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ABSTRACT

Environmental pollution has become one of the most

important of society's problems and the extent of this

problem continues to grow every day. Society, through an

extreme concern for pollution, is beginning to construct

policies, laws, and institutions to deal with this problem.

Unfortunately, in many cases, laws are being enacted,

policies developed, and institutions built or modified to

combat pollution without full knowledge of the parameters

of the system upon which they must operate.

Several types of regulatory programs may be imposed

by government to control farm pollution. For example,

regulations may take the form of restrictions upon inputs

used in production, land use, and waste disposal practices.

All of these controls have potentially significant effects

upon farm operation and costs of production. An important

aspect of this problem is the probable economic impact of

such restrictions upon the agricultural industry and upon

individual producers.

This study investigates the economic impact of

nitrate fertilizer restrictions on Arizona's Salt River

Project and Roosevelt Water Conservation District growers.

A procedure to identify this impact, incorporating



xiv

production functions and a linear programming formulation

was utilized.

The integrated model is described, the results for

the irrigation districts are presented, and tentative

implications drawn. Limitations of the study and addi-

tional research possibilities are also outlined.



CHAPTER I

INTRODUCTION

Modern agriculture occupies an increasingly inter-

dependent role with other sectors of an economy. In the

United States, this close relationship results because of

technological changes in farming and the commercialization

of agriculture which has occurred in the past two decades.

Industry provides many of the inputs which improve farm

production and at the same time purchases farm commodities

for processing into final food products. The farmer, for

his part, has become dependent upon new technology and has

rearranged his input mix to include more and more new inputs.

One result of the supportive relationship between

industry and agriculture has been an increase in total farm

output and a reduced level of traditionally important agri-

cultural factors of production. For example, the farm labor

force in 1968 was less than half the level of 1950, mechani -

cal power and machinery are up about one-third and ferti-

lizer and liming material inputs have increased by over

three times in the past twenty years. Total estimated

physical inputs have risen only about ten per cent since

1950, yet output has climbed over forty per cent indicating

the increased efficiency of production. As farms continue to

1
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grow larger, become more capital intensive, and employ

increasing quantities of inputs from other sectors, the

interdependence between the agricultural and industrial

sectors will be accentuated.

Fertilizer is a major farm input purchased from the

industrial sector. The use of fertilizer has increased at a

seven and one-half per cent compound annual growth since

1950. During the 1960's the consumption of plant nutrients

exceeded this rate, reaching 12-13 per cent increases in

1966 and 1967. In 1968, total plant nutrient consumption

increased 7 per cent over 1967. In more specific terms, the

total of all fertilizer materials consumed in the U. S.

reached 38.5 million tons in 1968, more than double the

tonnage used in 1950. Plant nutrient consumption reached

almost 15 million tons or four times the nutrient consump-

tion of 1950 (Fertilizer Trends, 1969),

Nitrogen consumption in the United States is

increasing more rapidly than the other primary plant

nutrients (phosphorus and potash), Total consumption is now

almost 7 million tons with 4.8 million applied as direct

applications material. In 1968, direct application accounted

for over 555,000 of the 667,000 ton increase in nitrogen

consumption above 1967 consumption.

Consumption of nitrate fertilizers in Arizona also

increased more rapidly than the other plant nutrients,

Total consumption is now almost 85 thousand tons with 79
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thousand tons applied as direct application materials.

These materials account for over 25 hundred of the 29

hundred ton increase in nitrogen production between 1967

and 1968 (Fertilizer Summary Data, 1968). This increased

use of fertilizers, nitrogen in particular, has contributed

to a larger supply of food produced at a lower real cost to

consumers.

As long as the goals of the nation regarding the

agricultural sector remain those of production efficiency

and lower food costs, the interaction of the agricultural

sector with related industries had been successful. More-

over, the increased use of new and more productive inputs

coincided closely with the farmer's desire to increase his

income and the consumer's desire for lower food costs.

Under these circumstances, the unrestricted use of new

inputs was accepted by both agriculturalists and the public

at large as a means to achieve these ends. However, in part

due to the success that has been achieved in this area, the

same public now turns its attention to the side-effects

associated with the unrestricted use of these new inputs,

Considerable attention has focused on items such as

pesticide residues in milk, growth stimulant residues in

beef, effects of insecticides on bird populations, and

herbicide effects on fish in streams and reservoirs. The

recent bans on the growth stimulant "DES" and "DDT" are

specific examples. Contemporary concern with deteriorating
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environmental quality has also focused public attention upon

the ramifications of heavy use of inorganic fertilizers.

Regulation of fertilizer use is, therefore, a likely possi-

bility.

The principal danger associated with fertilizer

utilization is a potential harmful effect upon public

health. If excess amounts of nitrates percolate through the

soil to the water table or collect in lakes and reservoirs,

the source of drinking water may become contaminated and

unfit for human and animal consumption. When man or animals

ingest too much nitrate nitrogen, the blood cannot supply

cells with adequate oxygen and a condition similar to

asphyxiation occurs. Also, farm animals have been observed

to have high abortion rates, diarrhea, decreased appetite,

and reduced production performance when fed too much nitrate

nitrogen (Collected Papers Regarding Nitrates in Agricultural 

Waste Water, 1969).

In laboratory experiments, it has been found that

bacteria can convert "nitrates" to "nitrites," which are raw

materials for cancer-causing chemicals. Nitrates react with

two common nutrients, creatine and a related chemical

creatinine, to create a known corcinogen. Creatine is found

in muscle tissue and is a normal constituent of meat. Cells

convert creatine to creatinine, which is found in meat,

milk, and blood as well as grain, certain vegetables, and

crab meat, There is good reason, therefore, to be concerned
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about the quality of groundwater, which may eventually be a

source of drinking water (Clark, Thilly, and Tannenbaum,

1971).

Recent studies have linked nitrogen in water supplies

to agricultural activity. Farms in the San Joaquin Valley

of California have been found to contribute as much as 109

pounds of nitrogen per acre to the local water drainage

system (Wadleigh, 1970). St. Louis scientists from the

Center for Biology of Natural Systems at Washington

University attempted to find out how much of the nitrogen

chemicals (nitrates) found in man-made Lake Decatur, the

drinking water reservoir for Decatur, Illinois, came from

nitrogen fertilizers. They concluded that at least 55 per

cent of the nitrogen chemicals discovered in the lake in the

spring of 1970, the period when fertilizers are applied to

the corn crop, came from fertilizers being washed into the

watershed (Kohl, Shearer, and Commoner, 1971).

A study now underway by the Agricultural Research

Service is measuring the nitrogen level in field drains of

the Imperial Valley of California, a valley with large

acreages of truck crops. High levels of nitrogen are

applied to many of the Imperial Valley soils, in some

instances as much as 800 pounds per acre, Preliminary

results indicate that nitrate residues may attain rather

high levels at shallow soil depths; but at lower depths most

of the nitrate disappears Wadleigh r 19701, These results
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suggest that denitrification results when nitrogen reaches

the water table. Denitrification occurs in soils where

there is (1) lack of free oxygen (anaerobic conditions), (2)

food for bacteria (crop residues), and (3) nitrate (from

fertilizer and natural sources). Under anaerobic conditions

free oxygen is lacking for bacterial metabolism so microbes

break down the nitrate (NO 3 ), using part of the osygen in

the molecule for respiration. The part of the molecule that

is left disperses as nitrogen gas and gaseous oxides of

nitrogen. It is hoped that the ARS study will help set

guidelines for depths of tile drainage systems.

The Problem 

Although evidence exists to show that fertilizer can

contribute to the levels of nitrate found in surface and

underground water supplies, it should be recognized that

fertilizers are not the only possible source of this

nitrate. Natural sources such as rainfall and symbiotic

nitrate produced from the association of two dissimilar

organisms are also potential contributors to the nitrogen

found in soil-water environments. Rainfall or snow, in non-

industrial regions, adds a few pounds of nitrogen and

sulphur each year. Some kinds of microorganisms living in

the soil are able to take nitrogen gas from the air and

incorporate it into organic nitrogen compounds. Manure,

compost, sewage, and other plant or animal residues all
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contain some of the eseential plant nutrients which origi-

nally came from the soil. Thus, there are many sources of

the nitrate which could contaminate ground and surface water

supplies. Few attempts have been made to determine the

contribution of each source to changes in water quality. As

a result, there is no general agreement on the actual

relationship between fertilizer usage and the concentration

of nitrates found in water.

If nitrate nitrogen was found to be polluting water

in Arizona, with agreement on the pollution-nitrate relation-

ship, what would be the procedure for establishing publicly

acceptable levels of nitrates or tolerance levels? In past

cases of farm pollutants (i.e., pesticides, herbicides, and

growth stimulants), the procedure followed was to establish

tolerance levels to minimize any potential side-effects on

the environment, wildlife, or human population. These

tolerance levels have often represented a compromise between

the conflicting goals of improved farm production efficiency

and public health standards. Residue tolerance levels for

chemical use are usually established only after long and

arduous evaluation of all aspects of their use, and these

include economic considerations as well as human well-

being. To preclude or limit the use of an agricultural

input as important as nitrate fertilizer may raise the cost

of food and reduce human well-being as much as allowing the

unlimited use of the chemical. Moreover, any regulatory
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scheme will have to take into account the particular

physical and economic characteristics of agricultural

regions as well as the incidence of alternative impacts.

A balance must be struck between over-use which may be

harmful and elimination of its use which could also have

serious detrimental consequences.

As pointed out, there is conflicting evidence per-

taining to application levels of nitrogen fertilizers which

cause harmful side effects. The process of gathering the

data necessary to indicate the degree of nitrate pollution

to be expected with alternative rates of fertilizer use,

under various climatic and soil conditions, may be time-

consuming. In addition, there may be a considerable time

lag between experimental results and the establishment of

the conclusive evidence necessary for general agreement on

tolerance levels. In the meantime, the emotional fervor

which surrounds questions of environmental quality could

result in public action to assure that real or suspected

hazards to public health are removed. It is conceivable

that legislation at state and federal levels could be

enacted at any time to limit or reduce the amount of nitrate

fertilizers which farmers may use.

In a haste to "do something," laws, or regulations,

controlling fertilizer use might be implemented without full

knowledge of the resulting physical and economic conse-

quences. Undesirable effects include increased costs of
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farm production, reduced food output, and unworkable laws

and costly litigation. These in turn could have a serious

impact on consumer food costs, farm and agricultural sector

income, as well as farm management and resource utilization

practices. The type of crops grown could shift from high

nitrate using crops to low nitrate users. A realignment of

production factors and changes in output and costs could

easily decrease net farm incomes. Under these conditions,

it is conceivable that some growers could be forced out of

business. The degree to which legislation would adversely

affect growers and perhaps the producers' commodities in

related economic sectors depends upon the nature of the laws

governing the restrictions. It becomes critical to have

economic information which will aid in the establishment of

fertilizer restriction policies, should they be needed.

Research Objectives 

The agricultural area adjacent to metropolitan

Phoenix, Arizona is a case in point where public concern may

encourage restrictions on nitrate fertilizer use, This

situation arises due to an intensified farm sector operating

in close proximity to a rapidly growing metropolitan area.

In the Phoenix area, it is possible that the water resources

of the city are polluted by the nitrate fertilizers from the

agricultural sector. There are two major irrigation dis-

tricts that service the agricultural sector, the Salt River
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Project (SRP) and the Roosevelt Water Conservation District

(RWCD).

The principal objective of this study is to measure

the probable short run economic consequences of alternative

nitrate fertilizer restrictions on Salt River Project and

Roosevelt Water Conservation District growers. Two forms

of fertilizer restrictions will be examined: (1) rate

limits on a per acre basis, and (2) application limits on a

total farm basis. Although total farm restrictions cannot

control per acre nitrogen concentrations, they can restrict

a region to prescribed fertilizer usage; therefore, this

approach is examined as a policy alternative to per acre

limits. In order to determine possible land-fertilizer

substitutes, special cases were analyzed where land diver-

sion for government payments was not carried out. This

latter approach will provide insight as to how farmer 's,

faced with fertilizer restrictions, might use their resources

if more land were available for cultivation,

Method of Analysis 

Linear programming is the method of analysis chosen.

This method can reflect comprehensive changes in farm

resource use, enterprise combinations, and net income as

nitrate fertilizer is restricted to different rates and

amounts. In addition, the optimal linear programming
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solution provides marginal value products of the resources

that are totally used by the model.

This study of farmer adjustments is based upon

linear programming models of representative farm size

groups. These groups will be discussed in more detail in

Chapter III. Construction of the model involved the develop-

ment of an objective function, resource restrictions, and

technical coefficients. Net returns over variable costs for

the crop enterprises are required in order to develop the

objective function. It is the net revenue over variable

costs which is maximized when the optimal solution is

reached. Resource restrictions are the quantities of

resources available to the farm size groups. Technical

coefficients specify the resource requirements for growing

the crops in the model. Both primary and secondary data

will be used to develop the components of the linear pro-

gramming model,

Constant levels of technology and prices are assumed.

Furthermore, imports and exports of agricultural commodities

with respect to Arizona are also assumed to remain constant

in this study.

The plan of the thesis is as follows: the linear

programming model and related resource restrictions are

presented in Chapter II. Chapter III contains a discussion

of the production resources used in the model, crop calendars

of operation, nitrogen response functions, and typical crop
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budgets used to develop data for the objective function.

Chapter IV contains the results from the linear programming

models. Finally, in Chapter V the conclusions reached

using the linear programming results are discussed. Also,

recommendations as to data requirements and additional

physical and economic research needed to provide input data

for future studies of this nature will be made.



CHAPTER II

COSTS AND RETURNS

In this chapter costs and returns to representative

Maricopa County farmers in the SRP and RWCD are developed.

Initial material deals with basic terminology followed by a

brief definition of the production resources involved. A

discussion of nitrate fertilizer response functions and net

returns over variable and fixed costs concludes the material

presented in this chapter.

Net Returns over Variable Costs 

A linear programming approach to this problem

requires that net revenue per acre for each crop grown be

calculated for each process (activity) used to produce the

crop. Alternative nitrate fertilization rates become dis-

tinctive production processes and, hence, represent separate

crop enterprise activities. It is assumed that crop

enterprise, barley-sorghum (BARSOR), barley (BAR), early-

plant-sorghum (EPS), late-plant-sorghum (LPS), wheat (WHE),

and potatoes (POT) is grown with four different fertilizer

rates. Alfalfa hay and alfalfa hay-pasture (AL and ALPH),

respectively are produced only one way each, since AL and

ALPH do not require nitrate fertilization. Cotton is

13
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produced in eight ways; solid plant (COT SL) and skip-row

plant (COT SK), with four fertilizer rates for each.

Data on net returns for each activity were obtained

by (1) developing a calendar of operations for each crop,

(2) calculating variable costs for each crop activity in the

calendar, (3) adding non-calendar variable costs, (4)

computing gross income figures for each crop enterprise

activity, and (5) subtracting the sum of the variable costs

from the gross income. A detailed description of steps,

along with a discussion of the procedures used to obtain

fixed costs, is presented in this chapter.

Farm Sizes 

Within the SRP and the RWCD, costs and returns per

acre vary because of economies of size. Average farm sizes

were calculated by first stratifying farm size data into

four broad categories and then dividing the number of farms

in each category into the aggregate acreage of that class

(see Table 1). Each average farm may be considered repre-

sentative of farms in each size category. LP models are

developed for each of the farm size ranges on the basis of

the representative farms in the two producing regions.

Solutions are then aggregated for each size category. The

net revenue over variable cost figure for each crop enter-

prise in each model reflects economies due to size and any

peculiarities of production, such as special land preparation
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particular to that size group. The models are referred to

as Size Groups I through IV for the SRP and Size Groups I and

II for the RWCD.

Production Resources 

Production resources utilized in each of the farm

size groups within the SRP and RWCD areas are summarized in

this section. A more detailed description of these

resources, including resource base, enterprise combinations,

and costs and returns of each activity enterprise, is

developed in a University of Arizona, Department of Agricul-

tural Economics, file report series (Mack, 1969). 1

Land

Although land quality may vary throughout the study

area, the degree and extent of variance is not significant.

Therefore, land is assumed to be homogeneous in its pro-

ductive capacity. Management of the land, on the other

hand, is often a relative variable when considering land

productivity because good land management practices may

convert poor land into a highly productive resource, whereas

poor management may ruin highly productive land. (For

1. The analytical format and certain basic
empirical data employed in this study are adapted from a
linear programming analysis of farmers' response to water
scarcity in the SRP-RWCD areas by Mack (1969) in a PhD.
dissertation. The file report cited contains data not
available in the dissertation itself,
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additional comments regarding the management factor, see.

page 22.)

Irrigation Facilities

The file report (Mack, 1969) provides data on a

representative farm model basis with respect to wells,

pumps, and ditches. Representative facilities and their

costs calculated on a widespread farm basis can be found in

Table 8 of that report. These values are utilized here

(Tables 3-10, pp. 20, 34, 37-47).

Fertilizer

Fertilizer was applied through an optimum source

(see below) in the dry form, with the cost of the fertilizer

computed on the basis of price per pound of nitrate nitrogen

actually applied. The percentage of nitrogen available in

each source was determined, and a price per pound of N for

each source was calculated. The cost of the filler was not

included in this price. Thus, for each level of fertilizer

examined, the fertilizer cost was altered to reflect the

different amounts applied,

Through interviews with agricultural biologists, an

optimum nitrate fertilizer source was determined for each

crop enterprise, the optimum source being that which pro-

vides nitrate fertilizer in a form that is most easily

assimilated by the crop in question. Table 2 lists crop
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Table 2. Optimum Nitrate Nitrogen Fertilizer Source and
Price per Pound of Nitrogen for Various Crop
Enterprisesa

Crop Enterprise
	

Fertilizer Source	 Cost/lb. of N

Cotton	 Urea	 1.6

Barley	 Urea	 1.6

Grain Sorghum	 Anhydrous Ammonia (NH 3 )	 2.9

Wheat	 Urea	 1.6

Potatoes	 16-48-0	 1.2

Alfalfa	 Treble Superphosphate	 .74/1b. P

aSource: Johnson (1971).

enterprise, optimum fertilizer source, and the price per

pound of nitrate nitrogen.

The effects of four different rates of nitrate

nitrogen fertilizer for each crop (except for alfalfa) are

observed. Response functions for each crop enterprise,

which permitted derivation of approximate yields associated

with each of the four fertilizer rates were developed and

will be discussed later in this chapter.

Buildings

Most farms have shop buildings on the premises;

however, their size, condition, and age vary considerably

from one operation to another. Labor and management housing

was typically present on farms in the larger size groups,
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In addition, farms in the largest size typically included an

office building, but a wide variation in value was reported.

A complete summary of buildings by size group and their

corresponding values can be found in Table 8 of the Depart-

mental file report.

Water Availability

Water availability varies between irrigation

districts and among representative farms. In the Salt River

Project, water is available under five different arrange-

ments, viz., assessment water CASES WA), normal flow water

(NF WA), stored and developed water (SD WA), project pump

water (PRO WA), and private pump water (PTE WA).
2 

Project

water (PRO WA) is available on an equal share basis in the

Roosevelt Water Conservation District, The only limitation

on project water is a three acre-foot maximum per acre
3

during the prorate period (Mack, 1969),	 Table 3 contains

a summary of water sources and water costs.

2. Assessment water is defined as that water up to
two acre-feet, delivered upon request to all project lands
once the basic assessment has been made; normal flow water
is water delivered upon demand to land having normal flow
rights; stored and developed water is allocated by the dis-
trict to its customers depending on availability, but has
typically amounted to one acre-foot per project acre;
project pump water is pumped water available from the SRP;
private pump water is that water which is pumped through
privately owned wells.

3. The prorate period is a period of time from
March 1 to October 1 when surface flows are low and during
which period RWCD users are restricted to a prorated share
of available water supplies.
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Table 3. Water Costs by Source for the SRP and RWCD

Area and Water Source	 Cost per Acre Foota

Salt River Project:

Assessment Water

Normal Flow Water

Stored and Developed Water

Project Pump Water

Private Pump Water

Roosevelt Water Conservation District:

Project Water

1.75

1.75

7.50

6.44

8.50
b

aSource: The Salt River Project (1970).

bSource: Mack (1969).

Water availability and its effect upon farm opera-

tion can be easily observed in the results of the linear

programming models of Chapter IV. Data pertaining to water

supplies and costs are entered into the L-P models in such a

way that the water availability characteristics particular

to the two water projects and various farm sizes will be

reflected in the resource allocation optimally obtained.

Machinery Inventory

Tables 9 through 12 of the file report provide a

detailed machinery inventory and cost schedule which is

utilized here in this report. It is assumed that if a
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machine is in inventory and if a farm operation calls for

that machine, the farmer does the operation himself. If the

machine is not in the inventory, the operation is done on a

custom basis. It is also assumed that inventories and costs

of machinery remain constant over time.

Custom Operations

It was found that operations which required expen-

sive tillage and harvesting equipment were carried out by

the smaller farms on a custom basis. If a machine is part

of the farm inventory, then an activity using such machinery

is not customized. A complete listing of custom operations

and their associated costs is contained in Table 10 of the

file report.

Labor

The supply function for all classes of labor is

assumed to be perfectly price elastic, that is, any and all

quantities of labor or number of laborers can be hired at a

constant wage rate.

A discussion of the various classes of labor is

presented on page 19 and in Table 14 of the file report,

Capital

It is assumed that farm operators may obtain as

much capital as they need at constant interest rates, In

reality, however, individual farm operators may be able to
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obtain increasing amounts of operating capital only at

increasing costs. This would not be the case with regard

to large groups of farm operators. An average efficiency in

obtaining capital is assumed (Mack, 1969).

Management

As can be expected, many levels of management are

found at any one time in any sector of the economy. But in

the long run, the less efficient manager will be forced to

improve or be driven out of the industry. In this analysis,

management ability is assumed to be homogeneous within each

size group as well as between groups.

Crop Rotation

Rotational cropping practices in this study are

based on crop complementarity and disease and insect control

recommendations of the United States Department of Agricul-

ture. The rotation most commonly used and approved by

agronomists is a cotton-barley or wheat-sorghum cropping

pattern. Also, fallow ground may enter into the rotation as

an acceptable disease or insect control measure in a rota-

tion. In either case, cotton is the primary recipient of

crop rotation benefits.

In order to insure an adequate amount of rotational

land for agronomic purposes, cotton allotments for each of

the six farm groups were limited to less than the total

amount of land available for cultivation in each group, If
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cotton allotments were not so restricted, the linear pro-

gramming model would allocate all available resources to the

cotton enterprise, since cotton has a higher net revenue

over variable cost figure than the other crops. Similar

limits were constructed for other enterprises. Thus, both

cotton allotment restrictions and crop limits were needed

to insure that the resource allocation models utilized (1)

provide sufficient land for recommended crop rotations and

(2) reflect historical cropping patterns which, in turn,

reflect farmers' preferences for certain crops. This

preference being derived from market conditions and the

relationship between cropping requirements and farmers'

resources,

Calendars of Operation

From the farm survey made by Mack (1969) little

variance was found among farms as to operations performed

and physical inputs used in production of identical crops,

Consequently, for the representative farm models, the

calendars of operations are identical for individual crops.

Integrated into these calendars are the representative farm

budgets which are composed of inputs, operations, and equip-

ment necessary to perform each task, The calendars and

unit budgets for each crop for each farm size model are

presented in the file report, As indicated, the report was

considered a source of primary data for this study,
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Response Functions for Nitrate Fertilizer

Part of the difference between costs and net returns

(see Tables 5-10, pp. 37-47) for different nitrate

fertilizer usage is due to shifts along a production

function. A production function expresses the physical

relationship between output and a set of inputs. In this

study, output is in terms of crop yields per acre and the

major variable input is the quantity of nitrate fertilizer

applied per acre. Some inputs (e.g., land, labor, seed

varieties) are assumed to remain constant while other inputs

(viz., phosphorus and potash) are allowed to change, in a

complementary fashion, with alternate levels of N.

Given a production function and input and output

prices, the profit-maximizing farmer can determine the

economically optimum rate of fertilizer use for any crop

and at any point in time. Ceteris paribus, the higher the

fertilizer cost per acre the less fertilizer he will apply

per acre. The production function and price data can also

illustrate farm conditions if fertilizer is restricted to

particular per acre usage levels. In the case of such

restrictions, the grower must make adjustments. If, for

example, under restricted fertilizer conditions the grower

is producing uneconomic yields, he must cut costs or through

some means other than increased fertilization increase gross

revenue. If the per acre fertilizer limits were above the

most efficient level the grower would be free to operate
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optimally. On the other hand, with a total farm or regional

fertilizer restriction each grower would apply fertilizer

optimally among the crops in his operation by considering

the relative production functions, input and output prices,

and the total amount of fertilizer available, Under a

regional fertilizer limit, farmers would still be free to

vary per acre application rates. Since the quantity of

fertilizer used per acre is sensitive to fertilizer cost and

the resulting net revenue (output prices constant), ferti-

lizer production functions become essential for making

reliable projections of farmer adjustments to possible

limits upon fertilizer use.

It is usually quite difficult to obtain a completely

specified production function for a particular crop. There

are several reasons for this being true. First, due to the

nature of their formulation, typical crop response data are

difficult to adapt to economic analysis. These data are

often collected by physical scientists who have no particu-

lar interest in economic analysis and who are not familiar

with the way in which economists try to use physical data of

this type. Also, most of the data is taken from experi-

mental plots, subject to experimental conditions which are

not usually representative of production under field condi-

tions. Another problem is that existing production function

data are not continuous in nature. One or two points may be

known, but an extrapolation of these, or a fit between them,
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must be made to make the function continuous. In addition,

the accuracy of basic response relationships is dependent

upon the timing of fertilizer application and the ability to

control other factors, such as soil, weather, insects, seed

variety, location, etc. Without experimental control, yield

variations are difficult to explain.

In order to utilize existing data a composite of

different fertilizer crop response relationships was made.

The composite included data from a USDA survey report

entitled Crop Yield Response to Fertilizer in the United 

States (Ibach and Adams, 1968), the file report (Mack,

1969), and crop response data from Arizona Experimental

Station annual reports on soil fertility and soil research

for Maricopa County which spanned approximately ten years.

These composite response data were used to construct

fertilizer production functions for crops grown in the SRP

and RWCD areas. Extrapolation of data points was based upon

consultations with researchers in the Departments of

Agronomy, Agricultural Chemistry and Soils, at The Univer-

sity of Arizona, Agricultural Experiment Station, Timing of

fertilizer application in experiments was assumed to be the

same as outlined in the calendars of operations.

Figures 1 through 5 illustrate fertilizer response

functions for the various crops considered in this analysis.

Primary data used in forming the functions for the

various crop enterprises examined were obtained from
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nitrogen response trials at various locations in Maricopa

County from 1959-1965. Since the SRP and RWCD service large

agricultural areas in Maricopa County, it is assumed that

the response data which are relevant to Maricopa County also

apply for the SRP and RWCD areas. The weather during the

years for which these response data were compiled was normal

for the seasons in which the study crops were grown. Irriga-

tion was supplied to the crops at average or medium levels.

The fertilizer treatments were conducted under field

test plot conditions with the treatment levels ranging from

0 to 400 pounds per acre of nitrogen fertilizer. Dealing

with the Same crop, at the start of the experiments each

year the assumption was made that weather, soil moisture, and

nitrogen levels were comparable to those of previous experi-

ments. The plots were treated identically except for the

variance of fertilizer treatment levels.

The variety of cotton used was Acala 44-10. The

majority of the studies concerning barley, grain sorghum,

and wheat used the varieties Arivat, R.S, 610, and Ramona 50,

respectively. In each experiment the crops are assumed to

have been raised with the same agronomic techniques and

management ability!

Data from Mack's file report and the Ibach and Adams

(1968) report were used to check the credibility of the

response functions developed from the primary data, Thus,
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each response function is a composite of primary and

secondary data.

The response relationships for the different crops

with respect to nitrate fertilizer are crucial in deter-

mining the net revenue for each fertilizer rate. These net

revenue figures make up the objective function of the

analytical model (which will be discussed in more depth in

Chapter III). Due to a shortage of response data, some

crops such as sugar beets, lettuce, carrots, and onions

were not included in the analysis.

Crop Yields, Product Prices, and Gross
Returns

As indicated, expected crop yields with alternative

fertilizer rates were calculated from a composite of data.

Four output levels for each enterprise are listed in Tables

5-10 (pp. 37-47). Each output level is the anticipated

yield based upon the four different fertilizer rates listed

in Column 1 and the response functions of Figures 1-5,

Product prices were taken from Arizona Agricultural 

Statistics 1971 (1971). Where applicable, government price

support payments are included as a separate item in

computing gross returns. Table 4 presents a summary of

yields, product prices, government payments, and gross

returns.
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Tables of Net Returns over Variable
Costs

Tables 5 through 10 not only summarize calendar

costs, but also list other non-calendar variable costs,

gross returns and net returns over variable costs for the

four farm sizes in the SRP, the two farm sizes in the RWCD,

and the five fertilizer rates of the crop production

functions. Calendar costs come directly from the calendar

of operations. Other variable costs are thus not directly

associated with any particular operation but judged to be

more nearly like variable costs than fixed costs

Fixed Costs

Fixed costs are those outlays that are incurred

regardless of the level of production. These costs cannot

be varied in the short run. However, in the long run fixed

costs become subject to change. In this study, we are deal-

ing with farms having a prescribed set of fixed resources;

therefore, fixed costs will exist. These fixed costs were

included in the "Total Operating Costs " in Tables 5

through 10 .

An opportunity cost for real estate is not included

among the fixed costs, because buyers of land, upon which

land values depend, will be available as long as agriculture

produces a net return to land. Also, we are concerned with

agriculture as an aggregate rather than with farms as

individual entities. On an aggregate basis, farm land has
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the same value; therefore, no opportunity cost is con-

sidered.

Fixed costs for each representative farm are con-

tained in Mack (1969, Table 12).

Summary 

With restrictions on nitrate nitrogen fertilization,

Maricopa County farmers in the SRP and RWCD can be expected

to react to these restrictions in terms of what, how, and

how much to produce. It is important to determine as

closely as possible the relevant costs and returns these

farmers face in order to be able to predict what actions

they might take under such circumstances, The resources

defined in this chapter, as well as the costs and returns of

production, are key inputs in the linear programming formula-

tion of the problem. In Chapter III, we describe the linear

programming model which uses the cost and return figures

developed in this chapter as a basis for predicting input

use, crop enterprise adjustments, and income as nitrate

nitrogen utilization is limited.



CHAPTER III

THE LINEAR PROGRAMMING MODEL

Linear Programming and Its Processes 

Linear programming is a mathematical technique for

solving a set of linear equations which describe an

objective, the technical relationship among the variables.

The problem to be solved in linear programming is that of

either maximizing or minimizing the value of the (linear)

objective function subject to the set of linear constraints.

The general form of a maximizing problem may be expressed

symbolically as follows:

Maximize

Subject to:

Z = E C. X.
j=1 3 3

E	 A..
j1	

X. < b. (for i = 1,2„„,,m)
=

X > 0 (for j	 1,2,„,,n)

In these expressions, the C i 's, b i 's, and A ij ‘s are

known parameters. The C's are the net return coefficients

for each alternative process (X j ), the b i 's describe the

supply of resources available, and the Aii ts illustrate the

technical coefficients of production. Given the C., b.,
j

and the A.'s, the solution of a linear programming problem

50
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involves the determination of values for each unknown

variable X. such that the value of Z is maximized within

the constraints imposed by the inequalities (Thompson,

1967).

There are several assumptions which are implicit

in this linear programming procedure. These assumptions

are: (1) additivity and linearity, (2) divisibility, (3)

finiteness, (4) single-value expectations, and (5) profit

maximization. Thus, a linear programming model consists of

the following five parts: (1) an objective function which is

to be maximized (or minimized, depending on the type of

problem) and which yields the returns to each activity at

the maximum (or minimum) value of the objective function;

(2) real activities available to the producing unit; (3 )

disposal activities allowing non-use of productive

resources; (4) artificial activities providing for required

(e.g., institutionally imposed) solutions and computational

conveniences; and (5) restrictions which specify the upper

bounds of or limits on resources available in the model.

An easy way to understand the linear programming

procedure is to visualize it in a matrix formulation.

Burdak (1970) explained the meaning of the rows and columns

of the matrices as follows:

Each row of coefficients is an equation in itself,
In matrix form, the variables (number of acres and
number of acres-feet) have been left out of the
equations and only the constraints (coefficients)
of the equation are given. Thus, the coefficients
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which define a matrix are nothing more than the
constants of a group of equations which set forth
the problem. In order to maximize the objective
function, one must find the values which simul-
taneously satisfy all the equations in the matrix
and allow the highest attainable value for the
objective function (p. 63).

The net revenue row constitutes the objective

function. This gives the net revenue over variable costs

for each acre of the revenue producing activity. For the

water activities, the entries are the variable costs of one

acre-foot of water. Finally, restrictions for the differ-

ent areas are shown in the right-hand columns.

Components of the SRP and RWCD L-P Models 

The objective of this L-P model is to obtain maximum

net income from the alternatives of producing field crops

in the SRP and RWCD with limitations of fertilizer, land,

capital, and other factors SRP and RWCD farmers typically

face. The solution to the model represents estimates of

resource use, cropping patterns, crop output and farm income

for typical farmers in the SRP and RWCD based upon alternate

nitrate nitrogen rates per acre and levels of total use for

each size group.

The Objective Function

An objective function is developed for each of the

farm sizes assumed to represent farms in each irrigation

district. Thus, there are six basic models (four for the

SRP and two for the RWCD). These functions contain net
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revenue coefficients for all enterprise activities on each

model farm. Nitrate nitrogen fertilizer is available at

four different rates of application: 60, 120, 150, and 180

pounds per acre. The reasons for choosing these four rates

will be discussed later in this chapter. Each crop enter-

prise had a net revenue figure for each of the individual

rates. As the rates changed, yields and costs changed,

thereby causing net revenue to change.

Water availability is present in the objective

function under several cost conditions. The water cost

data were presented in Chapter II,

Activities

The number of activities varies with the model and

farm size.

The activities listed in Table 11 account for 79 per

cent of total acreage harvested in Maricopa County in 1970;

five per cent was in low-value crops other than pasture.

These crops included sudan grass, alfalfa, greenchop, silage

production, and small grains. Due to similar low-value

crops being included in the model, the omission of this five

per cent is not considered critical. Since resources used

to produce the crops that were omitted are included in the

model, it is expected that those low-value crops that are

considered will reflect conditions paralleling the low-value

crops that were omitted,
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Table 11.	 Alternative Crop Enterprise Activities
Farm Model

in Each

Farms

Crop Enterprise 100 400 900 1800

Solid Plant Cotton X X X X

Skip-Row Cotton X X X X

Alfalfa Hay X X X X

Alfalfa Hay and Pasture X X X X

Barley X X X X

Grain Sorghum X X X X

Barley-Grain Sorghum
(double-cropped) X X X X

Wheat X X X X

Potatoes

The other excluded 16 per cent of total acreage

harvested was in vegetables, safflower, sugar beets, and

fruit. The reason for not including these crops was the

absence of crop response data specific to Maricopa County.

As mentioned previously, four different rates of

nitrate nitrogen fertilizer were used per crop. This was

done so that the basic model could be made to reflect not

only the impact of a total-farm or regional restriction but

also the impact of rate-per--acre restrictions, The differ-,

ent farm sizes represent differences in capacities and
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efficiencies. The variety of models used based on farm size

groups and fertilizer restrictions is outlined below:

1. A separate model is developed for each of the four

farm sizes in the SRP with the five possible ways of

restricting nitrate fertilizer (four rate restric-

tions: 60, 120, 150, 180 pounds/acre and a total

farm limit based on 120 pounds/acre).

2. A separate model is developed for each of the two

farm sizes in the RWCD with the five possible ways of

restricting nitrate fertilizer.

3. The representative farm models are run without a

restriction on fertilizer, but with limits placed

upon crop acreage based upon historical cropping

patterns (Mack, 1969). Also, the models had the

capability to utilize government program-diverted

acreage.

4. Then the representative farm models are run with

two nitrogen fertilizer restrictions: first with a

total farm restriction and then with a sixty-pound 7,

per-acre restriction, without use of diverted acres

and with new crop limits reflecting an expected

trend in cultivation patterns.

Forty-two models were needed to show the effect of

farm sizes, different fertilizer restrictions, differences

in net revenue between SRP and RWCD crop enterprises, and
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land diversion with historical crop limits and no land

diversion and new crop limits. The objective function is

different for each model since the net revenue changes for

each model.

Restrictions

Crop acreage limits were set up as constraints to

make sure that the solutions would reflect crop rotations

and historical and projected patterns in the area. Crop

limits were constructed with and without land diversion

where diversion is the amount of acreage each size group had

to set aside in order to receive a support payment for the

cotton enterprise. Crop limits with diversion use were

constructed from historical cropping patterns of the various

farm size groups. Since acreage has been diverted in the

past, this was easily done; however, no data on cropping

patterns without diverted acreage were available. Projected

patterns were constructed to allow for increased production

acreage arising because more land would be available due to

removal of crop diversions, and to reflect some form of

probable crop rotation and planting pattern . The exact

amount crop acreage might increase is unknown, Figures were

chosen that would control the model as well as indicate the

possibility of increased production acreage. The restric-

tions, therefore, include land, water, crop allotments, crop

acreage limits, and fertilizer. Capital and labor
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restrictions are discussed at the end of this chapter. A

listing of specific restrictions appears in Table 12.

It is assumed that when a grower is not required to

divert acreage he will produce crops on the previously

diverted land subject to the new assumed crop limits.

Therefore, new limits were applied to the model when diver-

sion use was zero. These limits are illustrated in Table 12.

The construction of forecasted acreage limits was

based on the assumption that when diverted acreage was

opened to cultivation the amount of land allocated to the

various crops would increase. Under these conditions,

alfalfa would be 58 per cent of the available cropland in

the SRP and 54 per cent in the RWCD. The individual

restrictions are discussed in detail in the following

material.

Land. Available cropland in the SRP and RWCD

currently totals 171,000 acres. Since some crops use land

throughout the entire production period while others use

land only during part of the production period, land was

set up in two parts, land A and land B. Land A refers to

uses from January 1 to May 31 and land B from June 1 to

December 31.

Water. Water is a major restriction to farming

enterprises in Arizona. It is felt that water, in all its

sources and characteristics, is critical to any model that
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depicts farming conditions in the SRP and RWCD. The water

restrictions were constructed from irrigation district data

from the SRP and RWCD. These data described water sources

and amount of water per source for both districts. It is

assumed that a grower has an unlimited water source in

private pump water. That is, he can pump as much water as

desired at the cost per acre-foot noted in Table 3. The

water cost is considered constant due to the short run

nature of this analysis.

Allotments. The farm survey data of Mack (1969)

indicated that cotton allotment acreage varies according to

model size. More specifically, smaller farms had a larger

cotton allotment in relation to farm size than larger farms.

Based on the 1970 cotton program (Field Crop Varieties for 

Arizona, 1970), acreage allotment restrictions and diversion

use balances are placed on the models as shown in Tables

13 and 14.

The survey made of the different farm sizes includes

the conditions under which the wheat allotments are deter,

mined, Tables 13 and 14 illustrate the number of acres

devoted to the wheat enterprise for the different farm sizes,

Acreage restrictions are expressed in terms of

limits on alfalfa, barley, and sorghum with respect to the

SRP and RWCD regions. Salt River Project limits on alfalfa

are set at no more than one-third of the available cropland.
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Table 14. Representative Farm Sizes, Total Nitrogen
Available, and Alternative Application Rates
Tested

Nitrogen Rate Alternatives
Total	 for Each Crop (lbs. of N/ac.)

Representative	 Nitrogen
Farm Sizes	 (lb.)	 60	 120	 150	 180

Group I Farms, SRP:
120 lbs./A basis	 2,460,600	 X	 X	 X	 X
60 lbs./A rates	 1,230,300	 X
120 lbs./A rates	 2,460,600	 X	 X
150 lbs./A rates	 3,075,750	 X	 X	 X
180 lbs./A basis	 3,690,900	 X	 X	 X	 X

Group II Farms, SRP:
120 lbs./A basis	 4,714,800	 X	 X	 X	 X
60 lbs./A rates	 2,357,400	 X
120 lbs./A rates	 4,714,800	 X	 X
150 lbs./A rates	 5,893,500	 X	 X	 X
180 lbs./A basis	 7,072,200	 X	 X	 X	 X

Group III Farms, SRP:
120 lbs./A basis	 4,159,200	 X	 X	 X	 X
60 lbs,/A rates	 2,079,600	 X
120 lbs./A rates	 4,159,200	 X	 X
150 lbs./A rates	 5,199,000	 X	 X	 X
180 lbs./A basis	 6,238,800	 X	 X	 X	 X

Group IV Farms, SRP:
120 lbs./A basis	 4,540,200	 X	 X	 X	 X
60 lbs./A rates	 2,270,100	 X
120 lbs./A rates	 4,540,200	 X	 X
150 lbs./A rates	 5,675,250	 X	 X	 X
180 lbs./A basis	 6,810,300	 X	 X	 X	 X

Group I Farms, RWCD:
120 lbs./A basis	 1,080,000	 X	 X	 X	 X
60 lbs./A rates	 540,000	 X
120 lbs./A rates	 1,080,000	 X	 X
150 lbs,/A rates	 1,350,000	 X	 X	 X
180 lbs./A basis	 1,620,000	 X	 X	 X	 X

Group II Farms, RWCD:
120 lbs./A basis	 2,160,000
60 lbs./A rates	 1,080,000
120 lbs,/A rates	 2,160,000
150 lbs./A rates	 2,700,000
180 lbs./A basis	 3,240,000  	X  
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Barley and sorghum limits are set at no more than one-

fourth of the available cropland. Limits in the RWCD for

alfalfa are set at 27 per cent and barley and sorghum limits

at 12 per cent of available cropland. As was mentioned

previously, these crop limits reflect the typical acreages

of these crops presently grown in the projects.

Fertilizer. The major objective of this research is

to predict the impact of alternative nitrate nitrogen

fertilizer restrictions on farms in the SRP and RWCD.

Therefore, in order to observe the impact, fertilizer was

restricted two ways. These two ways were judged to be the

most probable policy action controlling fertilizer use in

the agricultural sector.

First, fertilizer will be restricted to four

specified per-acre application rates ranging from 60 to 180

pounds per acre for all crops. The models are constructed

so that only one rate at a time is used in obtaining an

optimum solution. Next, a total farm, or regional restric-

tion is examined as an alternate way of limiting the use of

nitrate nitrogen. This latter approach restricts only the

total amount of nitrate nitrogen fertilizer consumed by

farms in each size group. This form of restriction allows

each farmer to allocate the total amount available among the

different crops. With this fertilizer policy, the model

will choose the optimum application rate for each crop and
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allocate fertilizer to that crop until other resource

restrictions are reached or until the total amount of

fertilizer allowed is consumed.

The four application rates examined are 60, 120,

150, and 180 pounds per acre. A rate of 150 pounds per acre

is considered the average rate of use for the crops studied

in the SRP and RWCD by soil scientists interviewed by the

author. In order to measure the impact of a rate restric-

tion less than, equal to, or greater than the average rate,

the rates of 120, 150, 180 pounds per acre were used. The

impact of a highly restrictive rate was observed with the

restriction of 60 pounds per acre. The total farm restric-

tion was derived by using a 120 pounds per acre basis, i.e.,

120 pounds of N multiplied by the number of acres in each

farm size group. The choice of a 120 pounds basis is com-

pletely arbitrary, since we have no information as to the

tolerance level of the region; however, such a basis is a

reasonable first approximation of the level of restric,

tions which policy makers may impose. Time did not permit

analysis of several possible bases for computing regional

limits. In actual practice, such limits would probably be

expressed as an aggregate regional consumptive limit

determined by soil-water quality and health standards,

hence, a per acre use limit figure, such as our 120 pounds,

would not be required to calculate the total amount of

fertilizer allowed.
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In order to observe the most optimum fertilizer use

situation, a 180 pound rate was used to compute the total

farm limits. One hundred and eighty pounds was chosen

because that level would not restrict the model in its

choice of enterprises. The results using the 120 pound

farm limit base were then compared with those derived from

the total farm restriction using the 180-pound basis.

With more land available without diversion, the 120-

pound base total farm restriction and the 60 pound per acre

rate restriction were used not only because they were the

most restrictive in their respective categories, but also

because land use and enterprise combinations would be more

affected by these restrictive situations than any of the

other limitation situations.

The results of the rate restrictions and total farm

limits are discussed in Chapter IV. Tables 15-18 (pp, 68-

77) list the different types of fertilizer restrictions used

in this analysis.

Capital and Labor Restrictions, Capital and labor

restrictions are not included in the model. While particu7

lar farmers may face capital shortages, it appears that

there is a plentiful supply of capital in the aggregate to

farmers. Many farmers have a broad capital base upon which

they can obtain credit. Furthermore, increased



65

mechanization coupled with a declining agricultural sector

will reduce the demand for labor in the future.



CHAPTER IV

RESULTS FROM THE LINEAR PROGRAMMING MODEL

Results from the linear programming model were taken

directly from the Alphac program printout. These results,

listed in Tables 15 through 38, cover the six farm models

(SRP-I, SRP-II, SRP-III, SRP-IV, RWCD-I, RWCD-II) for each

production year. For each of the six farm models, there are

four nitrate restriction situations to discuss: (1) a

comparison between historical and projected cropping

patterns with farm restrictions based upon 60 pounds, (2)

a comparison between restricting per acre applications to

120 or 180 pounds using historical cropping as restraints

upon production, (3) a comparison between historical and

projected cropping patterns with a total farm restriction

based upon 120 pounds per acre, and (4) a study of per acre

restrictions set at 60, 120, 150, and 180 pounds using the

historical cropping pattern.

For each farm size model the discussion will center

on five questions, viz., for each type of fertilizer policy,

what is the impact upon: (1) revenue, (2) enterprise combina-

tions, ( 3) land utilization per crop, (4) the total amount

of land used, and (5) the total amount of water used. The

answers to these questions will help evaluate one possible

66
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set of impacts, at the farm level in the SRP and RWCD of

fertilizer regulations for one year of operation.

Discussion of the various programming solutions

follows with those of the Salt River Project discussed

first.

Salt River Project--I: 100 Acre Farms 

Total Farm Restriction, 120 vs. 180
pounds N/ac. Base, Historical Cropping
Patterns

By increasing the basis for computing nitrate

fertilizer available to a farm unit from 120 to 180 pounds

of N/ac., the revenue above variable costs increases by

approximately $21,000 (see Table 15). This revenue figure

and others like it mentioned later in this analysis is an

aggregate figure for many farms within respective farm sizes.

Furthermore, the highest revenue crop activity or enter-

prise enters the solution until the crop limits are reached

and the land A and B resources is exhausted.. This is

expected because some agronomists feel that 180 pounds of

nitrogen per acre is above the average recommended amount.

It is interesting to note that the alfalfa hay-pasture

(ALPH) enterprise, which requires little or no nitrate

fertilizer, uses the residual amount of land A and land B

after the cultivation limit of the crops requiring nitrate

fertilizer are reached. In this formulation, the early-

plant sorghum and wheat enterprise do not enter the solution
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since ALPH has a higher net revenue, thereby allowing ALPH

to consume the remaining acres of land A and land B.

Even more interesting, perhaps, is the enterprise

combination resulting from the 120 pounds per acre basis.

The model allocates resources to the highest net revenue

enterprise, then as marginal returns to additional fertilizer

fall the model shifts from the highest net revenue enter-

prise, which also is the heaviest user of fertilizer, to the

next highest, thereby allowing more crop enterprises to

enter into the solution and increasing the total net revenue

of the solution. An example of this can be seen by observing

the late-plant sorghum (LPS) crop enterprise under the total

farm restriction of 120 pounds of N/A. As in the 180 pounds

per acre total farm restriction case, the ALPH enterprise

once again fully uses the residual amount of land A and

land B. But in observing and evaluating the tables of

results, one must be careful to note that the fertilizer

resources were completely consumed in the 120 pounds per

acre case but not so in 180 pounds per acre formulation .

The amount of land per crop also changes because the

model runs out of fertilizer in the case of the total farm

restriction of 120 pounds of nitrogen per acre, A little

more than half as many acres of barley and late-plant sorghum

come into the solution with this restriction compared to

180 pounds.



70

The land available in this model was totally con-

sumed in both restriction situations, while water use was

higher with the total farm restriction base of 120 pounds.

The reason for this is that alfalfa hay-pasture (ALPH),

which requires more than the average amount of water used by

crops in this model, came into the solution with more

acreage under the 120 pounds per acre conditions than under

the 180 pounds per acre conditions.

Shadow prices are indicators of how the objective

function would change with additional units of a constrain-

ing resource. Shadow prices are marginal value products,

and are calculated by the Alphac program for each resource

or crop limit that is completely consumed. As each crop

enterprise enters the solution, resources are allocated so

as to satisfy resource requirements of that enterprise.

When a resource is exhausted, a shadow price is calculated

to show what the addition to net revenue would be if an

additional unit of that resource was available. For

example, a shadow price for land A of $149.50 means that if

an additional unit acre of land A were to be made available

then the value of the objective function could be increased

by that amount.

By observing the results one can see that the shadow

prices on land with the 180,-pound base are higher than with

the 120-pound base. This is caused by the possibility of
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higher net revenue if more land A and land B were available

to the conditions under the higher total farm restriction.

It is important to note that under conditions of

historical crop limits many of the higher net revenue enter-

prises come' into the solution while a relatively smaller

number of these enterprises enter the solution with expected

crop limits. In the former case, the amount of land per

enterprise is restricted to a relatively small amount so that

certain production limits are reached quickly allowing for

more land to be left over for use by the other enterprises,

which, in turn, allows for many enterprises to enter the

solution. However, the proposed crop limits are so large

that only a few enterprises enter the solution because the

land resource is exhausted at an early stage in the optimum

solution.

Total Farm Restriction, 120 pounds N/ac.
Base, Historical vs. Projected Cropping
Patterns

When the projected crop limits were used with the

total farm restriction base of 120 pounds N/ac., the result.,

ing increased acreage available for higher valued crops

increased net revenue over variable cost by approximately

$50,000 as compared with the model using historical

cropping _patterns (see Table 16). Since the majority of the

acreage is used by the high revenue crops, only a small

amount of land was allocated to the lower revenue crops.
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This is typified by the decrease in acres planted to

barley, late-plant sorghum, and alfalfa hay-pasture (ALPH)

when the proposed limits were imposed. Both types of land

(land A, which is available only during the early part of

the year, and land B, available only during the latter part

of the year) were completely exhausted.

Total water was approximately the same. The slight

difference can be primarily attributed to alfalfa hay-

pasture. Alfalfa hay-pasture requires more water than most

other enterprises and has the ability to consume land even

though the fertilizer resource is exhausted since alfalfa

requires little or no nitrate fertilizer.

60, 120, 150, 180 pounds N/ac. Rate
Restriction, Historical Crop Limits

Revenue increased as higher fertilizer rates were

permitted (see Table 17), but at a decreasing rate,

reflecting diminishing marginal returns to fertilizer. The

phenomenon of diminishing marginal returns is shown in the

response functions developed in Chapter II‘ Resource

combinations followed the rate restrictions, i,e., as long

as resources were available the model allocated fertilizer

to the highest net revenue crop enterprise allowed by the

restriction. For example, at a rate restriction of 120

pounds per acre, the crop enterprises that entered the

solution came in at a level of 120 pounds per acre since
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this was the highest net revenue level allowed by the

restrictions.

At the rate restriction of 60 pounds per acre, the

net revenue was so low for barley and late-plant sorghum

(LPS) that only a relatively small number of acres of these

enterprises entered the solution. Furthermore, since

alfalfa hay-pasture (ALPH) yielded higher net revenue than

barley (BAR) and late-plant sorghum (LPS) and requires no

nitrate fertilizer, the alfalfa hay-pasture (ALPH) enter-

prise entered the solution and used the remaining acreage of

land A and land B. The other rate restrictions (120, 150,

180 pounds per acre) permitted high enough net revenues so

that the crop limits were reached at the highest nitrate

level. In these cases, alfalfa hay-pasture (ALPH) did not

use as much acreage since higher revenue crops were avail-

able.

Total land use does not change but the way in which

it was used caused total water use with the 60 pounds per

acre rate restriction to be different from water use in the

rate restriction. More of the high water using alfalfa hay-

pasture (ALPH) enterprise entered the solution under the 60

pounds per acre rate than under the other rates,

The shadow prices increased but at a decreasing rate

as the rate restrictions moved from 60 to 180 pounds per

acre.
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Historical vs. Projected Crop Patterns,
Rate Restriction of 60 pounds N/ac.

The revenue over variable costs increased by

$44,000 when the projected cropping patterns are used, with

the rate restriction of 60 pounds N/ac., in place of his-

torical crop limits (Table 18).

Enterprise combinations change in that more high

revenue crops (i.e., alfalfa) enter the solution under the

projected limits than under the historical limits. As

before, the reason this occurs is that newer enterprises

enter the solution but the magnitude of their entrance is

greater due to the increased crop limits. Again total land

use does not change significantly, but water use does, due

to greatly increased acreages of alfalfa hay-pasture (ALPH)

under the projected crop limit conditions.

Few shadow prices are provided by the model due to

the number of resources and enterprises that were not

exhausted in either the existing or proposed limit situa-

tions.

Salt River Project--II: 400 Acre Farms 

Total Farm Restriction, 120 vs. 180
pounds N/ac. Base, Historical Cropping
Patterns

Salt River Project Group II results differed very

little from those of SRP Group I except in the magnitude of

the resources and crops used. Net revenue increased
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approximately $300,000 when the total farm restriction was

relaxed from the 120 pound base to the 180 pound base. The

acreage of the enterprise combinations differed, as can be

seen in Table 19. The amount of land per crop changes due

to increased availability of fertilizer, but total land use

does not change at the higher rate base because more acreage

went to the other crop enterprises leaving less land avail-

able for alfalfa hay-pasture in the 180 pounds per acre

situation. In total, due to more fertilizer, more land was

used by the 180- than the 120-pound total farm restriction

case. Since less alfalfa hay-pasture was produced with the

180 pound base, there was also less water used. Shadow

prices reflected that an increase was possible if some of

the existing crop limits were relaxed.

Total Farm Restriction, 120 pounds N/ac, Base,
Historical vs, Projected Cropping Patterns

When the existing crop limits were relaxed to the

projected limits, in the case of the 120 pound base total

farm restriction net revenue increased $101,000 (Table 201.

Since more acreage was available to the higher net revenue

crops they came into the solution until a resource was

exhausted. This forced the lower net revenue crops, which

require nitrate fertilizer, into a smaller role on the farm.

Alfalfa hay-pasture (ALPH) came into the solution to con-

sume the remaining acreage but not with the magnitude it had

in the past. Therefore, total land use was the same but
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total water use was less when expected crop limits were

used instead of the past crop acreage, water use was low due

to decreased acreage of alfalfa hay-pasture.

60, 120, 150, 180 pounds N/ac. Rate
Restrictions, Historical Crop Pattern

The rate restriction situations once again showed

nothing out of the ordinary. Net revenue increased at a

decreasing rate as rate restrictions were relaxed (Table

21). Net revenue for the crop enterprises at the rate of

60 pounds N/ac. was so low that the alfalfa hay-pasture

(ALPH) enterprise entered the solution and exhausted its

land limit before any of the lower net revenue enterprises

entered the solution. In the other rate restriction cases,

the enterprises entered the solution at the highest

fertilizer-net revenue rates possible; even though the

highest net revenue enterprise for barley occurs at the

150 pound per acre level. The amount of land per crop did

not change since resources were available so that the crop

limits could be reached. Due to the entrance of alfalfa

hay-pasture (ALPH) in the 60 pound N/ac t case, few acres

were left over for the remaining enterprises; this accounts

for the low total acreage in that solution. Total land use

did not change among the rates, but the heavy entrance of

high water using alfalfa hay-pasture (ALPH) into the 60

pound N/ac. case caused high water use while water
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utilization with each of the other rates was approximately

the same.

The values of the shadow prices increase but at a

decreasing rate. Since the shadow prices indicate how net

revenue would change with an additional unit of an exhausted

resource, they follow the same tendencies as net revenue,

viz., increasing at a decreasing rate as the rates are

relaxed.

Historical vs, Projected Crop Patterns,
Rate Restrictions of 60 pounds N/ac.

Net revenue increases as is expected by $100,000

when possible future cropping conditions are used instead of

the existing limits with the rate restriction of 60 pounds

N/ac. Revenue increases because more acreage is available

to high net revenue enterprises under the proposed crop

limits than under the existing limits. Enterprise combina-

tions do change as does the amount of land per crop. The

fact that projected cropping problems which allow for high

revenue crops to enter the solution accounts for the

changes. Fewer acres are left for low revenue crops after

the high revenue crops have entered the solution at the

projected crop limits. Due to the heavy entrance of alfalfa

hay-pasture (ALPH) into the projected limit solution, water

use was high, Total land use remained the same. The shadow

prices decreased in the projected crop limit case due to the

heavy entrance of the high net revenue crops and thereby
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reduced the possibility of increasing net revenue. It must

be remembered that under the 60 pound acre rate restriction,

whether under proposed or existing crop limits, the crops

that require nitrogen enter the solution at low revenue

levels. Therefore, allowing alfalfa hay-pasture (ALPH) to

enter the solution to its crop limit until the other crops

with lower revenue are allowed to enter the solution. This

occurrence had noticeable effects on enterprise combinations,

acreage per crop, and water use. These effects can be

easily noted by examining Table 22.

Salt River Project--III: 900 Acre Farms 

Total Farm Restriction, 120 vs. 180
pounds N/ac, Base, Historical Cropping
Patterns

Net revenue increases by $19,000 when the total farm

restriction base is increased from 120 pounds to 180 pounds

N/ac. (Table 23). Enterprise combinations in this model

differ in a unique way from previous models, the basic

reason being that the fertilizer resource was exhausted in

the 120 pound per acre case. With fertilizer becoming

scarce, the model had to allocate fertilizer at lower rates

in order to maximize total net revenue. This fact also

attributed to acreage per crop differing between the two

cases. Total land use does not change significantly, With

the farm restriction base of 180 pounds there was enough

fertilizer to be applied to the high net revenue rates so
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that there was not very much land remaining for the alfalfa

hay-pasture (ALPH) enterprise. With this reduced acreage

of alfalfa hay-pasture (ALPH), total water use decreased

from its level under the conditions of the 120-pound farm

restriction base.

Total Farm Restrictions, 120 pounds N/ac. Base,
Historical vs. Projected Cropping Patterns

When expected cropping acreage is used with the 120

pound farm restriction base, instead of the past limits, net

revenue increases $28,000 (Table 24). The new crop limits

do not change the enterprise combinations or total land use,

but they do change acreage per crop. The expected limits

allow most of the available land to be allocated to the high

net revenue crops while alfalfa hay-pasture (ALPH) and the

other lower revenue crops are allocated much less land than

under the existing crop limits. The reduced level of

alfalfa also reduces total water use. Exhaustion of the

fertilizer resource restricted the magnitude of the entry of

some of the crop enterprises which had revenue values higher

than alfalfa hay-pasture (ALPH) but which required nitrate

fertilizer. This caused shadow prices to be lower in the

total farm restriction example of 120 pounds per acre.

60, 120, 150, 180 pounds N/ac. Rate
Restrictions, Historical Crop Patterns

As the rate restrictions are relaxed from 60 to 180

pounds N/ac., the net revenue over variable cost figure
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increases but at a decreasing rate (Table 25). The only

rate that leads to results greatly different from the others

is the 60 pound per acre case. The difference is that at

this rate crops that require nitrate fertilizer do not enter

the solution until after the alfalfa hay-pasture (ALPH)

enterprise. Because net revenue for alfalfa hay-pasture is

higher than all crop enterprises except for skip-row plant

cotton (COT SK) and barley sorghum (BARSOR). After the

entrance of alfalfa hay-pasture, there were not many acres

of the land resource left which accounts for the low rela-

tive magnitude of the barley (BAR) and late-plant sorghum

(LPS) crop enterprises. With all of the rates the model

allocated resources to the highest net revenut-highest

fertilizer rate crop activity allocated by the rate

restriction. The amount of land per crop did not change

between the rates except in the previously mentioned 60

pound per acre case. The land resource was used completely,

except in the 60 pound per acre case, by all the rates.

Water use was greater under the 60 pound per acre rate

restriction than under the other rates due to the heavy

entrance of the alfalfa hay-pasture (ALPH) enterprise in

the 60 pound per acre situation.

Historical vs. Projected Crop Patterns,
Rate Restrictions of 60 pounds N/ac.

When projected limits instead of the historical

patterns are used in conjunction with the rate restriction
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of 60 pounds, the net revenue increases by $290,000 (Table

26). Again, due to the heavy entrance of alfalfa hay-

pasture, low revenue crops are forced to enter at a low

magnitude. Under the anticipated crop cultivation acreages,

alfalfa hay-pasture has a lot of acres to draw from and when

the limit is reached there are not many acres left for the

other crops. Alfalfa hay-pasture used more acres in the

projected limit situation than in the existing limit situa-

tion. Enterprise combinations and land use remain about the

same. But water use increased when the projected crop

limits are used due to the heavy entrance of the alfalfa

hay-pasture crop enterprise.

Salt River Project--IV: 1,800 Acre Farms 

Total Farm Restrictions, 120 vs. 180
pounds N/ac. Base, Historical Cropping
Pattern

The programming results for the size group SRP ,-.IV

differed from the previous SRP size groups only in activity

levels and objective function values,

When the farm restriction base of 120 pounds N/ac.

was relaxed to 180 pounds per acre, the net revenue increased

by $32,000 (Table 27). The enterprise combinations were

similar, except that as before the fertilizer resource was

exhausted with the lower base which caused the model to

choose the crop enterprises that did not require high levels

of nitrate fertilizer. Fertilizer was allocated to crop
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enterprises in amounts lower than the highest revenue but in

so doing allowed additional enterprises to enter. This

resulted in the highest total net revenue possible with the

given restriction circumstances. The total land use did not

change and the amount of land per crop did not change

either. For the first time the Grain Sorghum enterprise was

divided into two growing seasons, late and early plant.

This occurred since there were enough resources available

after the initial allocation to allow for the double cropping

of Grain Sorghum. This phenomenon happened throughout the

SRP-IV analysis except in the two cases where proposed crop

limits were present instead of the existing crop limits.

The proposed crop limits are large enough to allow full

utilization of all land resources. Total water use remained

the same.

Total Farm Restriction, 120 pounds N/ac. Base,
Historical vs, Projected Cropping Pattern

Net revenue over variable costs increased about

$230,000 when the assumed crop limits were used (Table 28 ) ,

Enterprise combinations, however, were different. With the

projected limits, the model had more acreage per crop

available, The large acreages that entered the solution

demanded a large amount of fertilizer. The resulting

fertilizer requirements forced the model to choose a lower

fertilizer rate per crop in order to meet the overall

fertilizer restriction. The fertilizer resource was



k..0 01 01	 01 Cl
CO I-11 1-(1 Q I-(1 H
CD .z1. cl. Cl d, Lo
In el cr)	 cs-.)

95

	• 	 •	 •

	

C)	 ()
	rd 	 ni	 rd

	cr)	

▪ 	

u)

•	

•

	

rQ	 r-Q	 ()
rH H H ni

M 0 H
	0 0 0 Z	 H CA 0 N
	co 	 in	 tr) 	C 	tn

H H HQ
cr) cp

	-P I -P I -P -P	 ,T	 00
	RI I rd I ni rd	 cv ul

(f) Cf)
W Q)

P
00

ni 	ni rd
• r-
co	 co k.o
CD	 CD l°
CA	 CD
H H Cg

O 0000(..)

ni ni rd ni

ZZ Z Z



96

exhausted under the projected crop limit conditions. Few

crops entered the solution under the proposed limits because

the increased magnitude of their entry consumed the land

resource thereby bringing lower net revenue crops into

solution. The total amount of land used did not change,

but water use increased with the projected limits. The

alfalfa hay-pasture crop enterprise used more acres under

the projected crop limits than under the existing crop

limits and alfalfa hay-pasture is a heavy user of water

resources.

60, 120, 150, 180 pounds N/ac. Rate
Restrictions, Historical Crop Patterns

Net revenue over variable cost increases but at a

decreasing rate as the rate restrictions move from 60 to 180

pounds N/ac. (Table 29). Enterprise combinations do not

change as the rate restrictions were relaxed. Adequate

amounts of land, water, and fertilizer are part of the

reason the enterprise combinations remained constant as

restrictions were relaxed. The relationship between the

net revenue of the crop enterprises also account for the

enterprise combinations remaining constant. These same

reasons explain why the amount of land per crop remained

the same as rate restrictions were relaxed, The total

amount of land and water used did not change l
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Historical vs. Projected Crop Patterns,
Rate Restriction of 60 pounds N/ac.

The results of the comparison between past and

possible future cropping "preferences" with the rate of 60

pounds N/ac. are similar to those of the same comparison

using the 120 pound base (Table 30).

When the future patterns were used net revenue

increased by $360,000. Enterprise combinations change

because under the proposed limits more land is available

for cultivation. Therefore, high net revenue crop enter-

prises enter the solution at high levels forcing lower net

revenue crops to lower acreage. Fewer crop enterprises are

optimal under future patterns of cultivation with the

historical patterns. Due to the higher acreages available,

the amount of land per crop is greater. Total land use

does not change, but due to the increased magnitude at which

alfalfa hay-pasture entered the solution, total water use

once again changes,

Before moving to the discussion of the Roosevelt

Water Conservation District size groups, it should be noted

that a shortage of response function data caused the

elimination of some crops, such as sugar beets, lettuce,

green silage, etc. These other crops could have made the

discussion of the SEP size groups more inclusive of the

characteristics of the SRP. Chapter V contains a summary of

the conclusions derived from this analysis, including data



Cs)

ai
al
0	 •	 •	 • •	 cs) Lo c) cs,
SA	 u	 Ci 	00 	(-,,-) cp v4 H

	(d 	 rd 	(U (U •	 n..o c. Lo szt)
W	 C.)	 - - . ...

rd -P	 Lo	 •zr	 -•zr) Ln ai	 CO H H N
(1) -1-1 	OD I 0 I 0 •11 ',...	 nzt, Cr) CD Ln
4-) ri	 OICOIC001Z	 N 5..0 la
0 eli	 Ln	 c) 	C r-i 	 . .
0	 H HCNC	 H -51

0
S-1

P-1

99

ni ni rti ri rd (d	 •
o

ks) C O H on 	 ((1
CO Ln Ln c) Ln H \.

-7r) N	 QD
Ln C51 O	 CN

HC

••

••

E	 (1)
E P

.-
tp ..	 4-)

(f)
a)
u
P

0
a) 3 P	 tp cf) cri
U) 0E 0 P al a)

--1 g u) o P.4 Z
I	 ,. CO	 1

04 fa4 0-1 4-)	 >i 7:i
-H

13) _o rd (d
4-) cr) ri) .---1	 rd

I (3.4 H	 cd 0
Pl >I >1 I	 PA 44

0	 (1.) (1)	 >I I	 H
Q.4 4-i H H 1-1 0 rd W
0 -1-) 	gi S-4	 P 4-) 44 >
P 0 rd rd	 ri rd H a)
c.) c.) icia ai r14 a g

kD CD C)
LO al C51

N CO 0

C51 C51 H
•rzt4 H H Ln

NCO)

• (f)

	021 	 4-)
(1]

	rd 	 0
o

111
	H 	 a)
	rd 	 rQ
	-P 	 (d

• (C5
Ca

W

O

• 

0 	S-4	 W
(U 	—  (U 	H

0

	(CS rd	 0	 (1)
rd	 H rti rj

• rCt.Q o	 -P

H
cd

(d

• 

ai	 0
H 3

H g
cd (d rd
-P 4-) 4-) -P
O 0 0
EH E-1



100

shortage, and the quality of this information used in this

report.

Roosevelt Water Conservation District--I: 
400 Acre Farms 

Total Farm Restriction, 120 vs. 180
pounds N/ac. Base, Historical Cropping
Pattern

The results from the optimum solution show that the

conditions under the 120 pound rate base are the same as

those under the 180 pound base, except in residual amounts

of nitrogen left over in the 180 pound case. Enterprise

combinations, the amount of land per crop, the total amount

of land used, total amount of water used, and shadow prices

are the same in the two restriction situations (Table 31).

Total Farm Restriction, 120 pounds N/ac.
Base, Historical vs. Projected Cropping
Patterns

When comparing the 120 pound farm restriction base

under existing crop limits with the case of assumed crop

limits, some notable differences arise. Revenue increases

approximately $47,000 with the projected limits (Table 32),

The enterprise combinations shift to positions which

optimize the usage of water and fertilizer, With the

projected limits more land is available which, in turn, puts

a strain on the water and fertilizer resources. The

increased demand for the resources forces the model to adopt
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enterprises that are one step lower than the highest net

revenue enterprise.

The amount of land per crop changes due to the

assumed crop limits being greater than the past limits.

Under assumed crop limits fertilizer and water were totally

consumed by the model, thereby forcing out of the solution

enterprises previously accepted under existing limits.

Due to the new crop limits, approximately 800 fewer

acres entered the solution. The new crop limits allowed

high revenue crops to enter the solution in higher amounts.

This increased acreage of high revenue crops required more

water than before, which, in turn, exhausted water resources

and precluded cultivation of other crops.

The shadow prices or marginal value products of the

exhausted resources are higher in the case of existing

limits, than with the projected limits, even though revenue

is higher under the projected limits. If another pound of

fertilizer were available to the model, it would raise the

value of the objective function (net revenue) by 22 cents,

One more acre-foot of water would raise the value of the

objective function by $5.60.

60, 120, 150, 180 pounds N/ac. Rate
Restrictions, Historical Crop Patterns

As can be seen in Table 33, revenue steadily inr.

creases as the rate restriction is allowed to increase from

120 to 150 and then to 180 pounds of nitrogen per acre.
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From 120 to 150 pounds, the revenue increase is about

$80,000 and from 150 to 180 pounds, the increase is about

$20,000 (Table 33).

Enterprise combinations change but only to the

highest fertilizer level (highest net revenue) allowed by

the respective restriction. That is, when fertilizer is

restricted to a rate of 60 pounds per acre that rate is the

only one used by the model because it is the highest rate

and revenue level available. The same is true for the rates

of 120 and 150 pounds per acre. These rates are the only

ones used by the model when so restricted. One exception

is that wheat did not enter the model under the 60 pounds

per acre restriction because alfalfa hay-pasture had a

higher net revenue. Therefore, alfalfa hay-pasture entered

and increased the usage of the water resources.

The amount of land per crop remained the same except

for wheat and alfalfa hay-pasture when comparing 60 pounds

of N/acre with the other rate levels. Total land and water

use did not change appreciably. The one value that did

change significantly is the amount of nitrogen used, which

increased as the rate restriction was relaxed,

The shadow prices increased along with revenue as

the allowable rate increased. As an example, one additional

unit of the cotton allotment under . 60 pounds per acre would

increase the value of the objective function by $137; under

120 pounds per acre, $178; and under 150 pounds per acre,
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$192. If one wants to check the results of a rate

restriction of 180 pounds per acre, observe the total farm

restriction of 180 pounds per acre. The 180 pounds per acre

rate is in line with the previous discussion of the rate

restrictions; resources combinations changed with the rate,

land per crop did not change, total land and total water

usage did not significantly change. Residual nitrogen did

increase. What is interesting to note is that the shadow

prices and objective function value increased but at a

decreasing rate, indicating diminishing marginal returns.

This occurs first in the move from the rate of 120 to 150

pounds of N/ac., but is most obvious in the move from 150

to 180 pounds. In simpler terms, diminishing marginal

returns means that the shadow prices and net revenue above

variable costs are increasing but at a decreasing rate.

Historical vs. Projected Crop Patterns,
Rate of Restriction of 60 pounds N/ac.

When comparing net revenues, the 60 pounds per acre

restriction with the projected limits yields $10,000 more

than the case with existing limits (Table 34). Again, the

new crop limits force the solution to take on different

combinations. The model allocated resources to the highest

net revenue enterprises until the respective crop limits

were met and until the water resource was consumed, The

barley-sorghum enterprise was not allowed to reach its limit

due to a shortage of water. Approximately 600 more acres
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were used by the rate restriction of 60 pounds per acre with

the existing limits. The reasons for this are the same as

in the previous case of existing versus projected crop

limits. Total water use was about the same as before.

Although the majority of the shadow prices were down

from the previous values, the water shadow prices increased

from $5.63 to $8.80 under the projected crop limit condi-

tions. This condition was caused by a number of high

return enterprises not completely entering the solution due

to a shortage of water.

Roosevelt Water Conservation District--II: 
400 Acre Farms

Total Farm Restriction, 120 vs. 180
pounds N/ac. Base, Historical Cropping
Patterns

The results for farm size Group II are very similar

to those for Group I. More acreage and water are available

to RWCD , II which allows for more acreage to be allocated to

various enterprises than in TWCD-I. However, enterprise

combinations are the same for both groups.

When comparing these base restrictions r it is found

that the revenues, enterprise combination, the amount of

land per crop, the total amount of land used, the total

amount of water used, and the shadow prices are the same

under both restriction levels, This occurs because there

more than sufficient fertilizer available and that water was
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restricted to the model at the same level in both cases

(Table 35).

Total Farm Restriction, 120 pounds N/ac. Base,
Historical vs. Projected Cropping Patterns

When anticipated crop limits are used in conjunc-

tion with the base restriction of 120 pounds, the results

are quite different from those obtained with the past crop

limits (Table 36). For instance, net revenue increases by

approximately $130,000 and only a few enterprises enter the

solution due to a shortage of fertilizer. The amount of

land per crop of the crops that did enter the solution

increased; but only up to the amount of the crop limit.

Land available in the early part of the growing season was

completely exhausted. More acreage of the alfalfa hay-

pasture enterprise entered under the historical cropping

patterns than projected crop patterns; this resulted in more

water being used by the historical cropping patterns.

60, 120, 150, 180 pounds N/ac, Rate
Restrictions, Historical Crop Patterns

Under these rate restrictions (Table 37), the model

allocated resources to the highest revenue enterprise avail-

able. Since more than sufficient amounts of fertilizer were

available at all rates, residual fertilizer decreased as

rates increased. The phenomenon of diminishing marginal

returns can be observed in the shadow prices and revenue

values for the respective rates. It can be especially
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observed when moving from the 150 pounds per acre to the 180

pounds per acre rate.

Historical vs. Projected Crop Patterns,
Rate Restriction of 60 pounds N/ac.

Revenue increases by $150,000 when projected crop

limits are used with a rate restriction of 60 pounds (Table

38). Since the new crop limits allow for more acreage to

come into the model fewer enterprises entered than with the

existing limit case. Once again, the fertilizer resource

was exhausted thereby forcing some enterprises out of the

optimum solution. The land per crop does change as the

crops approach the amounts of the proposed crop limits.

Water usage increases since the number of acres used

increases.

The shadow prices decrease as the projected crop

limits are applied to the rate restriction of 60 pounds per

acre. As before, this is caused by a decrease in the total

number of enterprises brought into the solution .

It is interesting to note that in both the RWCD-I

and RWCD-II, if more enterprises were available under

existing crop limits there are resources available to

accommodate them. However, the shortage of response data

limited the crops considered.

This concludes the discussion of the results from

the Alphac linear programming model. Tabular summaries of

the results are shown in Tables 39 and 40. Conclusions
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drawn from these results are discussed in the following

chapter.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND IMPLICATIONS
FOR FUTURE RESEARCH

The main objective of this analysis, as stated in

Chapter I, is to measure probable short run economic conse-

quences of alternative nitrate fertilizer restrictions on

Salt River Project and Roosevelt Water Conservation District

growers. This analysis is an attempt at improving the

accuracy of impact data associated with nitrate fertilizer

restrictions by using Linear Programming models.

In this study, the Salt River Project is divided

into four farm group sizes and the Roosevelt Water Conserva-

tion District into two farm group sizes for separate

analysis. This makes it possible to project agricultural

adjustment for various farm sizes within the two irrigation

districts. A comparison of the changes occurring in the

different farm sizes of the irrigation districts is made in

the first section of this chapter. A later section deals

with an aggregate analysis of adjustments of the irrigation

districts. The last section puts forth the general conclu-

sions reached and makes recommendations as to data require-

ments for future studies,

Although this study has certain limitations, which

will be discussed, it is important to realize the usefulness

.	 118
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of this research before reading its closing sections. This

study, it is hoped, will illustrate the need to the general

public, the agricultural sector, and the state legislature

for further research into nitrate pollution and the impacts

of nitrate fertilizer restrictions. By illustrating present

weaknesses, future research could provide better results

using this study as a basis.

Comparison of Farm Size Groups 

Dividing the irrigation districts into farm size

groups allows separate analysis of each group differing

substantially as to its mode of operation. It is theorized

that agricultural adjustments will occur at different

nitrate fertilizer restrictions within the farm size groups.

A summary of the results obtained from the linear pro-

gramming model for each farm size group is given in Tables

39 and 40.

Impacts on the Individual Farms 

A characteristic of the production function is the

concept of diminishing returns. Hence, as the amount of

fertilizer input increases, the output, represented in this

case by net returns over variable costs, increases but at a

decreasing rate . In most cases, at some point, net revenue

over variable costs began to decrease.

As more fertilizer was allowed for use in the model

there was initially a corresponding increase in net revenue,
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However, it was found that diminishing returns were present

when fertilizer rates were relaxed from 150 to 180 pounds

per net acre. A rate restriction approaching 120 pounds per

acre would be less onerous, in terms of net revenue over

variable cost, than a rate restriction of 60 or in some

cases 150 pounds per acre. In most cases, a total farm

restriction of 150 pounds per acre farm size group exhausted

the fertilizer resource forcing crops out of the solution

thereby reducing net revenue over variable cost.

Enterprise combinations will follow the highest

level of fertilizer allowed by the rate restriction. If

the rate is high enough to yield a return that warrants

entry into the farm operation the crop will be grown at that

rate. But, if the rate is restricted at a low level,

forcing yield and thereby revenue to a low level, then the

highest revenue returning crop will be grown at that low

rate. A total farm restriction will allow the highest

fertilizer rate-highest revenue crop level to enter the farm

operation until fertilizer becomes scarce, thereby forcing

the use of lower fertilizer rates .

The rational grower will always plant as much acreage

as possible of a potentially high net revenue returning crop

enterprise. Some ,governing factors as to the amount of

acreage he plants to these high returning enterprises are

crop rotations and government program requirements, No

matter what the restriction amount or characteristic is f the
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profit maximizing grower will always plant as much acreage

as possible of a high returning crop enterprise.

Total land use and thereby total water use will

increase as more fertilizer is allowed for use. A strict

restriction of nitrate fertilizer could cause total land

used to decline since there would be no fertilizer avail-

able for the raising of more crops. Total water use could

possibly increase as total land use declines, the farmer

may attempt a trade-off of water for fertilizer.

As touched upon previously, the highest fertilizer

rate allowable would be used to produce the crops. Under a

total farm restriction, the highest revenue-highest

fertilizer rate crop enterprise will enter the operation

until fertilizer becomes scarce, then lower application

rates follow. As high value crops exhaust allotments, etc.,

low value crops are produced.

The projected crop limits allowed the entry of high

revenue crops at high acreage levels. This points out the

fact that when allowed the grower will raise as much of a

high returning crop as possible. As witnessed in this

study, if growers were to use the new or projected crop

limits they could keep net revenue up, even though they

were restricted with their fertilizer usage. Therefore, it

is concluded that a trade-off of land for fertilizer could

occur. This would happen if fertilizer were restricted at

such a level that farmers were forced to abandon crop
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rotation techniques in order to salvage net returns.

Growers would be forced to replace low revenue rotation

crops with high revenue returning crops.

Aggregate Impact on the Irrigation Districts 

Fertilizer restrictions could have certain impacts

on the irrigation districts. Rate restriction up to 120

pounds per acre and, due to diminishing returns, rates above

could reduce net revenue over variable costs to the growers.

High value crops would be grown at the highest rate

possible and a possible increase in acreage of these crops

would occur if land-fertilizer trade-offs were available.

It is conceivable that land and water use would increase in

an attempt by the grower to keep total production up with

the decreased aid of nitrate fertilizers, depending on the

degree of restriction. Total farm restrictions, as

expected, offered more flexibility to growers. A total

farm restriction would allow high revenue crops to be grown

at the highest revenue-highest fertilizer level. The

acreage of low revenue crops would decrease because the

fertilizer was being absorbed by the high revenue crops,

Land and water use could increase in order to allow produc-

tion of low revenue crops and to conserve crop rotation

practices.

The overall impact of nitrate fertilizer on the

irrigation districts depends on the degree of the
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restrictions. Strict fertilizer restrictions could force

net revenue down. That is being so strict that farmers

could not raise high revenue crops at profitable production

levels. However, fertilizer restrictions set at recom-

mended agronomic levels could have the effect of making

some growers more efficient. They would be forced to use

fertilizers at recommended rates instead of, in some cases,

excessive amounts. High revenue crops would have priority

over low revenue crops for available acreage. This could

force the abandonment of crop rotations and, consequently,

be harmful to the soil. Due to the increased demand for

water, in an attempt to maintain total crop production

without nitrate fertilizer, and the declining water table

of the area, water could become very expensive in the

irrigation districts. The combination of restricted

fertilizer use and expensive water could force agriculture

out of these irrigation districts.

What is the least "costly" way of reaching some

prescribed level of nitrogen use? It may be best to use a

total farm restriction if one is trying to regulate a

region. However, if the problem is found in a specified

sector of a region then rate restrictions could help in

regulation. Physical restrictions of nitrate fertilizer is

one method of regulation. Another method could be that of

taxing fertilizer usage, thereby making undesirable

fertilizer usage too expensive for growers. The absence of
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data makes it very difficult to evaluate alternative regu-

lation procedures. The limitations of this study and

recommendations for future studies are discussed in the

next section.

Limitations of this Research and Recommendations 
for Future Studies 

Limitations arise out of the assumption in which

certain variables were held constant, such as technology,

Imports, exports, and prices. New technology could

possibly offset the effects on production of reduced

nitrogen use. Imports and exports could have important

effects on prices and crop enterprises. Price would

fluctuate as demand for and quantities of crops shifted due

to fertilizer restrictions. Furthermore, this model illus-

trates conditions after an instantaneous adjustment while

adjustments are made by faimers over a period of time .

This period of time may be sufficient for one of the above

variables to shift, bringing new consequences to bear on

the farmer.

Many limitations of this analysis are derived from

the data. One crucial question of the data is:

Is land the only trade-off possible? What about

water? Regretfully, due to a shortage of data, this

possibility could not be observed or tested. This model was

constructed with water use as a function of the amount of

water required by a crop per acre. What is needed are more



125

response function analyses of irrigation water and nitrogen

fertilizer. That is, stating yield as a function of water

and fertilizer instead of only fertilizer as in this study.

Then one can look at the possibility of trade-offs between

fertilizer and water, in order to keep revenue at constant

levels.

Another shortcoming of the existing data is the

absence of crop response data. The crops in this study do

account for much acreage in the SRP and RWCD. But, the

vegetable crops that are not included in this study account

for more net revenue per acre than those listed in this

study. Obviously, the presence of these crops in a study

would cause quite different results than those obtained

here. Furthermore, in some cases there were enough

resources available for more crops but more crops were not

available. Crop limits were reached for the existing crops

before all of the production resources were used. The need

for more crop response data as a function of fertilizer and

water is evident.

The need for more conclusive data on nitrate nitro-

gen as a pollutant is evident. Earlier in this study it was

stated that little conclusive evidence exists regarding

contamination of water supplies from the application of

fertilizer. But even so there is always the possibility

that public reaction to further deterioration could encourage

substantial restrictions on fertilizer use before adequate
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evidence is collected. More data are needed as to the

extent of nitrate pollution and the characteristics of

nitrate pollution for Arizona in particular. Because

restricting fertilizer use in an individual state has quite

different consequences for the affected farm public as well

as the food consuming public than a nationwide restriction.

A reduction in Arizona fertilizer use would lower

income to farmers, while no change would necessarily occur

in consumer food costs. With production potential available

in other states, the farm portion of consumer food prices

need not change. Thus the major effect of a single state

limiting the use of nitrate fertilizer is felt by that

state's farmers.

In closing, the public must decide which set of

consequences are acceptable. For intelligent public

decisions, a flow of conclusive information is essential,

This study has presented one set of estimates. More sets

will be needed in order to make the critical decisions as to

nitrate pollution and the handling of possible nitrate

fertilizer restrictions.
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