing season

then the addition or the subtraction of water up to the quantity that

is not being used for that month will not affect profits or the optimum

solution, assuming no charge is made for the quantity of the re-

source not used.

The shadow price (MVP) indicates what an additional unit

of a limiting resource is worth to the firm, and what management

could afford to pay for the additional unit, assuming that other

resources are in surplus. On the other hand, it does not provide

information about how much to buy.

Profit will be increased by the difference between MVP and

the cost or price (MFC) of the resource. For example, if the

shadow price of water was 15 dollars per unit and the cost of this

water was 10 dollars per unit, then profit would be increased by

five dollars for the first additional unit of the resource used, given,

of course, the assumption that other resources are in surplus.

When there is a difference in the shadow price of the same resource
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for two different time periods this difference indicates that the

resource is more valuable for the time period which has the highest

MVP, and that a larger quantity could be profitably used during that

time period.

The MVPs generated for the different resources in a linear

programming model indicate the possible alternatives available for

increasing profits. However, the "best alternative for the individual

farm manager depends, as well, on the MFC and the availability of

the limiting resources.

The Farm Surv

A survey of farms was taken during the summer of 1967. The

farms included were not picked at random, but were identified by

local extension agents. The sample was purposeful in that only

farmers irrigating or likely to irrigate were included. The farms

included in the survey varied in size from 290 to 4600 cropland

acres.

The purpose of the survey was to collect primary information

on the resources available on farms, and to understand the institu-

tional setting in the study area. This information was the basis for

the resource limitations of the study, but was modified extensively

to reflect changes felt to be essential to irrigation development in

the area. The model farms used in the study were synthesized
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from information from several sources, irrigation characteristics

in similar areas, extension personnel, demonstration- experimental

plots in the area, and results from the survey. A questionnaire was

constructed and used as a guide in talking to the farm operators

interviewed. Information was collected on both dryland and irrigated

farms. The data were summarized into three size groups, 400, 750,

and 2000 acres (Table 1). These groupings were used as the basis

for the various sizes of farms examined by this study. However,

the 400 acre farm identified by the survey was not used. It was

replaced by two other farming units that conform in size to specifica-

tions set by the Reclamation Law of 1902 (30, 31). This law restricts

farm size to either 160 or 320 acres.

Outline of Thesis

This thesis is composed of two main parts. Objectives one,

two and three are addressed in Chapters Two and Three. These

chapters present the construction and the results of the models used

for the analysis of irrigation potential in the area of study. Objective

four is addressed in Chapter Four. This chapter discusses the impli-

cations of the results presented in the earlier chapters. It also in-

cludes a summary and the conclusions of this study.



Table 1. Average characteristics of surveyed farms when classified by number of acres,
Columbia Plateau Region of Oregon, 1967

Farm Size
Small Medium Large

Unit (400 acres) (750 acres) (2000 acres)

Cropiand acre 400 750 2,000
Irrigated per cent 90 47 16

Total Labor man year 2. 58 2. 61 3. 59
Available' hour 6,192 6,264 8,616

Receipts dollars 61,337 65, 095 73,745

Expenses dollars 44,838 40,976 57,781

Income2 dollars 16,499 24,119 15,944

Building Value dollars 20,400 43,000 51,000

1More detail on labor is given in Table 2.

2Receipts less expenses.

I-
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II. CONSTRUCTION OF THE MODEL FARMS

This chapter discusses the resources assumed to be avail-

able to the farms synthesized for analysis in this study. It also

provides a description of the four farm models whose results are

presented in Chapter Th.ree.

Resource Characteristics and Restrictions

In this section the resource characteristics and restrictions

used in the models presented in Chapter nlhree are discussed. The

importance of the various resources to farm production as the

operator attempts to maximize profits has been pointed out in the

theory and procedures portion of the first chapter. The resources

to be discussed include land, labor, operating capital, water, and

management.

A description of farms in the area of study was obtained

from survey data and has previously been presented in Table 1.

However, due to the sample size, method of selection, and variance,

the ability to generalize results to the entire area is limited. Such

a generalization was not intended.

Land

The farm models synthesized in this study were based on

cropland acres. Four farm sizes were established. These sizes
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were selected by two methods. The 400 acre farm identified by

the survey was replaced by two smaller farms which conform to

limitations of the Reclamation Law of 1902 (30, 31). These farms

contained 160 and 320 acres. The acreage of the larger farms,

750 and 2000 acres, was selected on the basis of the survey data.

There are two ways that land tenure affects decisions of

these farming units. Irrigation decisions are considered at this

point in light of these effects. The first such effect relates to farm

operator's resource allocation decisions, the second to risk bear-

ing of price and yield fluctuations.

Land tenure and resource use decisions are related. As a

result of this relationship, the owner-operator's decision making

framework for resource allocation is generally different from that

of the tenant's. Castle and Becker state that the usual crop-share

rental arrangement, where the owner furnishes the land and

buildings while the tenant pays most of the other expenses and

furnishes the labor and machinery, can lead to inefficient resource

use (3, p 205). Such inefficiency would apply to water as well as

other resources. An owner-operator would produce crops using

resources to the point where marginal cost is equal to marginal

revenue, assuming profit maximization as a goal and unlimited

resources. However, in Castle and Becker's example the tenant

receives only one-half of the marginal revenue. Consequently, if
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he were paying for all of a variable input he would increase the use

of it only up to where marginal revenue equals twice marginal

cost (3, p 205). Thus, the tenant would be gaining the maximum

returns for his share of the resources, the variable factors of

production, but the landlord would not be gaining the maximum

return for his resources. This arrangement would result in inef-

ficiency for the farm as a whole, reducing total income and conse-

quently the return to the landlord for his fixed factors.

Land tenure and rental arrangements also determine who

shall bear price and yield fluctuations. A comparison of an owner-

operator to that of a cash renter shows that while both bear the

full risk of these fluctuations, the risk is actually greater for the

cash renter. The amount paid for rent by the tenant, 40 dollars

per acre in this study, is a fixed cost, while for the owner-operator

the portion of this cost that does not go for taxes is only an oppor-

tunity cost on his investment, not an out-of-pocket expense, assum-

ing the owner-operator is unencumbered by a mortgage. Therefore,

the owner-operator has this 40 dollars per acre, less taxes, to

fail back on as a kind of insurance, in case prices and yields are

not at expected levels. In a sense this is a cost that need not be

met every year. However, for the cash renter the 40 dollars per

acre rent is an expense. He does not have this reserve to rely

on in case of less than expected yields or prices.
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Under the other landlord-tenant arrangement, the crop-share

lease, there is no out-of-pocket rental expense for either party.

The landlord and tenant share the risk of price and yield fluctuations

in the same ratio as revenue is shared (3, p 204-205). Like the

owner-operator, it is an opportunity cost for the resource invested

by both parties.

Labor

Table 2 summarizes the amount of labor presently being

used on farms surveyed. The small and medium farms have flea r-

ly the same total quantity of labor available, while the large farms

have an additional man-year. When viewed in terms of labor per

acre of cropland, the amount available dropped dramatically as the

farming units increased in size. The percentage of irrigated crop-

land could be given as an explanation for this decrease since ir-

rigated cropland requires more labor than dryland.

The survey data has been used as a guide for labor alloca-

tion in the larger synthesized models described later in this

chapter. However, the small farm identified in the survey, as

explained in the above section on land, has been replaced by two

other units. The quantity of labor made available for these smaller

farms was based on the assumption that they would most likely be

family units. The annual hours of labor available for use by the



Table 2. Average labor characteristics of surveyed farms, Columbia Plateau Region of
Oregon, 1967

Farm size
Small Medium Large

(400 acres) (750 acres) (2000 acres)
Per Per Per

Unit Total Acre Total Acre Total Acre
man

Labor avaiiabie year 2. 58 2. 61 3. 59
hour 6192 15.5 6264 8.4 8616 4.3

Distribution of
Labor

Operator and
family per cent 68 47 59
Hired per cent 32 53 41

Labor available
for use on
cropland hour 4954 12.4 5700 7.6 7754 3.9

'In converting man years of labor to hours it has been assumed in this study that one
man year equals 2400 hours.
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four farm models is given in Table 3.

Operating Capital

This limitation is largely a limitation imposed by a combi-

nation of the management ability of a farm operator and the local

financial institutions.

The quantity of operating capital required for production of

the various crops includes the cash expenses necessary for crop

production; such as the expenses incurred for seed, fertilizer,

spray, custom work hired, and normal machinery maintenance and

repair. In this study labor was not included with the other ope rat-

ing costs. It was entered separately at an hourly rate of 1.75

dollars for both family and hired labor; yet was automatically

included by the models in finding the optimum solutions and calcu-

lating total gross profit for the individual farms. This method of

entering labor was used because the models then showed how much

labor was needed for each time period.

The information on operating capital obtained from the

survey was incomplete and therefore not included in the survey data

summarization table. In general, the farms interviewed kept

records on their annual expenses but were unsure about the turnover

of their operating capital. Nevertheless, some indications of

present operating capital requirements are provided by the average



Table 3. Assumed annual labor restrictions for the synthesized farms, Columbia Plateau economic
study'

Unit

Letter Code

A man year
hour

B man year
hour

C man year
hour

D man year
hour

other-X man year
hour

160 Acres
Per

Total Acre

1.6
3800 23.8

1,6
3800 23.8

1.6
3800 23.8

Farm Size
320 Acres

Per
Total Acre

1.6
3800 11.9

2. 0
4800 15.0

750 Acres
Per

Total Acre

3. 8
9200 12.3

3. 8
9200 12.3

3.8
9200 12.3

2. 0
4800 6.4

2000 Acres
Per

Total Acre

3. 5
8400 4. 2

6. 4
15400 7.7

6. 4
15400 7.7

6. 4
15400 7.7

12400 hours equal one man year, the monthly distribution of labor is given in Table 8.

N)0
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total expense figures shown in Table 1.

On the other hand, no attempt was made in this study to de-

termine operating capital turnover. The amount of capital used by

the models also represents the variable cost of production for one

producing period. This means that a farmer may not require as

much operating capital at any one point in the production cycle as

the quantities required by the models in this study. Table 4 shows

the amount of operating capital available to the different farms.

Based on general information obtained in the survey, the

amount of operating capital presently being used on farms in the

study area varies widely. The smaller irrigated farms used more

than 100 dollars per acre, again partially reflecting the relative

amount of presently developed irrigation, while the larger dryland

farms used considerably less capital per acre. For this reason,

more operating capital was provided for the models than was

used by the dryland farms surveyed. In general, the amount of

operating capital presently available would be insufficient for ir-

rigation development. Thus, the question of whether more capital

will be available for production is raised. The answer to this

question will vary with each individual farm operator. His finan-

cial standing and past credit record will, no doubt, be important

factors in his being able to raise the needed capital.



Table 4. Assumed annual operating capital restrictions for the synthesized farms,
Columbia Plateau economic study

Farm Size
160 Acres 320 Acres 750 Acres

Per Per Per
Total Acre Total Acre Total Acre

Letter Code

2000 Acres
Per

Total Acre

A 24,000 150 72,000 225 120,000 60

B 24,000 150 96,000 300 180,000 240 240,000 120

C 36,000 225 180,000 240 1,000,000 500

D 180,000 240 1,000,000 500

X 75,000 100
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Water is currently a limiting resource for the farms in this

area. In fact, it is the removal of this resource restriction which

lies at the base of this study. Because of the unpredictable nature

of water costs, due to widely varying engineering problems, the

focus of this study is on the farmerts ability to generate revenue

for repaying water development costs. The findings may be used to

analyze several development schemes.

The assumption has been made that water will be available

for irrigation, yet the inference is not that water is an unlimited

resource. A water restriction was built into the linear program-

ming models by using a water delivery system with a capacity

similar to the systems presently being considered by farmers in

the area. Changes were later made in the schedule when it became

a limiting resource, thereby showing the effect water can have on

the optimum s olution.

Table 5 shows the quantity of water available for use by the

various models. Approximately 3. 5 acre feet of water was avail-

able for sprinkler irrigation, but while water was restrictive for

some months, it was not restrictive for others..



Table 5. Assumed monthly water restrictions for the synthesized farms, Columbia Plateau economic study.

Unit 160 acres 320
Farm size

acres 750 acres 000 acres
Total In. /ac. Total In. /ac. Total In. /ac. Totai In/ac.

Letter Code A
April Ac. in. 480 3 960 3 6, 000 3
May " 800 5 2,240 7 10,000 5
June 1, 280 8 2, 560 8 16, 000 8
July 1, 440 9 2, 880 9 18, 000 9
Aug. 1, 280 8 2, 560 8 16, 000 8
Sep. -Mar. " 1, 600 10 3, 200 10 20, 000 10
Total " 6, 880 43 14, 400 45 86, 000 43

Ac. ft. 3.58 3.75 3. 58

Letter Code B
April Ac. in. 480 3 960 3 2, 250 3

,
000 3

May 800 5 1, 600 5 3, 750 5 10, 000 5
June " 1, 280 8 1, 920 6 4, 500 6 18, 000 9
July " 1,440 9 2, 880 9 6, 750 9 18, 000 9
Aug. " 1, 280 8 2, 560 8 6, 000 8 16, 000 8
Sep. -Mar. 1,600 10 3,200 10 7,500 10 20,000 10
Total " 6, 880 43 13, 120 41 30, 750 41 88, 000 44

Ac.ft. 3.58 3.42 3.42 3.66
Letter Code C

April Ac. in. 480 3 2, 250 3 p, 000 3

May " 1, 120 7 3, 740 5 16, 000 8
June " 1,280 8 4, 500 6 18, 000 9
July 1, 440 9 6, 750 9 18, 000 9
Aug. 1 1, 280 8 6, 000 8 16, 000 8
Sep. -Max. " 1, 280 8 7, 500 10 40, 000 20
Total " 6, 880 43 30, 750 41 114, 000 57

Ac.ft. 3.58 3.42 4.75
(continued)

C')



Table 5. Continued.

Farm size
Unit 160 acres 320 acres 750 acres 2, 000 acres

Total In./ac. Total In./ac. Total In./ac. Total In./ac.

Letter Code D
April Ac. in. 2, 250 3 6, 000 3

May 3,,750 5 16,000 8

June " 4. 500 6 18, 000 9

July 6, 750 9 18, 000 9

Aug. 'I 6,000 8 16,000 8

Sep. -Mar. 1 7, 500 10 40, 000 20

Total '! 30, 750 41 114,000 57

Ac.ft. 3.42 4.75

N)
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Management

Management skill is not measurable, and is assumed to be

the residual claimant of profit. In this study assumptions were

made restricting the maximum number of acres of certain crops

that could be grown, feeling that management could not satisfactor-

ily handle larger acreages of some specialized crops. This manage-

ment limitation has been placed on carrots, table beets, asparagus,

sweet corn, and onions, crops that require intensive agronomic

practices. It is relatively more restrictive on the larger farms

because the acreages involve a smaller proportion of the total

acreage as the farms increase in size. The managerial talents of

operators of the synthesized farms were assumed to be above

average.

Enterprise Selection

One of the first questions asked by a farmer when consider-

ing irrigation relates to possible crops that he might produce. In

determining -c ropping patterns for this linear programming study

the same question was asked of the farmers surveyed.

The problem of enterprise selection was approached by

first attempting to identify the physically suitable crop alternatives.

Yet the question of production capability is often not answered as
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irrigation opens opportunities for additional crops. There are many

technical problems that remain to be solved relating to irrigated

farming in the study area. Some of these problems include: deter-

mining optimum water application rates, soil compaction, wind

damage, genetic adaptability of some crops, and, in general, more

knowledge of farming practices necessary to satisfactorily grow

crops under irrigation in this area.

Crop selection began by first including crops that are

presently grown by farmers in the region. The dryland crops in-

dude wheat, barley, and peas. The crops currently grown under

irrigation include wheat, barley, alfalfa, mint, sugar beets,

potatoes, peas, field corn and asparagus. While realizing that

asparagus is currently being grown in only one locality of the study

area, it was included in the models because it appears to have some

potential for expansion.

Experiment irrigation plots were conducted in Gilliam and

Sherman counties by the Oregon Agricultural Experiment

Station d u r i n g t h e p a s t t w o y e a r s and some additional

crops that showed promise on these plots were included among

the alternatives (this data has not yet been published). This

latter category adds sweet corn, dry beans, onions, carrots, and

table beets. However, because present knowledge about the pro-

duction of these crops is limited, it is quite possible that some of



them may not be physically feasible for commercial production in

at least some portions of this area in the foreseeable future.

With the exception of dry beans, the crops included in this

latter group, along with asparagus, have been restricted in the

models by placing a maximum acreage limitation upon them. The

reason for this restriction was the assumed limitation of manage:-

ment skill. In one model, 160A, these crops were not allowed to

enter, thus showing their influence on the optimum solution and

providing an indication of the value of being able to produce them.

The crops included in the models do not exhaust the pos-.

sibilities for crop alternatives, yet do provide a representation of

"possibl&' cropping patterns. The crops selected allow for flex-

ibility of various management skills and interests and place dif-

ferent requirements on the other resources.

Discussion of the General Model and Its Coefficients

A general model has been developed in this study which is

the basis for all of the models used. Gross profit and the coef-

ficient values for the restricting resources are presented in Table 6.

The vertical columns in the table represent the 19 cropping alter-

natives discussed earlier in this chapter. One additional column

could have been added to show the total quantity of resources avail-

able, but because these quantities vary with the different models



Table 6. Gross profit and resoume requirements per acre for the ahernative crop enterprises included in the synthesized farms, Columbia Plateau economic study1

Unit
,

i

U

a

aa
2

(5

5a
a
5 .

.

a a u
0

.

0

C) I

'- n 5.

Gross Profit Dol. 157 41 240 107 144 84 295 86 127 58 109 137 72 284 214 288 40 16 38

Labor

April Hour .33 .53 1.70 .75 .50 .70 1.10 .30 .30 .80 .20 .10 .50 .75 .75 .30 .11 .19 .40

May 1.10 .90 .90 1.00 .60 .60 1.60 .30 .30 .30 .30 .40 .60 1.50 1.50 2.90
June 1.40 1.00 1.54 1.90 .90 2.20 .30 1.34 .35 1.10 2.20 2.20 3.20 .11

JUlY 1.50 1.60 1.84 2.00 1.20 1.20 1.64 .25 1.50 2.00 2.00 .70
August 1.20 .30 1.84 .90 1.20 .30 1.64 1.50 .90 .90 .60
S-M 2.30 1.57 3.38 .75 .30 1.50 2.00 2.20 2.20 1.10 .68 1.90 1.30 .75 .75 .60 .63 .44 .75

Water

April Ac.in. 2.85 1.74 .89 4.23 4.23 4.42 1.70 2.50

May 5.40 .86 1.46 5.40 5.38 3.36 4.01 7.24 7.24 4.64 4.95 5.00 3.86 7.50 7.50 7.50

June " 7.50 4.59 8.14 7.50 7.46 .95 6.50 5.40 7.58 7.59 10.60 10.60 10.60

July 10.60 11.46 16.51 13.60 10.59 8.95 10.26 11.46 13.60 13.60 5.40

August 10.60 6.05 9.28 7.50 10.60 5.20 10. 12 9.05 7.50 7.50 5.40
S-M ' 7.50 5.00 .36 5.00 5.00 5.00 5.81 15.00 5.40

Capital DoL 191 109 360 68 206 106 305 49 49 42 41 103 78 156 126 312 19 18 57

Land Astre 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The coefficient values given by this table were used for all of the synthesized farmz, with the exception of some gross profit values which were reduced fo, certain farms as shown by Table 9.
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they were not included. However, resource restrictions were dis-

cussed earlier in this chapter and values for them are given in

Chapter Three. The rows, with the exception of the first one which

is gross profit, list the resources used in the production of one

acre of each crop. Thus, the coefficients in the table give the

quantities, on an acre basis, of the resources necessary for crop

production.

Definition of the Term Gross Profit

The following is a discussion of the term gross profit as

it is used in this thesis.

In order to determine gross profit per acre it was necessary

to find total income per acre. Total income for any crop is equal

to the yield multiplied by the price received. But because neither

future price nor future yield can be accurately predicted, estimates

were made for these two variables.

Several sources of information, including discussions with

extension specialists and data collected in the farm survey, were

used in arriving at price and yield estimates (16, 18, 23, 26, 27,

28, 29). Prices used are similar to the prices farmers have

received the past few years. Yields may be above average for some

areas, but are not greater than can be expected given the previous

assumption of above average management. Extremes in prices and
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yields were not considered in arriving at the estimates shown in

Table 7.

Variable costs, represented by the quantity of operating

capital used by the different crops, were subtracted from gross

income, shown in Table 7, in deriving gross profit per acre.

These quantities were used in solving the linear programming

models. However, the gross profit figures derived by the models

were not simple summations of gross profits per acre. A charge

of 1. 75 dollars per hour for labor has also been subtracted from

gross income by the models in arriving at the gross profit figures.

The term gross profit has been used because both the profit

per acre figures shown in the general model, Table 6, and the total

profit per acre figures found by the models are not true net returns

or profit for these farms. Other costs remain to be subtracted out

to determine net revenue. Gross profit for the synthesized farms

is total or gross income minus a portion of the production expenses;

labor at 1. 75 dollars per hour, operating costs, and land charges

of 40 dollars per acre, but remaining are charges for machinery,

buildings, irrigation investment, and irrigation operating expenses

which were not included above.

4mis 40 dollar per acre charge for land can be viewed in
one of two ways. It can be thought of either as cash rent or as
opportunity cost for the invested capital. Either way,. it has been
assumed that property taxes were paid out of this charge.



Table 7. Derivation of gross income per acre for the crops included in the synthesized farms,
Columbia Plateau economic study

1 1Crop Yield Price ($) Gross income ($)

Sugar beets 24 ton 14.50 348.00
Sweet corn 6 ton 25.00 150.00
Potatoes 15 ton 40.00 600 00
Beans 25 cwt 7.00 175.00
Mint 70 lbs 5.00 350.00
Peas 2 ton 94.00 190.00
Onions 20 ton 30.00 600.00
Wheat 90 bu 1.50 135.00
Wheat allotment 90 bu 1.95 176.00
Barley 2 ton 45.00 90.00
Alfalfa hay 6 ton 25.00 150.00
Alfalfa seed 600 lbs .40 240.00
Field corn 3 ton 50.00 150.00
Carrots 20 ton 22. 00 440. 00
Table beets 17 ton 20.00 340.00
Asparagus 2 ton 300. 00 600. 00
Dry wheat 30 bu 1.95 59.00
Dry barley 3/4 ton 45.00 34.00
Dry peas 1 ton 95.00 95.00

'Several sources of information, including discussions with extension specialists and data
collected in the farm survey, were used in arriving at yield and price estimates. (16, 18, 23,
26, 27, 28, 29).

N)
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Derivation of the Coefficient Values

The coefficient values were determined by combining pri-

mary resource data collected in the survey with secondary crop

budgeting data and information obtained from extension specialists.

For most crops more than one source of information was consulted.

In general, the information required for determining coefficient

values for crops which have been raised in the area for some time

was available. However, for crops recently introduced little in-

formation was found. For this reason other sources were con-

sulted and combined in arriving at somewhat less reliable values.

While the coefficient values used in the linear programming models

are rigid and exact, the farmer in actual practice does have some

flexibility. He can and would vary those values both in terms of

quantities and timing.

When available, enterprise data sheets5 obtained from farm

management specialists at Oregon State University were used in

determining labor values and operating capital requirements for

'The enterprise data sheets used are listed below. They
are published by the Cooperative Extension Service, Oregon State
University. The data for these sheets was obtained and computed
by county agents and farm management specialists in cooperation
with producers.

Alfalfa Hay (Preliminary), Umatilla County, December 1965
Alfalfa Seed, Umapine area, Umatilla County, January 1965
Corn Silage, Josephine County, April 1965
Wheat, Sherman County, February 1967
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crops presently produced in the area. Publications from Washing-

ton State University6 were used as the basis for sugar beet, sweet

corn, and potato coefficients (7, 8, 9). These publications were

for the Columbia Basin of Washington, a region quite similar to

the area of interest for this study.

Survey data on production expenses were also incorporated

in arriving at operating capital needs, but this source gave little

indication of labor requirements for crops presently being produced

in the areas
For other crops, where little or no information direct-

ly applicable to the study area was available, secondary sources

from other areas (19, 15, 18, 20) and the information obtained from

farm management, horticulture, irrigation, and soils extension

specialists was used in determining the desired coefficients.

The coefficient values for the linear programming models

in this study do have their limitations. Many of these values are

only estimates for the area of study. No test has been made to

determine their accuracy. However, their use does provide some

ideas, from a relative point of view, about the cropping patterns

that will be necessary to pay for the various levels of irrigation

investment required for the different areas and farms within the

6These publications estimated per acre costs and returns
Columbia Basin, Washington fOr potatOes, sugar beets, and
sweet corn.
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the study area. These coefficients are based on a specific set of

assumptions7 which will not hold true for the individual firms if

they produce the crops found to be the most profitable in this study.

In actuality each producing unit has some unique characteristics

which differentiate it from other firms.

A number of the cultural practices necessary for raising

crops have been included in the models on a custom basis. Thus,

the labor requirements for crop production are not as great as if

the farmer had done all of the work himself. Custom work was

used because of the concern expressed by many farmers inter-

viewed about the lack of skilled farm labor in the area. The farm

operator is also allowed more flexibility in the planning and changix

of his cropping pattern when custom work is used. Generally, these

custom practices include fertilization, spraying, and harvesting.

The inclusion of custom work into the models results in

decreased labor requirements, but it also affects production ex-

penses and profits. Depending upon the circumstances, the use of

custom work can result in either increases or decreases in pro-.

duction expenses. Methods of determining "break even" points

7These assumptions include constant levels of production
expenses, estimates of price and yield which are only changed in
three of the models, and the use of custom work for many of the
cultural practices necessary to produce the crops selected by
the models.
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have been found by farm management specialists and provide an

indication of whether it is cheaper to own the machinery necessary

for certain cultural practices or to custom hire these jobs done

(4, 19, 20). Such "break even" points are usually determined on

an acre or production basis. However, "break even" points were

not determined in this study. For reasons that are given below,

it was assumed that certain cultural practies would be custom

hired regardless of the number of acres of the crop that was

produced.

Cost is not the only thing to consider when determining

whether to purchase machinery or hire the job done. The avail-

ability of labor for operating the machinery must be taken into

consideration. As previously stated, some of the farmers inter-

viewed in this study indicated that they felt an adequate supply of

labor was not presently available, nor would it be available in the

future. If, as the findings of the survey indicate, labor is not

available then hiring custom work could substitute for this restrict-

ing resource.

Timeliness is also important. The cost of owning a mach-

me should be offset by the decreased risk of having it available at

the exact moment it is needed. The type of crop, nature of climate,

and availability of custom work all have a bearing on this problem

(4, p 2).
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The labor coefficients in this model represent, for the most

part, labor time required for seeding and seedbed preparation,

cultivation, and operating the sprinkler irrigation system. The

use of custom work removes considerable pressure from labor

during both the growing and harvesting seasons. A further explan-

ation of the content of the labor coefficients is provided by the fol-

lowing examples. Table 6 shows that for dry beans one hour of

labor per acre is required for the month of May. This value was

arrived at by adding together the amount of labor necessary to carry

out two cultural practices, four-tenths of an hour for planting and

six-tenths for two irrigations. Other cultural practices that might

be done in May include the application of herbicides and fertilizers.

But no labor was included in the model for these practices because

they were assumed to be custom hired operations and appear in

the model as operating capital.

In July, the labor requirement for producing one acre of

dry beans has been increased to two hours per acre. The two hour

coefficient is made up of one-half hour for cultivation and 1.5 hours

for five irrigations. Some measures for insect control might also

be necessary during July, but if so, they will be custom hired.

As the two examples above show, sprinkler irrigation is

the major use of labor in this study. Therefore, monthly labor

coefficients are largely determined by the number of irrigations a



crop receives and by the time necessary for each. Due to the

importance of the irrigation system on the labor coefficient values,

a large amount of consideration was given the problem of determin-

ing what sprinkler system to use as a base for labor coefficients

in this study. After discussingthis problem with extension spec-

ialists, the system used was one-quarter mile wheel move laterals

which require three-tenths of one hour per acre to move and main-

tam. Decisions also had to be made relating to the number of

times a crop should be irrigated during any given month. The in-

formation obtained from extension specialists was again helpful in

making these decisions. Also used was information which has not

been published at this date on results from Columbia Plateau Ir-

rigation Feasibility Trials for 1967.

The water coefficients, like the other resource coefficients

discussed in this chapter are given in detail in Table 6. They rep-

resent inches of applied irrigation water necessary for producing

the different crops for different time periods.

Using as a guide the number of times a crop is to be irrigat-

ed, water coefficient values were largely determined from a report

(6) published by Oregon State University. Two alternative methods

were used to determine these values for the crops not included in

the above report for the study area. These methods included

estimating values from data for the same crops grown in other
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areas or from crops with similar water needs grown in this area.

A DescriptioTl of the Four Farm Models Used in This Study

The four farm models used in this study have been developed

by assembling the information discussed in the previous portions of

this chapter. Included in these models are the limiting resources

and their restrictions, the crops selected, and the coefficient data

presented in the section discussing the general model. The results

of these models are presented in Chapter Three, while the models

themselves are discussed here. Table 8 gives the resource restric-

tions placed on the different farms. The management restriction

was not included in this table because it is the same for all farms,

with the exception of farm 160A. The management restrictions

are shown in Tables 10 through 13.

Model farms of four different sizes were used in this study.

The size of the farm was determined by the number of cropland

acres contained within the units (160, 320, 750, and 2000 acres).

These farms, containing different amounts of cropland acres, were

included to show what changes in per acre income producing ability

were due to size, as income producing ability reflects the ability of

a farm to pay for irrigation. Changes were also made in the quan-

tity of resources available for use by any one size farm to show this

same ability.



Table 8. Resource rcstaictions of the synthesized farms, Cohunbia Plateau economic study.

Resource l60A 1609 160C 320A 3209 750B 750C 7501) 750X 2000A 20009 2000C 2000D

Land 160 160 160 320 320 750 750 750 375 2,000 2, 000 2,000 2,000

Capital 24, 000 24, 000 36, 000 72, 000 96, 000 180, 000 180, 000 180, 000 75, 000 120, 000 240, 000 1, 000, 000 1, 000, 000

Total per acre 150 150 225 225 300 240 240 240 100 60 120 500 500

Labor, April 300 300 300 300 300 800 800 800 500 600 1, 200 1, 200 1, 200

May 300 300 300 300 400 800 800 800 500 800 1, 600 1, 600 1, 600

June 600 600 600 600 900 1, 600 1, 600 1, 600 800 1, 400 2, 800 2, 800 2, 800

July 600 600 600 600 900 1,600 1, 600 1, 600 800 1,400 2, 800 2, 800 2, 800

August 600 600 600 600 900 1, 600 1,600 1, 600 800 1, 400 2, 800 2, 800 2, 800

S-M 1, 400 1, 400 1, 400 1, 400 1, 400 2, 8(8) 2, 800 2, 800 1,400 2, 800 4, 200 4, 200 4, 200

Total Labor Hour 3, 800 3, 800 3, 800 3, 800 4, 800 9, 200 9, 200 9, 200 4, 800 8,400 15, 400 15, 400 15, 400

Manyear 1.6 1.6 1.6 1.6 2.0 3.8 3.8 3.8 2.0 3.5 6.4 6.4 6.4

Water, April 480 480 480 960 960 2, 250 2, 250 2, 250 6, 000 6, 000 6, 000 6, 000

May 800 800 1, 120 2, 240 1, 600 3, 750 3, 750 3, 750 10, 000 10, (8)0 16, 000 16, 000

June 1,280 1,280 1,280 2,560 1,920 4,500 4,500 4,500 16, 000 18, 000 18,000 18, 000

July 1, 440 1,440 1, 440 2, 880 2, 880 6, 750 6, 750 6, 750 18, 000 18, 000 18, 000 18, 000

August 1,280 1,280 1,280 2,560 2,560 6,000 6,000 6,000 16, 000 16, 000 16, 000 16, (8)0

S-M 1, 600 1, 600 1,280 3, 200 3, 200 7, 500 7, 500 7, 500 20, 000 20, 000 40, 000 40, 000

Total Water Inches 6,880 6,880 6,880 14,400 13, 120 30,750 30, 750 30, 750 86, 000 88, 000 114, 000 114, (8)0

Acre ft/acre 3.58 3.58 3.58 3.75 3.42 3.42 3.42 3.42 3.58 3.66 4.75 4.75

1 0
The management restricted crops were withheld from this farm. The management rearrictions for all other farms were, asparagus, 100 acres; carrots or table beets, 40 acres; onions, 50 acres;
sweet corn, 100 acres.
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As explained in the first part of the chapter, tI 400 acre

farm identified by the survey has been replaced by the 160 and 320

acre farms. This replacement was made because of the interest

shown by some of the people of this area for possible Reclamation

projects.

The 160 Acre Farm

The 160 acre farm meets the acreage limitation established

in section five of the Reclamation Act of 1902 (30, 31). Many of the

people contacted while making this study expressed concern over

this small sized unit. They often stated that such a farming unit

was not large enough to be practical from an economic point of view,

under present farming techniques.

It was assumed that this small unit would probably be oper-

ated by a family with little hired labor, except for the custom work

previously discussed. The total amount of labor made available

for this model was 1.6 man years, distributed throughout the year

in such a manner that the summer months utilize the majority of it.

Because this amount of labor and its distribution was not restrictive

for any of the 160 acre models no changes were made in this re-

source restriction.

The assumption was made in the resource section of this

chapter that water will be available for irrigation. However, it
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would be unrealistic to assume that water is not a scarce resource.

The quantity of water made available for use by the 160 acre models

was 3. 58 acre feet per acre.

The amount of operating capital originally made available

for this farming unit was 24, 000 dollars or 150 dollars per acre.

This amount immediately placed a restriction on the model.

Whether more would be available is questionable, but capital was

increased in model 160C to show its effect on the cropping pattern

and gross profit.

The acreage limitation placed on certain crops in the models,

as a management restriction, was the same for all farms. However,

using basically a family farm concept relatively more management

is available on smaller farms. The crops listed under the manage-

ment restriction were not allowed to enter the first 160 acre farm,

l6OA, but were allowed to enter the other two, thus showing the

importance of being able to raise these specialty crops.

Wheat was restricted by an acreage allotment of 53 acres

for the 160 acre farms. This allotment is equivalent to one-third

of the cropland acres contained by the farm. The allotment used

for the other synthesized farms is also equal to one-third of their

cropland acres.
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The 320 Acre Farm

A farming unit of 320 acres also meets the 160 acre per

person limitation established in section five of the Reclamation Act

of 1902 (30, 31), when, for example, held by a man and wife. For

this reason the 320 acre farm was chosen as one of the units to be

analyzed. It also is not a great deal different than the 400 acre farm

identified in the survey.

The resource restrictions for farm 320A are similar to

the restrictions placed on farm 160G. Again it was assumed that

a farming unit of this size would probably be operated by a family

with little outside help. Therefore, no change was made in the

management restriction or the labor available, while water and

capital were held nearly constant on a per acre basis. Thus, a

comparison of these two farms shows the importance of additional

land. The changes made in the resources available to farm 320B

include increasing the labor limitation to two man years, capital to

96, 000 dollars or 300 dollars per acre, and reducing the quantity

of water somewhat. Whether or not as much operating capital

would be available as was used in the 320 acre farms is again

questionable, but by using such large amounts one gets an idea of

the potential of a 320 acre farm under the somewhat ideal con-

ditions assumed in the models.
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The 750 Acre Farm

The 750 acre farm was the medium-sized farm identified

in the survey. It is this size that holds the interest of many of the

people concerned with irrigation in the study area. The major

emphasis of this study has been placed on the 750 acre farm. Under

present circumstances such a unit would have to be a private devel-

opment. For purposes of this study it is a single farming unit that

is completely irrigated, but it could be a portion of a larger dryland

farm.

In the survey it was found that slightly over 2. 5 man years

of labor was available for the 750 acre farm. The models for these

farms were not restricted to 2. 5 man years of labor, but generally

used about this amount. With the exception of the dryland model,

750X, water, operating capital, and management were restricted

in the same manner for these models as for previous ones. Models

750B, 750C, and 750D were supplied with 3.42 acre feet of water

per acre, 250 dollars per acre or a total of 180,000 dollars oper-

ating capital, and 3. 8 man years of labor. Model 750X was given

two man years of labor and 100 dollars per acre or 75, 000 dollars

operating capital. However, because this farm was a dryland

operation it was assumed that during any one year one-half of the

cropland acres would be in summer-fallow, leaving 375 acres for
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crop production.

In relation to the models previously discussed in this section

of Chapter Two a significant change has been made in models 750C

and 750D. The profit values listed in the first row of Table 6 have

been reduced for certain crops by holding production costs and

yields constant while reducing prices. The changes made are

given in Table 9. Profit combination II was used in model 750C,

while combination III was used for model 750D. The results of

reducing prices for these crops, the ones most often selected by

the models, while holding other variables constant, have a signif-

icant effect on the optimum solution. An analysis of these effects

is given in Chapter Three.

The distribution of labor and water over the growing season

was difficult to determine in this study for all linear programming

models, and the 750 acre farm was no exception. The quantities

of these resources used during any given month depends on the

crops selected by the models, a phenomenon which at times is

difficult to predict in advance. Consequently more labor, water,

and operating capital was often made available to the various models

than would be needed under normal farming conditions. This was

done in order to allow the models maximum flexibility in selecting

the cropping pattern which maximized gross profit.



1Table 9. Changes in gross profit per acre for crops often selected by the models, Columbia Plateau economic study.

Combination i2 Combination LI3 Combination III

Variable Income Gross profit Income Gross profit Income Gross profit
Crop Unit cost Price per acre per acre Price peracre per acre Price per acre per acre

Alfalfa seed Dol. 103 .40/lh. 240 137 .36/lb. 216 113 .36/lb. 216 113

Asparagus 312 300/ton 600 288 300/ton 600 288 251/ton 502 190

Carrots 156 22/ton 440 284 22/ton 440 284 18/ton 360 204

Onions 305 30/ton 600 295 30/ton 600 295 25/ton 501 195

Potatoes 360 2.00/cwt. 600 240 1.70/cwt. 510 150 1.70/cwt. 510 150

Wheat allotment 1 49 1. 95/bu. 176 127 1. 70/bu. 153 104 1. 70/bu. 153 104

1
Changes in price or gross profit have been made only for crops liste4 in this table, no change was made for other crops.

2
Taken from Table 7, used for most models.

Used for model 750C.

4Used for models 750D and 2, 000D.
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The 2000 Acre Farm

A farming unit of 2000 cropland acres was identified by the

survey to represent the large farm operations. Most of the farms

of this size are presently doing very little or no irrigating. A man-

ager of superior ability would be required to make such a large unit

successful under irrigation.

The management or acreage limitation placed on some of the

specialty crops becomes quite restrictive with a unit this large.

From a percentage viewpoint this limitation causes the amount of

these crops that can be produced to become smaller as the size of

the farming unit increases. Thus, because the specialty crops are

the highest net revenue per acre producers the larger farms do not

have the same income producing opportunities as the smaller farms.

This management restriction is especially restrictive when all the

land has to pay full irrigation costs.

The results of the survey show that approximately 3. 5 man

years of labor are presently available in the study area for these

large operations. This quantity was made available to model 2000A,

with 6. 4 man years being provided for the other models of this

size. The distribution of both labor and water was again similar

to the previous models, with water being increased in model 2000C

for May and September through March, the time periods for which



it had previously been restrictive.

Variations were again made in the amount of operating cap-

ital provided for use by the models. Farm 2000A was given the

smallest amount, 60 dollars per acre or a total of 120,000 dollars.

This quantity was doubled for farm 2000 B. Operating capital was

not a restricting resource for the remaining two farms because an

exceedingly large amount was provided so as to determine just tiow

much would be used if this resource was not limited.

While the profit coefficients for the first three farms of this

size were the ones used in the general model, the coefficient values

for model Z000D were again reduced for certain crops. Profit

combination III from Table 9 was used. This combination reduces

profit for six often selected crops by decreasing price while holding

yields constant, thereby changing the cropping pattern and reducing

incoming revenue.
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III. THE RESULTS OF THE LINEAR PROGRAMMING ANALYSIS

In this chapter the results of the linear programming

analysis that was applied to the different farms synthesized in this

research project are presented.

Tables 10 through 13 report the solutions of the linear pro-

gramming problems. These tables give the optimum farm activities

and identify the amount of resources used on the farm. Shadow

prices or MVP are also given by these tables. They indicate the

restrictive resources for each individual farm and place a value

on an additional unit of these resources, assuming other resources

are in surplus.

The 160 Acre Farms

The 160 acre farms are the smallest of the four sizes ana-.

lyzed in this study. The first two models of this small farm unit,

160A and 160B, are used to show the importance of being able to

raise intensive crops that are restricted by the management skill

of the farm operator. The last model, 160C, shows the effect of

increasing the amounts of resources for the previous model (l6OB).

The amount of resources made available and used by these

farms are shown by the two left hand columns listed under each farm

in Table 10. The MVPs or shadow prices for the restricting



Table 10. Resource restrictions, crops selected, and gross profit for l60-acre synthesized farms, Columbia Plateau economic study.

Farm 160A Farm 160B Farm 160C
MVP MVP MVP

Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadow
Unit available used price) available used price) available used price)

Restricting resources:
Operating capital Dol. 24, 000 All 1. 34 24, 000 All 1. 57 36, 000 All 1. 58

Land Acre 160 All 96.22 160 131.3 160 All 93.90

Labor Hour

April " 300 91.2 300 97.4 300 106.0

May " 300 78.9 300 157.2 300 270.5
June " 600 85.5 600 203.9 600 332. 8

July " 600 91.0 600 141.3 600 169.5

Aug. " 600 74.3 600 52.1 600 76.3

Sep-Mar. " 1,400 379.7 1,400 217.9 1,400 216.6
Total " 3, 800 800.6 3, 800 869. 8 3, 800 1, 171.7

Man-year 1. 6 .3 1. 6 .4 1. 6 . 5

Water
April Ac. in. 480 224.2 480 216. 0 480 267. 7

May " 800 775. 7 800 AU 7.49 1, 120 1, 018. 3

June 1, 280 328.8 1, 280 768.6 1, 280 1, 195.6

July " 1, 440 667. 0 1, 440 1, 001. 5 1, 440 1, 219. 0

Aug. " 1, 280 374.9 1, 280 570. 0 1, 280 787. 5

Sep-Mar. 1 1, 600 1, 466. 0 1, 600 207.2 1, 280 336.9
Total Inch 6, 880 3, 836.6 6, 880 3, 563. 3 6, 880 4, 855. 0

Ac.ft./
1

ac. 3.58 2.00 3.58 2.71 3.58 2.53

(.continued)



Table 10. Continued.

Farm 160A Farm 160B Farm 160C
MVP MVP MVP

Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadow
Unit available used price) available used prc) available used pjc

Wheat allotnient Acre 53 All 8.98 53 39.5 53 27,9

Management
Carrots and beets Acre 0 119.79 40 All 84,98 40 All 86.14
Asparagus 0 69.63 100 1.8 100 42.1
Sweet corn 0 100 100

Onions 0 78. 87 50 All 36.96 50 All 10. 85

Crops selected
Alfalfa seed Acre 66. 6
Asparagus 'I 1. 8 42. 1
Carrots 40 40
Onions 50 50
Potatoes 40.4
Wheat allotment 53.0 39.5 27.9

Gross profit
Per acre Dol. 100.44 144.99 192. 58

Total 16,069.73 23, 198.68 30, 812.32

12. 71 acre feet per acre of water was used for the 131. 3 acres on which crops were produced.

Lu
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resources are given in the third column.

1flA

The results of this farm indicate that the farm manager used

all of the available operating capital, 24,000 dollars or 150 dollars

per acre, to produce alfalfa seed (67 acres), potatoes (40 acres),

and wheat (53 acres). These crops required the use of all of the

land in the farm. The acreage of wheat raised was the maximum

allowable by the allotment. Labor was only partially utilized, using

800 of the 3800 hours (1.6 man years) available. Likewise, the

water was not all needed. The farm returned about 16, 000 dollars

to pay for fixed costs, management, the irrigation investment,

and the variable costs of water application other than labor. This

return is labeled gross profit (Table 10) and was explained in

Chapter Two.

The resources for which shadow prices (MVP) have been

found (Table 10) are restricting for farm 160A. They are operating

capital, land, and the wheat allotment. If additional quantities of

these resources are made available to the farm operator, assuming

the other resources necessary for production are in surplus, gross

profit could be increased. The shadow prices show that the first

additional dollar of operating capital would increase gross income

by 1.34 dollars, while the first additional acre of land would
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increase this figure by 96. Z2 dollars. And if another acre of wheat

allotment could be obtained it would be worth 8. 98 dollars. How-

ever, while it might be possible for a farm operator to obtain more

operating capital or land, it is assumed in this study that the wheat

allotment could not be increased.

The level of returns for operating capital and land appear

to be above the cost of their acquisition, which indicates that if

additional units of these resources could be obtained gross profits

would be increased. 8 Additionally, the shadow prices indicate that

if three of the specialty crops which were not allowed to enter the

model were to be produced gross returns would be greater.

As explained in the description of the four farm models

(Chapter Two), farm 1 60B has the same resource restrictions as

farm 160A. The difference in the two farms is that while the

crops listed under the management restriction were not allowed

to enter farm 160A, they were allowed to enter 160B.

8To estimate the increase in gross profit that would result
from a one unit increase in a restricting resource subtract the
marginal factor cost of the resource from marginal value product.
The following estimates of MFC were used in the models in-
cluded in this study: 1) irrigated land, 40 dollars per acre;
2) dry land, 5 dollars per acre; 3) labor, 1.75 dollars per hour;
4) operating capital, . 07 per cent.
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Farm 160B used all of the available operating capital (24, 000

dollars). The farm produced two acres of asparagus, 40 acres of

carrots, 50 acres of onions and 40 acres of wheat. This cropping

pattern left 29 acres of land and approximately 75 per cent of the

labor unused. The acreages of carrots and onions were restricted

due to the limitations established for management of these enter-

prises. The amount of water needed, 3463.3 acre inches (2.71 acre

feet per acre for the 131 acres used) was considerably less than the

quantity available, 6880 acre inches (3.58 acre feet per acre).

However, all of the water available for the month of May was uti-

lized. This farm returned about 23,000 dollars to the factors of

production that remain to be paid, that is, to pay for fixed costs,

management, the investment in irrigation, and the variable costs

of water application other than labor.

The importance of being able to raise the specialty crops

that are included in the group restricted by management skill is

shown by comparing the first two models, 160A and 160B. Aspara-

gus, carrots, onions, sweet corn, and table beets were not allowed

to enter farm 160A, but were allowed to enter farm 160B. The

same quantity of resources were made available for use by both

farms. A further comparison of these two farms shows that gross

income for farm 160B was approximately 7,000 dollars (45 dollars

per acre) greater than for farm l6OA. While both farms produced
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wheat, the other crops produced by the two farms were different.

Farm 160B produced, with the exception of 40 acres of wheat, only

the specialty crops which were not allowed to enter farm l6OA.

Farm 1 60A produced alfalfa seed, potatoes, and wheat. The re-

stricting resources for farm 160A were land, operating capital,

and the wheat allotment. However, neither land nor the wheat al-

lotment were restrictive resources for farm l6OB. The restricting

resources for this latter farm were operating capital, water for the

month of May, and management for carrots and onions.

iAnr

Farm 1 60C shows the results of increasing the endowments

of operating capital and water, two of the resources that were

restrictive to farm l6OB. No change was made in the management

restriction which was placed on five of the specialty crops as only

one level of management was assumed for this study.

All of the land, 160 acres, and operating capital, 36,000

dollars, were utilized in the production of 42 acres of asparagus,

40 acres of carrots, 50 acres of onions, and 28 acres of wheat.

Management restricted the acreage of both carrots and onions,

and fewer acres of wheat were raised than was allowed by the

wheat allotment. One thousand one hundred seventy-two of the

3800 hours (1. 6 man years) of labor was used, while 4855 acre
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inches (2.53 acre feet per acre) of the 6880 acre inches (3.58 acre

feet per acre) of water available was utilized, with neither water

nor labor being restrictive for any of the time periods listed by

the model. The farm returned about 31,000 dollars or 193 dollars

per acre to the factors of production which remained to be paid.

This was a larger return than that of the other two 160 acre farms.

As shown by the shadow prices (Table 10), both operating

capital and land were limiting resources for this farm. If it were

possible to obtain additional units of these resources, the first

dollar of operating capital would increase gross income by 1.58

dollars, while up to 93. 90 dollars could be paid for the use of an-

other acre of land.

Comparing model 160C with 160B shows that the same crops

were produced by both models, with less wheat and more asparagus

grown in the latter model. The results of increasing the quantities

of operating capital and water available for production as was done

in model 160C, increased gross profit, both in terms of total profit

and profit per acre. There was little change in the value of ad-

ditional capital (MVP) for these two models, indicating that more

than 36, 000 dollars could be profitably used. The comparison

also shows that more resources were used by the latter model

which also had more available. This increase included bringing all

of the land back into production.
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The overall view of the 160 acre farms shows that gross

profits increased as operating capital and water restrictions, the

limiting resources for these farms, were lifted and the specialty

crops, returning a higher profit on a per acre basis, entered the

model. Similar results can be expected from any budgeting problem

and typify findings for the other farms in this study.

The 320 Acre Farms

The number of acres available for crop production by the

320 acre farms is double that of the small farms (160 acres) in this

study. However, the amount of labor supplied did not increase

proportionally. The results as well as the quantity of resources

made available and used by these farms are shown in Table 11.

Tr2Vl-Y- nA

Farm 320A is similar to farm 160C in some ways, yet

differs in others. The quantity of labor available for both farms

is the same. The quantity of operating capital available to farm

320A is double the amount available to 160G. However, on a per

acre basis, the quantities are the same. While the amount of land

contained in farm 320A is twice that of farm 160C, the quantity of

water available to the large farm, on a per acre basis, is greater

by only about one-fourth of an acre foot.



Farm 320A used all of the land available to produce six

different crops. They are as follows: 49 acres of alfalfa seed, 7

acres of asparagus, 40 acres of carrots, 50 acres of onions, 111

acres of potatoes, and 62 acres of wheat. The acreage of carrots

and onions raised was the maximum allowed by the model, while

only 62 of the 107 acre wheat allotment was planted.

The total quantity of operating capital, 72,000 dollars or

225 dollars per acre, available to this farm was used. While

9,621.6 acre inches (2.51 acre feet per acre) of the 14, 400 acre

inches (3. 75 acre feet per acre) of water supplied was utilized.

This farm also used 2,373.8 hours (1.0 man years) of the 3800

hours (1.6 man years) of labor available. Operating capital, land,

labor and management were the limiting resources. The MVPs

show that (Table 11) an additional dollar of operating capital would

increase gross income by 1. 16 dollars, an additional acre of land

would increase this figure by 96.71 dollars, and another hour of

labor, if available, would be worth 18.10 dollars during the month

of April and 43. 61 dollars during the month of May.

A comparison of farm 320A to farm 160C, the differences

in their resource endowments which were discussed earlier, shows

that the additional land available to farm 320A was used to produce

alfalfa seed, portatoes, and wheat. This farm, like farm lôOC,

produced carrots and onions at their maximum acreage restriction.



Table 11. Resource restrictions, cropsselected, and gross profit for 320-acre synthesized farms, Columbia Plateau economic study.

Farm 320A Farm 320B
MVP MVP

Quantity Quantity (shadow Quantity Quantity (shadow
Unit available used price) available used price)

Restricting resources:
Operating capital Dol. 72, 000 All 1. 16 96, 000 75, 621.47

Land Acre 320 All 96.71 320 All 116.95

Labor

April Hour 300 AU 18.10 300 240,3
May 300 All 43.61 400 All
June 1 600 410.4 900 517.3
July 600 362.4 900 342.0
Aug. 600 260.3 900 222.4
Sep-Mar. 1, 400 740. 7 1, 400 612. 2
Total 3, 800 2, 373. 8 4, 800 2, 334. 2

Man-year 1.6 1.0 2.0 10

Water
April Ac. in. 960 324. 8 960 174. 4

May 2, 240 1, 413. 5 1, 600 1, 510. 7

June 2, 560 1, 733. 8 1, 920 All

July 2, 880 2, 869. 7 2, 880 2, 530, 0

Aug. 2, 560 1, 633.2 2, 560 1, 547. 7

Sep-Mar. 3, 200 1, 646. 6 3, 200 2, 189.2
Total 14, 400 9, 621.6 13, 120 9, 872.0

Ac.ft./
ac. 3.75 2.51 3.42 2.57

20. 72

7.51

(continued)
Ui
'-0



Table 11. Continued.

Farm 320A Farm 320B
MV? MV?

Quantity Quantity (shadow Quantity Quantity (shadow
Unit available used price) available used price)

Wheat allotment Acre 107 61.9 107

Management
Carrots and beets Acre 40 All 72. 82 40 All 33. 83
Asparagus 100 7.4 100 51.9
Sweet corn 100 100
Onions 50 All 49. 30 50 All 62. 79

Crop selected
Alfalfa seed Acre 49. 4 101. 8
Asparagus 7.4 52.0
Carrots 413 40
Onions 50 50
Potatoes It 111.3 76.2
Wheat allotment 61.9

Gross profit
Per acre Dol. 148.72 159.80
Total 47,493.25 51,135.72



but produced fewer acres of asparagus than farm 160G. Both farms

were restricted by their lack of operating capital and land, as well

as by the acreage limitations placed on carrots and onions. Farm

320A was also restricted by a lack of labor for the months of

April and May.

)flR

Operating capital on this farm was increased to 96, 000

dollars, a 24,000 dollar increase over the previous model. Labor

was increase to two man years; however, the quantity of water

available was reduced for the months of May and June. Of course,

the acreage (320 acres) remained the same.

This farm produced 102 acres of alfalfa seed, 52 acres of

asparagus, 40 acres of carrots, 50 acres of onions, and 76 acres

of potatoes, using all of the 320 acres. Again, as with the previous

farms, the management restriction limited the number of acres of

carrots and onions that were produced. Slightly less than one.half,

2334. 2 hours (1.0 man years), of the labor available was utilized.

Yet, it was a limiting resource during the month of May. Seventy-

five per cent or 9,872.0 acre inches (2.75 acre feet per acre) of the

14,120 acre inches (3.42 acre feet per acre) of water available was

used. Water was a restricting resource for the month of June.

This farm returned 51,135.72 dollars or 159,80 dollars per acre
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of gross profit, and used 75,621.47 of the 96, 000 dollars of oper-

ating capital supplied to it in the production of the above five crops.

Farm 320B could have used larger endowments of some re-

sources. An additional hour of labor for the month of May would

be worth 20.72 dollars, while another acre inch of water for June

would return 7. 51 dollars. More land would also be of value to

this farm, with the first acre worth 116.95 dollars.

A comparison of farms 320A and 32DB shows that both farms

produced alfalfa seed, asparagus, carrots, onions and potatoes.

In addition, farm 320A also produced wheat. The maximum acre-

age of carrots and onions allowed by the management restriction

was produced by both farms. Farm 32DB raised more acres of

alfalfa seed and asparagus than farm 320A, but 320A raised more

potatoes.

The amount of operating capital available to farm 32DB was

24, 000 dollars more than the amount available to farm 320A. How-

ever, while this resource was restrictive to farm 320A, farm 32DB

used less than 4000 of the additional dollars. Land was a restric-

tive resource for both farms, but if an additional acre could be

obtained it would be more valuable to farm 32DB than to farm 320A.

While more labor was allocated to the 32DB farm, the quantity

used by both farms was about the same. Labor was restrictive

during April and May for farm 3DA, but for farm 32DB it was
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restrictive oniy for May, a month for which an additional 100 hours

was made available over the previous model. Water was not a re-

strictive resource for farm 320A, yet was restrictive during June

for the other farm. However, less water was available during June

for the latter farm.

The analysis of these two 320 acre farms provides some

idea about what can be expected when a small unit, such as a 160

acre farm, expands by obtaining more farm land. By comparing

these two units to the l6OC farm, the highest, by a wide margin,

gross income per acre producing farm of the 160 acre size group,

it can be seen that by the use of the additional 160 acres gross in-

come was increased by approximately 20, 000 dollars. However,

gross income per acre was from 33 to 40 dollars less for the larger

farms. The explanation for this reduction in gross income per acre

is that the larger farms were restricted by the lack of labor, water

and/or management, while the l6OC farm was not.

A further analysis of such expansion is provided in Chapter

Four, where net profit or the quantity of income available to pay

for irrigation is examined.

As was true for the 160 acre farms, gross profits increased

for these farms when resource restrictions were relaxed. Labor

and water, during certain months of the year, appear to be the
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major restrictions on the 320 acre farms, indicating that there is

an opportunity to increase gross farm returns by a redistribution

of these resources, as the total quantity of these resources available

to these farms is more than adequate.

The 750 Acre Farms

The analysis of the 750 acre farms differed from that of the

previous farms in that one farm, 750B, was used as a base against

which the other farms were compared. The resource endowments

for farms 750B, 750C, and 750D were the same. The effect of a

reduction in price, while yield and production expenses were held

constant, is shown by a comparison of these three farms. Such a

comparison is made at the end of the section which presents the

results of the 750D farm. Prices were reduced in these models to

show the effect such reductions have on the cropping pattern select-

ed, the resource used, and the gross profits returned.

Farm 750X was not given any water for irrigation. The

results of the analysis of this farm provide an indication of how

much profit might be made by farming without irrigation under the

conditions assumed for the other models in this study. Table 12

gives the results found for the four different 750 acre farms.



Table 12. Resource resictions, crop selected, and gross profit for 750-acre synthesized farms, Columbia Plateau economic study.

Farm 7508 Farm 750C - Farm 7SOD Farm 750X
MVP MVP MVP MVP

Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadow
Unit available used price) available used price) available used price) available used price)

Restricting resources:

Operating capital Do!. 180, 000 All 1. 18 180,000 162, 254.70 180, 000 142,463.08 75, 000 11,875
Land Acre 750 All 113.34 750 All 65.05 750 All 66.27 375 All 32.00

Labor

April Hour 800 719.7 800 429.8 800 351. 2 500 77.5
May " 800 790.6 800 All 18.50 800 737.7 500 27.5
June " 1, 600 1, 014.9 1, 600 1, 030.3 1, 600 957. 3 800
July " 1, 600 798.9 1, 600 779.3 1, 600 944.9 800
Aug. " 1,600 692.6 1,600 603.2 1,600 685. 1 800
Sep-Mar. " 2,800 1,786.3 2,800 1,208.4 2,800 1,650.0 1,400 251.3
Total " 9, 200 5, 803. 0 9, 200 4, 838. 0 9, 200 5, 326. 2 4, 800 356. 3

Man-year 3.8 2.4 3. 8 2.0 3. 8 2. 2 2.0 0. 1

Water
April Ac. in. 2,250 1,208.4 2,250 732.8 2,250 44.5
May " 3,750 3,412.9 3,750 All 5.75 3,750 All 6.85
June " 4,500 4,381.9 4,500 All 2.05 4,500 All 3.55
July " 6, 750 All 2.59 6,750 5,037.7 6,750 6,608.5
Aug. " 6,000 4,033.2 6,000 4,665.0 6, 000 5,721.2
Sep-Mar. " 7,500 3,630.5 7,500 4, 882.9 7, 500 6,031.7
Total " 30,750 23,411.9 30,750 24,428.4 30,750 26,655.9

Ac.ft./
ac. 3.42 2.60 3.42 2.71 3.42 2.96

(continued)

us



Table 12. Continued.

Farm 750B Farm 750C Farm 750C' Farm 750X
MVP MVP MVP MVP

Quanity Quanity (shadow Quassity Quanity (shadow Quanity Quanity (shadow Quanity Quanity (ShadowUnit available used price) available used price) available used price) available used price)

Wheat allotment Acre 250 214.9 250 250 250 All 5.19

Management
Carrots and beets Acre 40 All 93.41 40 AU 103.8 40 AU 35.67
Asparagus '! 100 All 90.40 100 All 71.1
Sweet corn 100
Onions " 50 All 89.29 50 All 130.7 100 All 42.10

Crops. selected
Alfalfa seed Acre 29. 1 200.9 165.2
Asparagus " 100 100
Carrots " 40 40
Peas "

125
Mint "

153.8
Onions " 50 50. 0 50.
Potatoes 0 316.1 110.0 63.0
Sugarbeets "

85.3 431.7
Table beets "

40
Wheat allotment " 214.9 250
Summer fallow "

375

Gives profit
Per acre Do]. 145.70 108.00 86.60 12.73
Total " 100,282.62 80,995.49 64,924.69 9,545.31

1Profit combination 11, Table 9, was used for the 750C farm.

combination Ill, Table 9, was used for the 750D farm.
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Farm 750B was used as a base against which the other farms

of this size were compared. In relation to the previous farms, the

quantity of operating capital available for use by this model was

quite high. However, the total 180,000 dollars or 240 dollars per

acre was used in the production of 29 acres of alfalfa seed, 100

acres of asparagus, 40 acres of carrots, 50 acres of onions, 316

acres of potatoes, and 215 acres of wheat. The amount of asparagus,

carrots, and onions raised was restricted by the management limita-

tion, while 35 acres less than the 250 acre wheat allotment was

produced. Two crops, potatoes and wheat, utilized slightly over

70 per cent of the cropland available.

Of the 9, 200 hours (3. 8 man years) of labor provided for

use by this farm, 5803 hours (2.4 man years) were used, a quantity

which is similar to the amount found available by the survey. Labor

was not a limiting resource during any month, with the largest sur-

plus occurring during the summer months of July and August. The

amount of water available, 30,750 acre inches (3. 42 acre feet per

acre), was well above what was required, 23,411.0 acre inches

(2. 60 acre feet per acre). While there were large quantities of

excess water available for April, August, and the months of

September through March, the quantity used was near or equal to
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the supply for May and June. Water was a limiting resource for

the month of July.

Farm 750B produced 109, 282. 62 dollars or 145. 70 dollars

per acre gross profit, which was about the same amount, on a per

acre basis, as farms 160B and 320A produced.

The shadow prices given in Table 12 show that returns could

be increased for this farming unit by any one of a combination of

four ways. These alternatives include obtaining additional units of

the following restricting resources: operating capital, land, water

for the month of July, and management skill, which was assumed

to limit the acreage of three of the crops produced. The alternative

used would depend on the availability and the cost of the resources.

An additional dollar of operating capital would return 1.18 dollars.

Another acre of land is worth 113.34 dollars. Up to 2.59 dollars

could be paid for the first acre inch of water for the month of July.

And if another acre of any one of the three crops restricted by

management skill assumption could be raised, gross profits would

increase by about 90 dollars, However, the addition of another

acre of these crops is not possible as only one level of management

skill was assumed for this study.



Farm 750C

The resource restrictions for this farm and farm 750D are

the same as for the base farm, 750 B. However, this farm is dif-

ferent from farm 750B in that the prices of several commodities

were reduced, resulting in lower gross profits per acre. The

crops affected were: alfalfa seed, potatoes, and wheat. Profit

combination two, Table 9, was used for farm 7 50G.

All of the land and 162,254.70 dollars (216. 34 dollars per

acre) of operating capital were used to produce seven crops. The

cropping pattern included alfalfa seed (210 acres), asparagus (100

acres), carrots (40 acres), mint (154 acres), onions (50 acres),

potatoes (ill acres) and sugar beets (85 acres). The acreages of

asparagus, carrots, and onion were again restricted by the manage-

ment assumption. This farm returned 80,995.49 dollars or 108.00

dollars per acre of gross profit. Two man years (4, 383. 0 hours)

of the 3.8 man years (9, 200 hours) of labor were utilized. All of

the labor available was used during May. Of the 30,750 acre

inches (3.42 acre feet per acre) of water supplied, 24, 428. 4 acre

inches (2.71 acre feet per acre) were used. Water was a limiting

resource during the months of May and June.

Land, labor, and water were the restricting resources for

farm 750G. The value of an additional acre of land, as shown by
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its MVP given in Table 1 2, would be 65. 05 dollars, while another

hour of May labor would be worth 18.50 dollars. The farm manager

would be willing to pay up to 5.72 dollars for one more acre inch

of May water, and up to 2. 05 dollars for an additional acre inch of

June water.

The effect of reducing farm prices for alfalfa seed, potatoes,

and wheat is show by a comparison of farms 750B and 750C. Chan-

ges include dropping wheat from the cropping pattern, reducing

potato acreage by 206 acres, increasing the acreage of alfalfa seed

from 29 to 210 acres, and producing two new crops, mint and sugar

beets. Potatoes and wheat utilized 70 per cent of the cropland in

farm 750B, while in farm 750C less than 15 per cent was utilized

by these crops.

The quantity of resources used by the two farms was also

different. All of the operating capital was used by farm 750B,

while farm 750C used only 1 62, 244 dollars. Land and water were

restricting for both farms. However, the shadow price for land

was smaller for farm 750C, and water was restrictive during

different months. Labor was a restriction only for farm 750C.

Yet, this farm used 1000 hours less labor than was utilized by

farm 750B.

The major difference between these two farms was in the

amount of gross profit they produced. The above changes in the
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cropping pattern and resource use, brought about by a price reduc-

tion for alfalfa seed, potatoes, and wheat, resulted in a reduction

of gross profits amounting to 29, 000 dollars or 38 dollars per acre.

T',-,-,- 7cuIfl

Profit combination III, Table 9, was used for this farm.

Gross profit per acre was reduced for asparagus, carrots, and

onions as well as for alfalfa seed, potatoes, and wheat, the three

crops for which gross profit was previously reduced. The table

mentioned above shows the amounts of these reductions.

The quantity of resources available for use by farm 750D was

the same as for the previous two models. The 750 acres of land

and 142,463.08 dollars (190 dollars per acre) of operating capital

was used to produce alfalfa seed (165 acres), onions (50 acres),

potatoes (63 acres), sugar beets (432 acres), and table beets (40

acres). Fifty-eight per cent of the cropland was planted to sugar

beets. Labor was not a limiting resource for any month, with

5326. 2 hours (2. 2 man years) of the 9, 200 hours (3. 8 man years)

provided used. Water was a limiting resource for May and June.

In total, 26, 655 acre inches (2.96 acre feet per acre) of the

30,750 acre inches (3.42 acre feet per acre) available was utilized.

The maximum acreage of onions and table beets allowed by the

management restriction was produced. Gross profit for this farm
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equaled 64,924.69 dollars or 86.60 dollars per acre.

The effect of lower prices and correspondingly lower profits

per acre are shown by the results of the different 750 acre irrigated

farms, given in Table 12. Farms 750B, 750C, and 750D are simi-

lar in that they used all of the land available, were restricted by a

lack of water for at least one month of the growing season, and

produced alfalfa seed, onions, and potatoes. However, an ad

ditional acre of land would be worth more to farm 750B than it would

be to the other farms, while an additional unit of water would be

most valuable if available during May for farm 750D.

Perhaps the most outstanding difference between these farms

was the amount of gross profit produced by them. A reduction in

price for three crops, profit combination II, Table 9, resulted in

a 26 per cent decline in gross profit. While a lower price for

three additional crops, profit combination III, Table 9, brought

about another 20 per cent reduction in gross profit. The combined

results of lower prices for six of the crops, which were often

selected by previous models, amounted to a reduction of about 41

per cent or 59 dollars per acre.

Accompanying this decline in gross profit were changes in

the cropping pattern. A comparison of farm 750C to farm 750B

shows that while maximum acreage of asparagus, carrots, and

onions were produced, changes were made in the other crops.



73
Farm 750C produced more acres of alfalfa seed, fewer acres of

potatoes, no wheat, and added mint and sugar beets to its cropping

pattern. The crops and their acreages were again different for

farm 750D. This farm produced only five crops, with sugar beets

using more than one-half of the total acreage. The maximum acre-

age of onions was again raised, while table beets replaced carrots.

Asparagus, mint, and wheat were not produced by farm 750D. The

amount of alfalfa seed raised was less than for farm 750C, but

greater than for 750B. Fewer acres of potatoes were raised by

the latter farm than for either of the two previous farms.

Some shifts were made in the amount of labor and water used

by the different farms during the various time periods identified

in the study. This was a result, no doubt, of the changes in the

cropping pattern. The quantity of labor used by farm 750C decreas-

ed by about 1000 hours from the quantity used by 750B. But labor,

while not restrictive for any month of the latter model, became a

restrictive resource in May for farm 750C, indicating that a redis-

tribution of labor would be beneficial to the 7500 farm. The quan-

tity of labor used by the last farm, 750D, increased.in comparison

to farm 750C to where its consumption of this resource was about

halfway between the quantities used by the other two models.

I-I ow e v e r, lab o r was not restrictive during any month for this

farm.
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The consumption of water by these three farms increased

as prices were reduced and cropping patterns changed. Thus,

based on this example, it appears that the lower income producing

crops may require more water than the higher income producing

crops. If water were to be purchased on a unit basis it would be

most expensive for farm 750D, the farm which produced the lowest

gross farm income.

The value of producing an additional acre of the crops limit-

ed by management ability, asparagus, carrots or table beets, and

onions, assuming it would be possible to increase this restriction,

varies with the different farms. For the base farm, 750B, the

value of an additional acre is about the same for all three crops.

Yet in farm 750C, where gross income and profit per acre has

declined for alfalfa seed, potatoes and wheat, the value of an ad-

ditional acre of onions or carrots has increased. At the same time,

the value of another acre of asparagus has declined. The value of

an additional acre of the management restricted crops for farm

750D, where the gross income and profit per acre for these crops

as well as for the above listed crops was smaller, declined con-

siderably. Asparagus was not raised by this farm.

In general, by viewing the 750 acre irrigated farms, it can

be seen that a reduction in the price received for the major crops

produced by a farm affects the cropping pattern as well as causing
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a significant decline in returns, identified as gross profit in

Table 12. These same results could be expected from either a

reduction in yields or an increase in production expenses, if the

other two variables were held constant. Lower prices reduce the

ability of a farm to pay for irrigation. This point will be further

discussed in Chapter Four.

71fly

Farm 750X shows what a dryland farm would look like when

operated under the constraint of the assumptions used for the irri-

gated farms synthesized in this study. Because this model was

somewhat different from the other models it was necessary to make

the following changes. The land available for use by this farm was

reduced to 375 acres, the equivalent to assuming that one-half of

it would be in summer-fallow. The charge for land was reduced

from 40 dollars per acre to five dollars per acre for each of the

750 acres. And only three crop alternatives were available to

this farm; dry barley, dry peas, and dry wheat.

In the solution of this model dry wheat was produced up to

its acreage allotment. The remaining acres were used to produce

peas. No resources were restrictive as only 356 hours of labor

and 11, 875 dollars of operating capital were used. Gross profit

was 9545 dollars.
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While the farm 750X does give an indication of what a farm

might look like without irrigation, it is an incomplete view because

for a large part of the study area dry peas are not presently pro-

duced. If peas are not an alternative, only one crop, barley, can

replace them. This replacement produces less gross profit, 7366

dollars, yet requires less labor, 300.8 hours and less operating

capital, 6000 dollars.

The 2000 Acre Farm

The farms discussed in this section are the largest farms

included in the study. Their size, 2000 acres, was chosen on the

basis of the results found in the farm survey. The various resource

combinations and optimum solutions found for the 2000 acre farms

are given in Table 13.

Farm 2000A

The amount of operating capital available for use by farm

2000A is considerably less, on a per acre basis (60 dollars) than

was available to the other farms. The amount of labor available

(3.5 man years) to this farm on a per acre basis is also less.

However, 60 dollars per acre is nearly twice as much operating

capital as is presently being used on large dryland farms in the

area. These quantities, 120,000 dollars and 3.5 man years, are



Table 13. Resource restrictions, crops selected, and gross profit for 2, 000-acre synthesized farms, Columbia Plateau economic study.

2, 000A 2. 0009 2, 000C
- -

2, 000D1
MV)' MV)' MV)' MV)'

Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadowUnit available used price) available used price) available used price) availble used price)
Restricting resoumes:

Operating capital Dol. 120, 000 All 1.51 240, 000 All 1.47 1,000,000 389,541.50 1,000,000 337,756.98
Land Acre 2, 000 1, 665.6 2, 000 1, 859.2 2, 000 All 100.99 2, 000 All 93. 68

Labor

April Hour 600 455.7 i, 200 598. 3 1, 200 All 36. 12 1, 200 802.2
May ' 800 All 8.20 1, 600 1, 129. 7 1, 600 1, 446. 6 1, 600 All 18.90
June 1, 400 1, 364.4 2, 800 1, 132. 3 2, 800 , 1857. 8 2, 800 2, 089. 5
July 0 1, 400 1, 326.2 2, 800 757. i 2, 800 1, 635. 2 2, 800 2, 096. 1
Aug. 1, 400 1, 186.8 2, 800 380.2 2, 800 1, 250. 2 2, 800 1, 797.8Sep-Mar. " 2,800 2,422.7 4,200. 3,701.4 4,200 All 12.33 4,200 2,039.4Total " 8,400 7,555.8 15,400 7,699.0 15,400 11, 589.8 15,400 10,425.7

Man-year 3.5 .3.1 6.4 3.2 6.4 4.8 6.4 4.4

Water
April Ac. in. 6,000 4, 161.6 6,000 2,034.9 6, 000 678.2 6,000 3,360.9
May " 10,000 All 7.24 10,000 All 8.02 16,000 8,470.7 16,000 10,841.2June " 16, 000 6, 5(9.5 18, 000 3, 000 18, 000 7, 138. 4 18, 000 12, 308. 4
July " 18, 000 8,204.5 18, 000 3,947.2 18, 000 11, 729.6 18, 000 16, 420.7
Aug. " 16, 000 7, 679. 3 16, 000 2,457. 8 16, 000 7, 457. 8 16, 000 All 1. 64
Sep-Mar. " 20, 000 10,201.8 20, 000 20, 000.0 .25 40,000 20,357.3 40, 000 9,078. 1Total " 86, 000 46, 756.7 88, 000 41,439.9 114,000 55, 831.9 114.000 68 009 3Ac. ft. /

ac. 3.56 2.402 3.66 l.86 4.75 2.236 4,73 2.883

(Continued)



Table 13. Continued.

2,000A 2,000B 2,000C 2,000D
MVP MVP MVP MVP

Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadow Quantity Quantity (shadow
Unit available used price) available used price) avail.able used price) available used price)

Wheat allotment Acre 666 All 2.56 666 411.4 666 666

Management
Carrots and beets Acre 40 All 85.63 40 AU 97.12 40 All 124. 19 40 All 59.30
Asparagus 100 65. 3 100 All 86. 86 100 All 133.98 100 All 1. 38
Sweet corn 100 100 100 100
Onions 50 AU 44.07 50 All 66.28 50 All 98.97 50 All 29.31

Crops selected
Alfalfa hay Acre 668.7
Alfalfa seed 175.6 1, 111.4 1, 144.0 404.3
Asparagus 65.3 100 100 100
Carrots 40 40 40
Mint 134. 6 1, 074.9
Onion 50 50 50 50
Potatoet ' 146.3 531.3
Sugar beets ' 329.7
Table beets 40
Wheat allotment 666 411.4

Gross profit
Per acre IDol. 69.10 94.95 115.50 82.50
Total 138, 195.00 189, 902.25 231, 000.69 165, 014.04

Profit combination HI, Table 9, was used for the 2, 000D farm.
2
2.40 acre feet per acre was used for the 1665.6 acres on which crops were produced, ot

86 acre feet per acre was used for the 1859.2 acres on which crops were produced.
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approximately doubled for the second 2000 acre farm to show the

effect of changing these resource restrictions.

The results of farm 2000A indicate that the farm manager

used all of the 120,000 dollars or 60 dollars per acre of operating

capital and 1666 acres of land in the production of 669 acres of

alfalfa hay, 176 acres of alfalfa seed, 65 acres of asparagus, 40

acres of carrots, 50 acres of onions, and 666 acres of wheat. The

acreage of wheat was restricted by the wheat allotment and the acre-

age of carrots and onions was restricted by management skill.

Over 80 per cent of the 1666 acres of land used by this farm was for

the production of alfalfa hay and wheat.

Most of the labor, 7555. 8 hours (3. 1 man years) of the

8400 hours (3. 5 man years) available to this farm was utilized.

However, it was a limiting resource only for the month of May. Of

the amount of water supplied, 86, 000 acre inches (3. 56 acre feet

per acre), only 46,756.7 acre inches (2.40 acre feet per acre for

the 1666 acres on which crops were produced) was used. Yet water,

like labor, was a limiting resource during May. This farm re-

turned about 138,000 dollars or 69 dollars per acre to pay for fixed

costs, management, the irrigation investment, and the variable costs

of water application other than labor. As was true for the other

farms, this return is labeled gross profit.

The restrictions for farm 2000A include operating capital,



water in May, the wheat allotment, and management skill for two

of the horticultural crops. The value of additional units of these

resources can be found in Table 13 by looking at their respective

MVPs. Additional units of capital, labor, and water were supplied

to farms 2000 B and 2000C to show how returns can be increased.

However, these additional resources were supplied in a group,

which means that the importance of any one resource cannot be

identified.

Farm 2000B

Additional quantities of operating capital and labor were

available for use by this farm. The quantity of operating capital

available to farm 2000B has been doubled and labor has been in-

creased to 6.4 man years. A comparison of farm Z000A to farm

2000 B at the end of this section shows the effects of increasing

these resources.

Farm 2000 B used 1859 acres of land and the total amount of

operating capital available, 240,000 dollars or 120 dollars per

acre, to produce 1111 acres of alfalfa seed, 100 acres of asparagus,

40 acres of carrots, 50 acres of onions, 146 acres of potatoes, and

411 acres ofwheat. The acreages of asparagus, carrots, and

onions were limited by the management restriction, while only

slightly more than 60 per cent of the wheat allotment was planted.



However, the combined acreage of alfalfa seed and wheat utilized

about 82 per cent of the total cropland used by this farm.

The above crops required 7,699.0 hours (3. 2 man years) of

the 15,400 hours (6.4 man years) of labor available and less than

one-half, 41,439.9 acre inches (1.86 acre feet per acre for the

1859 acres on which crops were produced) of the 88,000 acre inches

(3. 66 acre feet per acre) of water supplied to this farm. A large

surplus of labor , which was not a restricting resource, and water

occurred during the summer months. This farm returned about

190,000 dollars or 95 dollars per acre which can be used to pay the

costs not previously included in the model.

Operating capital, water during May and September through

March, and management skill were limiting resources. If addition-

al units of these resources were available returns would be increas-

ed for this farm. Farm 2000C shows the results of increasing

water and operating capital to where they no longer are limiting

resources.

The additional resources available to farm 2000B brought

about a different optimum solution than was found for farm 2000A.

A comparison of these two farms shows that the changes include

using about 200 more acres of the land available, a shifting of the

cropping pattern, and an increase in gross profit. Wheat and alfalfa

were the major crops for both farms, utilizing approximately 80



per cent of the cropland. However, while farm 2000A produced

689 acres of alfalfa hay, farm 2000B omitted this crop from its

solution and increased its acreage of alfalfa seed to 1111 acres.

Farm 2000B also cut back on wheat production to 411 acres or about

two-thirds of the allotment for the 2000 acre farms. Returns for

farm 2000B, which had larger endowments of operating capital and

labor, were higher than for farm 2000A. Farm 2000 B returned

26 dollars per acre more gross profit than was returned by farm

2000A, indicating that increasing the quantities of the resources

that were restrictive resulted in increased gross profit.

The cropping patterns of these two farms were similar in

that they both produced the maximum acreage of carrots and onions

allowed by the management skill restriction. They differed in that

farm 2000A produced 65 acres of asparagus while 2000 B produced

the maximum allowed. Potatoes, not included in farm 2000A crop-

ping pattern, were produced by the latter farm.

Farm 2000C

This farm is in some respects similar to the previous two

farms, yet shows the result of having additional resources avail-

able for production. Farm 2000C differs from the other two farms

in that neither operating capital nor water was a limiting resource.

Also, it used the complete 2000 acres available for the production



of crops.

Farm 20000 used about 390,000 dollars or 195 dollars per

acre of operating capital in the production of 1144 acres of alfalfa

seed, 100 acres of asparagus, 40 acres of carrots, 135 acres of

mint, 50 acres of onions, and 531 acres of potatoes. As with most

of the previous models, the acreage of asparagus, carrots, and

onions was equivalent to the maximum allowed by the management

restriction. The amount of labor needed was g reater than the

amount needed for farms 2000A and 2000B, with 11589.8 hours

(4.8 man years) of the 15,400 hours (6.4 man years) available

utilized. The quantity of water used by the crops raised on this

farm amounted to 55,831.9 acre inches (2. 33 acre feet per acre)

of the 114,000 acre inches (4. 75 acre feet per acre) supplied. It

was not a limiting resource. This farm returned about 231,000

dollars or 115 dollars per acre gross profit.

Table 13 shows that land, labor, and management skill

are restricting resources. However, the level of returns for land

and labor appear to be above the cost of their acquisition, which

indicates that if additional units of these resources could be obtained

profit would be increased.

A comparison of this farm to the two previous farms points

out that when more resources are available returns are increased.

This is not to say that profit will always increase when additional



resources can be obtained. Profits will only be increased when

the increase in returns, brought about by the added resources, is

greater than the cost of securing the resources. Farm 2000C pro-

duced about 231, 000 dollars of gross profit or approximately 20

dollars per acre more gross profit than farm 2000 B, and 45 dollars

per acre more gross profit than farm 2000A.

In comparing the cropping pattern for farms 2000C and

2000B, they both raised as many acres of asparagus, carrots and

onions as the management restriction allowed. The acreage of al-

falfa seed, the major crop for both farms, was also similar. While

both raised potatoes, farm 2000C raised considerably more than

farm 2000B. Wheat, produced by farm 2000 B, was not included

in farm 2000C' s cropping pattern. However, farm 2000C raised

135 acres of mint, a crop not raised by 2000B.

Farm 2000C, which was not restricted by operating capital,

needed 65 dollars per acre more of this resource than was supplied

to and used by farm 2000 B. While labor was not a limiting resource

for farm 2000B, it limited the latter farm during both April and

the winter months.

Farm 2000D

Farm 2000D shows the effect of a reduction in the price re-

ceived for the majority of the crops produced by the previous



farm (2000C). While the same quantity of resources was provided

for use by both farms, profit combination III, Tab1e 9, was used

for the 2000D farm.

This farm used all of the land available and about 338, 000

dollars or 169 dollars per acre operating capital to produce 404

acres of alfalfa seed, 100 acres of asparagus, 1076 acres of mint,

50 acres of onions, 330 acres of sugar beets, and 40 acres of table

beets. While the profit per acre was reduced for asparagus and

onions, they were still produced at the maximum acreage restric-

tion allowed by management. On the other hand, the lower price

received for carrots caused them to be replaced by table beets.

With the exception of operating capital, all the resources

identified in the models were restrictive for this farm. It appears

that if additional land and labor for May could be obtained, their

cost would be less than the added returns they would generate.

Four and four-tenths (10,425.7 hours) of the 6.4 man years

(15,400 hours) of labor was utilized, with it being a limiting re-

source for May. Two and eight-tenths acre feet per acre (68,009. 3

acre inches) of the 4.75 acre feet per acre (114,000 acre inches) of

water available was used. It was restrictive to this farm during

the month of August.

A comparison of farm 2000D to farm 2000C shows that by

reducing the price received for six crops (alfalfa seed, asparagus,



carrots, onions, potatoes, and wheat) gross profits were also re-

duced. Farm 2000C produced 116 dollars per acre gross profit,

while farm 2000D produced only 83 dollars. The quantity of re-

sources used by these two farms and their cropping patterns were

also different. Farm 2000C used more operating capital and labor

than was used by farm 2000D. Labor was restrictive during at

least one month for both farms, while water was restrictive only

for farm 2000D. Both farms were restricted by land and manage:-

ment.

Changes in the cropping pattern for these two farms include

a decrease in the acreage of alfalfa seed, the major crop for farm

2000C, and increase in the acreage of mint, the major crop for

farm 2000D, and dropping carrots and potatoes from the cropping

pattern of farm 2000D, while including the new crops of sugar beets

and table beets.

An overall view of the 2000 acre farms shows that increases

in the quantities of the resources restrictive to these farms results

in increasing returns. However, as shown by the comparison of

farm 2000D to farm 2000C, a reduction in price for most of the

crops selected by the latter farm results in a considerable de-

crease in these returns.



IV. SUMMARY, IMPLICATIONS, AND CONCLUSIONS

The first three chapters of this thesis discussed the linear

programming models designed to provide some understanding of

the economics of applying irrigation water to farms currently re-

stricted to dryland crops.

This chapter summarizes the analysis and information pre

sented in the earlier chapters. This summary includes analysis

which focuses on the management implication of the study. Some

general recommendations are also drawn, knowing that the farms

studied do not sufficiently represent the area to be generalized for

broad policy statements, and that any individual farm will differ

from the synthesized models. However, the models are sufficiently

realistic to be helpful in firm and local group decisions.

This study does not consider the process of transition from

dryland farming to complete irrigation. The implications of the

study are of complete irrigation development, possibly made in-

stantaneously, but a farm manager should find the information pre-

sented useful in planning the adjustment process.

Land tenure and its effect on irrigation decisions was men-

tioned earlier in this paper. It seems reasonable that the land

owner would make the initial decision either in favor or against

irrigation. Once this decision was made, the quantity of resources



*1

used for crop production would depend on the 1andlord tenant agree-

ment. As implied in Chapter Two, optimum resource allocation

for both the landlord and the tenant would occur when all expenses

were shared in the same proportion as revenue.

This chapter is organized as follows: (1) surplus family

labor is identified and some suggestions are made as to how it

might be made more productive, (2) gross profit figures are re-

duced to the quantity of income remaining to pay for irrigation and

management by the subtraction of fixed costs, (3) two examples of

the cost of irrigation are used to provide some ideas about the

ability of the synthesized farms to pay for irrigation, (4) the effect

of a change in prices or yields on the profit producing ability of a

farm is analyzed, (5) the conditions necessary for profitable irri-

gated farming are discussed, and finally (6) some additional con-

siderations for irrigated farming and needed research are discussed.

A Discussion of Surplus Labor

While many of the linear programming models used in this

study utilized all of the labor available for a given month, they also

had surplus labor for other months of the year. Thus, there is a

potential for increasing family income if this idle labor can be put

to productive use. Undoubtedly, some of the surplus labor would

be used for management and planning. Time for these activities



has not been included in the labor coefficients used in the models.

Also, some of this labor would be used to do farm jobs that are not

included in the models. Such jobs might include general farm and

home maintenance.

The incorporation of considerable custom hired work into

these models should be again emphasized. As was explained in

Chapter Two, it was assumed that custom work would usually be

hired for spraying, fertilizing, and harvesting. Certainly the use

of custom work, included as operating capital, reduces the amount

of labor use specifically identified by the models, and increases

the extent of surplus operator and family labor.

If all of the labor made available to the linear programming

models were hired on an hourly basis then there would be no surplus

labor problem because when labor was not needed it would not be

hired. However, the assumption was made that some of the farms,

at least the small ones, would most likely be operated by a family.

Also, in addition to the family labor, many farms have some quan-

tity of permanent hired labor that in effect is fixed on the farm op-

eration. Under such assumptions, this labor may not be fully

utilized in the programs analyzed.

The assumption is made that family income for the smaller

farms is made up of labor returns and the residual left for manage-

ment. For this reason no reduction has been made in farm income



for family living expenses. However, family income from wages is

quite low for the 160 acre farms in this study because the require-

ment for labor is low. These farmers do not have enough productive

hours. For example, farm 1 60A requires 800. 6 hours of labor per

year. This quantity multiplied by the wage rate, 1.75 dollars per

hour for all models, equals only 1, 401. 05 dollars of annual income.

The 320 acre farms also have surplus family labor.

There are several alternatives available to the farm man-

ager for productive use of his surplus labor. For example, the

farm manager of farm 160A could probably hold a full time job away

from the farm, as the labor requirements are less than 100 hours

for any month of the growing season. Other alternatives might in-

dude working for another farmer on a part-time basis; purchasing

and operating some of the machinery used for the custom hired

work, such as a sprayer or a combine, in a cooperative agreement

with other farmers; or adding a livestock enterprise to the farming

operation.

Returns Available for Payment of Irrigation Expenses
and Management

Gross profit per acre figures were estimated in Chapter

Three for each model farm. Many of the costs of farming are sub-

tracted from total income within the linear programming models to



obtain gross profit. However, other fixed costs remain to be es-

timated and subtracted in order to obtain the income available for

purchasing water and the irrigation system necessary for its distri-

bution. These costs include a fixed charge for machinery, buildings,

and general overhead. Because no charge has been made for man-

agement, a return must also be made here to retain this factor.

In the usual farm budget, net income is the return to labor,

management, and invested capital. However, this is not the case

for the net income or profit per acre figures given in Table 14.

While labor and the opportunity cost of the capital have previously

been subtracted to obtain gross profit, no charge has been made

for irrigation or management. Therefore, the profit per acre fig-

ures of the last column in Table 14 represent the amount of income

remaining that can be used to pay for these items. However, if

it could be assumed that farmers do not receive a management re-.

turn then all of this profit could be used to pay the cost of irrigation.

Two Examples of the Cost of Irrigation

Some idea of whether irrigation is a profitable investment

for farms in the area of study is obtained by using two examples of

the cost of setting up and operating an irrigation system. Table 15

shows the subtraction of these two cost estimates from the profit

remaining to pay for irrigation and management (Table 14). Forty
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Table 14. Estimation of costs excluded from the models, and profit available for irrigation repay-

ment and management, Columbia Plateau economic study.

Annual: Annual Total Annual Profit

fixed cost of fixed cost of General annual gross Total5 per

Farm machinery1 buildings1 overhead3 fixed costs prof it4 profit acre

160A 3, 181 1, 836 1, 200 6, 217 16, 070 9, 853 61

160B 3, 181 1, 836 1,200 6, 217 23, 199 16, 982 106

160C 3, 181 1,836 1, 800 6, 817 30, 812 23, 995 149

320A 4,852 1,836 3,600 10,288 47,593 37,305 116

320B 4, 852 1, 836 3, 781 10, 469 51, 136 40, 667 107

750B 9, 096 4, 320 9, 000 22, 416 109, 283 86, 867 115

750C 9,096 4,320 8,113 21,529 80,995 59,466 79

750D 9, 096 4, 320 7, 123 20, 539 64, 925 44, 386 59

750X 4, 681 4, 320 594 9, 595 9, 545 50

2000A 16, 891 4, 590 6, 000 27, 481 138, 195 110, 714 55

2000B 16, 891 4,590 12, 000 33, 481 189, 902 156,421 78

2000C 16, 891 4, 590 19, 477 40, 958 231, 001 190, 043 95

2000D 16, 891 4, 590 16, 888 38, 369 165, 014 126, 645 63

1Annuai fixed cost of machinery includes depreciation, interest, insurance, and taxes. Estimates

were made of the machinery necessary to operate these farms. The following sources of data were

used (19, 21, p. 4-5).

2Annual fixed costs of buildings includes depreciation, interest, insurance, and taxes. This cost was
based on the value of the buildings found on farms in the study area by the farm survey, see Table 1.

3General overhead is the costs not otherwise specifically included in the synthesized farms. These

costs were assumed to be five percent of operating capital.

4Annual gross profit figures are given for the different farms in Tables 10 - 13.

5Total profit is a residual to be claimed by irrigation and management.
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Table 15. The ability of the synthesized farms to pay two levels
of assumed irrigation costs, Columbia Plateau
economic study1

Profit -$40/Acre -$90/Acre
Farm Per Acre2 Irrigation Cost Irrigation Cost

160A 61.50 21.50 -28.50
160B 106.00 66.00 16.00
160C 150.00 110.00 60.00
320A 116.50 76.50 26.50
320B 127.00 87.00 37.00
750B 116.00 76.00 26.00
750C 79.50 39.50 -10.50
750D 59.00 19.00 -31.00
2000A 55.50 15.50 -34.50
2000B 78.00 38.00 -12.00
2000C 95.00 45.00 5.00
2000D 63.50 23.50 -26. 50

'Similar irrigation costs have been identified by other studies
(5, 15, 17).

2 Taken from the last column of Table 14.
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and ninety dollars per acre are the estimates used to simulate the

annual cost of owning and operating an irrigation system, exclud-

ing labor which was previously subtracted from profit by the models.

The 40 dollar per acre example can be thought of as representing

the cost of irrigating using a well, or a number of wells, for the

source of water. In this example, the majority of this cost would

be for the distribution system and the non-labor cost of water ap-

plication. All irrigated farm models in this study produced enough

profit to cover the above estimated cost (40 dollars per acre) of

irrigating from wells.

During the last few years considerable interest has develop-

ed in pumping water for irrigation from the Columbia River. Some

projects using this source have been developed on both the upper

and lower sections of the river. The 90 dollar per acre figure is

similar to estimates of the cost of irrigation for the western coun-

ties of this region, where the plateau is at its highest elevation

above the river (5). It may be assumed that similar development

for the eastern counties, where the lift is not so great, would be

less expensive. In the second example where a 90 dollar annual

irrigation cost was assumed, the costs of the distribution system

9Several studies have arrived at a cost for similar irriga-
tion development somewhat near this 40 dollar per acre figure
(15, 17).
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and the variable non-labor expenses of water application would be

about the same as for the first example, leaving the majority of

the 90 dollars to pay for raising the water to the plateau and de-

livering it under pressure to the farms.

As can be seen from Table 15, only half of the farms pro-

duced enough profit to pay the 90 dollars per acre annual irrigation

cost. The farms that could pay this cost tended to be the smaller

farms which allowed proportionally a higher level of intensification,

or the larger farms with very high levels of operating capital.

These farms received the originally assumed (higher) prices (Table

9, combination I) for their produce. However, farm prices fluctu-

ate from year to year. To show the effect of lower commodity

prices on the ability to pay for water, three other farms were ex-

amined. These farms, 750C, 750D, and 2000D have the same re-

source base as farms 750B and 2000G. However, lower product

prices were assumed (Table 9, combinations II and III). The

above three farms did not produce enough annual profit to pay 90

dollars per acre for irrigation. Hence, if prices tend to decline

below assumed average levels without offsetting increases in

yields or reductions in production costs, even the higher profit pro-

ducing farms might be unable to pay 90 dollars per acre for irriga-

tion. Additional discussion of the effect of changes in price on

the ability of the model farms to pay for irrigation follows in the



next section of this paper.

Specific profit comparison between the different sizes of

farms developed in this study cannot be made because the production

resources at their disposal were not in the same ratio. Neverthe-

less, a relative comparison shows that the larger farms were less

profitable than the smaller farms on a per acre basis, which is

most likely a consequence of the management restriction included

in these models. Thus, if the farms of this area continue to be

large units, management will need to handle larger acreages of the

high value crops in order to pay for irrigation development similar

to the more expensive irrigation system discussed above.

The Effect of Changing the Assumed Values for Price and Yield

Changes in prices and yields bring about changes in profit,

and likewise, the ability to pay for irrigation. An example of the

effect of such changes was shown earlier as the price received

for some of the most often raised crops was reduced for farms

750C, 750D, and 2000D. Table 15 shows that none of these three

farms produced enough profit to pay the annual cost of the more

expensive irrigation development, while farms with comparable

resources but higher prices were able to generate sufficient rev-

enue to pay the costs associated with irrigation. There are three

main variables that play an important role in determining a



farmer's profit. They are price, yield, and cost of production.

A change in any one of the three results in a change in profit or

loss, as the case may be.

Other assumptions lie behind these three main ones. They

include the availability of processor contracts for certain crops, a

market for other crops once they have been produced, constant pro-

duction costs, and successful production of all crops raised. Ex-

amples of the possible changes that could result from different

price and yield values are given in Table 16. These examples pro-

vide an indication of the risk associated with price and yield fluctu-

ations which occur with the crops discussed.

One farm of each size is used to show the results of chang-

ing the assumed price and yield variable values. The first example

(I) in Table 1 6 illustrates the effect of a one per cent change in the

price received for all crops on returns produced by models, before

and after changes have been made for irrigation. While a one per

cent change in price is small, it can be used to figure the impact

of larger changes. For example, a 10 per cent change in price

for all crops produced by farm 160B would change profit per acre

by 34.90 dollars.

The second example (II) in Table 16 illustrates the effect

of a partial potato crop failure on these same returns. In this

second example potato yields were reduced by approximately



Table 16. The effect of price and yield changes on per acre profit of the synthesized farms prior to
irrigation repayment and management return, Columbia Plateau economic study.

1
F arms

Assumed Changes Unit 160B 320B 7SOB 2000C

Profit per acre for the models $

from Table 14, no charge has per
been made for irrigation acre 106.50 127.00 116. 00 95. 00

I. The effect of a 1°/b change in $

the price of all crops pro- per
duced by the models acre 3.49 4.66 4. 57 3.74

£ Corresponding change in
profit, assuming no irri- per
gation charge2 cent 3. 3 3. 7 3. 9 3.9

B. Corresponding change in
profit, assuming a 40 dollar per
per acre irrigation charge3 cent 5.3 5.4 6.0 8.3

C. Corresponding change in
profit, assuming a 90 dollar per
per acre irrigation charge4 cent 21.2 12.6 17. 6 74.5

II. Reduction in profit due to $

a partial crop failure for per
potatoes5 acre 46. 50 82. 00 52.00

A. Corresponding change in
profit, assuming no irri- per
gation charge cent 36. 6 70. 7 54. 7

B. Corresponding change in
profit, assuming a 40 dollar per
per acre irrigation charge cent 54. 4 107.9 136. 8

1 The farms selected use profit combination I given in Table 9 and produce enough profit to pay the
higher cost, 90 dollars per acre, of irrigation.

From column one of Table 15.

3Frojn column two of Table 15.

4From column three of Table 15.
5
In this example yield is reduced 32.5 percent, or to where the income from potatoes approximately
equals the variable cost of production, not including the cost of irrigation. A similar reduction in
price would bring about the same result.



one-third for the three farms on which they were raised. In con-

trast, if yields were increased by this same amount gross profits

per acre would be increased from 600 to approximately 800 dollars

per acre.

Rows I and I-A of Table 16 show the dollar and the percen-

tage change in profit per acre that would result from a one per cent

change in the price of all crops produced when no charge has been

made for irrigation. Rows I-B and I-C show the corresponding

percentage change in profit, assuming the 40 and 90 dollar cost of

irrigation has previously been paid. From the latter percentage

figures it was determined that any reduction in price greater than

eight per cent would reduce income to where there would be no

profit for any of the four farms when the higher cost of irrigation

must be paid. At the same time, an overall crop price reduction of

from 12 to 19 per cent could occur when the 40 dollar per acre

cost of irrigation was being paid and these farms would still break

even.

The results of a 32. 5 per cent reduction in potato yields is

shown by the last three rows of this table (II, Il-A, Il-B). This

simulated partial crop failure reduces income for potatoes by 195

dollars per acre, equal to approximately the variable costs of pro-

duction when no charge has been made for irrigation. These same

results would be found if yield was unchanged and price was reduced
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by the same percent.

As the data in Table 16 shows, a partial crop failure or a

large reduction in price for a high income producing crop such as

potatoes has a large effect on the profit produced by these farms.

Profit, before the cost of irrigation has been paid, has been re-

duced by more than one-third for all three farms, and greater than

two-thirds for farm 750C which had over 40 per cent of its cropland

planted to this crop. Only one farm, 320B, produced enough profit

to pay the 40 dollar per acre cost of irrigation when the above par-

tial crop failure was assumed for potatoes. The IT-C row was

omitted from Table 16 because none of these farms returned enough

income to pay an annual 90 dollar per acre irrigation charge.

The two examples above bring out the importance of making

realistic price, yield, and cost assumptions, as well as provide an

indication of what farmers might have to fall back on when budget-

ing expectations are overly optimistic. Prices and yields do vary

under actual farming conditions, and estimates of these values

were used in the models, with different prices being used in only

three models. These examples have shown the effect of a change

in price and yields on the ability of a farm manager to pay for

irrigation.
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The Conditions Necessary for Profitable Irrigated Farming

As stated in the third section (Theory and Procedures) of

Chapter One, under the assumption of profit maximization, the

change from dryland to irrigated farming must be accompanied by

an increase in net farm income for irrigation to be considered eco-

nomicaily feasible. However, as can be seen from Table 15, net

farm income depends on, among other things, the cost of irrigation.

Farm 750X, the only dryland farm included in this study,

was used as a basis against which the net farm income of the irrigat-

ed farms was compared. Table 14 illustrates that this dryland farm

did not produce enough returns to cover costs. Therefore, based

on the returns of the farm 750X, the criteria for profitable irrigated

farming is to pay all costs, including the cost of irrigation.

An analysis of the irrigated farms in this study indicates

that the major condition which must be met by the farm operators

of this area, assuming the cost of irrigation is similar to the 90

dollar per acre example previously discussed, is for them to be

able to produce intensive horticultural crops. The requirements

necessary for fulfilling this condition include (1) a level of manage-

ment skill that is above average, (2) the successful production of

these crops, (3) contracts or other marketing arrangements that

will assure the sale of products at the assumed prices and, (4)

L
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additional quantities of capital and labor above that presently avail-

able.

Given the assumptions that were made in this study, half of

the model farms were able to produce enough income to pay at least

90 dollars per acre annually for irrigation (Table 15). Included in

these high income producing farms was at least one farm from each

size group. The other farms were not able to pay such a high price

for water. However, the returns for all farms were large enough

to pay 40 dollars per acre annually for irrigation, while at the

same time providing a return to management.

Some Additional Considerations for Irrigated Farming

This section discusses a few of the many problems faced

by the individual farmer when he changes from dryland to irrigated

farming. Suggestions for additional research are also included in

this section.

Locational Problems

Locational problems were not considered in the formulation

of the general model used in this analysis. But this is not to say

that such problems do not exist. The lack of processors and proces-

sing contracts places a restriction on what farmers can grow, al-

though some locations within this area are near processors.
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However, the fact that some farms are not located near processors

does not seem to be the problem it once was. Present day proces-

sing techniques and modern transportation have increased the dis-

tance from processing plants that many crops can be feasibly pro-

duced.

Obtaining Management Skill for Irrigated Farming

If it is assumed that the farmer has had no prior experience

with irrigation, he will need to gain some new knowledge and skills.

In some cases it may be possible for him to hire someone with ex-

perience to manage his farm or help manage it while he is gaining

the required skills. In other cases the farmer may be on his own to

gain these skills. This could be a very costly process, particularly

if he is forced to irrigate all of his cropland acres the first year,

rather than going to irrigation gradually. In either case, this is

a fact that should be considered by the farmer in making his decis-

ion about irrigation.

Areas or Topics for Additional Research

There is a need for more research on the crops that can be

successfully raised under irrigation in the study area. While some

specialty crops have been grown, there are horticulturists that

question whether such crops can be widely produced in this area.
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Production problems of soil and water management, and develop-

ment of farm practices required for windy conditions remain to be

solved. When some of the physical problems like the ones suggest.-

ed above have been further explored, then additional economic re-

search would be meaningful. An example of such research would

be an expansion of the general model used in this study, or the

development of a model for a specific local area within it. A live-

stock enterprise might also be included to determine if a portion

of the excess labor could be profitably used in this manner.

There appears to be some need for a study that would deter-

mine the amount of time necessary, in the area of study and under

actual conditions, to move and maintain the various types of

sprinkler irrigation systems. Information on labor requirements

for different irrigation systems is presently available, but a wide

variation exists in the findings of the studies. Some explanations

of the reasons for these variations would be helpful in planning

irrigation.

The models used in this study are designed so that manage-

ment skill becomes increasingly restrictive as farm size increases.

It appears that this relationship would hold true for the farms of

this area if they were to be irrigated. However, no attempt has

been made to find evidence that supports this statement. Such a

study might be conducted at a later date when the irrigation
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acreage of the area has been expanded.

There is a need for research on the use of custom work for

the farms in the area of study. A current study on the "break even"

points of using custom work as opposed to owning and operating

farm machinery would be helpful. However, as brought out in

Chapter Two, cost is not the only item to consider when deter-

mining whether or not to use custom work. Timeliness and avail-

ability of labor are also important. As a portion of the above sug-

gested research, additional information is needed about the amount

of present as well as anticipated future labor available for use by

the farm managers of this area.

The economic analysis conducted in this study has not in-

cluded consideration of economies of size, other than the fixed

costs identified and subtracted from gross profit earlier in this

chapter. The coefficients used in the models are the same for all

farm sizes. However, probably a 160 acre farm is not just a small

2000 acre farm with respect to farm practices. Information could

be gathered from farms that are presently irrigating in this area

to determine what differences in practices exist. If such economies

were built into the models used in this study they would probably

change the results found for the model farms.

The linear programming models used in this study show

that the quantity of operating capital required for intensive irrigated
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farming is considerably greater than the amount presently used

under dryland conditions, thereby implying that additional capital

will be required for irrigated farming. This raises the question of

the availability of the additional capital, particularly for farmers

with little or no past credit record or whose financial position has

been weakened by the initial investment necessary for irrigated

farming. Thus, the availability of operating capital is a problem

that will need investigation when considering irrigation.

In this study the assumption was made that there would be

a market at given price levels for the crops selected. A neces-

sary condition for this assumption to hold is that the supplies of

these commodities will not be greater than the market can absorb

without significant changes in the assumed prices. No attempt was

made to determine future markets for the various crops included

in this study, but in order for the above condition to hold, obviously

not every farm in this area can produce all horticultural crops.

However, institutional restraints may be placed on the pi-oductiOn of

horticultural crops because processors, through the use of con-

tracts, will control production. This means that only growers who

have contracts will be able to produce and sell some crops. For

other crops, problems of overproduction are possible, particularly

if the change from dryland to irrigated farming is rapid and the

production of one or two crops expands considerably during this
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time period.

The above discussion concerns the validity of the assump-.

tions made in the construction of the model farms. It appears that

many of these questions must be answered before extensive ir-

rigation development takes place in this area of the Columbia

Plateau.



BIBLIOGRAPHY

1. Barlowe, Raleigh, Land resource economics. Englewood
Clifts, N. 3. , Prentice-Hall, 1958. 585 p.

2. Bishop, C. E. and W. D. Toussaint. Agricultural economic
analysis. New York, John Wiley and Sons, Inc. , 1958.
258 p.

3. Castle, Emery N. and Manning H. Becker. Farm business
management: the decision-making process. New York,
Macmillan Company, 1962. 423 p.

4. Castle, Emery N. and Frank Conklin. Farm machinery- -
own or hire? Corvallis, Oregon State University, 1961.
4 p. (Oregon Agricultural Experiment Station. Circular
of Information 604).

5. Cornell, Howland, Hayes and Merryfield. N. E. Sherman
Irrigation Project, Sherman County, Oregon. Corvallis,
Oregon, 1967. Various paging. (Record no. B4616.0)

6. Dehlinger, Charles R., Darrell G. Watts and Marvin N.
Shearer. Consumptive use and net irrigation requirement
estimates of monthly values for Oregon. Corvallis, Oregon
State University 1965. 71 p. (Oregon Agricultural Ex-
periment Station. Special Report 194).

7. Doran, Samuel M. and William G. Foeppel. Fall potatoes
estimated per acre costs and returns Columbia Basin,
Washington. Pullman, Wash., Washington State University,
1966. 5 p. (Washington. Cooperative Extension Service.
E. M. Z662).

8. Doran, Samuel M. and William G. Foeppel. Sugar beets
estimated per acre costs and returns Columbia Basin,
Washington. Pullman, Wash., Washington State University,
1967. 7 p. (Washington. Cooperative Extension Service.
E. M. 2754).



9. Doran, Samuel M. and Raymond E. Huner, Sweet corn es-
timated per acre costs and returns Columbia Basin, Wash-
ington. Pullman, Wash. Washington State University, 1966.
5 p. (Washington. Cooperative Extension Service. E. M.
2793)..

10. Fletcher, Homer and Cliff Perryman. Costs and returns
for Alfalfa seed production on a 126 acre irrigated farm in
Southeastern Washington. Pullman, Wash., Washington
State University, 1962. 4 p. (Washington Agricultural Ex-
tensi.onService. E. M. 2211).

11. Gee, Clendon Kerry. An analysis of factors which contribute
to differences between actual and programmed optimum organ-
ization on individual farm units. Ph. D. thesis, Corvallis,
Oregon State University, 1968. 236 numb, leaves.

12. Heady, Earl 0. Economics of agricultural production and
resource use. Englewood Clifts, N. J. , Prentice-Hall,
1952. 850 p.

13. Heady, Earl 0. and Wilfred Candler. Linear programming
methods. Ames, Iowa, Iowa State University, 1958. 597 p.

14. Henderson, James M. and Richard E. Quant. Microeconomic
thebry. New York, McGraw-Hill, 1958. 291 p.

15. McGrann, James and Arthur W. Peterson. Estimates of
investment costs and returns selected rotations irrigation
systems. Pullman, Wash., Washington State University
Cooperative Extension Service, 1967. 29 numb, leaves.

1 6. Oregon Cooperative Extension Service and U. S. Crop and
Livestock Reporting Service, Oregon commodity data sheets.
Corvallis, Ore., Oregon State University, 1967.

17. Perryman, Clifton etal. Deep well irrigation of grain on
summer fallow farms of eastern Washington. Pullman,
Wash., Washington State University, 1966. 9 p. (Washington
Cooperative Extension Service. E. M. 2617).



110

18. Peterson, Arthur W. A supplemental report on the economic
feasibility of the North Gilliam Irrigation Project, Gilliam
County, Oregon, Submitted to the Project Study Committee,
Marion T. Weatherford, Chairman. March 10, 1967.

19, Reed, A. D. Machinery costs and performance. Davis,
Calif. , University of California Agricultural Extension
Service, 1966. 17 p.

20. Stevens, Deiwin M. Costs and returns for irrigated crops in
Wyoming. Laramie, Wyo. , University of Wyoming, 1967.
44 p. (Wyoming. Agricultural Experiment Station. Exper-
iment Bulletin 467).

21. Stevens, Delwin M. and Douglas E. Agee. Using farm mach-
inery efficiently. Laramie, Wyo. , University of Wyoming,
1967. 20 p. (Wyoming. Agricultural Experiment Station.
Bulletin 482).

22. Stippler, Henry H. and Emery N. Castle. Wheat farming in
Columbia Basin of Oregon. Part I; Major characteristics
of agriculture. Corvallis, Ore. , Oregon State University.
1961. 23 p. (Oregon. Agricultural Experiment Station.
Station Bulletin 577).

23. U. S. Bureau of Census. U. S. census of agriculture,
Oregon: 1964. Vol. 1, part 47. Washington, D. C. , U. S.
Government Printing Office, 1967. 367 p.

24, U. S. Dept. of Agriculture. River Basin Survey Field Party,
Salem, Oregon. Water and related land resources. John
Day River Basin, Oregon. Portland, Oregon, 1961. 81 p.
(U. S. Soil Conservation Service. M-3452).

25. U. S. Dept. of Agriculture. River Basin Survey Field Party,
Salem, Oregon. Water and related land resources Umatilla
Drainage Basin, Oregon. Portland, Oregon, 1962. 137 p.
(U. S. Soil Conservation Service M-3829)

26. U. S. Dept. of Agriculture. Statistical Reporting Service.
Annual summary of vegetables, fresh market. 1967. Wash-
ington D. C. , 1967. 63 p. (Statistical Reporting Service.
Vg 2-2 (67)).



111

27. U. S. Dept. of Agriculture. Statistical Reporting Service.
Annual summary of vegetables, processing, 1967. Washing-
ton D. C. , 1967. 27 p. (Statistical Reporting Service. Vg

3-2 (67)).

28. U. S. Dept. of Agriculture. Statistical Reporting Service.
Crop values, seasonal average prices received by farmers
and value of production, 1966 and 1967. Washington D. C.
1967. 35 p. (Statistical Reporting Service. Cr-Pr 2-1 (67)).

29. U. S. Dept. of Agriculture. Statistical Reporting Service.
Seed crops, annual summary, supply and disappearance,
1967. Washington D. C. , 1967. (Statistical Reporting
Service. SeHy 1-3 (67)).

30. U. S. Statues at Large (32) 1901-1903. Chapter 1093, sec. 5.

31. Wallace, L. T. The 160-acre limitation policy. Prepared
for the Western Extension Public Affairs Committee.
Berkeley, Calif. , University of California, 1967. 8 p.
(California Agricultural Extension Service. Publication No. 1.




