SOME
ECONDOMIC CONSIDERATIONS
INVOLVED IN FERTILIZER USE

A Thesis Presented to the
Faculty of Graduate Studies and Research
The University of Manitoba

In Partial Fulfillment
of the Requirements for the Degree
Master of Science

by
George Alan Matheson
September 1962




ABSTRACT

SOME ECONOMIC CONSIDERATIONS

INVOLVED IN FERTILIZER USE

George Alan Matheson

University of Manitoba 1962

There were two major objectives in this study. Sev-
eral production functions were analyzed to determine which
function provided the best estimate of the fertilizer-yield
response relationship, A linear programming analysis based
on an existing farm in central Manitoba was employed to
investigate the ability of fertilizer to compete with other
production inputs for initial operating capital and total
operating capital in the farm business,

The data for the production function analysis were
obtained from experiments conducted at the Wabowden Substation
for the years 1956 to 1958 inclusive. The 1956 data were
previously analyzed by Gilson and Bjarnarson. The 1957
and 1958 data were analyzed in this study. The purpose was
to provide verification or rejection of the conclusions of
the Gilson and Bjarnarson study. An existing farm operation
was used on which to base the linear programming analysis,

The significant findings of the above investigation



were as follows.

1, The guadratic function with squared terms provides
the best estimate of the fertilizer-yield response relation-
ship. Gilson and Bjarnarson also selected the guadratic
function as the best estimating equation.,

2, Fertilizer is highly competitive for limited dinitial
capital and total capital with other production increasing
inputs in the farm business. With original yields decreases
in level of fertilizer use occured only when total capital
was very limiting. Levels of fertilizer use were not
significantly affected by decreases in initial capiteal or
increases in fertilizer cost. A reduction in yields decreased
the marginal productivity of fertilizer in. programs computed

with limited total capital.
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CHAPTER 1
INTRODUCTION

Agriculture in Canada is presently in a critical phase
of its development. Historically, industry has progressed
from the stage in which primitive methods were used to produce
a limited output to the present stage where skilled technical
and administrative abilities are employed to produce an output
restricted only by the inherent conditions of maximum profit.
Agriculture has passed the primitive subsistence stage and 1is
now developing inte a highly commercial, competitive business.
1t has as yet not reached a stage of development comparable
to that of other industries. In the past, most attention has
been given to the physical and technical aspects of production.
In the future, more attention must be centred on the economics
of production. In order for the farm operator to compete, the
various facets of production must be in balance.

The success or failure of many farmers as they enter
this commercial phase of agricultural production will depend
an their ability to adapt to change. Many will remain stag-
nant because they lack the knowledge, financial resources, 0T
managerial ability to accept new ideas and adapt to technolo-
gical changes. Others will progress because they possess these

gqualities. The successful farmer must have knowledge of the



N

economic as well as physical aspects of production.
One of the most important feactors determining the
extent of progress is the use of resources in the production

of farm products. One potentially important resource is

commercial fertilizer. The purpose of this thesis is to
investigate several of the economic aspects of fertilizer as

a production input in Manitoba.

With the diversified agriculture in Canada one could
assume there would be significant variations in the use of
fertilizer among different regions. Western Canada, excluding
British Columbia, contains over two-thirds of the cropland
in Canada. The production of grain is dominant with smaller
areas of livestock and general mixed farming. With the
emphasis on grain production, and few livestock to provide
manure for fertilization, one would expect commercial fertilizer
to be a prominent item in the prairie farmers' operating

expense account, However, such is not the case. Preliminary

investigations have shown that Manitoba farmers are consist-

ently applying fertilizer at less than the recommended ratesol

Farming is extensive rather than intensive. Many reasons

have been advanced to explain why farmers do not use more

lJ,C, Gilson, M.H. Yeh, and G. A. Matheson. "Economic
Considerations Involved in Fertilizer Use" (Unpublished progress
report, Department of Agricultural Economics and Farm Manage-
ment, University of Manitoba, 1961).



fertilizer. It is possible that variability in yields and
weather, summer fallowing practices, marketing quotas, cash
income, and many other factors have a definite influence on

the fTarmers' decision whether or not to use fertilizer,.

In 1960 Manitoba farmers were operating approximately
eleven per cent of the total improved land in Canada,z Their
expenditure on fertilizer was only three pexr cent of the

national total of 72.5 million dollars,3 Within the Province

of Manitoba the use of fertilizer gradually increased to a
maximum expenditure of $3,377,000 in 195354 The expenditure
dropped sharply in 1954 and 1935, remained fairly constant
to 1958, and showed a strong upward rise in 1939 to slightly
over 2 million dollars,S Indications are that farmers may be
starting a new upward trend in the use of fertilizer,

Many farmers in Manitoba are using fertilizer at the
present time. Howsver, to use fertilizer is not enough.
Some attempt must be made to determine the levels of applica-
tion which will provide the maximum return for the investment

made in fertilizer. The purpose of this thesis is to

investigate some of the considerations involved in the profit-

2Total improved land includes field, garden, nursery
and orchard cropland; summerfallow; pasture; and any other
improved land.

3DDminiDn Bureau of Statistics, Quarterly Bulletin of
Agricultural Statistics. Ottawa, Canada. January-March, 1961,
Page 11l.

4

Ibid. January-March 1954, Page 1Z2.

SIbid, January-March 1961. Page 17.



able application of fertilizer to cropland in Manitaoba,

Objectives

There is no one primary objective in this thesis.
Rather, several objectives of equal importance will be
considered.

The first objective is the evaluation of several prod-
uction functions as methods of predicting fertilizer-yield
relationships under agricultural conditions existing in
Manitoba. The types of equations to be included in the
evaluation are the polynomial quadratic, the square root
guadratic, and the exponential or Cobb-Douglas equations., The
data used in the determination of the best prediction eguation
is also employed in investigating several other aspects of
economic fertilizer applicetien. The determination of the
most profitaeble combinations of nitrogen and phosphorus;
the least cost combination of nitrogen and phosphorus; and the
marginal rate of substitution between nitrogen and phosphorus
will be pursued. Emphasis is placed on the methodological
procedure and the determination of the best prediction
equation.

A second objective of this study is an investigation
of the ability of fertilizer to compete with other production

inputs for the available operating capital in the farm



business., Several situations will be considered in order to
determine the effect of varying levels of yield and available
capital on the use of fertilizer., The price of fertilizer

will be varied to determine the effect on the use of fertilizer,
and other farm enterprises. Linear programming, a relatively

new research technigue, is employed for these purposes.

Scope

The data for the empirical analysis of the fertilizer-
yield relationship are obtained from experiments conducted
at the Wabowden Substation, Wabowden, Manitoba, during the
years 1956 to 1958 inclusive°6 In the experiment, varying
levels of nitrogen and phosphorus were applied to plots of
Parkland barley. The results provide adequate data for plotting
a complete production surface.

The case study method is used with linear programming
to investigate the economic considerations in fertilizer use.

A farm located on Osborne clay soil in Central Manitoba
was chosen as a base for the linear programming analysis.
Osborne clay is a heavy clay with imperfect drainage. The
cooperator on whose farm the study is based is a member of

the Carman District Farm Business Assocciation. As far as was

6The Wabowden Experimental Substation, Canada Depart-
ment of Agriculture, is located in a 4 wmillion acre clay
belt of potentially arable land, approximately 400 miles north

of Winnipege.



practicable the level of resources was not changed from that
available on the farm. The levels of capital available,
vields and the price of fertilizer were varied in accordance
with the inquiry into the competitive ability of fertilizer.

Chapter 2 provides a brief theoretical and historical
background for the analysis of the production functions. A
non-mathematical exposition of linear programming is also
presented to provide a basic understanding of this research
technigue.,

Chapter 3 will present the results of the production
function analysis.

Chapter 4 will present the results of the linear
programming analysis.

In Chapter 5, consideration will be given to

conclusions and recommendations for future study.




CHAPTER II

HISTORICAL AND THEORETICAL BACKGROUND

PART I - THE PRODUCTION FUNCTIONS

Historical Review

The theory of production functicns is a relatively
new concept in the comprehensive discipline of general
gconomic theory. The significant contributions have all
been made since 1900, However, several concepts which are
important in present day analyses of resource-product
relationships were advanced before any serious consideration
was given to the actual application of such relationships to
agriculture.

The concept of diminishing returns, so importent in
the theory of production, is credited to Thomas Robert Malthus.
He applied the principle to population expansion and the
relative contraction of the food supply. He hypothesized that
the world population would increase at a geometric rate while
the supply of food available incrgased at an arithmetic rate.
Malthus extended his theories in an article published

anonymously in 1798°l

1

The Law of Diminishing Returns is defined as: the

lThomas Robert Malthus. An Essay on the Principle of
Population As It Affects the Future Improvement of Society
{(London: T, Bensley, 1803, 2nd ed.)




8
addition of a variable input to fixed inputs results first in
total returns which increase at an increasing rate, second in
total returns which increase at a decreasing rate, and third

in total returns which decrease with increases in the

variable inputs"e2
The principle of the Law of Diminishing Returns was

questioned by Justus von Liebigo3 As an alternative he

proposed the Law of the Minimum. The Law stated that plant

growth is determined by any essential nutrient which is
present at a limited level. When maximum growth is reached,
as dictated by the critical factor, further increases in
growth are impossible unless the input of the critical factor
is increased. While van Liebig did not present any algebraic
equations to represent his concept of the crop production
function, he implied constant marginal returns. Several
later scientists including Bondorff, Plessing, and Boresch
have advanced various algebraic interpretations of lLiebigs'

Law of the Minimum,4

Mitscherlich and Spillman, working independently,

ZLawrence A. Bradford and Glenn L. Johnson, [arm
Management Analysis (New York: John Wiley and Sons, Inc.,
1953), Page 113.

3Justus von Liebig, The Natural Laws of Husbandry,
(London: Walton and Maberly, 1863),

4Earl 0, Heady and John L. Dillon, Agricultural
Production Functions (Ames, Iowa: The Iowa State University
Press, 1961) Page 10.




developed similar exponential yield equations. Mitscherlich
is generally credited with being the first person to attempt
definition of the algebraic nature of the fertilizer-yield
response relationship. He developed an equation of the
logarithmic form, log A - log (A-y) = CX, where A is the
maximum yield obtainable by the addition of the input X; and
C is a proportionality constant defining the rate at which
marginal yields decrease, The constant C is defined for all
crops as being devoid of influence by the type of crop,
climate, or other environmental factors. The equation proposed
by Mitscherlich met with objections because it did not allow
for decreasing yields. Decreasing marginal products were
permitted but not negative marginal products. Mitscherlich
consequently developed a new equation which permitted
decreasing total product,5

The equation developed by W. J. Spillman6 is of the form,
Y = M - ARX, where X is the quantity of variable input; Y is
the guantity of total output; M is the theoretical maximum
output attainable by increasing X; A is the output which can
be added to total product by increasing X; and R is the

coefficient defining the ratioc by which marginal productivity

5Ibid, Page 11,

6w. J. Spillman, "Exponential Yield Curves in Fertilizer
Experiments", U.5.0.A. Technical Bulletin 348, Washington,
D.C., 1933,
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of X declines, The total output without the addition of the
variable input X is M-A. Spillman assumed that constants in
the equation were affected by environmental factors.

The Spillman function does not allow a diminishing
total product; this inadequacy is also a characteristic of
the Mitscherlich equation. The Spillman equation permits gither
increasing or decreasing marginal productivity, but they
cannot be present in the same function. As a result the
equation may give misleading results especially at higher
input levels. It also assumes that the ratio of marginal

products is constant over all ranges of output.
RELEVANT FUNCTIONS

In this thesis three forms of equations are employed
to investigate the fertilizer-yield response relationship.
The primary objective is to determine the equation which 1is
the best predictor of this relationship in the environmental
conditions of Manitoba. In addition, data complementary to
the above investigation will be presented. The three functions
to be considered are the Cobb—Doug1587 or power functiaon,
the polynomial quadratic equation, and the quadratic square

root equatione.

7C,S. Cobb and Paul H. Douglas, "A Theory of Production®,
The American Economic Review, Volume XVIII, Supplement, March,
1928.
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Cobb-Douglas Function

The Cobb-Douglas eguation is of the form Y = aX, 1 X,72
——————— X “n. In logarithmic notation, log Y = log a + bl
log Xl + b2 log XZ o ——— +bn log Xn, the equation is linear.
Y is the dependent variable, yield, and Xl and X2 are indepen-
dent variable inputs, representing in this case, nitrogen and
phosphorus, respectively. The regression coefficients bl, b2
——————— bn are also elasticities of production with respect
to X X, ——mmmmmm Xn, For the three functions being investig-
ated, the regression coefficients are a measurement of changes
which occur in the dependent variable as the inputs are varied.
The coefficient "a" is a constant which indicates yield with
no application of the variable inputs.

The production function of the Cobb-Douglas form
permits increasing, constant, or decreasing marginal product-
ivity. Such characteristics of marginal productivity are, of
course, dependent on the characteristics of the total product
curve. A disadvantage of the Cobb-Douglas function is that
it does not allow decreasing total product. As with the Spill-
man function this may lead to irrational estimates at higher
input levels. Decreasing or increasing marginal productivity
is not possible in the same function.

If all relevant inputs are included in the equation,

the sum of the bi values indicate the returns to scale., If &
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bi's = 1, the returns to scale are constant. Ifé,bi's >1,
the marginal product is increasing, while marginal product is
decreasing if é.bi's 1.

The characteristics of the Cobb-Douglas function are

illustrated in Figure 2.1,

Quadratic Function with Sguared Terms

A guadratic form of a fertilizer-yield response function
has several advantages over the Cobb-DOouglas function., For

this study the equation is of the form: Y = a + lel + b2X2

+ bBXlZ + b4X22 + bSXlXZ° Y is the dependent variable; X

and X2 are variable inputs; bl ————— b5 are regression co-

1

efficients, and a is a constant indicating Y with no application
of Xl and Xz,

The quadratic equation allows both decreasing and
negative marginal productivity, but not increasing and decrea-
sing marginal products, in the same equation. The quadratic
function with squared terms assumes that marginal products
decline at a constant rate.

The total product and marginal product curves of Figure
2,2 illustrate the characteristics of the quadratic equation

with the squared terms.

Quadratic Function with Sguare Root Terms

The square root form of the guadratic equation is Y =
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g + byX; + bX, + bAdX + b I+ b AKX This function
exhibits the same characteristics as the guadratic equation.
In addition, it is similar to the Cobb-Douglas function in that
the marginal products decline at a diminishing rate.
The general form of the quadratic square root equation
is shown in Figure 2.3. The function allows large marginal
productivity over small inputs (Figure 2.3a) followed by
small and fairly constant marginal products, As indicated in
Figure 2.3b this results in a relatively flat total product
curve. Further inputs may result in a diminishing total
product curve and negative marginal productivity, (Figure 2.3b).
In additicn to the characteristics outlined above, the
quadratic equations allow the variable inputs to be substitutes
for small outputs; substitutes or complements at higher

output levels; and technicel complements only at maximum

output,
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PART Il - LINEAR PROGRAMMING

Introduction to Linear Programming

Linear programming may be defined as the maximization
or minimization of a linear function subject to certain linear
restrictions. In this thesis concern is with the maximization
of profit subject to restrictions on the available quantities
of land, labor, building space, feed, and capital.

In this thesis, the basic concepts necessary Tor an
understanding of programming will be presented. There are
many excellent works to which the reader may make refer-
ence in order to expand his knowledge of this research

technique.

BA, Charnes, W.W. Cooper, and W. Henderson, An
Introduction to Linear Programming {(New York: John Wiley and

Sons, Inc., 1953).

Robert Dorfman, Application of Linear Programming JTo
Theory of the Firm (Berkley and Los Angeles: The University

of California Press, 1951).

R.K. Eyvindson, "Economic Aspects of Farm Urganization
on Red River Clay", (Unpublished Master's thesis, University
of Manitoba, Winnipeg, 1961).

J.C. Gilson, "An Application of Linear Programming
to Farm Planning”, Technical Bulletin No. 2, Department of

Agricultural Economics, University of Manitoba, March, 1960.

, "Economic Aspects of Alternative
Crop Rotations and Beef Production Systems"™, (An Application
of Linear Programming), Technical Bulletin No. 3, Department
of Agricultural Economics, University of Manitoba, May, 1960.

Farl 0. Heady and Wilfred Candler, Linear Programming
Methods, (Ames, Iowa: The Iowa State College Press, 1958).
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Within the framework of farm management, linear prog-
ramming may be thought of as a method of handling a very

large, complex farm budget. In traditional budgeting proce-

dures the number of alternative enterprises that can be

considered is limited, In addition, the enterprises cannot
be considered simultaneously. The value of any budget is

determined by the skill and ability of the analyst. To be of

any value, budgeting must be done by a person with knowledge
of agricultural production, economics, and practical, common-
sense farm management, There is no advantage, in linear
programming, when a partial budget on one enterprise is being
determined. It then becomes a matter of allocating resources
to derive maximum profit from one enterprise rather than
allocating resources among several enterprises to obtain
maximum profit.

The most important step in the linear programming
procedure is the calculation of rescurce requirement co-
efficients, prices, and expenses. This step is similar to

that of budgeting in that the analyst must have knowledge

of production, economics, and management. The remaining steps
can be completed by a clerk with little knowledge of the

theory of programming.

Assumptions of Linear Programming

There are four major assumptions in linear programming.
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First, it is assumed that resources used are additive. The sum
of the resources used by individual processes or enterprises
must be equal to the sum of the resources used by several
enterprises considered simultaneously. This assumption ex-
cludes any interaction or complementary effect between two
processes.

second, a linear resource-product relationship holds
for linear programming.

Third, rescurces and products are assumed to he
continuous, Resources can be used, and products produced, in
fractional quantities. Hence, a process may require the use of
1.34 hours of labor. The most profitable plan may specify
the production of 145.97 market hogs. For practical application
this can be taken as 146 market hogs without destroying the
validity of the conclusions. In fact, most resources and
many products may be specified in fractional quantity terms.,

Fourth, there is assumed to be a limit to the number of
alternative processes which can be considered in determining
which combination of processes will return the maximum profit.
Unless the number of alternative processes is finite, no
final most profitable solution can be found.

One important specific assumption must be made with
respect to this study. With three exceptions, prices, yields,
resource-product coefficients, costs, and levels of available

resources are assumed to be constant. The level of operating
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capital is varied to determine the effect of varying levels
of capital on the use of fertilizer. The price of fertilizer
is varied to determine what effect such a change has upon the
use of fertilizer and the intensity of use of other processes.
Yields are varied, holding fertilizer applications constant
to determine what effect this has on the level of use of

fertilizer.
METHOD OF EXPOSITION

There are two basic approaches which may be taken in
attempting an explanation of linear programming. The expo~
sition may be mathematical or non-mathematical. The latter
course is chosen in this thesis., The following discussion

relies heavily on an article by Robert Dorfman, as a reference.

The Concept of a Process

The idea of a process or activity is basic to the
study of linear programming. A process may be defined as a
specific method for producing a particular autput. The prod-
unction of barley using a specific analysis of fertilizer is
one process, another plan with a different analysis represents
an entirely different process. There would be an infinite

number of processes by which barley could be produced since

9Robert Dorfman, 'Mathematical or "Linear" Programmings
A Non-Mathematical Exposition', The American Economic Review,
Volume 43, December, 1953. pp. 797-825. The diagrams used
in the exposition were taken directly from this article and
adopted to an agricultural problem.
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the slightest change in the ratio of the nutrients creates a
new process, However, in order to comply with the assumption
of finiteness, the number of processes is assumed to be
limited. In fact, many products can be produced by only a
few processes. In such cases, resources cannot be substituted
for each other except by changing the levels at which entire
technical processes are used since each process USEs YrBSQUYXCes
in fixed proportions.

The concept of a process may be illustrated diagramma-
tically, as in Figure 2.4,

In Figure 2.4, OM is a process vector representing

the production of barley, using nitrogen and phosphorus.

"All other resource requirements necessary for the production

of barley by process M are assumed to be present at the

required levels., Since OM is a straight line a linear resource-
product relationship is implied. For the production of one

acre of barley, 0D pounds of nitrogen and 0OA pounds of
phosphorus are required, Similarly, the requirements for

two and three acres of production can be determined. The
proportions in which nitrogen and phosphorus can be used in
process M are fixed for all levels of production. Since 00 =

QH = HK, constant returns to scale are indicated.

Two Processes

The process concept can be expanded to include more
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than one process. Figure 2.5 illustrates the case in which
two different processes are used in the production of barley.
This case illustrates additivity of resources.

The two processes are represented by vectors 0A and
0B. The scales on the two process vectors are different,
This indicates that the productivity of the two processes
differ with respect to the use of nitrogen and phosphorus,

Let M and N represent the same production of barley
by processes A and B respectively. Then the line MN is an
isoquant and any point on MN represents a combination of
processes A and B producing the same output as either process
A or B alone. This can be proven as follows, Any point P
is taken on line MN and the line M'P drawn parallel to 08.
ON' is marked on 0B such that ON' = M'P.

Consider the production plan using process A at the
level of OM' units and process B at the level of ON' units,
This plan uses OE units of nitrogen for process A and 0D units
of nitrogen for process B, Utilizing the parallelogram law
it is seen that 0D = EG. Therefore, 00 + OE = EG + OE = 0OG
units of nitraogen. The guantity of nitrogen used by a combin-
ation of processes, A and B is, therefore, 0G units. This
follows from the assumption of additivity. The phosphorus
requirements for point P can be found in a similar manner

to be 0T units.
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To prove that MN is an isoquant it must be shown that
output OM' plus output ON' equals the output OM which equals
the output ON,

Qutput (M') oM! Output (N') ON'?

Output (M) = M Output (N) ~ ON

But Output (M) = Output (N)

Therefore, OQutput (M') _ OM'
Qutput (N) ~ OM

If P lies on the isoquant MN then:

Output (M') + Output (N')

Output (M) =1
Output (M') + Output (N') — OM! L ON' oMt oMP
Output (M) =gm- tOv T am T En "

aM' , M'M oM
oM oM ‘

Therefore, point P lies on the line MN which must be
an isoguant. If there are two processes, and two points of
equi-output are chosen on them, the line joining the points

is an isoquant.

The Resource-Resource Relationship and the Discontinuous Isoguant

By expanding the diagram for processes, the discontinuous
isoquant which is implicit in linear progremming can be
illustrated. In Figure 2.6, four processes for the production
of barley are shown. Figure 2.7 shows the isoquant of the
traditional marginal analysis. As the number of processes is

increased to infinity the isogquants take the form of smooth
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continuous curves. However, a baisc assumption of programming
is that the number of processes available for the production
of any output are finite. The discontinuous isoquant is then
justified,

Point R on isoquant I in Figure 2.6 indicates a specific

output obtained by using process A. Similarly, points S, T,

and U represent identical outputs obtained by using processes
B, C, and D, respectively. By joining these points of equal
output, the isoguant I is obtained. Similarly, for isoquants
IT and I1I. Following from the discussion of Figure 2.5 and
considering isogquant I, it is seen that an identical output

can be obtained in several ways. Processes A, B, C or D: or
combinations of processes A and B, B and C, or C and D, will

all produce an output represented by isoquant I.

Optimum Butput

Two price lines can be introduced into the analysis
at this point. The price relationship between nitrogen and
phosphorus as indicated by the price line PP' shows that
maximum output is obtained by using process B and the level
of 0S' units.

If the price relationship illustrated by price line
MM'! exists, optimum output is indicated by isoquant I. OSince
the price line MM' coincides with segment RS of isoquant I,

maximum output can theoretically be obtained in sesveral ways.
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Process A, process B or some combination of the two can be
used to obtain optimum output.
The price line MM' points out a fact which is basic to

linear programming. Given a number of processes for producing

the same output, the one most profitable process will be
found., In this case, the final most profitable plan may

include process A or process B but not a combination of the

two processes. Linear programming does not permit two

processes to combine in obtaining maximum production of a
specific output. Only two resources, nitrogen and phosphorus,
in the processes A and B are being considered here. Many
resources are, of course, required to form either process A
or B. Even though processes A and B are capable of providing
the same output, other resources required in their formation
will dictate whether process A or process B will provide the

method of production in the final plan.

The Resource-Product Relationship

The relevant production function in linear programming

is also a discontinuous function with a finite number of points
rather than an infinite number of points which produce a
continuous function. The discontinuous function can be

derived from the system of isoquants that has been discussed.

Suppose that the quantity of phosphorus available is

1imited to the amount O0X as measured on the vertical axis of
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Figure 2.6. The production function of Figure 2.8 can be
derived from Figure 2.6 when the amount of phosphorus is
constant and the guantity of nitrogen is variable. As is seen
from the diagram the production function is discontinuous
with discrete points indicating the requirements of nitrogen
for the production of barley, when phosphorus is constant
at amount OX,

An implicit assumption of the preceding explanation
has been the motive of maximum output. Maximum output,
however, is not equivalent to maximum profit. Dependent on
subjective restrictions set by the farm operator, such as
the number of hours he is willing to work per day, the
explicit goal of any farm enterprise is to provide maximum
return to the fixed and variable factors of production. This
can be done guite simply by converting physical products to
value products. In the diagrams which have been used to
explain the basics of linear programming no major changes
need to be made. The scale on the processes are changed %o

measure ocutput in monetary rather than physical terms.

The Product-Product Relationship

The discussion thus far has demonstraeted the resource-
resource and resource-product relationships as they apply to
linear programming. The third concept of the traditional

marginal analysis to be assessed for validity with respect
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Figure 2,8: Resource-Product Relationship: Discontinuous Production
Function (Derived from Figure 2.6).,
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to programming is the product-product relationship. The
objective here is to determine the combination of products
to return maximum profit.

The product-product principle for linear programming
is represented by a discontinuous transformation curve with
discrete points, as shown in Figure 2.9. The analogous
curve for the traditional analysis is shown in Figure 2.10,

In determining the discontinucus curve three resources,
used in the feeder hog and beef cow calf processes, are
considered. Table 2.1 gives the level of resources available
and the resource requirements of each process per unit of
production., All other resources are assumed to be non-
limitinge.

Table 2.1. Use of Limited Resources in feeder Hog and Beef
Cow Calf Processes.

SBeef Cow Calf Feeder, Hogs
Required Required
Per Unit Maximum Per Unit laximum
Amount of Productionf of Production

Resource| Available] Production| (Units) Production] (Units)
Wheat 3000 1bs, —_ —_— 28, lbs, 107,
Barley 40,000 " 252, lbs. 159, 303, " 132,
Capital | 4000 § 31, % 129, 20, B 200,

0f the three resources considered, wheat is the most
limiting in the production of feeder hogs. This is indicated

by point A in Figure 2.9. The level of the feeder hog
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process is limited to 107 units. The cow calf process does
not require wheat, therefore its production is not affected
by the availability of this resource. With 40,000 pounds
of barley available 159 units of the cow calf process or
132 units of the feeder hog process can be produced. Four
thousand dollars of capital limits cow calf production to
129 units, point D, on Figure 2.9, while feeder hog production
could be expanded to 200 units. Therefore, the most
limiting resources for beef cow calf and feeder hog produc-—
tion are capital and wheat, respectively.

The relevant area on which production decisions must
be based is bounded by the discontinuous transformation curve
ABCD. Any point on segment AB indicates maximum production
of feeder hogs if no units of the cow-calf process are

produced, Point D indicates maximum production of the beef

cow calf process if no hogs are produced, Given the limitations

on wheat, barley, and capital, BCD represents combinations

of the hog and beef processes. The combination that will
return maximum profit is determined by the iso-~revenue line.
The iso-revenue line indicates the ratio of prices of the com-
peting products and defines all possible combinations of

hogs and beef which will return the same profit. In Figure
2.9, the iso-revenue line MM' indicates that the combination

of hogs and cow-calf production necessary for maximum profit
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is at point B on the transformation curve, Thus production
for maximum profit requires 107 units of the feeder hog
process and 33 units of the beef cow calf process. It is
significant to note the price ratio can change considerably
before any adjustment will be made in the production plan.

In the traditional analysis the slightest change in the price
ratio requires a change in the production plan if the
objective of maximum profit is to be maintained.

The exposition of the product-product principle has
been limited to two processes because of the difficulty of
representing more than two processes graphically. The
mechanism of the linear program allows the number of
alternative processes to be very large as long as it is finite.
The various possible processes are considered simultaneously
in the procedure of finding that combination which will

yvield maximum profit,



CHAPTER III
THE PRODUCTION FUNCTIONS: ANALYSIS AND RESULTS

The experimental data on which the analysis of this
chapter is based were obtained from experiments conducted at
the Wabowden Substation,l In the experiments, varying levels
of nitrogen and phosphorus were applied to plots of Parkland
barley and the yield response measured. For an explanation
of the experimental design see the study by Gilson and
Bjarnarsone2 The data were collected for a period of three
years, 1956~58 inclusive. The 1956 data were analyzed and
the results reported by Gilson and Bjarnarson.3 This chaptex
is primarily an extension of the analysis, by Gilson and
Bjarnarson, for the yesars 1937 and 1958 and the combined
composite data for the three years. Where necessary reference
will be made to the aforementioned study in arder to maintain
a note of cohesion for the three years. Pertinent information
from the Gilson and Bjarnarson report is included in
Appendix I,

lSee footnote 2, Chapter 1, Page 5.

2J°C, Gilson and V.W. Bjarnarson, "Effects of Fertilizer
Use on Barley in Northern Manitoba", Journal of Farm Economics,

Volume XL, No., 4, November, 1958, pp. 932-941, It is suggested
that this report be read in conjunction with this chapter.,

Ibid.
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The major objective of the analysis is the evaluation
of three possible estimating equations, in order to select
the equation which provides the best estimate of actual barley
yields., Economic aspects of fertilizer use which are comp-
lementary to the evaluation of the equations are also
considered. Isoguants and rates of substitution between nit-
rogen and phosphorus are determined. Predicted yield response
surfaces are developed. Least cost combinations and most
profitable applications of nitrogen and phosphorus are

derived from the basic equations.

The Evaluation of the Equations

The three equations to be evaluated are the quadratic
with squared terms; the guadratic with square root terms; and
the Cobb-Douglas function. For purposes of brevity the first
two equations will hereafter be referred to as the quadratic
equation and the square root equation. The characteristics
and general form of the three equations were discussed in
Chapter II.

The problems associated with the determination of the
best estimating or predicting equation are set out by Heady:

"Direct" tests are not available for choosing
between such "widely different® functions as the Spill-
man, Cobb-Douglas, cross-product or square-root
equations, We may select, however, in terms of such

statistics as the multiple coefficient of correlation
and the magnitude of residual variance quantities.
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Also, plotting the derived quantities against the
sample observations may aid in choice and selection.

The technique of multiple regression analysis was used
to obtain coefficients of determination and regression co-
efficients for each equation for each year and the composite
data. The equations derived from the 1956 data by Gilson
and Bjarnarson are included.

1956¢

2

A
1. Quadratic: Y=B°2714+,2715N+°BlDGP—.DDZDNZ—oDDldP +,0006NP

2. Square Root: Y=8,3100-.1319N-.0350P+1,6590dN+1.8404 §F+.1020 WP

3. Cobb-Douglas: 7=7.5509N°0771p-2444

1957

2

4. Quadratic: ?:21,4012+,4539N+,5234P—,DDZ9N2—,DU36P +,0037NP

5, Square Root: ¥=28.2051-.0002N-,1277P+.3913dN+1.6977§P+.5103JNF

6. Cobb-Douglas: 9=16.,2370N°20859p 1756

1958
7. Quadratic: ?:41,9530+°2279N+l,2162P—00022N2—°0081P2+,DDZZNP

8. Square Root: Y=40,2534-,1475N-.6368P+,8408N+9,9821JP+,29681dNP

9. Cobb-Douglas: 7=32,7990N°03%7p-2158

Composites

2

A
10.Quadratics Y=22.0391+,3976N+.7374P-,0031N —,DDd9P2+°0024NP

11.Square Root: $=25.3981-.0946N-.2963P+,9946dN+4.5556 JF+.3011 {NP

12.Cobb-Douglas: §=15.6300n°1007p<2156

4tarl 0. Heady, Glenn L. Johnson and Lowell S. Hardin
(eds), Resource Productivity, Returns to Scale, and Farm Size
(Ames, lowa: The lowa State College Press, 1956) pp. 13-14,
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The coefficients of determination (RZ) and the values
of the t-tests for the regression coefficients for the 12
equations are shown in Table 3.1. The F-test was used to test
the significance of the coefficients of determination.

Table 3.1, Coefficients of Determination and the t-Tests
for the Twelve Egquations,

t-test values for the regression
Value coefficients of the following terms
Eguation R2 N P NzorfW onrﬂg' NP or NP

1 ,8422% | 4,62%% | 5,28%% 4, 64%% 3,23%%  1,457FF
2 .8667% | 2.80%x]| .74 2. 74% 3.03%¢ 2,13%

3 ,8819% | 1,837% | 4,59%= — — _—

4 ,9495% | g,25%x | 7,20%x | _5,37%x| .6,72%%| 7,25%x
5 ,9629% | -,004 | -2.34% .56 2,417 g,22%%
6 ,0019% | 12,06%¥ 12,57%% —— — _—

7 .8431% | 2,027} 10.94%x| -2,52% ~9.90%%| 2,427

8 ,9208% |-1,697FH —7,30%x .75 8,89%% 3,3g%*
9 .8694% | 2,22% | 14,66%% — — _
10 .321277| 2,057 | 3.80%% | -2.197 ~3.45%% 1,60%FF
11 2925 %) _.so 1,447 41 1.88%%  1,59%FF
12 .3179F 1) 2,96%x | 6,34%% - - —=

+i+5ignificant at the 10 per cent level

‘fSignificant at the 5 per cent level
"Significant at the 2.5 per cent level
*¥Gignificant at the 1.0 per cent level
#*%*Significant at the .5 per cent level

The F-test for coefficients of determination tested significant
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at the aone per cent level for equations 1 to 9 inclusive and
at the five per cent level for equations 10 to 12 inclusive,
The coefficient of determination measures the proportion of
variance in the dependent variable, yield, attributable to
the independent variables, nitrogen and phosphorus. Values
for equations 1, 2, and 3 were taken from the Gilson and
Bjarnarson studye5

Predicted yields were derived from the 12 equations.
The actual and predicted yields for each year are shown in
Tables 3.2 and 3.5 inclusive., The yield response surfaces
diagrammed in Figures 3,1 to 3.16 inclusive, provide a three
dimensional view of the data contained in Tables 3.2 to 3.5,
The response surface represents the yield response curves for
all possible combinations of nitrogen and phosphorus within
the limits of the experimental applications of these nutrients.
If nitrogen is held constant at 20 pounds, while phosphorus
applications are varied from 0 to 120 pounds, the response
curve or total product curve AB of Figure 3.2 is obtained.
Similarly, if phosphorus is held constant at 20 pounds while
nitrogen is varied the total product curve CD is obtained.

In addition tc statistical measures, visual comparisons
of actual and predicted yield values were made to aid in the
selection of the best estimating equation. An examination of

SJaC, Gilson and V.W. Bjarnarson, gp. cit.
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Table 3.2. Actual and Predicted Yields of Barley, Estimated
by the Three Equations, for Varying Levels of
Nitrogen and Phosphorus - 1956,

LBS 1LBS N
P29 D 20 40 60 80 120
Actual 7.8 | 9.6 | 13.2 |16.0 | 12.2 | 9.0
0 Quadratic 8,271 12,80 15,91 | 17,32} 17,131 11.91
Square-Root 8.3114% 13,09} 13.53]13.25} 12.60} 10.65
Cobb-Douglas T.17 9,72 | 10,43 §{ 10,87 11,19} 11,66
Actual 20.2 22,1 27.2 26,2 23.4 23.1
20 Quadratic 13,92 ¢ 18,79 22,04 } 23.69} 23.74| 15,00
Square~Root 15,84 | 22,66} 23.94 | 24,31} 24,21} 23.18
Cobb-Douglas | 15.41 ] 20.90 | 22,42 | 23.37 24,061 25,07
Actual 18.8 26,0 29,0 38.0 26,4 29.3
40 Quadratic 18,451} 23.56 | 27,05 | 28,94 29.23} 24,97
Square-Root 18.54 | 26,22 | 27,85 | 28.48) 28.61}| 27.96
Cobb-Douglas | 18.40 | 24,95 | 26.77 | 27.89| 28.72| 29.93
Actual 15.3 22.1 26,9 28.9 28,7 32.1
60 fluadratic 21,871 27.22 | 30.95 | 33.08| 33.61] 29.83
Square-Root 20.46 | 28.78 | 30.68 {31.52} 31.82} 31.46
Cobb-Douglas | 20.41 27.671 29,69 | 30,94} 31.86] 33.20
Actual 23.2 27.9 33.0 37,9 37.0 31.7
a0 Quadratic 24,161 29,751 33,72 | 36.09| 36.86| 33.56
Square-Root 21,97 30,83 | 32.96 |33.97| 34,42} 34.31
Cobb-Douglas | 21.97 | 29.78 31.95 }33.30} 34,281 35.73
Actual 2705 31.9 37.0 40,2 44,0 33.6
120 Quadratic 25.38 1 31.45| 35,90 | 38,75 40.00| 37.66
Square-Root 24,271 34,05 36.55 }37.86] 38.55) 38.85
Cobb-Douglas | 24.36 | 33.03 | 35.44 36,93} 38,03 39,63
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Table 3.3, Actual and Predicted Yields of Barley, Estimated
for Varying Levels of
Nitrogen and Phosphorus - 1957,

by the Three Equations,

1_.BS LBS N
P25 0 20 40 60 80 120
Actual 23.4 30.3 30.2 35.2 31.1 32,8
0 Quadratic 21,40} 29,33 | 34,96 38,30 39.34| 34.54
Square-Root 28,20 1 29,95 | 30.67 | 31.22] 31.69| 32.46
Cobb-Douglas | 16.24 | 26.90 | 30,23 | 32,37} 33.98] 36,38
Actual 36,5 44,6 48,7 34,2 56,9 59.6
20 fQluadratic 30,43 | 39.86 | 46,98 51,81} 54,34| 52,52
Square-Root 33.24 | 45,19 | 50,14} 53.94} S57.14| 62,50
Cobb-Douglas | 27.48 | 45,52 | 51.16| S4,76) 57.50| 61.56
Actual 31,6 52.2 58.7 33,1 65,3 14,3
40 Quadratic 36,59 | 47,51 | 56,12 | 62,45 66,47} 67.64
Square-Root 33,83 | 50,01 | 56,71 61.85) 66,18 73.45
Cobb-Douglas | 31.03 | 51.41 | 57,78 61.86) 64,94 69,53
Actual 33,9 47.6 59.3 T1l.1 12.3 Bl.5
0 Quadratic 39,88 | 52,29 | 62,40 70,21} 75,73| 79.88
Sguare-Root 33.69 | 53.12 | 61,16 67,33 T72.53} B1.25
Cobb-Douglas [ 33,32 | 55.20 | 62,04 | 66.43| 69,73 74,66
Actual 38,6 54,3 66,3 80.6 86.5 83.3
80 Quadratic 40,30 | 54,20 | 65,80 75.10] B82.11} BG9,.24
Square-Root 33,17 55,33 { 64,50 71.54} 77.48{ B7.43
Cobb-Douglas | 35.05| 58,06 | 65.26 | 69,87} 73.34| 78,53
Actual 29.9 53.9 63.8 79.0 90.1 53.0
120 Quadratic 32,51} 49.40 | 53.98 ] 76.27| 86,26 99.36
Square-Root 31.48 | 58,22 | 69.30| 77.80] 84,96 96.97
Cobb-Douglas | 37.64 | 62,35 | 70,07 | 75.03} 78.76] B4.32
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Table 3.4. Actual and Predicted Yields of Barley, Estimated
by the Three Equations, for Varying Levels of
Nitrogen and Phosphorus -~ 1958,

LBS LBS N
P29 0 20 40 60 80 120
Actual 44,5 33,1 40,3 44,5 31.7 34,6
0 fluadratic 41,95} 45,63} 47.55] 47.71| 46,10) 37.62
Square~Root 40.25] 41.06) 39,67} 37.92| 35,97} 31.76
Cobb-Douglas | 32.80} 36.18} 37.00} 37.50| 37.85} 38.36
Actual 64,1 73.2 79.8 82.1 86,7 T1.7
50 Quadratic 63.04} 67.60) 70,39} 71.43} 70.71} 63,98
Square-Root 72,161 78.93) 80.01} 80.15| 79.80| 78,27
Cobb-Douglas | 62.61| 69.05| 70.63| 71.58| 72.25} 73.22
Actual 81.9 87.1 87.1 90.2 82.4 89.1
40 Quadratic 77.64| 83.08] 86.76| B88.68| 88.83| 83.87
Square-Root 77.91) 87,16} 89.26| 90.18| 90.50| 90.08
Cobb~Douglas | 72,71} 80,19} 82,03] 83.12] B83.91] 85,03
Actual 76,8 93,6 99,5 99.9 [102.5 B7.2
60 Quadratic B5.76) 92,08 96.64| 99.44}1100.48]| 97.27
Sguare-Root 79,37 90.501 93.39} 94.52| 95,74) 96,17
Cobb-Douglas | 79.36| 87.52{ 89,53] 90.73| 91.58| 92.81
Actual 77,6 95.9 [104.9 90.8 [107.4 |105.6
80 Quadratic 87.41) 94.61{100.04]|103,72|105.64}1104.20
Square-Root 78,539) 91.32| 94.87f 96.90} 98.16| 99.31
Cobb-Douglas | 84.44| 93.13| 95.26| 96.54| 97.45{ 98,75
Actual 15,2 B9.6 853.1 82.4 {100.7 }100.8
120 {Quadratic T1.26| 80.22| 87.41} 92.85( 96,53} 98,60
Square-Root 73.18} 88.59| 93.25| 96.14} 98.11|100.46
Cobb-Douglas | 92.161101,.74}103.98)105.36}106,36]107,78

N

B
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)

LIBRARY

Y
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S MITO
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Table 3.5. Actual and Predicted Yields of Barley, Estimated
by the Three Equations, for Varying Levels of

Nitrogen and Phosphorus -~ Composite Data.
LBS LBS N
P20s 0 20 40 60 80 120
Actual 25,90 1 24,33 | 27,90 | 31.90} 25.00| 25.47
0 Quadratic 22,04 | 28,74 | 32.95 | 34.66 | 33,88} 24.82
Square-Root 25,40 | 27,95 | 27,90 | 27.43 | 26,73 | 24.94
Cobb-Douglas | 15,63 | 21,15 | 22.68 | 23,62 | 24,32 | 25,34
Actual 40,27 | 46,63 | 51,90 | S4.17 | 55,67 51.47
50 Quadratic 34,82 { 42,47 47,63 | 50.29 | 530.45| 43,25
Sguare-Root 40,38 | 48.96 | 51,41 | 52.84 | 53,76 | 54,68
Cobb-Douglas | 29.82 | 40,34 | 43,26 | 45,07 | 46,40 48,33
Actual 44,10 | 55.10] 58,27 | 60.43 | 58,03 | 64,23
40 Quadratic 43,66 | 52,26 | 58,37 | 61.98 | 63.09| 57.82
Square-Root 43,44 | 54,51 | 57.98 | 60.22 | 61,80 | 63,84
Cobb-Douglas | 34.62 | 46.84 | 50.24 | 52.33 | 53.88| 56.12
Actual 42 .00 1 54,43 61.90 | 66.63 | 67,83} 66,93
60 Quadratic AB,57 | 58,12 65.17 | 69,73 | 71,78 | 68,42
Sguare-Root 44,53 | 57.51| 61.78 | 64.62 | 66,72 69,62
Cobb-Douglas | 37.79 | 51.12| 54.82 | 57.11 | 58,80 61,25
Actual 46,47 | 59,37 68,07 | 69.77 | 76,97 | 73,53
80 Quadratic 49,54 | 60,04 68,04 | 73.54 | 76,55} 75.08
Sguare-Root 44,60 | 59,20 64,14 | 67.49 | 70.02| 73.64
Cobb-Douglas | 40,20 | 54.39 | 58,33 | 60.77 | 62,56 65,17
Actual 44,20 1 58,47 61.97 | 67.20 | 78.27| 75,80
120 Quadratic 39,68 | 52.07) 61.97 | 69,37 | 74.27| 76.59
Square-~Root 42,98 | 60.29] 66,35 | 70.56 | 73.81| 78,66
Cobb-Douglas | 43.88 | 59,36} 63.66 } 66,32 | 68,27} 71,12
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the actusl data indicated that a diminishing total product was
present for higher levels of nitrogen and phosphorus. For
this reason, the Caobb-Douglas function was discarded as a
possible estimating equation. This function does not allow a
diminishing total product and may produce erroneous estimates
at high application levels of nitrogen and phosphorus. How-
ever, for purposes of comparison, complete resulits from the
Cobb-Douglas function are included in the analysis.

As noted by Gilson and Bjarnarson, the comparative ad-
vantage of either the guadratic or the square root function
as an estimating equation is very slight. With the exception
of the composite data, the coefficients of determination for
the square rocot equations indicate a slightly higher degree
of correlation between yield and fertilizer nutrients than
do the quadratic equations. The t-test values indicate the
quadratic function to be the better predicting equation,.

The regression coefficients of the guadratic equation
consistently tested at a higher or as high a level of signi=-
ficance as did the coefficients of the sguare root equation.

Actual yields and yields predicted by the quadratic
and square root functions (Tables 3.2 to 3.5) were compared
for each combination of nitrogen and phosphorus. Two
general conclusions were drawn from this comparison. The

square root equation provided the best yield estimates for
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rates of phosphorus up to, and including 60 pounds of PZGS;
for levels in excess of 60 pounds the quadratic equation
provided the best estimates. For applications of nitrogen
neither equation showed a distinct advantage, although the
square root equation provided slightly better estimates at
extremely low and high rates of nitrogen application., This
comparison indicates that the selection of a prediction
equation could be influenced by the levels of application of
the nutrients under investigation., For the range of applic-
ations in this study the visual comparison does not permit
selection of either equation as the best estimator of yield.
This conclusion was verified by a compariscon of the actual
and predicted yield response surfaces.

The foregoing discussion indicates the difficulty in
selecting either the guadratic or square root function as
the best estimating equation. A decision to select one of
these two equatioﬁs must be based not only on statistical
measures but also a common-sense examination of actual and
predicted yields. The selection of the guadratic equation
for predicting yields is based on three facts. The
coefficients of determination, although better for the sguare
root equation were VEBry close. The t-tests were significantly
better for the guadratic equation. The visual comparison

of actual and predicted yields for the two equations did not
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show a distinct advantage for either equation,
The choice of the guadratic equation is made with one
important qualification, It is evident that more research

is needed in the analysis of experimental fertilizer-yield

response data., This need is apparent when yield data for the
three years are examined, Figure 3.17 shows that the

marginal productivity for small incremental inputs of phosphorus
increased sharply from 1956 to 1957 and 1958. Maximum

attainable yields have also greatly increased. These obser-

vations invite further research. It is suggested that the
following may be pertinent to such an investigation:

1. Climatic factors including precipitation, number of
frost-free days, length of growing season, and
temperature. :

2. Date of seeding.

3. Preparation of the seedbed.

Such research would require the co-operation of soil

and plant scientists, and agricultural economists.

Rates of Substitution between Nitrogen and Phosphorus In

Producing Specific Yields

Combinations of nitrogen and phosphorus to produce
specified yields are shown in Tables 3.6 to 3,16 inclusive,

The iscguants which were plotted from the data in these Tables

6Equations for determining isocgquants are presented in
Appendix II.,
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are illustrated in Figures 3.18 to 3,28 inclusive. The table
and figure for the 1956 guadratic equation, as derived by
Gilsen and Bjarnarson, are included in Appendix I.

Complete results for all equations and years have been
calculated. Discussion will be based on the guadratic equation.
Where necessary, reference will also be made to the other
equations.

Combinations of nitrogen and phosphorus in producing
specified yields have not been calculated for all rates of
nitrogen. Only relevant combinations which cccur within the
boundaries of the ridgelines have been determined. Within
the ridgelines, represented by dashed lines on the figures,
substitution between nitrogen and phosphorus is possible,
Outside the ridgelines application of both nutrients must be
increased in order to maintain production at a specified yield,
The area outside the ridgelines is, therefore, an irrational
area of application. Accordingly, marginal rates of
substitution have been calculated only for combinations of
nitrogen and phosphorus within the ridgelines°7

Columns 4 and 5 of Table 3.6 indicate that 60 bushels
of barley can be produced by several combinations of nitrogen
and phosphorus., This is also illustrated in Figure 3.18.

7Equations for determining marginal rates of substitution
are presented in Appendix II.
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Forty pounds of nitrogen and 41.47 pounds of phosphorus
produce a yield of 60 bushels. If nitrogen is increased to
60 pounds, phosphorus can be reduced to 20.92 pounds and

yield maintained at 60 bushels. A further increase in nitrogen

to 80 pounds reduces the phosphorus requirements for 60
bushels of barley to 8.80 poundss

Columns 1 and 2 of Table 3.7 illustrate irrational
applications of nitrogen and phosphorus. No nitrogen and
18,36 pounds of phosphorus will produce 60 bushels of barley.
Sixty bushels may also be produced by combining 40 pounds of
nitrogen and 11.43 pounds of phosphorus. If the nitrogen
application is increased to 60 pounds, an increase in
phosphorus is also necessary for yield to be maintained at
60 bushels. On the 60 bushel isogquant shown in Figure 3,10
the combination of 60 pounds of nitrogen and 12.38 pounds of
phosphorus lies outside the boundaries of the upper ridge-
line., Such an application is therefore irrational.

Marginal rates of substitution of phosphorus for
nitrogen are given in columns 3, 6, and 9 of Tables 3.6 to
3,16, The decrease in phosphorus application as nitrogen
levels are increased indicates a decreasing marginal rate of
substitution of phosphorus for nitrogen. Column 3 of Table
3.6 shows that 1 pound of nitrogen will replace 8,74 pounds

of phosphorus when no nitrogen and 61.85 pounds of phosphorus
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are combined to produce 40 bushels of barley. If 20 pounds
of nitrogen and 20.38 pounds of phosphorus are combined,

one pound of nitrogen will replace 0.92 pounds of phosphorus,
One pound of nitrogen will replace only 0,35 pounds of
phosphorus when 40 pounds of nitrogen and 2.5 pounds of
phosphorus are combined in the production of 40 bushels of
barley.

The results derived by the use of the Cobb-Douglas
function require explanation, Since the ridgelines coincide
with the nitrogen and phosphorus axes a broader range of
combinations of nitrogen and phosphorus is obtained., This
is a technical characteristic of the Cobb-Douglas function
and does not give it any advantage in the analysis of yield
rESponse,.

The importance of determining marginal rates of
substitution is evident when least cost combinations of

nitrogen and phosphorus are calculated.

lLeast Cost Combinations

Least cost combinations of nutrients have a practical
use for the farmer making decisions relating to fertilizer
use. For any given yield it is desirable to know what
combination of nutrients will provide that yield at the least

cost, In the ideal situation the farmer will want the com-
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Figure 3,18: Combinations of Nitrogen and Phosphorus to Produce
Specified Barley Yields, Derived by the
Quadratic Equation, 1957,
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Figure 3.19: Combinations of Nitrogen and Phosphorus to Produce
‘ Specified Barley Yields, Derived by the
Quadratic Equation, 1958,
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Figure 3.20: Combinations of Nitrogen and Phosphorus to Produce
Specified Barley Yields, Derived by the
Quadratic Equation, Composite Data,
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Figure 3.21: Combinations of Nitrogen and Phosphorus to Produce Specified
Barley Yields, Derived by the Square Root Equation = 1956,
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Figure 3.22: Combinations of Nitrogen and Phosphorus to Produce Specified
Barley Yields, Derived by the Square Root Bquation = 1957.
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Figure 3.23: Combinations of Nitrogen and FPhosphorus to Produce Specified
Barley Yields, Derived by the Square Root Equation = 1958,
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Figure 3.24: Combinations of Nitrogen and Phosphorus to Produce Specified
~ Barley Yields, Derived by the Square Root Equation - Composite Data.
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bination of nutrients which will provide the expected yield
at the lowest cost,.

The least cost combination of nitrogen and phosphorus
in producing a given yield is determined by equating the
marginal rate of substitution of phosphorus and nitrogen
with the inverse price ratio of these nutrients.,

The general function for expressing least cost is

P
dP N
H.R.S. Pyly for N = & = po

Least cost combinations were calculated for all equations for

tWQ price ratios. The two price ratios are EN Y A 1.4093
Po = 0860 & ¢
P
and _N _ 0860 _
o = *5515 = . 7096,

Least cost combination iscclines derived for the two price
ratios are shown for all equations in Figures 3.18 to 3.28,
These figures also show the ratios in which three popular
commercial fertilizers 11-48-0, 16-20-0, and 27-14-0 are
available,9 For the quadratic equation, an examination of
the figures shows that the least cost lines coincide with the

commercial fertilizer ratio lines only at discrete points,

8Equa‘tions for calculating least cost combinations are
presented in Appendix II,

9The commercial fertilizer formulas are interpreted
as follows., Using 11-48-0 as an example, the fertilizer
contains 11 per cent available nitrogen, 48 per cent available
phosphorus, and no potash,
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For the square root equation there are even fewer points of
coincidence.

Figure 3,18 is derived from the 1957 quadratic equation.
The isocline MN determines the least cost combinations of
nitrogen and phosphorus when PN = 12,12 cents per pound and
PP = 8,60 cents per pound, The isocline PN determines least
cost combinations of nitrogen and phosphorus when PN = 8,60
cents per pound and PP = 12,12 cents per pound. The
fertilizers 11-48-0, 16-20-0, and 27-14-0, are represented
by vectors DA, 0B, and 0OC, respectively. Examination of
Figure 3.18 shows that 11-48-0 provides least cost combination
of nitrogen and phosphorus at only one point, D, when PN is
12,12 cents per pound. The 16-20-0 fertilizer provides least
cost at point E under the assumed price ratio., The 27-14-0
fertilizer approaches least cost at the point F when PN is
8,60 cents per pound.

Since the actual prices of nitrogen and phosphorus
approach 12.12 and 8.60 cents, respectively, the isocline MN
is most acceptable for practical considerations.

The interpretation of Figure 3.18 may be applied to the

succeeding Figures 3,19 to 3.28.

Most Profitable Application of Nitrogen and Phosphorus

If the prices of nitrogen, phosphorus, and barley are
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assumed, the most profitable levels of application of the
nutrients can be determined for each equation for each year,
The following prices are assumed: PN = 12,12 cents per pound;

PP = B.60 cents per pound, and barley = 93 cents per bushel.

In order to determine most profitable applications the
predicting equation is differentiated with respect to nitrogen

and phosphorus. Each equation is equated with the corres-

ponding ratio of the price of the nutrient divided by the
price of barleyolD

Table 3,17 shows the most profitable applications of
nitrogen and phosphorus for the 3 years and the compaosite
data, derived by the quadratic equation. Predicted yields
from these applications are also included in Table 3.17.
JTable 3.17. Most Profitable Applications of Nitrogen and

Phosphorus and Predicted Yields, derived by the
Quadratic Eguatiaon,

N (1lbs) P,0s (1bs) ¥ (bus.)
1856 48,3 88.2 35.8
1957 122.0 122.7 100, 1
1958 61.0 17,6 103.7
Composite 63,0 TT7.5 73,9

No specific conclusions can be drawn from the data in Table

lDEquations for determining most profitable applications
are presented in Appendix I1I,
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3.17. The optimum rates of application are dependent on the
prices of the nutrients and barley. Changes in prices would
change the most profitable application»of nitrogen and
phosphorus, Ideally, the relationship of nutrient cost and
product price is an important consideration in determining
rates of application. Since fertilizer prices remain
relatively constant, consideration could conceivably be given
to such a relationship in practical fertilizer recommendations,
based on varying product prices,
Table 3.18. Most Profitable Applications of Nitrogen and

Phosphorus and Predicted Yields, derived by the
Square-Root Equation.

N {1lhs) P205 {1bs) % (bus, )
1956 24,6 84,6 31.9
1957 50.9 19.5 31.5
1958 32,5 56.1 93.2
Composite 79.0 99.7 72.1

Table 3.19. Most Profitable Applications of Nitrogen and
Phosphorus and Predicted Yields, derived by the
Cobb-~Douglas Equation,

A
N (1lbs) PzDS(lbs) Y (bus,)
1956 24,0 85,2 30,8
1937 114,35 168.1 88,8
1958 31.4 291.4 124.9
Composite 54.4 163.6 70.2
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In 1957, a yield of 100.1 bushels was obtained for
applications of 122.0 pounds of nitrogen and 122.7 pounds of
phosphorus. In 1958 6190 pounds of nitrogen and 77.6 pounds
of phosphorus produced a yield of 103.7 bushels.

Tables 3.18 and 3,19 show results obtained with the
square root and Cobb-Douglas functions respectively. Estimates
obtained by the square root equation are generally lower than
estimates obtained by the guadratic equation. The erratic
estimates of the Cobb-D0ouglas function do not permit any

conclusions to be drawn for this equation.



CHAPTER IV

THE LINEAR PROGRAMMING ANALYSIS

The objective of the linear programming analysis is
the evaluation of commercial fertilizer as a competitive
input in the farm businmess. The chapter is considered in
three parts. Part I presents the framework of the analysis.,
In Part II the results of the analysis with initial operating
capital are presented. Part III presents the results of the
analysis with total operating capital. These terms are

fully explained in Part I,

PART I - PROCEDURES

There are several distinct steps necessary in the
development of the framework for the linear programming
analysis. The procedures are outlined as follows:

1. Selection of +the base farm,

2. Description of the base farm.,

3. Determination of available resources.

4., Selection of processes or enterprises to be
considered in the linear programming analysis,

3. Calculation of input-output coefficients.

6. Description of the programs.

selection of the Base Farm

The choice of the case study method necessitated the



84
selection of a farm operation on which to base the analysis.
There are two accepted methods of determining the base farm.
The first is the development of a hypothetical farm model,
and the second is the selection of an existing farm unit on
which to base the case study“l An existing farm unit was

selected for the linear programming analysis,

Description of the Base Farm

The base farm selected is located on Osborne clay soil
in Central Manitoba,2 The farm was chosen for several reasons.
Osborne clay soil has been considered one of the problem
soils of Manitoba. The recent trend in thought is that its
productive capacity has been underestimated. Very few studies
of an economic nature have been done on the Osborne clay
soil. The land on the base farm is classed as IIldl land,
This flat land is subject to water-logging. The surface
run-off and internal percolation of water is slow. The land
is fairly productive with good management practices.

The farm consists of 480 acres of land of which 470
acres are arable. The farm operator owns 320 acres and rents

160 acres on a long term lease., At the present time no

lSee R.K, Eyvindson, "Economic Aspects of Farm Organization
on Red River Clay®. (Unpublished Master's thesis, The
University of Manitoba, Winnipeg, 1961), pp. 40-41, for a
discussion of the selection of a base farm.

2The owner of the base farm is a member of the
Carman District Farm Business Assocciation.
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definite rotation is followed. The use of fertilizer has
been gradually increased over the past several years on
cereal grain crops. Present cropping plans include the prod-
uction of wheat, oats, flax, and forage. Barley is not grown
on this farm.

The operator is establishing a purebred herd of Brown
Swiss dairy cattle. At the present time cream is sold. The
herd size is not large enough to justify a fluid milk
contract. For programming purposes the assumption is made
that a contract for fluid milk could be obtained. The farm
operation includes a swine enterprise in which market hogs
are raised from birth. Poultry are kept for on farm
consumption. A small number of steers and young calves are
fattened out and sold each year.

Building space for livestock is limited. If the
dairy cattle enterprise continues to expand, construction of
a dairy barn will be necessary.

The present farm organization includes a complete
complement of machinery. If the dairy fluid milk or beef
cow calf enterprise is included in the optimum plan, the
purchase of forage harvesting machinery will be necessary.
This purchase is necessary since zero grazing would be used
for providing pasture for the two cattle enterprises. If
these two enterprises do not enter the optimum plan the

purchase of additional equipment will not be necessary.
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At the present time very little labor is hired by the
farm operator. The operator does not wish to expand his
business to the point where hired labor is required on a

continuous basis,

Determination of Rescurce Restrictions

When the base farm is selected it is then necessary
to determine the supply of resources available for production.
Where practicable, resources ars maintained at present farm
levels for this study.

The acreage of arable land is maintained at 470 acres
for linear programming.

For linear programming all labor is provided by the
farm operator. Labor is divided into spring, summer, fall,
and winter labor in divisions determined by the farm operator,
The division is as follows:

Spring Labor May lst - June 153th

Summer Labor June 16th - August 15th
Fall Labor August 16th - October 31st
Winter Labor November lst - April 30th.

There is no definite restriction placed on dairy
cattle building space., Capital reguirements for the dairy
cattle enterprise include the variable costs of the construc-
tion of a dairy barn. Space for beef and swine enterprises
is divided into rest of year space and winter space.

There are two methods of treating operating capital
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in linear programming. In the first method the level of
capital defined as initial available operating capital is
determined at the start of the year. As processes produce
output, cash surpluses may be re-invested in the farm business.
Total capital expenditure in any one year may then exceed the
level of initial operating capital.

In the second method initial operating capital and
total capital expenditure are assumed to be identical. At
the beginning of the year, the total amount of operating
capital available For‘expenditure throughout the year is deter-
mined. In this case, receipts from farm production are re-
invested in the farm business only to the limit of the available
capital determined at the beginning of the year.

The amount of initial operating capital is varied
from $2500 to $10,000, in increments of $2500. Total operating
capital is varied from $5000 to %$20,000 in increments of
$2500.

Table 4.1 shows the level at which the various resources
are available.

Table 4.1: Resocurce Restrictions for Linear Programming.

Resource Restriction
Land 470 acres
Spring Labor 480 hours

Summer Labor 676 hours
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Table 4,1l: Resource Restrictions for Linear Programming. (cont'd).

Resource Restriction

Fall Labor 792 hours

Winter Labor 1267 hours

Rest of Year Space 1400 sguare feet
Winter Space 1400 square feet
Initial Capital 10,000 dollars maximum
Total Capital 20,000 dollars maximum

Selection of Enterprises

There are three types of enterprises in this study.
They are, a. crop rotations, b. livestock production, and

c. buying and selling activities.

Crop Rotations. Nine basic crop rotations were develaped.

Each rotation is fertilized at a zero, low, medium, and high
rate of application,4 Therefore, there are 36 possible
rotation processes for consideration in the linear programming
analysis. The distinguishing characteristics of each

rotation are described briefly.

3The crop rotations, rates of fertilizer application,
and expected yields used in this study were developed by Dr.
R.A., Hedlin, Dr. R.J. Soper, and A.0. Ridley, Department of
Soil Science, University of Manitoba.

4Low, medium, and high levels are relative terms
between crops. A medium rate of application for one crop
could be a high level for another crop.

SSee Table III.1, Appendix III, for a detailed descrip-
tion of each rotation process. Table III.l1 shows the rate and
level of fertilization and the expected yields for each rotation.



89
Rotaticn l1l: A 4 year rotation of flax, wheat, oats
seeded, and clover fallow.
Rotation 2: A 3 year rotation of wheat, ocats seeded,

and clover fallow.

Rotation 3: A 10 year rotation of wheat, ocats seseded,
forage, forage, forage (broken), breaking fallow, flax,
wheat, oats seeded, and clover fallow.

Rotation 4: A 9 year rotation of wheat, oats seeded,
forage, forage, forage (broken), breaking fallow, wheat,
oats seeded, and clover fallow.

Rotation 5: A 2 year rotation of wheat seeded, and
clover fallow.

Rotation 6: A 10 year rotation of wheat, cats seeded,
forage, forage, forage, forage (broken), breaking fallow,
wheat, oats seeded, and clover fallow.

Rotation 7: A 5 year rotation of wheat, ocats seeded,
forage, forage (broken), and breaking fallow.

Rotation 8: A 6 year rotation of wheat, oats seeded,
forage, forage, forage (broken), and breaking fallow.

Rotation 9: A 5 year rotation of wheat seeded, foragse,

forage, forage (broken), and breaking fallow.

Livestock Enterprises. There are two beef production enter-

prises developed for consideration in the analysis. These
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are a cow-calf enterprise and a yearling steer enterprise.
Input-output coefficients for the cow-calf enterprise include
feed, labor, and capital reguirements for the mature cow, a
replacement heifer, and the stocker calves. OStocker calves
are sold at 7 months of age weighing approximately 450 pounds.
Revenue in this enterprise is obtained from the marketing
of stocker calves and the salvage cow. Artificial insemin-
ation is used to assure a good quality breeding stock.

The yearling steer enterprise consists of the purchase
of steers at 710 pounds and sale at 1010 pounds. This
enterprise requires only winter labor.

A dairy fluid milk enterprise is included in the
analysis. Coefficients for this enterprise include requirements
for the mature cow, a replacement heifer, and veal calves.
Calves not kept for replacement purposes are marketed as
vealers at 175 pounds. Revenue is obtained from the sale of
fluid milk, the salvage cow, and veal calves. Artificial
insemination is used for breeding.

There are two feeder market hog enterprises. They
are winter hogs and rest of year hogs. Winter hogs require
only winter labor; rest of year hogs require spring, summer,
and fall labor. For these processes, weanling pigs are
purchased at 20 pounds and fed to a market weight of 190

pounds.
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Buying and Selling Enterprises. The buying and selling

enterprises are included to permit the purchase of production
resources or the marketing of surplus primary products.
SBliing enterprises are included for wheat, ovats, flax, and
hay. These products can be sold or fed to livestock, Buying
enterprises are included for wheat, oats, barley, and hay.
Since barley is not produced on the farm, the inclusion of
any livestock in the gptimum plans will necessitate the

purchase of barley.

Input-Output Coefficients

Coefficients are required for sach process or enter-
prisea6 Land, labor, and capital requirements are calculated
for all rotations. Output coefficients for wheat, oats, flax,
and hay production are necessary. These are derived from
Table I1II1.1, Appendix III. Labor, feed, and operating capital
requirements for livestock are calculated. Prices for live-
stock output and the grain products must also be determined.
The coefficients used in this study are presented in Table

I111,2, Appendix III.

Department of Agricultural Economics, University of
Manitoba, "Farm Management Handbook™, (Unpublished). This
handbook was the source of most coefficients. In addition,
much assistance was given by various staff members of the
Departments of So0il Science and Animal Science, University of
Manitoba,
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Description of Programs

Initial Operating Capital:s A total of forty programs were
computed at two yield levels. Table III.l1 shows the original
yields. Reduced yields were calculated from the original yields
in the following manner. All wheet, cats, and flax yields
of Table III.l1 were reduced by 10 per cent. All forage yields
were reduced by 20 per cent. The levels of fertilization
shown in Table III.l were held constant for both the original
and reduced yields. Twenty programs were computed for each
yield level. In addition, the levels of initial operating
capital and fertilizer cost were varied. The cost of fertilizer
was increased in increments of 20 per cent, to 180 per cent
of the actual cost. In Table 4.2a the actual fertilizer
éost is indicated by the index 100. The fertilizer cost
which is 20 per cent greater than actual cost is indicated by
the index 120, Similarly for the index numbers of 140, 160,
and 180. The original yield level is represented by the index
100 in Table 4.2a. The index 80~90 indicates reduced yields
in Table 4.2b,

Columns 1, 2, and 3 of Tables 4.2a and 4.2b show the
identifying characteristics of each program.
Total Operating Capital: The same general procedures were
followed in computing programs with total operating capital.
Ten programs were computed at the two yield levels with total
operating capital variable and fertilizer cost constant

at the actual level. The results of the programs are shown
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in Table 4.5,

FART II - RESULTS - PROGRAMS COMPUTED WITH INITIAL

CPERATING CAPITAL

The objective of the linear programming analysis is an
attempt to evaluate the ability of commercial fertilizer to

compete for initial available operating capital with other

production resources in the farm business. To this end, the
level of fertilizer use is examined in situations where
yields, initial capital, and fertilizer cost are varied.

The specific situations are outlined below.

1. The levels of initial capital varied from a non-
limiting level to several limiting levels and the effect on
fertilizer use determined. The hypothesis is advanced that
as the level of available operating capital is lowered, the
use of fertilizer will be decreased. This will provide an

indication of the competitive ability of fertilizer. The

effect of varying capital is considered for original and
decreased yields.
2., The cost of fertilizer is increased. Cost increases

are in increments of 20 per cent. It is hypothesized that

1evel of use will be decreased as cost is increased. Consid-

eration is given to the effect of increasing cost, for both

yield levels,
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The interpretation of the analysis may be clarified by
an explanation of Tables 4.2a and 4.2b. These tables inclucde
all the information relevant to the discussion of the linear
programming results. Programs 1 to 20 (Table 4.2a) were
computed for originel (100) yields with capital and fertilizer
cost variable. Programs 21 to 40 (Table 4.2b) were computed
for decreased (80-90) yields, with capital and fertilizer
cost variable.

Columns 1, 2, and 3 of Tables 4.2a and 4.2b indicate
the levels of initial capital, yields, and fertilizer cost,
respectively, for each program.

Column 4 shows the profit of the optimum (most profit-
able) plan of each program. The profit determined in linear
programming represents the return to fixed costs of operation.
In order to determine "net" profit all fixed costs would
have to be subtracted from the figure given in Column 4.
Determination of "net" profit is not necessary for the purposes
of this thesis.

Column 5 indicates the level at which rotations are

fertilized in the optimum plans. The following designations

7
apply:
F3 - a high level of fertilizer application
F2 ~ a medium level of fertilizer application
7

of fertilizer used, and the expected yield for each level of
fertilization.

Table II1.1 shows the rate of fertilization, the analysis
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Fl - a low level of fertilizer application

FD - a zero level of application
No optimum plans were computed for less than a medium level
of application.

Productive processes or enterprises which appear in
the optimum plans for each program are presented in Columns
6 to 15. Enterprises such as yearling steers which did not
appear in any final plan are omitted from Tables 4.2a and 4.Zb.

Columns 16 to 20 include all resources which were
present at surplus levels in the optimum plans. Resources,
such as land, which were limiting in all plans are omitted
from the Tables.

The understanding of Tables 4.2a and 4.2b may be
further simplified by discussing the results of a specific
program. Program 8 is selected for this program. In Program
8, initial capital is limited to $5000, original yields are
assumed, and expenditure for fertilizer is 140 per cent of
actual cost. The profit to the fixed costs is $8048.57.
Rotation 2 is fTertilized at a high level and rotation 9 at a
medium level. The optimum plan specifies 370.38 acres of
Rotation 2 and 99.62 acres of Rotation 9. All available land
has been employed in production in the final plan,

Column 8 indicates that the optimum plan specifies the

production of 3.61 units of the dairy fluid milk enterprise.

One of the restrictions on this process was that at least 24




96

units must be specified in the optimum plan. Otherwise, faor
practical considerations the dairy fluid milk process would be
discarded if Program 8 was to be implemented on the farm.

The optimum plan specifies the production of 93.52
winter hogs and 212.12 rest of year hogs.

Columns 11, 12, and 13 indicate surpluses of wheat, oats,
and hay. The optimum plan includes the sale of 4119.24
bushels of wheat, 4411.94 bushels of cats, and 125,04 tons of
hay. The purchase of 2042.72 bushels of barley is necessary.

For this analysis oats and barley are not substitutable
in feed rations. If livestock rations require barley it must
be purchased since no barley is produced on the farm.

In the optimum plan of Prograem 8, all avallable spring
and summer labor is used. The fall and winter seasons provide
surplus labor, There are 213.65 hours of fall labor and
666.25 hours of winter labor idle in the optimum plan. Winter
space is also available at a non-limiting level., A maximum
of 212.12 winter hogs could be produced with the 1400 square
feet of available winter space. Since only 94 hogs are prod-
uced, there is a surplus of 782.77 square feet of winter space.

Column 21 indicates that initial capital is a limiting
resource at the $5000 level.

The results are presented in 4 sections. They are:

1. General observations.

2. The change in fertilizer use as initial capital
is decreased, for the two yield levels,

3. The change in fertilizer use as fertilizer cost
is increased, for two yield levels.
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s for Programs 1 to 20, Computed
2]l Yields,
Productive Processes in Optimum Plan Surplus Resources in Optimum Plan
] 2 5 5 7 B 9 10 11 12 13 14 15 16 17 18 19 20 2l
Dairy Winter | Rest of Sell Sell Sell Buy Buy Surplus| Surplus Surplus{ Surplus| Surplus Surplus
Fert. Rotations Fluid Hogs Year Hogs| Wheat Oats Hay Barley Hay Spring Summer Fall Winter Winter Ini#ial
o Level R R Milk (head) | (head) (Bus) (Bus) (Tons) | (Bus) (Tons)|Labor Labor Labor Labor Space Capital
5 Profit R R9 AcTes Actes (Units)v (Hrs) (Hrs) (Hrs) (Hrs) (Sq.Feet) (%)
)0 [8337,56 F3 FB 370.38199.62 3,61 30.48 212,12 4168,51 | 4685.58 | 125.04 | 1644,00 - - - 213.65 784,45 1198,83 -
0 [ 7947.58 F3 F3 370,38(99.62 3.61 19,36 212.12 4173.72 | 4733.77 | 125,04 | 1573.76 - - - 213.65 805.28 1272.19 -
0 |7559.91 | F,fF,| 370,38(99.62 3,61 8,32 | 212,12 4158.97 | 4781.67 | 125,04 | 1503.94 - - - 213.65 | 826,00 | 1345.10 -
0 | 7315.36 | F,|F,| 370.38(99.62 3.61 1.35 | 212,12 4038.79 | 3577.29 | 125.04 | 1459.90 - ~ ~ 213,65 | 839.07 | 1391.10 -
0 | 7068.78 FZ F2 384.55(85,45 3.61 - 212,12 4093,52 | 3797.34 | 106,38 | 1438.44 - - 31,86 215.45 870.84 1400.00 -
0 18827.22 F3 F3 370.38199,.62 3.61 115,68 212.12 4128,78 | 4315.86 | 125,04} 2182.80 - - - 213.65 624,69 636.50 -
0 18436.99 F3 FB 370.38199.62 3.61 |104.69 212,12 4133.74 1 4364,27 | 125,04 | 2112.72 - - - 213.65 645,86 709,03 -
0 | B049.57 FB F2 370.38199.62 3.61 93.52 212,12 4119,24 | 4411,94 | 125,04 | 2042.72 - - - 213.65 666,25 182.77 -
0 {7805,00 F2 FZ 370.,38199,62 3.61 86.68 212,12 3998,79 | 3208.15} 125,04 | 1998,.88 - - - 213.65 679.64 827,91 -
0 | 7567.68 F2 F2 370,38199.62 3.61 79.78 212,12 4002,21 | 3237.24 | 125,04 ) 1955.90 - - - 213.65 692,00 873.43 -
0 }9317.32 F3 F3 370.38199.62 3.61 200,90 212,12 4088.64 | 3946.68 | 125,04 | 2721.00 - - - 213,65 464,91 74.08 -
0 |8927,34 F3 F3 370.38{99.62 3,61 189,78 212,12 4093.85| 3994.86 | 125,04 ) 2650,76 - - - 213.65 485,75 147.43 -
0 |8539.67 F3 FZ 370.,38(99,62 3,61 |178.73 212,12 4079.10 | 4042,77| 125,04 | 2580.94 - - - 213.65 506,47 220.35 -
0 }8295,12 F2 F2 370.,38199.62 3.61L |171.,76 212,12 3958.92 | 2838,38 | 125,04 | 2536.89 - - - 213.65 519.54 266.35 -
0 }8057.45 FZ F2 370.,38(99.62 3.61 |164.99 212,12 3962,31 | 2867,83 | 125.04 | 2494.48 - - - 213.65 532,24 311.05 -
0 |9381.86 F3 F3 370.38(99,62 3.61 (212,12 212,12 4083.38 | 3898.01 | 125.04 | 2791.94 - - - 213,65 443,87 - 2170.68
0 | 9055.58 F3 F3 370.38199.62 3,61 |212.12 212,12 4083,62 1 3897.77| 125,04 | 2791.94 - - - 213.65 443,87 - 1844 .40
0 | 8731.42 F3 F2 370.,38199,.62 3.61 (212,12 212,12 4063.70 | 3B97.77| 125,04} 2791.94 - - - 213.65 443,87 - 1520.25
0 | 8527.16 | F5|F,| 370.38(99.62 3.61 [212,12 | 212.12 3940.01 2663;40 125.04 | 2791.94 - - - 213.65| 443.87 - 1315.95
0 | 8328.40 FZ F2 370.,38199.62 3.61 |212.,12 212,12 3940;01 2663.40¢ 125,04} 2791.94 - - - 213.65 443,87 - 1117.22




Table 4.2a: Optimum Plans for Programs 1 to 20, Computed
With Original Yields.
Program Characteristics Productive Processes in Optimum Plan Surplus Rescurces in Optimum Plan
T 2 3 7] 5 6 7 5 9 10 11 12 13 14 15 16 17 18 19
Dairy Winter | Rest of Sell S5ell Sell Buy Buy Surplus| Surplus Surplus SQIplus
Pro- Fert. Rotations Fluid Hogs Year Hogsy Wheat Oats Hay Barley Hay Spring Summexr Fall Winter
gram | Initial] Yield] Fert. Level R R Milk (head) t (head) {Bus) (Bus) {(Tons) | (Bus) (Tons)|Labor Labor Labor Labor
No, Capitall] Level| Cost |Profit R2 R9 AcTes Ac%es (Units) (Hrs) (Hrs) (Hrs) (Hrs)
1 2500 100 100 |8337.56 | F,|F,| 370.38/99.62 3.61 | 30,48 212.12 4168,51 | 4685.58 | 125.04 | 1644,00 - - ~ 213.65 | 7B4.45
2 " " 120 |7947.58 | F4|F,| 370.38(99.62 3.61 19,36 212.12 4173,72 | 4733.77 | 125.04 | 1573.76 - - - 213.65 | 805.28
3 " " 140 [7559.91 | F,|F, | 370.38(99.62 3.61 8,32 | 212.12 4158.97 | 4781.67 | 125.04 | 1503.94 - - ~ 213,65 | 826.00
4 L " 160 |7315.36 | F,|F,| 370.38(99,.62 3.61 1,35 212.12 4038,79 | 3577.29 | 125.04 { 1459.90 - ~ - 213,65 | 839.07
5 " " 180 |7068,78 | F,|F,| 384.55]85,45 3.61 - 212,12 4093,52 | 3797.34 | 106.38 | 1438.44 - - 31.86 215.45 | B870.84
6 5000 100 100 |8827.22 | F4F,| 370.38{99.62 3.61 |115.68 | 212.12 4128,78 | 4315.86 | 125,04 | 2182.80 - - - 213.65 | 624.69
7 " " 120 |8436.99 | F,|F,| 370.38(99.62 3.61 |104.69 | 212.12 4133.74 | 4364,27 | 125,04 | 2112.72 - - - 213.65 | 645.06
B " " 140 |B049.57 | F4[F,| 370.38(99.62 3.61 | 93,52 | 212.12 4119,24 | 4411.94 | 125,04 | 2042,.72 - - - 213.65 | 666,25
9 " L 160 |7805.00 | F,|F,| 370.38|99.62 3.61 | 86,68 | 212.12 3998,79 | 3208,15 | 125.04 | 1998.88 - - - 213,65 | 679.64
10 " " 180 | 7567.68 | F,|F,| 370.38|99.62 3.61 | 79.78 | 212.12 4002.21 | 3237.24 | 125,04 | 1955.90 - - ~ 213.65 | 692.00
11 7500 100 100 |9317.32 | Fo|F4| 370,38{99.62 3,61 200,90 212.12 40B8.64 | 3946,.68 | 125,04 | 2721.00 - - - 213.65 | 464.91
12 " i 120 | 8927.34 | F4(F,| 370,38{99.62 3.61 |189.78 | 212,12 4093.85 | 3994.86 | 125,04 | 2650.76 - - - 213.65 [ 4B5.75
13 n " 140 | 8539.67 | Fo|F,| 370.38(99,62 3,61 |178,73 | 212.12 | 4079.10| 4042,77| 125.04 | 2580.94 - - - 213.65 | 506.47
14 " " 160 |B295.12 | F,|F,| 370.38|99.62 3.61 |171.76| 212,12 3958.92 | 2838.38 | 125,04 | 2536.89 - - - 213.65 | 519.54
15 " " 180 | 8057.45 | F,|F,| 370.38[99.62 3.61 |164.99 | 212,12 3962.31 | 2867.83 | 125,04 | 2494.48 - - - 213.65 | 532.24
16 | 10,000 100 100 | 9381.86 | F,|F,| 370.38|99.62 3.61 (212,12 212.12 4083,38{ 3898.01| 125.04 | 2791.94 - - - 213,65 443,87‘
17 L " 120 | 9055,58 | F,{F,| 370.38/99.62 3.61 212,12 | 212.12 4083.62 | 3897.77| 125.04| 2791.94 - - - 213.65 | 443.87
18 L " 140 | 8731.42 | F4|F,| 370.38|99.62 3.61 |212,12| 212.12 4063.70 | 3897.77| 125.04 | 2791.94 - - - 213.65 | 443.87
19 " " 160 | 9527.16 | F|F,| 370.38{99.62 3.61 |212,12| 212,12 3940.01| 2663.40| 125.04 | 2791.94 - - - 213.65 | 443.87
20 n n 180 | 8328.40 | F,|F,| 370.38[99.62 3.61 |212,12] 212.12 3940,01| 2663.40) 125,04] 2791.94 - - - 213.65| 443.87
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s for Programs 21 to 40, Computed
| Yields,
Productive Processes in Optimum Plan surplus Resources in Optimum Plan
5 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Dairy Winter | Rest of Sell Sell Sell Buy Buy Surplus| Surplus Surplus | Surplus | Surplus Surplus
Fert. Rotations Fluid Hogs Year Hogs{ Wheat Oats Hay Barley Hay Spring Summer Fall Winter Winter Initial
o ' Level R R9 Milk (head) | (head) (Bus) {(Bus) (Tons)} (Bus) (Tons )l Labar Labor Labor Labor Space Cap%tal
t | Profit R, R9 AcTes |Acrtes (Units) (Hrs) (Hrs) (Hrs) (Hrs) (Sg.Feet) (%)
0} 6676.11 F3 -1 470,00 - .65 ‘ 23.06] 212,12 4080,12) 3773.15 - 1506.42 .15 - 224,05 226,25 1003.98 | 1247.77 -
0| 6300.06 ?3 -1 470.00 - .65 12,35 212,12 4085,14 | 5819.61 - 1438.68 6.15 - 224,05 226,25 1024,08 | 1318,50 -
0 ) 6061.23 F2 -| 470,00 - .65 5.94 | 212,12 3947.42 | 4439.12 - 1395.66 6,15 - 224,05 226,25 1036.84 | 1363.42 -
0| 5872.36 F2 -{ 470,00 - .65 16| 212,12 3949.84 | 4462,.45 - 1361.64 6.15 - 224,05 226,25 1046,93 | 1398,95 -
0| 5668.25 F2 -1 470.00 - .23 - 212,12 3952.83 | 4494.64 - 1347.74 2,16 3.98 231,33 234,32 1077.93 | 1400,00 -
10| 7165.98 F3 -1 470.00 - .65 108,27 212.12 4040,21 ] 5403.74 - 2045,.01 6,15 - 224,05 226,25 844,22 685,39 -
0| 6789.93 F3 -1 470,00 - .65 97.56 | 212.12 4045,23 | 5450.20 - 1977.27 6.15 - 224,05 226,25 864,31 756,12 -
0| 6551.,10 FZ ~| 470,00 - .63 90,75 | 212,12 3907.42 | 4069,71 - 1934.25 .15 - 224,05 226,25 877,08 801.05 -
0| 6396,85 F2 ~| 470,00 - .65 90.33 | 212,12 3907.62 | 4106.58 - 1931.38 6.15 - 224°d5 226,25 877.87 803.82 -
0| 6172,.81 F2 -1 470,00 - .65 79.97 1 212.12 3912.47 | 4116.45 - 1866,10 6,15 - 224,05 226,25 897,29 B72.20 -
10| 7655.85 F3 -1 470.00 - .65 |193.48 | 212.12 4000,30 | 5034,.34 - 2583.60 6,15 - 224,05 226,25 684,45 123,02 -
0 7279.76 F3 -| 470,00 - .65 182,79 212,12 4005,.29 | 5080.87 - 2515,.89 6.15 - 224,05 226,30 704,61 193,60 -
0| 7040.97 FZ -] 470,00 - .65 1175.96 | 212.12 3867.51 | 3700.31 - 2472,33 6.15 - 224,05 226,25 717,31 238,67 -
0| 6852,11 F2 -{ 470.00 - .65 1170.58 | 212.12 3870.03 | 3723.64 - 2438.81 6.15 - 224,05 226,25 727,40 274,20 -
30| 6662.68 FZ ~{ 470,00 - .65 165,18 | 212.12 3872,56 | 3747,05 ~ 2404.,69 6,15 - 224,05 226,25 737,52 309,83 -
o} 7937.03 F3 F3 370.38}99.62 3.61 212,12} 212.12 3637.13 | 3281.18 | 93.16 2791.94 - - - 213.65 443,87 - 725,84
0| 7610.56 F3 F2 370.,38(99.62 3.61 212,12 | 212.12 3619.02 | 3281.97{ 93.16 2791.94 - - - 213.65 443,87 - 403.97
10} 7380.25 F2 F2 370.38(99.62 3.61 212,12 | 212,12 3508.09 | 2170.03 { 93,16 2791.94 - - - 213,65 443,87 - 169.07
0) 7179.76 F2 F2 370,38(99.62 3.61 212,12 } 212,12 3515.77 | 2200.83 | 93.16 2791.94 - - 5.02 213,65 443,87 - -
30 6974.53 F2 F2 370,38199.62 3.61 212,12 ] 212.12 3565,93 | 2401.99 | 93.16 2791.94 - - 37.84 215.78 443,87 - -




Table 4.2b: Optimum Plans for Programs 21 to 40, Computed

with Reduced Yields,

Program Characteristics Productive Processes in Optimum Plan Surplus Resources in Optimum Plan
1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Dairy Winter | Rest of Sell Sell Sell Buy Buy Surplus| Surplus Surplus | Surplus
Pro- Fert. Rotatfons Fluid Hogs Year Hogs| Wheat Oats Hay Barley Hay Spring Summer Fall Winter
gram Ini#ial Yield | Fert, ‘ Level R2 R Milk (head) | (head) (Bus) (Bus) (Tons)}{ (Bus) (Tons )l Labor Labor Labor Labor
No. Capital] Level | Cost | Profit R2 R9 Acfes |Actes (Units) (Hrs) (Hrs) (Hrs) (Hrs)
21 2500 80-90 100 | 6676.11 FB -1 470,00 - .65 \ 23,061 212,12 4080,12f 5773.15 - 1506.42 6,15 ~ 224,05 226,25 1003.98
22 n " 120} 6300.06 | 470,00 .65 12,35 212,12 4085.14 5819.61 - 1438.68 6.15 - 224,05 226,25 1024.08
23 n 140 6061.23 470,00 .65 5.54 ) 212.12 3947,42 ) 4439,.12 - 1395.66 .15 - 224,05 226,25 1036.84
24 " 160 ] 5872.36 470,00 .65 16| 212,12 3949.84 | 4462.45 - 1361.64 6.15 - 224,05 226,25 1046.93
25 " 180 | 5668.25 470,00 .23 - 212.12 3952.83 | 4494.64 - 1347.74 2.16 5.98 231,33 234,32 1077.93
26 5000 100 | 7165.98 470,00 .65 10B.274 212.12 4040,21 | 5403.74 - 2045,01 6,15 - 224,05 226,25 344,22
27 " 120} 6789.93 470,00 .65 97,56 212.12 4045.23 1 53450.20 - 1977.27 6.15 - 224 .05 226,25 864,31
28 " 140} 6551,10 470,00 .65 90.75 | 212,12 3907.42 ) 4069.71 - 1934,25 6.15 - 224,05 226,25 877.08
29 " 160} 6396.85 470,00 .65 90.33 | 212,12 3907.62 | 4106.58 - 1931.38 6.15 - 224,05 226,25 877.87
30 " 180 6172.81 470,00 .65 79.97 1 212.12 391247 | 4116.45 - 1866.,10 6,15 - 224,05 226,25 897.29
31 7500 80-90 100§ 7655,.85 3 470.00 .65 ‘.193,48 212,12 4000.30 | 5034,34 - 2583.60 6,15 - 224,05 226,25 684.45
32 " " 120{ 7279,.76 Faj -] 470.00 - .65 J182,79 | 212.12 4005.29 | 5080.87 - 2515.89 6.15 - 224,05 226,30 T04.61
33 " " 140| 7040,97| F,| -f 470,00 - .65 |175.96 | 212.12 3867.51 | 3700,31 - 2472.,83 | 6,15 - | 224.05 226,25 717.31
34 " " 160 6852.11 F2 -1 470.00 - .65 170,58 212,12 3870.03 | 3723.64 - 2438,.81 6,15 - 224,05 226,25 .727040
35 n " 180§ 6662.68 FZ - 470,00 - .65 165,18 | 212.12 3872,56 | 3747.,05 - 2404 ,69 6,15 - 224,05 226,25 737.52
36 10,000 80-90 100} 7937.03) Fq Fj 370.,38199.62 3.61 212.12 | 212.12 3637,13 | 32B1.18 | 93.16 2791,94 - - - 213,65 443,87
37 " " 120 7610.56 F3 F2 370.38199.62 3.61 212,12 | 212.12 3619,02 | 3281.97 ] 93.16 2791,.94 - - - 213,65 443,87
38 " t 140| 7380.25) F,|F,| 370.38|99.62 3.61 212,12 | 212.12 3508,09 | 2170.03 | 93.16 | 2791.94 - - ~ 213,65 443,87
39 i i 160} 7179.76 FZ FZ 370,38199.62 3.61 212,12 § 212.12 3515.77{ 2200.83 { 93.16 2791,94 - - 5.02 213.65 443,87
40 n " 180} 6974,53 F2 F2 370.38(99.62 3.61 212,12 | 212.12 3565,93 ] 2401.99 § 93,16 2791.94 - - 37.84 215,78 443,87
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4. An examination of the relationship between the extent
of fertilizer use and the levels at which specific
enterprises are present in the optimum plans,

Section 1 ~ General Observations

Only two of the nine basic rotations entered the optimum
plans. Rotation 2, a 3 year sequence of wheat, oats seeded,
and clover fallow, was the dominant rotation. It appeared in
all optimum plans. Rotation 9, a 5 year rotation of wheat
seeded, forage, forage, forage (broken), and breaking fallow
was present in all programs except Programs 21 to 33 inclusive.

Both swine production enterprises were specified in
the optimum plans. Rest of year hog production was at the
maximum level for all plans. The dairy fluid milk enterprise
appeared in all optimum plans at a very low level. In prac-
tical applications this process would be discarded,

Resources which limited further expansion in Programs
1 to 20 were initiael capital, land, spring labor, summexr
labor, and rest of year hog space. Capital, land, spring
labor, and rest of year space were limiting resources in the

programs with reduced yields.

Section 2 - The Effect of Decreasing Initial Capital

Table 4.3 shows the level of fertilizer use, for

BUnder different assumptions, different rotations could

have appeared in the optimum plans. The fact that only rotations

2 and 9 were significant must be considered only within the
limitations of the input-output coefficients of this analysis.

Changes in input-output coefficients and assumptions could alter

the type of rotations which would appear in the optimum plans.
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Tahle 4.3: Use of Fertilizer Related to Level of Initial
Capital and Varying Fertilizer Cost, with
Original Yields.
Fertilizer Cost (Per Cent of Actual)
7 100+ 120 140 160 180
; % * %

Capitall RZ R R2 R9 R2 R9 R2 R9 R2 R9
10,000 | Hight High{High jHigh {High |Med.|Med. |Med.} Med.|Med.
7 R 5 D D 11 1t i i1 7" i? 1§ 113 it i
5 ) U D D 1 i1 1] 11 i " 11 1] it i
2 , 5 D G 11 17 i Y i 141 i 111 i it
*RZ denotes rotation 2
*%¥R_ denotes rotation 9

+lOD denotes actual fertilizer cost

Table 4.4: Use of Fertilizer Related to Level of Initial
Capital and Varying Fertilizer Cost, with
Reduced Yields.,
Fertilizer Cost (Per Cent of Actual)

B 100 120 140 160 180
Capital R2 R9 RZ R9 R2 R9 R2 R9 R2 R9
10,000 | High{High|High|Med, |Med. |Med.|Med.|Medd Med.} Med.

7,500 0 - 1t _ 1 _ W _ " _
5,000 1 _ 11 _ " _ 1 _ 1 _
2’500 it - i — i - H - fl —
original yields, when initial capital is decreased. An

examination of Table 4.3 shows that decreases in initial

For

capital had no effect on the level of fertilizer use.

any specific fertilizer cost and either rotation, the level
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of use remains constant as initial capital is decreased from
$10,000 to $2,500. Only if the rate of application changed
within any one column would a response to diminishing levels
of initial capital be indicated.

Table 4.4 shows the level of fertilizer use, for
decreased yields, when capital is decreased. The same
conclusion is reached as for the original yields.

The following direct and indirect conclusions are made,

1. Within the range of initial capital considered in
this study, the level of fertilizer application is not
affected by decreases in the level of initial available
operating capital.

2. The following inference is drawn from the above
conclusion. Since the level of use is not affected by initial
capital changes, fertilizer exhibits a highly competitive
ability to compete for capital with other inputs for the
initial operating capital.,

Prudence must be exercised in attempting any
comprehensive generalizations from the above conclusions.

In the strictest sense the conclusions can be applied only
to the base farm., Since the base farm is assumed typical of
the area it is permissible to make general statements about

the effect of varying capital on fertilizer use.

Section 3 - The Effect of Increasing Fertilizer Cost

The data presented in Tables 4.3 and 4.4 is used in
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evaluating the effect of an increase in fertilizer cost on
the level of fertilizer applications.

With original yields, the level of fertilizer use shows
no response to increased fertilizer cost until the fertilizer
cost has been increased to 140 per cent of actual. A
fertilizer cost of 140 per cent of actual reduces the guantity
used on Rotation 9 to a medium level. With a further increase
in fertilizer cost, both Rotations 2 and 9 are fertilized at
the medium level. No further decreases in use occur, within
the cost range considered in the study.

The same general pattern is followed with reduced
yields, The fertilizer cost level at which application is
reduced is decreased from the 140 per cent level to the 120
per cent level. At actual costs, both rotations are
fertilized at the high level., At the 120 per cent cost level,
Rotation 2 receives a high application while the application
on Rotation 9 is reduced to the medium level. Application
remains at the medium level for Rotation 2 for all succeeding
increases in fertilizer cost. Rotation 9 does not appear
in the optimum plan for levels of $2,500, $5,000, and $7,500
of capital.

The conclusions of the above analysis are as follows.

1. Fertilizer use is affected only when relatively

great increases take place in the cost of fertilizer. Fert-
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ilizer prices have generally been lowered over the past few
years. Large increases in prices are very unlikely. There-
fore, for practicel considerations, the change in fertilizer
costs will not affect the level of use of fertilizer.

2. A reduction in yields increases the sensitivity
of fertilizer use to increases in fertilizer cost, If yields
were severely depressed, a slight increase in cost may

reduce fertilizer use., The rate of application remained

constant while yields were reduced. This is equivalent to
a diminishing response to fertilizer. Therefore, the lower
the response of yield to fertilizer application, the greater

will be the sensitivity of fertilizer use to fertilizer cost.

Section 4 - Fertilizer Use and Processes in the Optimum Plans

A comparison of fertilizer levels and specific enter-
prises in the various optimum plans provide further estimates
of the competitive ability of fertilizer. The comparison
to be considered is as follows. The changes in the levels

of enterprises are related to the level of fertilizer. The

fertilizer cost is varied and initial capital and yield levels
held constant. The winter hog and rest of year hog processes
are selected for comparison with the level of fertilizer use.

The optimum plans of Programs 6 to 10 (Table 4.2a)

are used for this comparison. Initial capital is fixed at
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$5000 and yields are constant at the original (100) level.
As fertilizer cost is increased, the amount of capital
available for expenditure on processes is decreased if the
fertilizer use remains unchanged. In Program 6, fertilization
is at the high level for both rotations. Production of
winter hogs is 115,68 head. When fertilizer cost is increased
to the 120 level, fertilizetion remains unchanged and produc-—
tion of winter hogs is reduced to 104.69 head. Further
increases in fertilizer cost are accompanied by corresponding
decreases in the production of winter hogs. This is true
also at the 180 cost level where fertilization on both
rotations is reduced to the medium (FZ) level, The conclusion
is drawn that the marginal return on initial capital is
greater for fertilizer than the winter hog process. 0Only
when initial capital is non-restrictive (Programs 16 to 21)
are winter hogs produced at the maximum level of 212.12 hogs.

A comparison of fertilizer use and the rest of year
hogs process shows a different relationship. At the limiting
level of $5000 of initial capital, rest of year hog product-
ion remains at the maximum level of production as fertilizer
cost is increased. This indicates that the marginal
productivity of capital is greater for the rest of year hogs
process than for fertilizer,

Section 2 considered the effect of diminishing initial
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capital on the use of fertilizer. A decrease in initial
capital produces an effect similar té an increase in
fertilizer cost. An initial capital level of $10,000 permits
the maximum production of winter hogs at 212.12, With
fertilizer cost constant at the actual cost level, a reduction
in initial capital to $2500, decreases winter hog production
to 30.48 head.,

The results of the analysis show that fertilizer is
highly competitive with other inputs for initial capital in
the farm business. Decreases in initial capital did not
affect fertilizer use, Extremely great increases in fertil-
izer cost reduced the level of use of fertilizer. For
practical purposes, this reduction is not significant. A
comparison of fertilizer use and process levels in the
optimum plans indicated, (1) the wmarginal return is greater
to fertilizer than to winter hogs, (2) the marginal return
is less to fertilizer than to rest of year hogs, when initial

capital is limited.

PART III - RESULTS - PROGRAMS COMPUTED WITH TOTAL

OPERATING CAPITAL

In Part III, the level of fertilizer use is related
to changes in yields and total available operating capital.

Eight programs were computed for purposes of studying this
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relationship. Two programs were computed for extremely
limited and non-limited total capital. The ocptimum plans
for the programs are shown in Table 4.5.
The results of Programs 41 to 50 are presented in
three sections,
1. Programs 41 and 50,

2. The change in fertilizer use as total capital is
decreased, for the two yield levels.

3. An examination of the relationship between the
extent of fertilizer use and the levels at which

specific enterprises are present in the optimum
plans,

Section 1 - Programs 41 and 50

Program 41 was computed with original yields and $5000
total capital. The optimum plan of Program 41 specifies
453,14 acres of Rotation 2 fertilized at the medium lesvel.
Therefore, 16.85 acres of land are left idle. Under the
assumptions of this program fertilizer shows a marginal produc-
tivity greater than the dairy fluid milk, rest of year hog,
and winter hog enterprises. This is indicated by the absence
of these enterprises at the medium level of application. Ffor
practical applications, the most profitable plan with very
limited total capital, is a straight grain farm operation.

The optimum plan of Program 50, computed with non-

limited total capital, is the same as the optimum plan of

Program 16. Both programs were computed with original yields,




for Programs 41 to 30,

Computed

Total Operating Capital and

103b

ds.
Productive Processes in Optimum Plan Surplus Rescurces in Optimum Plan
4 S 6 K 8 9 10 11 12 13 14 15 16 17 18 15 20 21 22
Dairy wWinter | Rest of Sell Sell Sell Buy Surplus| Surplus| Surplus Surplus| Surplus |Surplus Surplus
Fert.| Rotation Fluid |Hogs Year Hogs| Wheat Oats Hay Barley Land Spring Summer Fall Winter |Rest of Winter Surplus
ts Level| R R Milk (head) | (head) (Bus) (Bus) (Tons) | (Bus) (acres)| Labor Labor Labor Labor |Year Space| Space Capital
t | Profit R, R9 AcTes Actes (Units) (Hrs) (Hrs) (Hrs) (Hrs) [(Sq.Feet) (Sq.Feet) (%)
0} 5353.96 F2 -{ 453.14 - - - - 4361.51 ) 5840.40 - - 16,85 1122.01 378,28 419,06 1100.69 {1400, 1400, -
0| 6740.75 FZ F2 386,11 | 83,88 10.11 - -~ 4150.46 | 4216.99 37.90 310,71 - - 46,21 248,07 363.67|1400, 1400, -
0| 5437.47 FZ FZ 399,26 70,73 .51 - 6.55 -+ 3755.99 | 3871.26 - 333.48 - - 15.45 248,73 406.57{1356.76 1400, -
0| 7502.54 F3 F3 367.42 |102.57 7.98 - 81.80 4202.41 | 5006.43 88.12 761.13 - - - 233.20 521.92| 860,09 1400, -
Dj6121.53 FZ FZ 447,20 22.79 3.06 - 159,20 3884.,18 | 4247,.30 - 1100923-- - - 175,49 231.46 872.85| 349.26 1400, ~
D] B8160.65 FB F3 370,38} 99.62 3.61 - 211.78 4182,.84 | 4818.22 | 124,94 1449.61 - - - 213.70 B40. 77 2.19 1400, -
0] 6721.25 FZ FZ 463,82 6017 .82 63,06 | 212,12 3899.,06 1 4104.20 - 1764.61 - - 210,71 223.47 916.24 - 983,75 -
0| 8715.88 FB F3 370,38} 99.62 3.61 96,28 | 212,12 4137.66 | 4400,26 | 125,03 | 2059.86 - - - 213,65 661,06 - 764,52 -
O 7276.23 F2 F2 463,82 6.17 .82 159,59 | 212,12 3853.82 | 3685.66 - 2374.67 - - 210,71 225,47 735.24 - 346,65 -
0]9381.86 F3 F3 370.38) 99.61 3.61}212.,12 | 212,12 4083,37{ 3898,00| 125.03} 2791.93 - - - 213.65 443,86 - - 1999.90C




Table 4,5

Optimum Plans for Programs 41 to 50,

Computed

with Variable Total Operating Capital and

Variable Yields,

Program Characteristics

Productive Processes in Optimum Plan

Surplus Resources in Optimum Plan

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Dairy |{Winter | Rest of S5ell Sell Sell Buy Surplus| Surplus| Surplus Surplus| Surplus|S
Pro- Fert.| Rotation Fluid {Hogs Year Hogs| Wheat Oats Hay Barley Land Spring Summer Fall Wintexr IR
gram| Total Yield| Fert, Level| R R Milk {head) | (head) (Bus) (Bus) (Tons) | (Bus) {acres)| Labor Labor Labor Labor Y
No. Capital| Level| Cost | Profit R2 R9 AcTes Actes {(Units) (Hrs) (Hrs) (Hrs) (Hrs) I{
41 5000 100 100 | 5353.96 F2 ~1 453.14 - - - - 4361.51 | 5840.40 - - 16,85 }122.01 378,28 419,06 1100.,69 |2
42 7500 100 100 | 6740.75 FZ F2 386,11 | 83.88 10,11 - - 4150,46 | 4216.99 37.90 310.71 - - 46,21 248,07 363.67 |1
43 7500 80-90 100 | 5437.47 F2 FZ 399,26 70,73 9.51 - .55 - 3755.,99 | 3871.26 - 333.48 - - 15,45 248,73 406,57 {1
44 10,000 100 100 | 7502.54 F3 F3 367.42 (102,57 7.98 - 51,80 4202.41 | 5006,.43 88.12 761.13 - - - 233.20 521,92
45 10,000 80-90 100 | 6121.53 FZ F2 447,20 22,79 3.06 - 159,20 3884,18 | 4247.30 - 1100.23 | - - 175,49 231.46 872,85
46 12,500 100 100 | 8B160.65 F3 F3 370.38| 99.62 3.61 - 211,78 4182,84 | 4818.22 | 124,94 | 1449,61 - - - 213.70 84G. 77
47 12,500 80-90 100 | 6721.25 F2 F2 463,82 6.17 82| 63.06 | 212,12 3899,.06 1 4104.,20 - 1764.61 - - 210,71 225.47 916.24
48 15,000 100 100 | 8715.88 F3 F3 370,38} 99.62 3.61| 96,28 | 212,12 4137.66 | 4400.26) 125.03| 2059,86 - - - 213,65 661,06
49 15,000 80-90 100 | 7276.23 F2 F2 463,82 6.17 .821159,59 | 212.12 3853.82 | 3685.66 - 2374,.67 - - 210,71 225,47 735,24
50 20,000 100 100 | 9381.86 F3 F3 370.38| 99.61 3.61)212.,12 | 212,12 4083,37 | 3898,00| 125.03}) 2791.93 - - - 213,65 443,86
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actual fertilizer cost and non-limited operating capital.

Section 2 - The Effect of Decreasing Total Capital

As previously stated, Program 50 was computed with a
non-limited capital level of $20,000, Rotations 2 and 9 were
fertilized at the high level. As capital was decreased to
$15,000, a limiting level, with original yields no change
in fertilizer application occured. Successive decreases in
available total capital did not effect fertilizer use. With
original yields, capitel must be reduced to the $7500 level
before the level of fertilizer is reduced to the medium level
for both rotations.

For reduced yieslds, the level of fertilizer application
remains constant at the medium level of application for all
levels of total capital. When yields are reduced a shift
to Rotation 2 alsc occured. Rotation 2 is a non-forage
rotation, Rotation 9 is a forage rotation. The shift to
Rotation 2, when yields are reduced, is probably due to the
fact that forage yields were reduced by a greater percentage
than were the grain yields,

Total capital effects the level of fertilizer use only
when capital is at very limiting levels. At any level of
capital greater than $10,000 fertilizer is applied at the
high level. Increases in total capital permit increased

production of both hog enterprises, as indicated in Table 4.3.
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Section 3 - Fertilizer Use and Processes in the Optimum Plan,

Programs 44 and 45 are used to study the relationship
between fertilizer use and processes in the optimum plans.
In Program 44 with $10,000 of total capital and original yields,
81.80 rest of year market hogs are specified in the optimum
plan. Fertilization is at the high level. When yields are
reduced (Program 45) fertilization is decreased to a medium
level while ocutput of rest of year hogs is increased to
159,20 head. The conclusion is drawn that when yields are
reduced, the marginal productivity of rest of year hogs
exceeds the marginal productivity of fertilizer., Therefore,
capital is invested in the rest of year hog enterprise and
fertilizer use reduced. The rest of the programs may be
interpreted in a similar manner.

The results of Programs 41 to SO can be summarized as
follows.,

l. The use of fertilizer is affected by very limiting
levels of total available ocperating capital.

2. Under extremely limiting ($5000) total capital the
marginagl return to fertilizer is greater than to
the livestock enterprises.

3. When yields are reduced the marginal return to
fertilizer is reduced. This indicates that in the
practical situation, the ability of fertilizer to
compete with other productive inputs for total
capital, is at least partially determined by the
yield response to fertilizer applications.



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Two major conclusions have resulted from the consid-
eration of several of the economic aspects of fertilizer use,

The quadratic function with squared terms was selected
as the best estimator of the fertilizer yield response
relationship. The study by Gilson and Bjarnarson also
resulted in the selection of the quadratic function as the
best estimating eguation, Substitution rates, least cost
combinations, and the most profitable applications of
nitrogen and phosphorus were considered on the basis of the
quadratic egquation.

The linear programming results indicated a low
sensitivity of fertilizer use to level of initial capital
and increases in fertilizer cost. UOecreases in yields
slightly increased the sensitivity of fertilizer use to
initial capital changes and increases in fertilizer cost,.
Decreases in level of initial capital did not change the level
of use of fertilizer. Large increases in fertilizer cost
reduced fertilizer use Trom high to medium levels. Such
a decrease is not significant in view of practical experience.

In the past few years, fertilizer prices have decreased
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rather than increased. The winter hog process indicated a
lower marginal return to initial capital than did fertilizer.
Fertilizer showed a lower marginal return to initial
capital than did the rest of year hogs process. The over-all
conclusion of the above results was that fertilizer is
highly competitive with other production inputs for available
initial capital in the farm business.,.

Extreme reductions in total operating capital were
required before fertilizer use was reduced. With limited
total capital and reduced yields, the marginal productivity
of fertilizer is reduced in comparison to the marginal

productivity of the rest of year hog process.

Recaommendations

The data used for determining the best estimating
equation was obtained from experiments conducted at the
Wabowden Substation in northern Manitoba. Comparable data
are not available for the southern regions of the province,
Similar analysis based on data from the southern regions
would be very valuable.

The functions employed in determining the best
estimating equation included only two of the many possible
variables which may influence yield and response to
fertilizer applicetion. Future studies should give consid-

eration to other variables such as rainfall, temperature,
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frost-free period, and the length of the growing season. It
is hypothesized that such independent variables could account
for the change in the basic shape of the production function
from 1956 to 1958 (Figure 3.17).

The linear programming analysis of this thesis has
provided a preliminary evaluation of the ability of fertilizer
to compete for available initial operating capital with
other productive inputs in the farm business. An objective
of any similar future research should be the refinement
and expansion of specific procedures for analysing fertilizer
use. Changes in procedures would permit specific comparisons
to be made between fertilizer and other inputs. Only
indirect comparisons of this neture are possible in this
thesis,

The validity of any linear programming analysis is
dependent on the degree of reliability of the input-output
coefficients. 'Such coefficients must be subject to constant
revision, The goal of the researcher should be to obtain
the best coefficients available. This goal requires the
close cooperaticn of the agricultural esconomist, physical

scientist, and bioclogical scientist.
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APPENDIX I

Table I.1l. Combinations of N and P05 to Produce Two
Given Yields of Barley and Marginal Replacement
Rates of N and Pp0g3.

20 Bus. Barley 30 Bus. Barley
Rate of Substitution Rate of Substitution
of P20g5 for N (Lbs. of P20g5 for N (Lbs,
P20g5 replaced by 1 P205 replaced by 1
Lhe- E;gé 1. n) S Los- L‘SS; 1b. N) S5
(1) | (2) (3) (4) | (3) (6)
0 50 -1.77 20 83.0 -2.,67
10 34 -1.14 25 71.9 -1.73
20 24 - .81 30 64,0 -1.27
30 17 - .38 40 54,0 - .78
40 .16 - .42 50 48.0 ~ .49
55 46,0 ~ 37
60 44,0 - .26
70 42,5 - .07
This table is taken from:
J.C. Gilson and V.W. Bjarnarson, "Effects of Fertilizer

Use on Barley in Northern Manitoba®, Journal of Farm Economics,
Volume XL, No. 4, November, 1958, Page 936,
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Figure I.1: Combinations of Nitrogen and Phosphorus to produce Specified
' Barley Yields, Derived by the Quadratic Equation, 1956,

NBTE: This figure is derived froms J.C. Gilson and V.W.
Bjarnarson. "Effects of Fertilizer Use on Barley in
Northern Manitoba", Journal of Farm Economics, Volume
XL, No. 4, November, 1958, Page 937.




APPENDIX II

EQUATICONS FOR DETERMINING ISOQUANTS

The Quadratic Function

Given the general equation,

¥ o a4+ b.N+ b.P + bN2 4+ b PP+ boNP
1 2 3 4 sNF s
With N varied from O to 120 pounds:
, > 7 =
P:-(b2+135m)j!(bsz5m) - 4b, (byN + byNT + & = T)
2b,

The Sguare Root Function

Given the general equation,
Ve

Y= a+ bN+b,P+ b fU+ b, F+ b P,

With N varied from 0 to 120 pounds:

o £-(b4 + bsm) + 3 (b4 + bBQ'TT)2 - d.bszlN + b3m-+ a - ?]

L- 2b2

The Cobb-Douglas Function

Given the general equation, = aN

With N varied from 0 to 120 pounds:

i -
P = o i D
n %




114

EQUATIONS FOR MARGINAL RATES OF SUBSTITUTION

The fQuadratic Function

tiven the general equation,

N 2 2
Y=a+blN+bP+b3N + b, P

4 + bSNP,

2

from which combinations of N and PZDS to produce specific

vields are obtained; the M.R.S5. P for N, for each specific

205
yield is calculated by the following equation.

b, + 2b3N + b.P

A 1 5
M.R.5, P,O. for N = — - N
2Usg b, + 2b,P + BN

The Sguare Root Function

Given the general equation,

A
Y =a+ bN+b,P+ b3~m'+ bd{_P_-ﬁ- b54l\!P,

from which combinations of N and P205 to produce specific

yields are obtained; the M.R.5, P for N, for each specific

295
yield is calculated by the following equation,

P (20 W + by + byP)
M.R.S., P,O. for N = —

275 .
IV (25 F + b, + bedl)

The Cobb-Douglas Function

b b
~
Given the general equatiocn, Y = aN " P P, from which combinations

of N and PZDS to produce specific yields are obtained;

the M.R.S. PZDS for N for each specific yield is calculated

by the following equation.,

b
. R &
MeR.S. PZDS for N = pr

“a
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EQUATIONS FOR LEAST COST COMBINATIONS

The Quadratic Function

Given the general equation,

o e s b N+ bP o+ bN2 s b P2t bnP
A | 2 3 4 5N

with N varied from 0 to 120 pounds and C equal the ratio
P

of the prices of nitrogen and phosphorus(ﬁﬁi>:
P

bl - Cb2 + N (2b3 ~ Cb

ZCb4 - b

)
b= 5

3

The Sguare Root Function

Given the general equation,

AN

Y = a+ bN + byP + b3m+ bAﬁ“Jr bs{“""NP,

with N varied from 0 to 120 pounds and C egual the ratio

P
of the prices of nitrogen and phosphorus(ﬁmbz
P

. _[b3 +m"(2bl

- 2Cb,)] #{ [by +IN (2b -2Cb,) |“-4bc (-Cb dN=Cb N)

2b5

The Cobb-Douglas Function

A b b
Given the general equation, Y = alN

with N varied from 0 to 120 pounds:

b PN
P = EE~§— SN

n P

2
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EQUATIONS FOR MOST PROFITABLE APPLICATIONS

The Quadratic Functiaon

Given the general equation,

A

, 2 . .2
Y = a -+ bN + b,P + b N + bP

+ b5NP,
the most profitable application is found by & simultaneous

solution of the following equationss

P
dy N Y
N T bl + 2b3N ; bSP = PB

P
dy , P
EF = b2 + 2b4P + bSN = PB

where PB eguals the price of barley.

The Sguare Root Function

Given the general equation,

AN
Y =a+ b N+ bP = b3m+ bd\!?+ bsél\lP,

the most profitable application is found by a simultansous

solution of the following equations:

%% = b, + Eg + b5{$- _ fﬂ

AN 2N Pg
e bSJNB Pp
dN 2 — —— = -is-—

A7 2F 8
The Cobb-Douglas Function

b b

Given the general equation, Y = al np P,

the most profitable application is found by a simultaneous
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solution of the following equationss

b b P

N - @ bnl\l P =B
B
aqy b b PP

l

abnN"pP-L __FE
P |

Q.

=

!

-
[ug]
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APPENDIX IV

A NOTE ON ILL-CONDITIONED DATA

IN LINEAR PROGRAMMING

A situation known as ill-conditioned data may arise
in linear programming. If this situation occurs irrational
results are obtained. The input-output coefficients of
Table II1.2 may be used to illustrate this ill-conditioning.
The input-output coefficients range in size from 0,256
hours of winter labor for Rotation 9 to 19,039.782 pounds
of hay equivalent for the dairy fluid milk enterprise, Under
certain conditions the computer is unable to handle co-
efficients of such a wide range., In order to avoid problems
associated with ill-conditioning it is advisable to scale
all input-output coefficients before programming is
commenced. For best computer operation all coefficients
should be less than 20.0. Coefficients of less than 10.0
are more preferable. Row scaling and column scaling are
used, In row scaling all coefficients in a single row of
‘Table II1.2 are divided by a constant. The constant should
be large enough to reduce the largest coefficient in the row
to less than 20, Column scaling requires that all coefficients
in one column be divided by a constant. When column scaling
is used, the results must be re-scaled to obtain the proper

levels of processes.






