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SYNOPSIS 

A solution to the problem of establishing optllnum farm plans 

for any given area may lie in the establishment of area bench mark 

plans from which individual farm interpretation can be made. This 

study attempts to develop some optilnum farm plans for specific farm 

situations commonly found in the Rural Municipality of Wilton No. 472 

in Northwestern Saskatchewan. The method used is the profit max

ilnizing model of the linear programming technique. This technique 

was chosen because expected input - output coefficients can be used 

and numerous alternatives can be tested silnultaneously. 

The data for use in this study were built up from experimental 

results, lilnited second-hand survey data, and Agricultural Economics 

Departmental estllnates. Since many of these data are not available 

in a suitable form it was necessary to synthesize them from many 

source data. The product prices were based on a historical ten year 

average and input prices were derived from a recent price list com

piled by the Department. 

Three programs were carried out, all based on a half-section farm 

which had a typical set of machinery, buildings, and livestock facilities, 

as well as access to $5,000 of credit or liquid capital. The first 

program assumed high livestock production efficiency, the second assumed 

low livestock production efficiency and the third was silnilar to the 

first except that hog activities were excluded. For each of these 

programs an optimum plan and several sub-optllnum plans were derived. 

Modified plans allowing expansion of the fixed resource complements were 

also developed and in addition several plans were obtained by budgeting 



- iv 

techniques. 

In the first program the optimum plan consisted entirely of 

activities geared to hog production. Net return to fixed resources 

was $7,021. Other plans developed from this program demonstrated that 

wheat could not be grown to any significant extent without causing 

returns to fall. A plan using only one quarter section of land and 

including the purchase of hog feed gave a high return to management. 

If a ready hay market could be located and the farmer was willing to 

work long hours in July, profits could be maintained by including a 

barley-grass rotation and selling hay. 

The optimum plan developed for the second program (low livestock 

efficiency) also used all of the farm resources for hog production. 

Net return was $6,057. In this plan some of the land and some of the 

liquid capital remained idle due to full utilization of labour before 

the other resources were completely used. Other plans developed for 

the program indicate that about one half of the resources of the farm 

could be used for wheat production with only a small drop in net returns. 

These plans would be quite vulnerable to a price change in wheat and 

somewhat less so to a change in the price of cattle. The wheat and 

cattle activities were quite competitive at the margin but if all the 

resources were used for either type of activity alene, returns fell by 

almost one half. 

In program three the optimum plan contained a wide variety of 

activities and a low net return to fixed resources ($4,201). The 

activities in this plan were clesely competitive at the margin but if all 

the resources were applied to anyone line of activity net returns would 
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fall by about 26 percent. The long-run management return to a specialized 

beef farm, even with a 10 percent rise in beef prices, would be below that 

of a grain farm. Off farm grazing would make the beef activity more 

competitive (at normal prices) but would not allow it to replace the 

grain enterprise. All types of plans developed for program III (even 

when resource supplies were pushed slightly beyond the original l~its)

were severely below the hog plans in terms of profit. 

The analysis completed for this study indicates that resource 

supplies typically available on farms in the study area are adapted to 

extensive capital-using activities and intensive labour-using activities 

(such as hog production). When resource supplies are larger relative 

to labour supply it would appear that s~ilar results would be obtained. 

However, more investigation is required before this can definitely be 

determined. 

Future investigation will continue to be hampered by a lack of 

data, however, with more adequate computation facilities and careful 

model-building, the body of knowledge concerning desirable farm resource 

allocation will continue to expand. 
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CHAPTER I 

INTRODUCTION 

Establishing and evaluating a plan for future production on a 

farm is becoming more difficult from year to year. This can be 

demonstrated by dividing the planning problem into two broad areas, 

that of what to produce, and that of how and when to produce a given 

product. The problem of what to produce becomes more difficult as 

the degree of commercialism of the farm increases. At the extreme of 

a completely self-sufficient farm, production is geared entirely to 

the wants of the farm family. Since the family ar~both the producer 

and consumer, the relative utilities and disutilities of each product 

in both capacities can be interpreted and evaluated before production 

commences. As a farm becomes more commercialized., the farmer must 

obtain direction for what to produce from the price system. In order 

to maximize his income, he must correctly predict prices in both the 

consumer goods and resource markets. The further away from a sub

sistence farmer he becomes, the more he must rely on outside inform

ation and be dependent upon other people's taste and income changes. 

This increases the complexity of, and the necessity for, farm planning. 

The problem of how and when to produce a given product is also 

becoming more difficult to solve. Extremely primitive forms of 

agriculture in which only one production method is known present no 

problem in this area. However, with the complex processes of production 

prevalent today, this problem becomes critical. Every time a new pro

duction technique is developed, it adds to the burden of choosing the 

most appropriate one. This does not mean that the correct solution 

cannot be found. It does mean that an additional set of factor prices 
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and factor responses must be considered when analyzing production oppor

tunities. 

Fanm planning has become more important in recent years due to 

the narrowing of the margin between costs of production and product 

II
prices. This is what has been referred to as "the cost-price squeeze".

While optimum resource allocation may be considered necessary at any 

time in view of its effect on fanmer income and consumer welfare, it is 

extremely important when income is generally low. In periods of high 

income when wide margins between costs and returns exist for many 

products, a fanmer may secure an ad~quate income even while producing 

an "economically wrong'.]/ product. In periods of low income, the only 

net income available to the fanmer may be that found in the difference 

between the margins of products produced by correct or incorrect methods.11 

1.1 The Problem Situation 

In the technical world of today the planning of production is one 

41of the most important functions of the farm manager.- Because of its 

importance, it is also a major concern of agricultural extension agents. 

11 Part of this squeeze may be due to the share of purchased inputs 
required in modern farming. The farm then becomes more vulnerable to 
price-changes in that it cannot retrench as easily. This fact does not 
however reduce the need for farm planning but rather intensifies this 
need. 

11 Economically wrong here refers to wrong in the sense of what, when, 
or how much. 

11 Correct here refers to the definition of footnote 2. 

41 For further discussion see, Heady & Jensen, Farm Management 
Economics, Prentice Hall Inc., Englewood Cliffs, 1957, Chapters 1 & 2. 
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However, in approaching the problem of setting up a farm plan, the farm 

operator and the extension agent are faced with a seemingly frustrating 

situation. On the one hand, those methods of farm planning which are 

relatively easy to carry out and which can be done on an individual farm 

by its operator, are usually not detailed enough to provide a fully op

timum plan. On the other hand, more refined techniques which will result 

in economically sound answers cannot be carried out on an individual farm 

basis because of the lack of time available for this work by people trained 

in the use of these techniques, the lack of training on the part of the 

individual farm operator, and/or the high cost which would be involved 

in using these techniques. 

A partial resolution of this problem can be obtained by modify

ing and combining the two approachesi. This would require intensive 

planning on an area basis to establish optimum plans for fanns that 

are considered representative of farm situations within an area. These 

results could then be used as gUides or benchmarks to facilitate indiv

idual farm planning. 

One of the objectives of this study was to establish some 

optimum farm plans for a specific area in Saskatchewan. These plans 

will be optimum for a limited range of resource conditions within this 

area. It is hoped that in this way aid will be given to those concerned 

with individual farm planning in areas where the resource conditions and 

productivities are similar to those specified in this study. 

1.2 Area of Study 

The area chosen for study is located in the northwestern section 

of Saskatchewan. It is situated in the Rural Municipality of Wilton 

No. 472. This Rural Municipality is bordered on the west by the Albet'ta 
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Saskatchewan border, and on the south by the Battle River. It extends 

north to just south of Lloydminster and east to within two miles of the 

town of Waseca. 

The soil of the area is Waseca loam. This is a thin black parkland 

soil with undulating to gently rolling topography.11 The climate is 

similar to that of the general parkland region of Saskatchewan with the 

6/exceptions of a somewhat shorter growing season,- and slightly higher 

7/
precipitation than is general in western Saskatchewan parkland.

The study area is located in the 24 cent (basis Fort William) grain 

freight rate zone. The nearest market center is Lloydminster and Edmonton 

is the closest large city. 

Wheat is the main crop presently grown in the area. Livestock pro

duction is quite common although, in general, this is carried on in con

junction with the relatively larger grain enterprise. 

Information on the type of farm organization in the area was obtained 

from the 1956 Census of Agriculture (see Appendix Table A.l) and from the 

records of a Saskatchewan Department of Agriculture sponsored Farm Manage

ment Club (see Appendix Table A.2). While the data from the latter source 

are not necessarily representative of the area, they correspond closely 

to those obtained from the Census. 

5/ A full description of this soil can be found in Mitchell, Moss & 
- Clayton, Soil Survey of Southern Saskatchewan, (Soil Survey Report 

No. 12, University of Saskatchewan, Saskatoon 1947) p. 116. 

~/ Ibid. p. 118. 

7/ Field Husbandry Dept., University of Saskatchewan., Rainfall Records 
- for Saskatchewan, College of Agriculture, University of Saskatchewan, 

Extension Bulletin. No. 18. 
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1.3 General and Specific Objectives of the Study 

1.3.1 General Objectives 

The principal objective of this study was to derive opttmum farm 

plans for the chosen area. It is recognized that the opt~um plan for 

any given farm will bea function of the quantity and quality of the 

resources of that farm. In this study limited research resources did not 

permit a full examination of all possibl~ resource complements, however, 

a series of the more commonly present resource complements were tested 

and optimum plans were derived in each case. 

In a study of this nature several other problems can be investigated 

with little additional effort. The description of activities allowed 

to compete for the fixed resource services, as set out in the input-

output coefficients can also be evaluated, as can the resource comple

ments hypothesized for each case. The objectives of this study in

cluded the above tests. 

1.3.2 Specific Objectives 

Within the above framework the specific objectives of this study 

were to: 

( 1) derive optimum farm plans for ''benchmarll' levels of capital; 

(2) derive optimum farm plans for given levels of livestock 

management as measured by the efficiency of the input-output coefficients 

used to describe livestock activities; 

(3) evaluate the effects of changes in (1) and (2); 

(4) test the stability of each optimum plan derived in terms of 

product price and .input-output coefficient changes. 
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(5) evaluate the activities which were allowed to compete in 

the planning process; 

(6) evaluate the resource base of farms in the area by determining 

the marginal value of scarce resources under the opt~um plans developed; 

(7) test a method of allowing the substitution of capital for labour 

and a method of allowing economies of size in machine purchases to operate 

within a linear programming model. 
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CHAPTER II

THEORETICAL AND METHODOLOGICAL CONSIDERATIONS

2.1 Theoretical Considerations 

Farm planning is essentially synonymous with resource allocation 

and as such represents an area of major concern in economic theory. In 

this context, resource use is governed by "consumer sovereignty". A 

simplified model expressing this situation, using the assumptions of 

pure and perfect competition, can be described as follows. A consumer 

has virtually unlimited wants, the satisfaction of which are limited by 

the level of his income. In satisfying these wants, the consumer attempts 

to maximize the utility he can obtain from his given income by buying 

goods in order of preference, buying those things first which yield him 

the largest utility relative to their price. This demand in the consumer 

goods market is reflected to the resource market through the efforts of 

the producer to maximize his income. Those resources which are used to 

produce high-priced consumer goods, and are in short supply, will tend 

to have high value. Each resource will tend to develop a value in re

lation to the amount of utility it can give to consumers through its 

use in producing second or higher order goods. In this way consumer 

preference ultimately directs resource use. 

2.1.1 Production Relationships 

The direction which the producer receives from the consumer through 

the price mechanism must serve to answer the problems of what product to 

produce, how much of the product to produce and what resources should be 

used in the production of the product concerned. The problem of resource 
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allocation may be divided into three parts to answer the above questions 

(ie. factor-product relationship, factor-factor relationship and product

product relationship).!/ Considering these three relationships separately 

simplifies the discussion and examination of the resource allocation 

problem. 

2.1.1.1 Factor-product Relationship 

The factor-product relationship expresses the correspondence be

tween the level of output for each level of input over a range in the 

input values. It can be expressed in mathematical form as 

Y - f(xl \x2'X3 •••••• xn) 

where Y is the output level, xl is the variable input and x2,x •••••• x 
3 n 

are other inputs held at a specified level. In the general case, as more 

of xl is applied, total output at first increases at an increasing rate, 

then increases at a decreasing rate and finally begins to decrease. 

Physical production efficienc~/ can only be maximized when (1) production 

occurs at the highest possible level for a given input, (ie. the most 

efficient production technique is used) and (2) production takes place 

. th h tId .. '. d . t· 3/1n e range were ota pro uct 1S 1ncreas1ng at a ecreas1ng ra e.

A price relationship or some other choice-indicator is required in 

order to specify the optimum point of production. If profit maximization 

1/ The order of presenting these relationships differs from the order 
of the questions in order to clarify the following presentation. 

1/ rhis refers to technical efficiency and must be differentiated from 
economic efficiency. 

1/ This is stage II or the rational stage of production. 
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is the objective, production should take place where the incremental 

change in the input ttmes its price is just equal to the incremental 

change in the value of the product produced (this is expressed mathe

matically as 

and when production is in the area of decreasing returns. 

The factor-product relationship may occur as a continuous re

lationship, as when the input and output factors are completely divisible 

or as a discontinuous relationship as in the case of lumpy or indivisible 

inputs and outputs. In agricultural production many inputs are not 

completely divisible,.!/ and outputs, especially in livestock production 

are seldom divisible, therefore, theoretical planning models which 

assume continuous factor-product relationships require modification when 

they are being interpreted for on-farm conditions.1/ 

When the variable input factor is expanded to include a composite 

of all factors used in production, a scale relationship results 

(Y = f (X) ) • 

This may also show increasing, constant or decreasing returns and may be 

a continuous or discontinuous function. Much speculation has occurred 

about the nature of returns to scale in agriculture. While the law of 

proportions has traditionally been thought of as more apparent in agri

cultural production than in industrial production, agriculture has 

~/ For example, land is seldom purchased in less than 80 acre units 
and breeding stock is purchased in whole numbers. 

1/ See section 2.2.1.3 below. 
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some characteristics which tmply the approximation of constant returns 

to scale. This is due to the existence of many homogeneous technical 

units in the typical farm firm.£1 Where inputs can be applied at the 

same level to succeeding homogeneous technical units, constant returns 

to scale will exist.ZI This concept of linearity in the production 

function can be used to advantage in several farm planning techniqUes.~1

2.1.1.2 The Factor-factor Relationship. 

The factor-factor relationship expresses the way in which two or 

more factors substitute in producing a given output. This relationship 

shows that the amoung of one factor used in producing a given output 

will be a function of the amount of a second factor used during the 

same time period. It can be expressed mathematically as 

This relationship can occur as an increasing, constant or decreasing 

function, or as some combination of these three conditions. Physical 

production efficiency maxtmization requires that production take place 

only in that range of the function where decreasing rates of substitution 

occur, because when two factors substitute at constant increasing rates 

only one of the factors should be used. When price as a choice indicator 

61 A technical unit relates to the smallest accounting unit, eg. one 
- antmal or one acre, while a firm related to all those technical units 

under one management. 

21 Heady, E.O., Economics of Agricultural Production and Resource Use, 
Prentice Hall Inc., New York, 1952, p. 83. 

~I See section 2.2.2 below. 
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enters the problem, the exact ratio in which the factors should be used 

can be determined. The least-cost combination of resources required to 

produce a given output will be found where the ratio of the marginal 

products of each factor is equal to the ratio of their prices or 

---:::-

Analysis of factor-factor relationships in agricultural pro

duct ion is the study of various techniques of production; this is the 

how to produce question. n ••• farmers look upon problems in factor-

factor relationships as those of farm practices; machine production is 

looked upon as a practice different from hand production ••• t~/ This 

analysis can be extended to include similar techniques of production at 

different times of the year. If a given practice or type of production 

10/ 
may encounter changing price ratios at different times of the year,-.

then farm planning must include the investigation of these different 

price situations as well as different physical practices. 

2.1.1.3 Product-product Relationship 

The product-product relationship expresses the association be

tween the level of output of two or more products produced with a given 

complement of inputs. This relationship can be used to determine how 

much of each product should be produced, or, in broad terms,what to 

produce. 

2/ Ibid, page 132. 

1£/ This could be due to changing opportunity cost for resource use 
at various times of year. 
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On a two-d~ensional drawing the relationship between two products 

produced from a given complement of resources can have a positive, nega

tive, or zero or infinite slope. The segment with a positive slope 

(AYl 10 Y2 >0 ) denotes complementarity, the segment with a zero or 

inf inite slope COly1 1 lity2 = 0 ) represents supplementarity, and the 

area of negative slope (L::.y1 1 A Y2 .( 0 ) represents competition between 

the products. In analyzing resource allocation, the opt~um plan is 

never found in those segments with positive slope because more of 

one product can always be produced without decreasing the production 

of the other product. When price relationships areincludedpr06uction 

will occur in segments with zero slope only if the price of one pro

duct is zero. If both products have a positive price, the optimum 

combination of products occurs where the marginal rate of substitu

tionbetween them is equal to the inverse price ratio. 

l!/ 

The product-product relationship can also exist as a dis

continuous function. In this case, the research procedures necessary 

to find the optimum product combination are less difficult to carry 

out. This is due to the existence of "corner" solutions for which a 

range of price ratios represent the optimum combination of products.lll 

l!/ The substitution ratio is interpreted in absolute terms. 

11/ Heady, Ope cit., p. 256. 
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2.1.2 Transformation Period and Fixed Resources 

The importance of variations in the transformation period of 

different resources has long been recognized in economic theory.13/ 

The cost of the resources embodied in a product mayor may not be the 

same as the cost of the resource units required to produce that product. 

Two classifications of resources have been developed to clarify this 

situation. One is that which separates resources on the basis of how 

14/
services can be derived from them, that is stock vs. flow resources.-

Another classification, based on the way in which resources can be used, 

is that of fixed vs. variable resources. This classification is directly 

associated with the time period under consideration. It considers the 

way in which services of a resource can be utilized within a given time 

period. 

Fixed resources are those which embody services which cannot be 

fully utilized in the time period under consideration. They will have 

a salvage or disposal value which is less than their acquisition value. 

Their value in use may be above or below their acquisition cost, it is 

however, generally assumed to be above their salvage value.!2/ Variable 

11/ The transfor:mation period is the length of time required for a 
given resource to be completely transformed into product. 

14/ A stock resource becomes embodied in the product and is storable, 
a flow resource gives off service (which is not storable) over time. 

15/ This is not entirely in keening with the definition used in fixed 
-- asset theory, see Johnson, G.L., Economics of Forage Evaluation, Journal 

of Farm Economics, Volume XXXVI, p. 1457, however the definition used 
for this study is more in keeping with an ~~ planning approach. 
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resources, on the other hand, embody services which can be fully utilized 

in the t~e period under consideration. Their whole cost is transferred 

to the products produced in the given t~e period. The use of fixed re

sources is a case of either max~izing profits or min~izing losses while 

the use of variable resources is always a case of max~izing profits. The 

most desirable use of a fixed resource is based upon the internal oppor

tunity cost of using that resource, while the most desirable use of a 

variable resource is based upon the external opportunity cost of using 

the resource. 

This classification of resources is ~portant in farm planning in 

that the degree of fixity of a resource l~its the production possibili

ties open to the firm. In long run planning, practically all the resources 

of a farmer may be variable. However, once a plan has been formulated 

and fluid resources have been transformed into production factors, same 

of the resources became fixed. Therefore, in order to max~ize profits 

in the short run, the farmer must determine which resources are fixed 

and which are variable. He then must determine the best on-farm use for 

fixed resources (that use which gives the greatest return as long as it 

is above salvage value) providing that all variable resources have been 

paid for. He must also realize that a given course of action can re

arrange the fixity of resources and either restrict or enhance the pro

duction opportunities in succeeding t~e periods. 

In other words, when plans which are statistically optimum for a 

given time period are used as extension aids, some attempt at evaluating 

the effect of these on future fixity of resources should be made so as 

to enable the farm operator to appraise each plan on the basis of his own 
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time-preference judgements. 

2.1.3 Risk and Uncertainty 

In static economics, the theory of optUnUffi resource allocation 

assumes the operator of the firm has perfect knowledge. With the ex

p1icit inclusion of time in the model, it is recognized that there are 

areas of less than perfect knowledge within which the operator is forced 

to make decisions. One phase of this condition is termed risk.~/ Risk 

is the term used to describe the situation where the operator can obtain 

empirical data on the frequency distribution or the probabilities con

cerning the occurrence of specific phenomena or events. In farm planning, 

risk can be taken into consideration by charging each unit of production 

with a portion of the losses which would occur in that type of enterprise. 

In this way risk is treated as an additional cash expense or as a 

discount applied to yields or prices. 

Another phase of 1ess-than-perfect knowledge that occurs in pro

duction is that which is termed uncertainty. Uncertainty refers to 

those events for which probabilities (or likelihood of occurrence) are 

not known. Many types of farm planning procedures try to overcome this 

by making est~ates of probabilities, therefore treating uncertainty 

problems as risk problems. Since some specific price and output data 

must be used, this procedure is used to make the best of a given situation. 

1&/ The classification of the areas of less than perfect knowledge, 
are based upon that developed by Knight, F.H., in Risk, Uncertainty 
and Profit, Houghton Mifflin Co., New York, 1921, (1948 reprint). 
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In this study cases of unce~tainty for which it is possible to 

make reasonable estimates of probabilities are treated as risk problems. 

Other cases of uncertainty are ignored and the resulting optimum plans 

must be interpreted with this in mind. This emphasizes that the pro

cedure, as do all procedures, leaves considerable scope for individual 

judgement on the part of management to make these final adjustments and 

bear the responsibility of these decisions in terms of income losses 

or gains. 

2.1.4 Specialization and Diversification 

While farm planning makes implicit use of location theory, little 

direct application of location theory often occurs in specific farm 

planning procedures. However, the principles of specialization and 

diversification could well be used in interpreting the results of area 

planning. 

The principle of specialization states that production in a given 

area will tend toward specialization in the product which has the highest 

comparative advantage or the least comparative disadvantage. This would 

lead us to believe that area planning would require that the product best 

suited to that area be found, and all production plans be made accordingly. 

However, counteracting this are two conditions. First, if an area is rel

atively equal in respect to its adaptability to two or more products, firms 

specializing in each of the products may exist side by side. Second, 

where complementarity or supplementarity between products exists, multi

product firms may arise. These principles should give some guidance to 

area planning. If one product is found to be far more adapted 
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to an area than other products, it is unlikely that small between

farm differences in organization (or between-farmer differences in 

preferences) will be able to overcome this advantage, and the whole 

area may well specialize in the one product. On the other hand, if 

products are found which compete equally well within an area, or if 

complementarity or supplementarity exists among the products, small 

between-farm differences in production abilities will probably make 

the production of anyone, or a combination of products, the most 

desirable form of production on any given farm. 
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2.2 Methodological Considerations 

2.2.1 Types of Analysis Possible 

Several analytical devices are available for use in developing 

farm plans within the theoretical framework outlined above. Each of 

these analytical devices is designed for specific purposes. When 

choosing one which will be used in a specific problem, the type of data 

available, the nature of the planning problem, and the areas of theo

retical consideration which appear most ~portant to that problem, must 

all be considered. The following is a brief discussion of several 

techniques which can be used in arriving at farm plans. The technique 

or device which was used in this study was chosen as the most suitable 

of the four described below. 

2.2.1.1 Traditional Farm Organization Studies 

The farm organization study is one of the oldest farm management 

analysis techniques. In this type of analysis, a group of farms is 

analyzed with information on size, type and forms of production organ

ization being studied. Data collected are stratified, and the groups 

above and below average for specific items, are analyzed to determine 

correlations between types of organization and levels of specific factors. 

For example, the farms with the highest incomes are studied to determine 

which factors are correlated with this high income. This information is 

then available to other farmers who hope to achieve higher income. This 

type of analysis has some merit in that it can be done rather easily, 

and it provides information that is readily accepted by farmers. Serious 

criticism can be directed against this type of analysis because it does 
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not account for inter-farm differences in resource complements. Farms 

with different resource complements may require quite different forms 

of organization to be equally successful. This type of analysis is 

historical and does not lend itself well to predicting the best course 

of future action. An added disadvantage is that it gives no indication 

of how the farmer can achieve the more effective organization. 

The farm organization analysis remains an effective tool for 

collecting information for broad policy purposes. It is an effective 

way of finding problem areas, but offers little help in solving these 

problems. 

2.2.1.2 Production Function Analysis 

In production function analysis the amounts of several resources 

available on a group of farms producing similar products are correlated 

with the amounts of output produced on each of the individual farms. 

From this, a production function is derived. This production function 

is a composite or mongrel function composed of segments of the produc

tion functions of each of the individual farms in the sample. Because 

this function is a composite of all the production functions of the 

sample, it is extremely important that the farms in the sample have 

homogeneous qualities of resources available. In this type of analysis, 

the marginal value products for specified quantities of each resource 

can be calculated. In this way, the amount of each resource present 

can be tested as to its adequacy and it can be determined whether more 

or less of each resource would result in a higher farm income. This 

type of analysis has the advantage of being the only one in 
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curvilinear production relationships can be analyzed. For this reason, 

it is especially suited to studies which are trying to specify particu

lar production relationship~.

In production function analysis of the farm firm it is usually 

necessary to group inputs to reduce the number of variables to manageable 

17/
limits.-- This results in limitations in the answers derived from such 

18/
study.-- This analysis is not designed to provide specific optimum 

farm plans. In addition it is cumbersome to use for price ratios other 

than those prevailing at the time of study and account cannot be taken 

of inter-farm resource variation. For these reasons it was felt that 

production function analysis would not meet the requirements of this 

study. 

2.2.1.3 Budgeting 

The easiest and probably the most widely used technique in farm 

planning is the budgeting technique. Several types of budgeting pro

cedures have been developed and are widely used. Among these are com

plete budgets, partial budgets, and some intermediate forms. The com

plete budget is a compilation of the entire plan for future farm pro

duct ion. A pa~tia1 budget is one in which a section of the farm is 

separated out and tests are made of alternative courses of action. 

ll./ This is in contrast to the biological type of function derived 
from experiments where several factors can be held constant and only 
those under test are allowed to vary. 

~/ For further discussion see Heady & Dillon, Agricultural 
Production Functions, Iowa State University Press, Ames, Iowa, 
Chapter 16. 
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In this fonm of budgeting, only the additional costs and the additional 

receipts of a particular line of activity are recorded and evaluated 

against another line of activity. For budgeting procedures, input

output coefficients must be obtained from outside sources, howeve~

expected rather than historical coefficients can be used. Other ad

vantages are first, the ease with which it can be carried out, and 

secondly this technique is more readily accepted by farmers than some 

of the more theoretical 'techniques. One drawback of this system is 

that it assumes constant returns to the variable factors. This means 

that factor-factor, factor-product, and product-product relationships 

which are other than straight line relationships must be segmented 

into small sections which can be approxUnated by linear relationships. 

Much tUne and effort, with the possibility of many calculating errors, 

is involved in this procedure. Another drawback of budgeting is that 

it can handle only one plan at a tUne. While numerous plans can be 

tested, one at a tUne, the investigator is never certain that the op

tUnum plan has been found. A further criticism of partial budgeting 

is that it does not account for the total resource requirements of the 

farm. With this technique it is extremely unlikely that the resource 

complement of the farm will not be over or under utilized. While budget

ing allows for much use of intuitive judgements on the part of the farm 

planner, and while it is a quick and effective technique for minor farm 

changes, it is hardly concrete and detailed enough to be effective in 

determining farm plans on an area basis. 
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2.2.1.4 Linear Programming 

Linear programming is essentially a refined type of budgeting. 

It is similar in many of its requirements, as well as in some of its 

drawbacks. In linear programming, numerous alternatives can be tested 

in a manner similar to that in which individual alternatives are tested 

by the traditional budgeting techniques. However, they are tested 

simultaneously and a plan which is the optimum for a given farm sit

uation is derived in one operation. Because linear programming can 

take account of expected future coefficients of production,expected 

future prices, and can test new production procedures ,it was.· used 

for this study. The fact that many alternatives can be tested in one 

operation makes linear programming especially suitable for area planning. 

Because it is the procedure used in this study, an outline of its:basic 

concepts, advantages, and disadvantages is given below. 

2.2.2 Basic Concepts of Linear Programming 

Linear programming can be described as a mathematical fODm of 

budgeting. A linear programming problem has three components. These 

consist of an objective, alternative ways of arriving at this objective, 

and restrictions or obstacles which prevent anyone alternative from 

being used to an extremely large level. Any problem which has these 
19/

three components can be expressed as a linear programming problem.-

Some of the concepts involved in linear programming are 

191 Heady & Chandler, Linear Programming Methods, Iowa State 
University Press, Ames, Iowa, 1960, p.2. 
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responsible for its name -- "The term linear programming arose from 

application of a particular mathematical procedure, based on linear 

relationships and inequalities, to choice problems': 20/ The linear 

conditions apply to the relationships between inputs and outputs and 

between outputs and profits. While this may appear to be restrictive, 

curvilinear relationships can be tested by making linear approximations 

of sections of curves and treating them as independent activities. 

The concept of an inequality is used in linear programming to 

specify that resources can be used at any level less than or equal to 

the amount available and that production of any product must be equal 

to or greater than zero. Linear inequalities can be written as 

a Y1 + b Y 2 ~ xl and ¥1 ~ 0, Y2 ~ O. 

These specify that the quantity of xl used in the production of Yl 

plus the quantity used for Y2 must not exceed the quantity available 

and that the level of Yl and Y must be equal to or greater than zero.
2 

The linear programming technique is one which is used to maximize 

or minimize a linear function. To do this 'some criteria equation must 

be formed. If profit maximization is to be obtained it is necessary 

that the most profitable combination of Yl and Y2 that is possible 

within the restriction of the linear inequalities, be determined. Where 

Zo is profit and C is net profit, 

Zo == Cy 1 YI + CY2 Y2 • 
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Therefore to maximize profit it is necessary to assign those values 

to the variables Yl and Y which maximize Zo within the restrictions 
2 

of the inequalities as given. The general procedure in the simplex 

solution is to begin with the subscripts Y and Y2 at a zero level
l 

(to ensure that the plan is "feasible" ie. that the inequalities are 

met) and proceed step by step to higher levels of product output until 

no further increases in profits are possible within the inequality 

conditions. 

While the above analysis is in terms of only one resource and 

two products the procedure can handle any number of either or both, the 

limits being set only by the computational time and resources available. 

The model used as a basis for linear programming analysis has 

within its construction four assumptions. The importance of these lie 

in the fact that if the problem in hand differs in concept from these 

assumptions, the linear programming tool will not provide a realistic 

2l /answer. These assumptions are: 

(1) that the production function is linear for the portion of it 

which applies to the problem;22/ 

11/ A comprehensive discussion of these assumptions is found in 
Heady and Chandler, Ope cit., pp. 17 - 18. 

22/ This may be partially overcome by breaking a curvilinear function 
into sections approximated by linear relationships. However for 
decreasing cost functions the procedure required is rather cumbersome. 
See Candler & Manning, "A Modified Simplex Solution For Problems With 
]]},ecreasing Average Cost, "Journal of Farm Economics. Volume XLIII. 
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(2) that the products and inputs are completely divisible;23/ 

(3) the activities in the program are additive; thatyis, each 

is independent of the level of output of the other; 

(4) that the number of activities and restrictions is finite; an 

optimum plan requires that all possible activities be tested, this can 

only be done on a finite number. 

2.2.3 Comparison of Linear Programming and Budgeting 

Budgeting and linear programming are similar procedures with 

differences in (1) the number of opportunities considered and (2) the 

type of calculations involved. Both methods require similar information 

and both have the same basic assumptions and capabilities. The difference 

between the two methods centers mainly in their relative efficiencies 

.in handling problems of various types. The type of problem most suited 

to budgeting is one in which the number of alternatives and resource 

restrictions is small. In this type of problem the budgeting technique 

will be the most economical. On the other hand in a planning problem 

containing a large number of activitie~/ and/or resource restrictions, 

23/ A modified form of programming called Integer programming can 
partially overcome this problem, however divisibility is not an im
portant limiting feature if the units (inputs and outputs) are rela
tively small (eg. bus. of wheat, hens etc.) but it becomes increasingly 
important where the unit is large (eg. one barn). 

24/ The term activity as used in this study corresponds to the word 
enterprise although an activity is more specific in that it applies 
to a particular form of an enterprise (eg. feeding steers in dry
lot and feeding steers on pasture are two-different act.fvities 
within the same enterprise). 
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a solution will be developed more efficiently if the linear programming 

tool is used. Thi.s is the result of the simultaneous testing of a large 

number of alternatives in this technique; a large number of alternatives 

reduces the unit cost of the large ufixed costs" involved in carrying 

out the calculations involved in this procedure. 

The results obtained from budgeting or linear programming a 

problem should essentially be similar. The presence of any difference 

will be due to differences in the rigorousness of the application rather 

than to the fa~lt of either model. One advantage of the linear programm

ing procedure is that it requires all value-judgements be explicitly 

stated. In budgeting procedures the same judgements are required but they 

are often hnplicit in coefficients rather than explicitly stipulated. 

When judgements are explicitly stated the analysis and planning of the 

problem are often improved, in that the investigator becomes more aware 

of them and also any following interpretation can be related back to these 

assumptions. 
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CHAPTER III 

FITTING THE PROBLEM TO THE LINEAR PROGRAMMING MODEL 

When a problem is to be solved using linear programming, a 

model of the problem must be built which is acceptable to the linear 

programming technique. In this chapter the assumptions and character

istics of the problem are laid out and the problem is adapted to a for,m 

which can be solved by linear programming. 

The linear programming model requires that the problem be 

stated in mathematical form. To do this absolute quantity levels 

must be specified for all resource supplies; the input-output coeff

icients for each activity must be established, and the amount which 

a unit of each activity contributes towards the objective must be 

stipulated. The mathematical nature of the linear programming pro

cedure ensures that the solution to the problem as defined in the 

model will be exact and will represent a true optimum. Any error, 

apparent in the solution, will be due to careless model construction 

rather than fault with the programming procedure. 

3.1 The Objective 

The objective of the programs completed for this study was to 

select a combination of activities which would maximize returns to 

those resources which were fixed in supply. The return to these re

sources was measured as a net return after all charges to non-limiting 

variable inputs were met. It was measured in dollars. The supply of 

fixed resources and the conditions and restrictions which govern their 

use, are outlined below. 
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J.J3.2 Restricted or Limiting Commodity Levels 

The commodities considered limiting and the amounts available 

are set out irithis section. Some of these are intermediate products 

which must be produced on the farm and others are fixed resources (and 

therefore have a zero opportunity cost to the farm) which are present 

on the farm. 

In a linear programming problem the number of commodity, re

strictions specified determines the maximum number of activities which 

the optimum plan can contain. If only one commodity restricts pro

duction the optimum plan will include only one activity - that activity 

which makes the best use of the scarce commodity. Similarly the supply 

of any given commodity will effect the degree to which the other 

commodities are "scarcetl • It is therefore important that the results 

of a program be analyzed in the light of the original list and supply 

of commodities which restrict production. 

There were 15 commodities which were designated as likely to 

restrict one or more of the 27 activities allowed to compete in the 

programs. Of these only one was absolutely restricted in the sense 

that the supply could not be increased by another activity in the pro

gram. The others, however, could be increased in supply only at the 

expense of other commodities which in turn may be more scarce than the 

1/ The term commodity is used here to mean initial scarce resources 
as well as intermediate products which can be produced by activities 
for use in other activities. While the initial supply is made up of 
"resources" as set down in the formulation of the problem the term 
commodity is often used to include both resources and products. 
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one which could be increased. The guide which was used to de

termine the supply of these commodities available was the amount which 

would typically be available on a half section farm in the area of study. 

It was originally intended to run programs with supplies of 

commodities typically available on larger farms. It was soon found 

that t~e and facilities would not permit this. An attempt was made 

to overcome this by allowing the land buying activity and capital

labour substitution feature to enter the plan. This was not entirely 

satisfactory as will be discussed later. 

3.2.1 Capital Restrictions 

Four types of capital restrictions were included in the programs 

completed for this study. These restrictions were designed to typify 

the amounts of the various types of capital which would be available 

on a small farm in the study area. It was assumed that $5,000 of 

liquid capital was available. This consisted of ready cash or immediate 

credit which it was assumed would be available for use on the farm. In 

addition, cropping capital, namely machinery, grain storage, and ~ple

ment storage, was available at a level assumed adequate for a full line 

of cropping equipment on a 320 acre farm. This was valued at $15,000 

(see Appendix Table B.3). 

Fixed capital in the form of livestock and livestock facilities 

was set at $4,000. This capital was not completely specialized in that 

these facilities could be used for more than one type of livestock. 

The fourth form of capital assumed to be available to the farm 

was $1,500 of operating capital. This was cash on hand or merchant 

credit which could be used in any activity which might enter the plan. 
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The amounts of the latter three forms of capital which were 

available as a free resource were set at the given levels. However 

if the long run costs of using these forms of capital could be met, 

more of each could be drawn from the liquid capital supply by the 

three capital-using activities described in a following section (3.3.3). 

3.2.2 Labour Restrictions 

The labour supply available on the farm was assumed to be one 

full tbne operator plus a small amount of family help. This family 

help was considered to be available for a few hours per month on a year 

round basis plus additional hours available during the summer. 

The basis for measuring the available labour on the farm was 

the total hours available including that devoted to management and 

planning. In keeping with this the input-output coefficients were drawn! 

up to include this planning tbne. Therefore while the total labour tbne 

available may seem high the number of units of a given activity which one 

man could handle will be somewhat conservative. 

In selecting the labour restrictions an attempt was made to 

choose the tbne periods most likely to be critical while keeping the 

restrictions as few in number as possible. The periods of April, May 

and September were recognized as the months when the work load would be 

heaviest and during which labour supply could lbnit production. In 

addition a limit on annual labour was set in order that several activi

ties which use large amounts of labour during months other than April, 

Mayor September could not enter the plan at high levels and give an 

unreasonable work load. The months chosen represent periods of work re

quired for specific tasks rather than specific calendar periods. This 

implies that while seeding may run into the calendar month of June on 
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a late spring it is likely that in that case it would not have started 

in the early part of May. In addition, cropping activities will com

pete amongst themselves, as well as with livestock activities, for 

labour use in critical periods regardless of the month involved. 

The number of hours available in a given month (see Table 4.7) 

may appear high relative to the total hours available for the year. 

The monthly limits were set high to allow for the fact that a fanmer will 

work "overtime" during peak periods. By placing a limit on the yearly 

total of labour, the overtime periods must be offset by slack time during 

other periods. This procedure allows for some flexibility in the planning 

of the work schedule. 

3.2.3 Land Restrictions 

The farm to be progrannned consisted of 320 acres of Waseca loam,.£/ 

of which 240 acres were cultivated. The remainder of the land consisted 

of grassland, bushland and farmstead. It was assumed that 40 percent of 

the uncultivated land was growing grass at the rate of 1000 pounds per 

acre. This gave a potential of 32,000 pounds of standing grass on the 

fanm. It would have been preferable to divide the waste area into land 

suitable only for grazing and land suitable for cutting hay. To>do this 

would have required another restriction and another activity. Since 

computer size was limited it was felt that this refinement could be left 

out and replaced by a more important restriction. 

3.2.4 Quota Restriction 

It was assumed that Wheat Board Quota restrictions similar to 

.£/ This soil was described earlier in section 1.2. 
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those prevalent in the 1955-62 period would be likely to continue. To 

allow for this condition a restriction was placed on the amount of wheat 

which could be sold and hence on the level at which wheat raising activ

ities could enter the opt~um plan. This quota was set at seven bushels 

per cultivated acre. 

The growing of wheat was not restricted entirely to this amount 

because of the wheat-equivalent crop which was allowed to enter same of 

the cropping activities (see section 3.3.1). 

3.2.5 Accounting Restrictions 

Five accounting restrictions were included in the program to 

ensure that the intermediate products of the farm operation were not 

sold or used in an amount greater than the supply available. The 

commodities barley, hay, grazing and straw were available at an initial 

supply of zero. The supply of standing grass available was set at 

32,000 pounds to account for the native grass that was produced free of 

charge on the waste land. 

3.2.6 Management Restrictions 

One of the factors most essential to successful farm operation 

and yet the most difficult to measure is the factor of management. The 

level of management differs widely among farmer~1 and even for types of 

enterprise for the same fanner. Management can be separated into two 

phases, that related to evaluating future conditions and drawing up a 

II Heady and Jensen, Ope cit., p. 28. 
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farm plan, and that concerned with supervising the physical operation of 

a farm and executing a plan.~/ The last phase is one that depends largely 

on the experience and technical knowledge of the operator, and it is this 

phase of management which is most likely to vary for different enterprises 

with the same operator. 

In this study the farm planning portion of management is assumed 

to be constant in that optUnUffi farm plans for each case are established. 

The farmers of the area under study are more experienced in grain pro

duct ion than in livestock production based on the type of farming which 

prevails in the area. For this reason the level of supervisory manage

ment in this study was assumed constant for grain production and was 

tested at two levels for livestock production. 

The level of management in livestock production was stipulated 

by the efficiency with which the operator could use resources to produce 

given products. The price and grade of products produced was also 

varied between livestock management levels. This was accomplished by 

using different input-output coefficients and price relationships for the 

two levels of management. An attempt was made to keep the level of man

agement similar in all livestock enterprises in each program. In the 

case of the ngood" management the levels of efficiency, while above the 

average, are still below those obtained on the best livestock farms. 

4/ For a discussion of this division of management see Martin, 
Couter, and Singh, tiThe Effect of Different Levels of Management and 
Capital on-the Incomes of Small Farmers in the South tl , Journal of 
Farm Economics, Volume XLII, p. 92. 
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They may be considered equal to the levels of efficiency commonly found 

in grain production on Saskatchewan farms. 

3.3 Activities Included 

Twenty-seven activities were designed for inclusion in the 

planning problem. Not all of these were included in all of the programs. 

They were designed to represent all of the main types of activities 

commonly found on farms in the study area. When the list of activities 

which were allowed to compete in the program was being drawn up it was 

felt that the area of study would have to be examined closely to deter

mine relevant activities. When all the possible activities had been 

listed it was found that computer size would limit the number which 

could be handled with reasonable accuracy and cost. For this reason 

only the most common types of activities were included. In many cases 

it would have been desirable to include various processes or ways of 

producing certain products. This was true with respect to both technical 

considerations (ie. type of ration fed) and time considerations (ie. time 

of year of producing and selling). In some cases only one representative 

of a type of activity was included in order to include as many phases 

of farm production as possible. When this was done the process which was 

considered to make the best use of scarce resources in terms of net return 

was chosen. It was not possible to predetermine which resource would be 

most scarce in a given program therefore the processes included may not 

always represent the best use of resources. The appropriateness of the 

activities included is better known after the program is completed. Some 

recommendations for future investigation under the given conditions are 

found in Chapter v. 
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Three categories of activities were included. These were, 

cropping activities, livestock activities, and miscellaneous or 

transfer activities. They are discussed separately to facilitate 

understanding of how the model was drawn up. 

3.3.1 Cropping Activities 

The cropping activities were designed to cover three types of 

crop production. These were; cash crops, feed-grain producing crops, 

and fodder-producing crops, as well as various combinations of these. 

Wheat was used as the basic cash crop. Two rotations, a wheat-fallow 

and a wheat-wheat-fallow rotation were designed to test the competit

iveness of this crop. It was felt that Wheat Board quota restrictions 

would restrict wheat production in many years; therefore an alternative 

cash crop was considered. No specific crop was specified for this 

alternative cash crop. It was labelled wheat equivalent and was given 

the same physical input-output coefficients as wheat. The selling value 

of this crop was set at $.15 per bushel below the Wheat Board price of 

wheat. This reduction in value was established to approximate the re

turn associated with cash crops such as flax or rapeseed, or to com

pensate for the additional storage cha~ges that would accumulate to 

wheat which could not be sold in surplus periods because of quota re

strictions. 

The production of feed grain was based on barley production, 

coefficients. All livestock rations were calculated in terms of barley. 

Barley alone in a rotation may not be practical, therefore a hypo

thetical crop called barley-equivalent was included in rotations used 

to produce only feed grains. This crop would probably be oats in 
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on-farm situations. To the extent that barley and oats have the same 

production requirements in terms of resources used per feed equivalent, 

the method used here will be realistic. The saving in calculation tnne, 

which resulted from using barley as the only feed grain, in both live

stock rations and in feed grain producing rotations, was considered 

great enough to offset the risk of error which was involved. 

The production of forage for livestock feeding was allowed for 

in two types of rotations. Grain rotations including one crop of sweet 

clover~1 combined with either wheat or barley were included. Two years 

of grain, either wheat or barley and four years of grass-legume followed 

by fallow comprised the other forage production method. In these rota

tions wheat production would not be large enough to run into quota prob

lerns so no wheat-equivalent was included here. 

In all, eleven cropping activities were allowed to compete in the 

programs. A list of the rotations with the crops involved is shown in 

Appendix Table B.l • 

3.3.2 Livestock Activities 

The livestock activities which were included in the programs were 

designed to cover hog production, steer feeding, cow-calf and cow-yearling 

operations, and cream production. Three hog raising activities were pos

tulated. The first was a one litter per year system with the sows farrowed 

in March and market hogs sold in August-September. Under this system a 

summer type of bUilding was assumed. It was realized that March farrowing 

could require some supplementary heating, however 

51 It was assumed that coumarin-free sweet clover would be available 
- and that the usual objections to the use of this crop would therefore 

be removed. 
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this could be provided by heat lamps or other temporary sources and a 

fully-insulated building was not considered to be required. Such early 

spring farrowing was included in order to take advantage of the favour

able market prices which prevail in August. The second hog activity 

was also a one-litter-per-year-system. In this case the sows were 

farrowed in October and the hogs were marketed in April and May. This 

system required the use of permanent winter building facilities. It 

was designed to provide an outlet for idle winter labour. 

The third hog raising activity was a two litter system. This 

used the same facilities as the winter raising system. Farrowing was 

assumed to occur in October and April and corresponding marketings in 

the following October and April. Farrowing and marketing in these 

months do not allow the realization of peak seasonal hog prices. How

ever, to have hit these peaks, farrowing would have had to occur during 

periods when labour use by other activities would be very high. It was 

felt that if the two litter hog system was competitive as it was set up, 

a highly specialized hog farm could probably improve on this competitive 

position by adjusting the farrowing to hit higher market prices. It was 

drawn up in its present form to ensure that it was not made relatively 

more efficient than the other activities. There is also the problem of 

determining costs and mortality rates of winter farrowing. On the 

average farm, management may not be skillful enough to make mid-winter 

farrowing a profitable operation. 

Steer feeding was also represented by three activities. All 

of these assumed that a 700 pound steer was bought and fed to approxi

mately 1000 pounds. In two of these activities the animals were bought 

in the fall and sold in the spring; the other was an all-year operation 
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with two lots of steers being fed each year. One of the winter feeding 

activities assumed a low-concentrate high-roughage ration, the other 

used a high-concentrate low-roughage ration. Details of marketing, 

rates of gain, and rations etc., are summarized later. 

Two activities which involved raising beef cattle were allowed 

to compete in the programs. One of these was a cow-calf operation, the 

other a cow-yearling operation. The cow-calf activity consisted of 

raising beef calves on pasture. These were born in April and sold off 

the cow in the fall as feeder calves. The cows were overwintered in 

feedlot type facilities on a straight hay ration. The cow-yearling 

operation consisted of an activity stmilar to the cow-calf activity 

except that the calves were carried part way through the winter on a 

maintenance ration and were then fed out for the June-July market as 

long yearlings. 

The final livestock activity included in the programs was a 

cream-selling activity. This was designed to correspond to the small 

milking herd which is prevalent on many farms in the study area. In 

this activity the cows calved in April and were milked through to the 

following January. The calf was sold in the fall as a stocker calf. It 

was originally planned to ltmit this activity to a maximum of 10 cows 

to correspond to the usual farm cream herd. However, the requirements 

for labor during the freshening month automatically restricted this 

activity to the desired level. This occurred because the labour input 

appropriate to a small herd was relatively high. 
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3.3.3 Transfer and Miscellaneous Activities 

In addition to the 20 activities described above, seven other 

non-profit activities were included in the programs to allow for the 

proper transfer and use of resources in the models. 

The first of these was a land-buying activity. This activity 

allowed the program to add to the land supply by using up some of the 

liquid capital available to the operator. This activity was designed 

to test the position of the cash crop rotations when all of the long

run costs had to be met. The land which was purchased by this activity 

was homogeneous with that already available on the farm. The unit of 

land buying was set at one and one third acres to allow one acre of 

cropland in each unit of land bought. 

Barley was handled as an intermediate product which could either 

be used or sold; therefore, a barley selling activity was included to 

allow this crop to be converted to cash should more be produced than 

could be fed. This activity was an accounting procedure only. It used 

up barley and returned a profit equal to the value of the barley sold. 

Two other transfer activities in the models were a hay-cutting 

activity and a grazing-transfer activity. The hay-cutting activity used 

July labour and operating capital to turn standing grass into hay which 

could be used by the livestock activities. The grazing-transfer con

verted standing grass into available grazing. It added the expense of 

fence investment and depreciation to the cost of producing standing 

grass to allow for realistic grazing charges. 

The three final activities of the transfer group were capital

transfer activities. These activitiesallowed.cap:ital from; .. the'-stoek 
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allotted to the farm to be fed into commodity supplies which differentiated 

the capital by type of use. The three types of use devised were, fixed 

cropping capital, fixed livestock capital, and operating capital. Capital 

use was divided in this way for three reasons. Firstly, this division 

by use allowed for the re-use of operating capital during the year. This 

requirement was met by allowing the operating capital activity to transfer 

in a larger amount of dollars to the supply of operating capital available 

than it withdrew from the liquid capital. A second use of this division 

was to allow the fixed cropping capital to become more efficient as more of 

it was used. This simulated the economies of size which are obtainable 

in buying cropping machinery. The original stock of machinery available 

to the farm was that considered sufficient to operate 320 acres of crop

land. The input-output coefficient of the various rotations for fixed 

cropping capital was then set at 1/320 of the supply available. The 

increase in equipment required to farm 640 acres of cropland would not be 

equal to the amount required for the first 320 acres. In a linear pro

gramming model the coefficient can not be changed once the computations 

have been initiated, therefore, the number of dollars worth of fixed 

cropping capital which a dollar of liquid capital would purchase was in

creased to two. This became effective after the initial supply of fixed 

cropping capital had been used up. This gave the same effect as de

creasing the amount of capital required as more of a rotation was included. 

Before this procedure would come into effect, the land-buying activity 

had to provide for the purchase of more land. When it did, this extra 

land could be worked more efficiently as far as machinery overhead cost 

was concerned. This procedure was not allowed to operate in respect to 

livestock operating capital because it was felt that there were no 
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economies of size in the overhead costs involved in livestock production 

within the range in which this farm plan would operate. This does not 

imply that there are no economies of size in livestock overhead costs, 

but since a large part of the overhead in livestock consists of the 

herd, the economies of size would be far less important than they are 

in cropping activities and were not defined for this study. 

The third reason for dividing the capital-using activities into 

three parts was to allow for a different capital-labour substitution rate 

in the three fonus of capital. Capital-labour substitution was possIble 

because the capital-using activities were allowed to feed labour into 

the commodity labour supply. This was done to represent some of the 

economies of labour use which are apparent in both cropping and live

stock activities. These labour "feed-backs" are discussed more fully 

in section 3.4.3 

3.4 Source and Development of Data 

The major data requirements in a linear programming problem 

are the input-output coefficients which show the amount of each comm

odity used or produced by one unit of each activity. This section deals 

with how these coefficients were obtained and gives some of the assumptions 

and implications which underlie the choice of coefficients used. Some 

of the background material developed here was necessary for the pre-

budgets discussed in the next section. It is included here in order to 

clarify the presentation. 

3.4.1 Cropping Activity Coefficients 

The coefficients used in the cropping activities were developed 

by drawing up a series of tables beginning with the simple assumptions 
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made and working through to final coefficients. These coefficients are 

"engineering" type of data. For this reason a large amount of detail 

on their derivation is included. 

3.4.1.1 Cropping Activities Included 

The first step in arriving at cropping input-output coefficients 

was to draw up a list of the activities with a definition of each 

(Appendix Table B.l). These were discussed in the previous section and 

will not be dealt with further here. 

3.4.1.2 Tillage and Cultural Practices 

The second table setout the tillage and cultural practices 

aSst.mled for the cropping activities (Appendix Table B.2). These 

practices were designed to be typical of the area and were derived from 

empirical sources whenever this was possibly. 

3.4.1.3 Machinery Complement 

The list of machinery required on three sizes of farms along 

with the replac~ent and repair rates assumed for this study are set 

out in Appendix Tables B.3 (a), (b) and (c). The equipment complement 

used in the programs for this study is the 320 acre farm complement shown 

in Appendix Table B.3 (a). The sets of machinery for larger farms were 

established in order to determine the rate at which economies of size 

would occur in the buying of machinery. This factor was used to de

termine the coefficient in the crop-capital-buying activity. 
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3.4.1.4 Tractor Operation Cost 

Appendix Table B.4 gives a list of the cash operating costs 

associated with tractor operation. Four sizes of tractors were con

sidered under three different load conditions. This breakdown was 

made in order to establish comparative tractor costs for the various 

operations in the various activities. Several sizes of tractor were 

considered in order to determine the economies of tractor size (if any). 

3.4.1.5 Time Requirements and Cost.~r Acre of Machine Operation 

The man hour labour requirements for each field operation along 

with the machine ttme and cost, (Appendix Tables B.5 (a), (b) and (c) ) 

are followed by Tables B.6 (a), (b) and (c) which show how these data 

were reworked to arrive at man hour requirements by month, and total 

machine operating cost for each of the cropping activities. Only the· 

figures for the small machine complement were used to arrive at input

output coefficients for the cropping activities as such. The larger 

complement coefficients were used to derive the labour feed-back co

efficients under the cropping capital buying activity. 

3.4.2 Livestock Activity Coefficients 

Two sets of coefficients for each livestock activity were derived 

to allow for the two levels of management which were tested. These were 

labelled A and B management. A refers to the more efficient level of 

livestock management and B to the less efficient. 

In arriving at coefficients for the livestock activities a series 

of six tables was drawn up. The methods used in drawing up these tables 

are discussed below; the tables themselves appear in Appendix B and are 

numbered B.IO to B.15. The source of data is given below each table. 
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3.4.2.1 General Assumptions of Each Activity 

The first table in the series (Appendix Table B.lO) gives a brief 

outline of the nature and type of each activity. This was done to give a 

base from which the details of each activity could be worked out. This 

table gives the timing of production and sale, the nature of the product 

sold and some measures of the efficiency which characterizes each activity. 

The assumptions in this table are arbitrary; however, an attempt was 

made to keep each activity as realistic as was possible. 

3.4.2.2 Livestock Feed Assumptions 

The amounts of each type of feed which were allowed for one unit 

of each livestock activity (Appendix Table B.ll) were designed to corre

spond to the rates of gain and conversion ratios which would be typical 

of the particular grade of animal and level of management available. 

3.4.2.3 Livestock Labour Requirements 

The man hours of labour time for one unit of each livestock 

activity (Appendix Table B.12) are geared to the size of herd (Appendix 

Table B.lO) and to the given management efficiencies. The distribution 

of labour over the year for the hog enterprises was arrived at by using 

the data from Appendix Table B.13. The distribution of labour over the 

year for the other enterprises was arrived at from Agricultural Economics 

Departmental estimates (Appendix Table B.12). 

3.4.2.4 Overhead Charges 

Appendix Table B.14 shows the amounts of overhead in the forms 

of buildings, special equipment and breeding stock that were assumed for 

this study. In this case the building and special machinery charges 
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are the same for the two levels of management. The value of breeding stock 

varies between levels of management because it was assumed that the quality 

of the breeding stock would be associated with the management level. A 

superior manager would have a better grade of anllnal in his her~.

3.4.2.5 Other Assumptions 

Marketing and price assumptions (Appendix Table B.l5) are included 

to round out the data needed to establish input-output coefficients for 

the livestock activities. 

3.4.3 Miscellaneous Activity Coefficients 

Several of the miscellaneous activities were mere transfer activi

ties which included only a few coefficients. Among these was the barley 

selling activity which used up one unit of barley for each unit sold. 

The haying activity used up standing grass and labour to obtain hay. The 

labour requirement here was obtained from the cropping activity coeffic

ient tables. The pasture activity converted standing grass to usable 

pasture at the rate of one thousand pounds of grass to one animal unit 

month of grazing.~/

The derivations of the coefficients for the three capital using 

activities are shown in Appen~ix Table B.16. In these the economies of 

size associated with using larger amounts of each type of capital are 

shown in tenms of the amount of capital fed out relative to the amount of 

capital fed in. The economies of labour use associated with larger 

~/ Derived from estllnates of the Antmal Science Dept., University 
of Saskatchewan. 
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enterprises were shown by the labour feed-backs under these activities. 

The inclusion of the labour feed-back in the analysis was an attempt to 

include in the programs some of the effects of capital substitution for 

labour. Labour was fed in as more machinery was purchased to compensate 

for the fact that the coefficients of labour use cannot be changed while 

the program is in operation. This in effect resulted in less restriction 

of labour when more machinery was purchased.Z( A similar device was used 

to increase labour efficiency in larger livestock enterprises. One draw

back of this system in relation to the livestock enterprises is that more 

capital spent on livestock does not necessarily imply that anyone enter

prise is becoming larger. Rather it may mean that more enterprises are 

being added. It was felt that this was unlikely to happen unless several 

enterprises were nearly identical in their competitive position. 

3.5 Prices and Pre-budgets 

The objective of the programs in this study was to maximize re

turns to the operators fixed resources. Up to this point, however, all 

the data have been in physical terms. This section outlines the price 

assumptions which were used to calculate the amount of return contributed 

by any given activity. 

3.5.1 Price Assumptions 

Price assumptions are necessary in order to establish the values 

of inputs and products. No forecasts of future prices were available and 

7/ It is assumed that more machinery investment is synonymous with 
- the purchase of larger machines. 
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it was beyond the scope of this study to undertake this analysis. For 

these reasons historical prices were used (Appendix Table B.9 and Tables 

B.17 to B.2l). These were averages of the selling price prevailing for 

each product for the past 10 years. It was felt that a 10-year period 

was long enough to overcome short-term and cyclical fluctuations and yet 

short enough to retain the effects of recent trends in relative prices. 

The prices of inputs used for this study were those prevailing 

for a more recent period. These prices were as up-to-date as possible 

and were derived from unpublished Departmental Standards. 

3.5.2 Pre-budgets 

The pre-budgets which were used to determine the profit derived 

from one unit of each activity are shown in Tables 3.1 to 3.4. These 

pre-budgets show the cash income obtained from a unit of each activity. 

From this is subtracted the dollar value of purchased inputs to arrive 

at the net cash return. No account is taken of commodities (other than 

cash operating expense) that are included in the list of restrictive 

commodities. These commodities are assumed free to the farm, the objec

tive being to determine the most profitable use of them by the activities 

accepted as production alternatives. 



Table 3.1 Rotation Pre-budgets, Non Lilniting Variable Costs and Returns from Rotations 

:Rot.I :Rot.II :Rot.III:Rot.IV : Rot.V :Rot.VI :Rot.VII:Ro~VIII:Rot.IX : Rot.X :Rot.XI 

Cash Receipts 
Wheat sales 3 17.92 21.19 11.95 8.96 9.08 

Wt.Equiv.sales 16.00 18.92 10.67 

Total cash income 17.92 16.00 21.19 18.92 11.95 10.67 8.96 9.08 

Cash Operating Costs 

Bldg. repair.!.! .38 .38 .38 .38 .38 .38 .38 .38 .38 .19 .19 

Seed - not cleaned 1.20 1.20 1.60 1.60 1.57 1.57 1.53 1.49 1.46 1.01 .99 

Seed treatment .04 .04 .05 .05 .05 .05 .05 .05 .05 .03 .03 .p.
00 

Fertilizer 1.09 1.09 1.97 1.97 1.97 1.97 1.97 1.47 1.47 .84 .84 

Insect treabment .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 .04 

Machine Ope costs 1.77 1.77 1.88 1.88 1.88 1.88 1.88 1.85 1.85 .80 .80 

Weed spray .18 .18 .23 .23 .23 .23 .23 .09 .09 .10 .10 

Misc. (10%)~/ .47 .47 .61 .61 .61 .61 .60 .54 .53 .30 .30 

Total cash cost 5.17 5.17 6.76 6.76 6.73 6.73 6.68 5.91 5.87 3.31 3.29 

Return above cash cost 12.75 10.83 14.43 12.16 5.22 3.94 -6.68 3.05 -5.87 5.77 -3.29 

!/ 3% of 3000/240 

~/ Included to cover such costs as special sprays, rodent control and wastage. 



Table 3.2 Livestock Pre-budgets Non-1~iting variable Costs and Returns from Activities with A Management Level 

:Feeder :Feeder :Feeder : Cow : Cow- : Cow- : Hog- : Hog- : Hog
: (hay) :(grain):(2 lot): Cream: Calf : Yr1ing: Summer: Winter: All yr. 

Cash Receipts 
Sale of an~a1s
Sale of an~a1 products 
Manure credit 

Total Cash Income 

205.11 
-

3.00 
208.11 

216.63 
-

3.00 
219.63 

217.30 
-

2.50 
219.80 

69.82 
192.00 

6.00 
267.82 

74.64 

4.00 
78.64 

166.01 

5.00 
171.01 

364.48 

3.00 
367.48 

344.76 

5.00 
349.76 

336.34 

4.00 
340.34 

Cash Operating Costs 

Buying Charges 3.35 3.35 3.35 

Breeding fees - - - 10.00 10.00 10.00 5.00 5.00 5.00 

Vet. & Misc. (lights, pumping) 3.00 3.00 2.50 10.00 5.00 10.00 5.50 7.50 6.00 

Feeds bought 

Machine use 

5.40 

1.60 

1.72 

1.60 

1.72 

1.56 

11.15 

5.70 

1.48 

4.10 

2.11 

5.60 

48.80 

3.20 

48.80 

4.20 

45.00 

3.70 

+:-
\0 

I 

Bldg. rpr. (1 ~% of value) .48 .48 .24 .72 .48 .84 1.80 5.25 2.62 

Selling charge 12.86 12.86 12.86 4.81 7.02 11.20 21.68 21.68 21.68 

Loss rate:!/ 2.05 2.17 2.17 1.29 1.49 2.92 2.00 2.00 1.80 

Baling straw ($4.00 per ton) 2.00 3.50 3.50 3.00 2.00 4.00 6.00 9.00 7.50 

Other misc. 5% of total 1.53 1,.:43 1.40 2.33 1.58 2.33 4.70 5.17 4.66 

Cost of an~a1 or replacement stock 129.01 129.01 135.38 20.00 15.00 15.00 

Total cash cost 161.28 159.12 164.68 69.00 48.15 64.00 98.68 108.60 97.96 

Return above cash costs 46.83 60.51 55.12 198.82 30.49 107.01 268.80 241.16 242.38 

Estimate for hogs and 1% of sales for cattle1/ 



Table 3.3 Livestock Pre-budgets Non-limiting variable Costs and Returns from Activities with B Management Level. 

:Feeder : Feeder:Feeder : Cow- : Cow- : Cow- : Hog- : Hog- : Hog 
: (hay) : (graiqr.(2 lot): Cream: Calf :Yr1ing :Sununer :Winter :A11. yr. 

Cash Receipts 
Sale of animals 
Sale of animal products 
Manure credit 

Total cash income 

192.97 
-

3.00 
195.97 

203.65 
-

3.00 
206.65 

204.33 
-

2.50 
206.83 

55.20 
115.20 

6.00 
176.40 

62.93 

4.00 
66.93 

140.23 

5.00 
145.23 

272.00 

2.75 
294.75 

275.62 

4.50 
280.12 

268.80 

3.75 
272.55 

Cash operating costs 

Buying charges 3.35 3.35 3.35 

Breeding fees - - - 10.00 10.00 10.00 4.00 4.00 4.00 

Feeds bought 5.40 1.72 1.72 1.80 1.48 2.11 15.20 15.20 13.60 

Vet. and Misc. (lights pumping) 

Machine Ope costs 

2.00 

1.90 

2.00 

1.90 

2.00 

1.80 

8.00 

5.70 

4.00 

4.10 

8.00 

5.60 

4.50 

3.20 

6.00 

4.20 

5.00 

3.70 

U1 
0 

Building rpr. (1 ~% of value) .48 .48 .24 .72 .48 .84 1.80 5.25 2.62 

Selling charge 11.97 12.48 12.48 4.25 4.67 9.45 17.85 17.85 17.85 

Loss rate!'! 3.86 4.07 4.09 1.10 1.26 2.80 2.00 2.00 1.80 

Baling straw ($4.00 per ton) 2.00 4.50 4.50 3.00 2.00 4.00 6.00 9.00 7.50 

Other misc. 5% of total 1.55 1.52 1.51 1.73 1.39 2.14 2.73 3.17 2.80 

Cost of anbna1 or replacement stock 129.01 129.01 135.38 12.00 10.00 10.00 

Total cash cost 161.52 161.03 167.07 48.30 39.38 54.94 57.28 66.67 58.87 

Return above cash costs 34.45 45.62 39.78 128.10 27.55 90.29 237.47 213.45 213.68 

1/ Estbnate for hogs & 2% of sales for cattle 
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Table 3.4 Miscellaneous Pre-budgets, Non-limiting Variable Costs of Transfer 

and Accounting Activities 

Land Buying 

Unit 1.333 acres 

Cost per acre 

Cost per unit 

Variable charges 

Investment cost 5% x 

Taxes 51.1 x 11.66 x 

Total cost 

46.66 

1.333 

II Buying Fixed Cropping Capital 

One unit 

Average depreciation 7.9% 

Investment cost @5% 

Total cost 

III Buying Fixed Livestock Capital 

One unit 
1/

Dept. on equipment 6% of \ of unit-

Investment cost @5% 

Total cost 

IV Using Operating Capital 

One unit 

Interest charge @7% per year, used ~ year 

35.00 

35.00 

46.66 

2.33 

.80 

$ 3.13 

$100.00 

7.90 

5.00 

$12.90 

$100.00 

1.50 

5.00 

$6.50 

$10.00 

$ .35 

1/ One quarter of unit represents the share of the unit which has a 
- depreciation charge, ie. buildings and special equipment. 
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Table 3.4 (conlt) 

V Barley Selling 

one unit equals 10 bushels 

Price per bus. 

Value per unit 

VI Hay Cutting Activity 

One unit - 1,000 lbs. of hay 

Machine Cost - mowing & raking 

Baling (including twine) 

Hauling to storage 

Total cost 

VII Grazing 

One unit = 1 A.U.M. or .4 acres of meadow 

Assume 40 acre pasture = 1 mile of fence 

Invesoment of $300. per mile = $3. per A.U.M. 

Investment and Repair Charges = 7% x $3.00 

.85 

$ 8.50 

.26 

1.00 

.27 

$ 1.53 

of grazing 

$0.21 
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3.6 Matrices Used 

In a linear programming problem the data is arranged in the form 

of a matrix from which a solution can be evolved. This matrix is a sys

tematic arrangement of the data in that the rows of the matrix represent 

the amounts of a given resource used or produced by the various activities. 

The rows also contain a specification of the amount of that particular 

resource available. The columns of the matrix represent the amounts of 

various resources used or produced by,a given activity. In addition each 

column contains a figure representing the amount of net return to fixed 

resources (after variable non-limiting costs are met) per unit of the 

given activity. This figure is placed in the row formed by similar fig

ures for other activities. 

Table 3.5 shows the matrix for the first program. The left hand 

column consists of restricting commodities followed by the amount of these 

available. The top row of the table lists the activities which may enter 

the plans.~/ The center of the table consists of the input-output coeff

icients.~/ The bottom or Cj row is derived from the pre-budgets and shows 

the amount which one unit of each activity contributes towards the objec

tives. 

The matrix used for the second program is shown in Table 3.6. The 

cropping activities are identical in both programs therefore only the live

stock activities are presented here. 

In Program Three, a matrix identical to that of Program One was used 

with the exception that the hog activities were left out. 

~/ The disposal activities are not included due to space limitations. 

2/ These indicate the input requirements per unit of output for example 
in Table 3.5, rotation I requires 2.94 hours of total labour, 0.63 hours 
of May labour (etc.) per unit of the activity, which in this case is one 
acre of wheat-fallow. 



Table 3.5 Matrix for Program I, Resource Levels and Requirements 

Restricting Resources : Po : 
Resource 
Supply 

: 
: 

Land 
Buying 
1.3333 
acres 

1 

.. 
:Rot. I 
: W-F 
: 1 acres 

2 

.. 
: Rot. II 
: WE-F 
: 1 acre 

3 

.. 
: Rot. III 
: W-W-F 
: 1 acre 

4 

.. 
: Rot. IV 
: WE-WE-F 
: 1 acre 

5 

Credit $100 28 50.00 0.467 0 0 0 0 

Labour Total (1 hr.) 29 2400.00 0 2.940 2.940 2.940 2.940 

May (1 hr.) 
Setpember (1 hr.) 
April (1 hr.) 

30 
31 
32 

240.00 
240.00 
220.00 

0 
0 
0 

0.630 
0.700 
0.125 

0.630 
0.700 
0.125 

0.650 
0.800 
0.125 

0.650 
0.800 
0.125 

Land (1.3333 acres) 33 240.00 -1.000 1.000 1.000 1.000 1.000 

Quota (7 bus) 

Standing Grass (l,OOOlbs.) 

34 

35 

240.00 

32.0 

-1.000 

-0.133 

1.828 

0 

0 

0 

2.160 

0 

0 

0 
Ln 
+:'

Fixed Crop. Cap. ($100) 36 115.00 0 0.417 0.417 0.417 0.417 

Fixed L.S. Cap. ($100) 37 40.00 0 0 0 0 0 

Operating Cap. ($10) 38 150.00 0 0.517 0.517 0.676 0.676 

Barley (10 bus.) 39 0.0 0 0 0 0 0 

Hay (1,000 1bs.) 40 0.0 0 0 0 0 0 

Grazing (1 A.U.M.) 41 0.0 0 0 0 0 0 

Straw (1,000 1bs.) 42 0.0 0 -0.600 -0.600 -0.900 -0.900 

Net Revenue Cj 0 -3.13 12.75 10.83 14.43 12.16 

(conttd.) 



Table 3.5 (cont1d) 

Rot. V : 
W-B-F : 

Po : 1 acre : 

6 

Rot. VI 
WE-B-F 

1 acre 

7 

:Rot. VII 
: B-BE-F 

: 1 acre 

8 

: Rot. VIII 
: W-B-C-F 

: 1 acre 

9 

: 
: 

: 

Rot. IX 
B-BE-C-F 

1 acre 

10 

: 
: 

: 

Rot. X 
W-W-M-M
M-M-F 
1 acre 

11 

: 
: 
: 
: 

Rot. XI 
B-BE-M-M
M-M-F 
1 acre 

12 

: Sell 
: Barley .. 
: 10 bush. 

13 

28 0 0 0 0 0 0 0 0 

29 2.940 2.940 2.940 3.010 3.010 1.490 1.490 0 

30 0.650 0.650 0.650 0.550 0.550 0.330 0.330 0 

31 0.800 0.800 0.800 0.690 0.690 0.340 0.340 0 

32 0.125 0.125 0.125 0.125 0.125 0.060 0.060 0 

33 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0 

34 

35 

1.219 

0 

0 

0 

0 

0 

0.914 

0 

0 

0 

0.926 

-1.428 

0 

-1.428 

0 

0 

l.n 
l.n 

36 0.417 0.417 0.417 0.417 0.417 0.210 0.210 0 

37 0 0 0 0 0 0 0 0 

38 0.673 0.673 0.668 0.591 0.587 0.331 0.329 0 

39 -0.878 -0.878 -2.215 -0.659 -1.661 0 -0.949 1.000 

40 0 0 0 -0.700 -0.700 0 0 0 

41 0 0 0 0 0 0 0 0 

42 -0.900 -0.900 -0.900 -0.600 -0.600 -0.343 -0.343 0 

Cj 5.22 3.94 -6.68 3.05 -5.87 5.77 -3.29 

(conttd) 

8.50 



Table 3.5 (cont'd) 

Cutting : Grazing : Feeders : Feeders : Feeders : Cows : Cow : Cow 
Hay : Transfer : (hay) : (grain) : (2 lots) : Cream :Ca1f : Yearling 

Po : 1,000 1bs. : 1 A.U.M. : 1,steer : 1 steer : 1 steer : 1 cow :1 cow : 1 cow 

14 15 16 17 18 19 20 21 

28 0 0 0 0 0 0 0 0 

29 1.300 0 8.500 8.870 7.245 120.750 20.500 30.000 

30 0 0 0 0 0 15.000 2.000 3.000 

31 0 0 0 0 0.625 10.000 0.500 0.500 

32 0 0 2.000 2.000 1.000 20.000 4.000 5.000 

33 0 0 0 0 0 0 0 0 

34 0 0 0 0 0 0 0 0 
Vt 
Q'\ 

35 1.000 1.000 0 0 0 0 0 0 

36 0 0 0 0 0 0 0 0 

37 0 0.018 0.440 0.440 0.220 3.780 3.020 3.360 

38 0.153 0.021 16.128 15.912 16.468 6.900 4.815 6.400 

39 0 0 3.531 5.625 5.625 3.960 0 4.167 

40 -1.000 0 1.725 0.300 0.300 6.200 5.000 7.000 

41 0 -1.000 0 0 0 6.250 6.250 6.250 

42 0 0 1.000 1.750 1.750 1.500 1.000 2.000 

Cj -1.53 -0.21 46.83 60.51 55.12 198.82 30.49 107.01 

(contfd) 



Table 3.5 (cont'd) 

Hogs -
Summer 

Po : 1 litter 
22 

·· ·· ·· 
Hogs -
Winter 
1 litter 
23 

·· ·· ·· 
Hogs -
All Year 
1 litter 
24 

·· ·· ·· 
Using Ope 
Cap. 
$10. 
25 

: 
: 
: 

Buying 
Crop. Cap. 
$100 
26 

: 
: 
: 

Buying 
L.S. Capital 
$100 
27 

28 0 0 0 0.050 1.000 1.000 

29 47.250 52.250 36.625 0 -1.227 -3.000 

30 3.000 4.000 2.500 0 -0.526 -0.200 

31 3.000 2.000 1.500 a -0.417 -0.200 

32 5.000 4.000 6.750 0 0 -0.200 

33 0 0 0 0 0 a 

34 

35 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

'I 

U1 
""-J 

36 0 0 0 0 -2.000 0 

37 1.800 4.200 2.150 0 0 -1.000 

38 9.868 10.860 9.796 -1.000 1.290 0.650 

39 14.687 14.687 12.558 0 0 0 

40 0 0 0 0 0 0 

41 0 0 0 0 0 0 

42 2.250 4.500 4.250 0 0 0 

Cj 268.80 241.16 242.38 -0.35 -12.90 -6.50 
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CHAPTER IV.

PRESENTATION OF RESULTS

4.1 Program I 

The first program was carried out for an operator of above average 

livestock producing ability. He was assumed to own 320 acres of 75 percent 

arable land and an average complement of machinery, livestock and buildings. 

In addition $5,000 of credit was available for the purchase of additional 

fixed assets or operating capital as the optimum plan dictated.!/ For 

these assumptions an optUnum plan (one which maximized profits under the 

stated conditions) was derived. In addition several sub-optimum plans1~

related plans with some restrictions changed, and other modified plans 

were drawn up. These plans are discussed below. 

4.1.1 OptUnum Plan for Program I 

4.1.1.1 Description and Checks 

A set of activity levels which show the most profitable comb in

ation of activities is the first and most obvious result of a linear 

programming solution. The optimum plan for program I of this study is 

shown in Table 4.1. 

The net return for the optimum plan in program I was $7,021.11. 

Two checks were carried out on the optimum plan to ensure that rounding 

errors or miscalculations had not resulted in serious errors. 

!/ The complete list of restrictions and assumptions is described 
in the preceding chapter. 

2. A sub-optimum plan is explained in section 4.1.4 • 
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Table 4.1 Optimum Activity Levels with Low Livestock Management, Program I 

Activity .. Level 

Feed grain rotation 212 acres 

One litter spring hogs 16 litters 

One litter winter hogs 2 litters 

Two litter hogs 17 litters 

Using Operating capital $3,538. 

Using Livestock capital 3,231. 

Hay cutting 0 
II 

tons

!I Hay cutting remained in the plan at a very low level. This was 
due to rounding errors by the computer and will not be considered 
further. 

The first of these was a check of amounts of commodities used 

against amounts available. This is shown in Table 4.2 This table 

shows the level at which each activity entered the plan, the amount of 

restricting commodity used or produced by each activity, and the sum of 

this for each commodity compared to the original amount available. This 

table shows that while errors due to rounding have entered the calcul~

ations, they are not large enough to warrant changing the activity 

levels in the optimum plan. For example the difference between total 

labour available and used (Table 4.2) is ,~1189 hours, this is not 

significant in respect to a years labour. 

The second check is a valuation check on the profit which the 

plan shows. This is shown in Table 4.3. In this table the marginal 

value product of each resource is multiplied by the amount of each commod

ity resource used in the optimum program. Since the model used in linear 
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programming assumed a linear marginal function the products derived 

above must add up to the total value of production.11 This checks the 

validity of the marginal values and also of the total value product. 

Table 4.3 shows a discrepancy of only $.14 which occurs through rounding 

error. This can be considered insignificant. 

11 See Heady, E.O., Ope cit., p. 408. 



Table 4.2 Check of Commodities Used and Available Program III 

Activity Level :.001477 :240.0007 :15.88815 :1.827045 :32.31354 :16.76439 :353.7990 :31.99399 :26.38811 
Idle Graz:Idle Quota: Hogs I : Hogs II : Livestock:Hogs III :Operating : Grass : Crop. 

Resource : P.41 : P.34 : P.2~1 : P~ 23J:/ : Cap. P.27: P.2~1 :Cap.P.25 : P. 35 : Cap.P.36 

Credit 32.3135 17.6899 

Total Labour 750.7151 95.4634 -96.9406 613.9958 

May Labour 47.6644 7.3082 -6.4627 41.9110 

Sept. Labour 47.6644 3.6541 -6.4627 25.1466 

Apr i 1 Labour 79.4407 7.3082 -6.4627 113.1596 

Land 

Quota 240.0007 

Barley 233.3493 26.8339 210.0527 
0' 

Hay VJ 

Grass 31.9940

Grazing .0015

Straw 35.7483 8.2217 71.2487

Crop. Cap. 26.3881

Livestock Cap. 28.5987 7.8563 -32.3135 36.0434

Operating Cap. 156.7843 19.8418 21.0038 164.2240 -353.7990

Net Return 4270.7347 440.6114 -210.0380 4063.3528 -123.8296

II The figures in this table are carried to four decimal places to check the accuracy of the computations and are
- not intended to represent quantities which would be used in actual practice.

2:.1 Hogs I refer to Summer hogs, Hogs 11 refers to Winter Hogs, and Hogs III refers to the two litter system. (cont'd) 



Table 4.2 (Cont'd) 

Resource 

:27.49959 :212.5108 
: Idle Land: Rot.·VII 

P.33 P. 8.. .. 
:11.45770 
: May Labour 
: P. 30 

:412.0905 
:Tota1 Lab 
: P. 29 

: .0099619 
: Hay Cuttg 

P. 14.. 
:76.03990 .. 
: Idle Straw: Total 

P• 42 : ReCluired.. 
.. Total 
: Available 

Credit 

Total Labour 

May Labour 

Sept. Labour 

April Labour 

Land 

Quota 

Barley 

Hay 

Grass 

Grazing 

Straw 

Crop. Cap. 

Livestock Cap. 

Operating Cap. 

27.4996 

624.7818 

138.1320 

170.0086 

26.5638 

212.5108 

-470.7114 

-191.2597 

88.6170 

141.9572 

11.4577 

412.0905 .0129 

-.0100 

.0100 

.0015 

76.0399 

50.0034 

2400.1189 

240.0106 

240.0110 

220.0096 

240.0104 

240.0007 

- .4755 

- .0100 

32.0039 

.0015 

- .0011 

115.0051 

40.1849 

150.0136 

50.0 

2400.0 

240.0 

240.0 

220.0 

240.0 

240.0 

0 

0 

32.0 

0 

0 

115.0 

40.0 

150.0 

0' 
~

Net Return -1419.5721 -.0152 7021.244 



Table 4.3 

AL" 

Conunodity 

Liquid Capital 

Total Labour 

May Labour 

Sept. Labour 

April Labour 

Land 

Wheat Quota 

Barley 

Hay 

Standing Grass 

Grazing 

Straw 

Cropping Capital 

Livestock Capital 

Operating Capital 

- 65 

Valuation Check of Program I

:Marginal Value Corrnnodity .. Total Value 
Product Level Product 

$ $ 
.054 50 2.71 

0 2,400 0

0 240 0

17.64 240 4233.85

12.27 220 2699.48

0 240 0

0 240 0

10.18 0 0 

1.58 0 0 

0 32 0 

0 0 0 

0 0 0 

0 115 0 

.80 40 32.03 

.35 150 52.90 

Total 7020.97 
Profit from opt~um plan 7021.11 

Error .14 
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4.1.1.2 Restrictive and Non-restrictive Commodities 

The matrix drawn up for program I listed 15 commodities which 

could potentially limit productio~/ on the farm in question. When the 

optimum plan was obtained only six of these commodities were found to 

limit production. These were September and April labour, liquid capital, 

barley, and livestock and operating capital. 

Three commodities (grazing, standing grass & hay) remained idle, 

because no cattle activities (the only activity which would use these 

resources) were included in the optimum plan. Six other commodities 

(total labour, May labour, wheat quota, cropping capital, straw and land) 

were used in the optimum plan but the supply of these available exceeded 

the amounts required to maximize profit under the given conditions. 

The hog-raising activities predominate in this plan, and, as a 

result, the resources most critical for hog production were completely 

utilized. The competitive position of hogs was sufficiently strong to 

prevent any other saleable product from being produced. All resources 

were devoted to raising either hogs or hog feed. It was found that it 

would be more economical to leave some land, grass, May labour, and 

cropping capital idle in order that all the April and September labour 

could be devoted to hog and hog feed production. 

This demonstrates an important fact for farm planning. While 

some resources may be free to the farm in the short run (ie. have a zero 

external opportunity cost) their best use may be to allow them to remain 

5/
idle. In this case they would have a positive internal opportunity cost.

!!:./ For definition and description of a "limiting commodity"see section 3.2. 

5/ The internal opportunity cost is the profit foregone from one activity 
- because another activity is carried on. The ability to make reference to 

this cost as a basis for choice of activities is one of the main features 
of linear programming. 



..; 67 

4.1.1.3 Marginal Value Products of Commodities 

The marginal value products of the commodities designated as 

61
limiting is shown in the valuation check Table 4.2.- Only six of the 

commodities (those that were truly production limiting) have a marginal 

value greater than zero. This is so because a commodity must be in short 

supply to have an economic value. 

The marginal value products are of interest since they indicate 

the direction and amount of possible gains in income through acquisition 

of 1UU1· 't'1ng resources.-71 

The marginal value product of September labour was $17.68 per hour, 

and of April labour $12.27 per hour. If additional units of labour could 

be obtained for these periods, either directly by purchase or indirectly 

through more efficient labour use, at a cost less than the respective 

values the income from the farm could be increased. The marginal value 

product of barley at $1.02 ($.17 above the sale price) demonstrates why 

all the barley was used on the farm. It also shows the possibility of 

buying barley (at any price below $1.02) as a means of increasing income. 

The marginal value products of the three forms of capital were low, hence 

~I It was noted in footnote 5 that the linear programming model 
chooses resource allocation on the basis of internal opportunity cost. 
In the solution the marginal cost of including a unit, of each activity 
not in the plan, is determined. Since each resource has a corresponding 
non use activity, the cost of "not using" a resource that is being fully 
used is shown. These figures are called t1shadow prices" and correspond to 
the marginal value product of any given resource. See Heady & Chandler, 
Ope cit., pp. 85 - 90. 

21 This may appear as a contradiction of the ltmited supply of resources. 
It can however be thought of as (1) moving to a slightly longer length of 
run where some of the scarce resources become variable or (2) as a length 
of run where resources can be acquired but where original resource supplies 
cannot be disposed of except through use. 
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additions of capital to the farm would have little effect on income 

under the optimum plan. 

The marginal values shown here are relevant for this complement 

of resources and level of activities only. Changing the supply of any 

one resource may change the marginal values of all the others. 

4.1.2 Relaxing Commodity Restrictions 

The determination of marginal value productivities shows the farm 

planner which resource supplies earn more than their acquisition cost. 

Detenmining the amount of change in any individual resource supply which 

could occur, without forcing one of the activities in the plan to be re

8/
duced below zero level,- serves two additional purposes. It broadens 

the range of conditions under which the optimum plan could be applied 

and therefore it increases the number of farms for which the plan can be 

used. 

The, amount by which the level of a restricting comm.oditymay be 

changed while forcing one of the activities in the plan to a zero level, 

is determined by dividing the values found in the U matrix (the disposal 

column) for that particular commodity, by the optimum activity level in 

the respective row. The smallest positive dividend obtained shows the 

amount by which the particular commodity level may be reduced, and the 

least negative dividend shows the amount by which that commodity level 

~/ We can allow the level of the activities to change until one of 
them re~ches zero level and still have the same activities in the plan, 
any further change would require that a new activity replace the one 
at zero level. We cannot allow one activity to be replaced .by another 
because the internal opportunity costs of the new activities are not 
known unless another iteration is performed. 
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can be increased. The amount of each activity which will be present 

in the adjusted plan is determined by multiplying the coefficient de

rived above by the U value (in the same row ps the activity) and 

adding this to the original optimum activity level.!/ 

The supply level of only those commodities which are truly limit-

trig will effect the level of activities in the first plan. Any increase, 

or a decrease by the amount idle, of any commodity which did not restrict 

production, would not alter the plan. Decreasing idle resources by more 

than the amount idle would cause a change in the activities of the plan. 

Table 4.4 shows the amount by which several commodity levels can 

be changed, and the effect of these changes on the levels of activities 

in the most profitable plan. 

In the following examples each of the commodity supplies is changed 

in turn with the others being held at the original level. 

Capital could be reduced by $578 or increased by $1,870 without 

altering the combination of activities which constitute an optimum plan. 

The plans resulting from the above increase or reduction in liquid capital 

differ only slightly from the optimum plan because of the low marginal re

turn to capital. If capital were increased by $1,870 returns would rise 

by $1.01 and May labour would become restricting. A reduction of $578 in 

liquid capital would decrease profits by $.31 and force summer hogs to 

zero level (Table 4.4). At both of these stages a further change in cap

ita1 levels would require that a new combination of activities be derived 

9/ For a more detailed explanation of this technique see Heady & 
Chandler, Ope cit., pp. 262 - 4. 



Table 4.4 Plans Developed when Commodity Restrictions are Relaxed, High Livestock Management, Program I 

Optimum 
Activity : Plan 

Idle Grazing o 

Idle Quota 240.0 

Summer Hogs 15.9 

Winter Hogs 1.8 

Using Livestock Cap.32.3 

Two-litter Hogs 16.8 

Using Operating Cap353.8 

Idle Grass 32.0 

Idle Crop. Cap 26.4 

Idle Land 27.5 

Feed-grain Rotation212.5 

Idle May Labour 11.5 

Idle Total Labour 412.1 

Hay Cutting o 

Idle Straw 76.0 

Net Return 7021 • 11 

:
:
:

Relaxing Capital Restrictio~s
: : Plan With:Plan With 

U Matrix: R : Maximum : Maximum 
Value : Value!.! : Decrease : Increase 

o o o 

o 240.0 240.0 

-.3 -54. 781:/ 17.6 10.5 

.3 5.78 o 7.7 

.9 35.7 27.1 49.2 

.0 16.5 17.6 

1.9 186.2 332.8 389.4 

-.0 32.0 32.0 

-.2 -145.0 27.4 23.0 

-.4 -63.1 30.0 19.3 

.4 482 210.0 220.7 

-.6 -18.7~/ 15.0 o 

-3.1 -133.8 429.9 354.5 

o o o 

-.6 -132.5 79.4 65.3 

•5 7020.80 7022.12 

Relaxing Sept. Labour Restrictions 
: :Plan With :Plan With 

U Matrix: R 1 : Maximum : Maximum 
Value : Va1ue-1 : Decrease : Increase 

o o o 

o 240.0 240.0 

.3 52.1Y o 21.4 

-.0 3.3 1.3 

-.0 34.7 31.5 

-.2 -75.9 28.3 12.8 

.9 395.3 307.2 369.9 

-.0 32.0 32.0 

-.2 -109.0 39.0 22.0 

-.6 -47.3 57.8 17.0 

.6 366.4 182.2 223.0 

-.6 -18. o.~./ 44.6 o 

.. 6.7 -61.7 759.9 291.8 

o o o 

.9 84.2 29.0 92.3 

17.6 6102.15 7339.12 

-...J 
o 

II These may differ from optimum ~ U because of rounding for this table. 
21 This is the smallest positive R value. 11 This is the least negative R value. 



Table 4.4 (contfd) 
1/
-

: April Labour :Cropping Capital : Operating Capital .. Barley 
:Plan with :Plan with :Plan with :Plan with :Plan with :P1an with :P1an with :P1an with 

Activity 
: .. 

Optimum 
Plan 

: Maximum. :Maximum. . decrease: increase. 
:Maximum 
: decrease 

: 
: 

Maximum :Maximum :Maximum. 
increase: decrease: increase 

:Maximum 
: decrease 

:Maximum 
: increase 

Idle Grazing 0 0 0 0 0 0 0 0 0 

Idle Quota 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 

Summer Hogs 15.9 22.8 13.8 17.6 10.4 16.0 10.7 3.8 32.3 

Winter Hogs 1.8 7.9 0 0 7.7 0 7.8 3.2 0 

Using Livestock Cap. 32.3 34.1 31.8 32.6 31.5 31.8 49.1 32.8 1.2 

Two-litter Hogs 16.8 0 21.8 16.6 17.3 16.7 17.5 24.3 6.5 ....... ,..... 

Using Operating Cap. 353.8 318.5 364.5 348.6 370.5 364.1 15.3 343.3 368.1 

Idle Grass 32.0 32.0 32.0 32.0 32.0 32.0 32.0 32.0 32.0 

Idle Crop. Cap. 26.4 30.2 25.3 27.0 24.3 26.5 23.0 11.5 42.0 

Idle Land 27.5 36.6 24.7 29.1 22.5 27.7 19.3 0 65.0 

Feed-grain Rotation 212.5 203.3 215.3 211.0 217.5 212.3 220.7 240.0 174.9 

Idle May Labour 11.5 14.8 10.5 15.0 0 11.8 0 5.1 20.0 

Idle Total Labour 412.1 416.0 410.9 437.1 322.3 413.8 354.5 550.2 223.8 

Hay Cutting 0 0 0 0 0 0 0 0 0 

Idle Straw 76.0 96.3 69.9 79.7 64.5 76.4 65.3 89.3 57.9 

Net Return 7021.11 6335.45 7228.69 7016.97 7034.35 7017.08 7153.16 5781.17 8712.96 

1./ The U & R values are not included here because of space limitations. 
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in order for profits to be maximized. 

September labour was given a high marginal value in the optimum 

plan ($17.64). With this info~ation, and, under the conditions given, 

a fa~er would likely attempt to hire labour during this period. Table 

4.4 shows how much: labour could be hired in this period before the mar

ginal value of September labour would change. In this case 18 hours of 

additional labour in September would cause May labour to become limiting. 

Any additional September labour could be used only if a different mix of 

activities was allowed to enter the plan. If September labour was re

duced by 52 hours, the summer hog raising activity would drop out. This 

however would rele~se some additional barley, and the winter and the 

two litter hog systems would increase. 

April labour also had a high marginal value in the optimum plan. 

Table 4.4 shows that April labour could be increased by 17 hours with an 

increase in returns of approximately $200. At this point the winter hog 

activity would go to a zero level. April labour could decrease by 55 

hours before the plan would change, in which case the two-litter hog 

systems would drop to zero. 

Table 4.4 shows that if barley could be purchased for less than 

$1.02 per bushel, there would be profit in buying additional barley. This 

could be done up to a maximum of 1,660 bushels~ At this level winter hogs 

would no longer be fed. If less barley was available for hog feed, land 

would become restricting. If the operator sold 1,217 bushels of barley, 

he could utilize all of the available land for barley production, however 

he would be forced to raise fewer hogs and net returns would fall by $206 

(allowing $1,034 for barley sales). 
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The combination of activities in the optimum plan would be valid 

(in a profit maximizing sense) for only a small range of operating and 

livestock capital supplies. Within this range the optimum plan varies 

only slightly (Table 4.4). A decrease in either form of capital makes 

it profitable to raise fewer winter hogs lO / and more summer hogs. This 

reduces the supply of labour available for field work and cuts back the 

amount of feed grain produced. An increase in either form of capital 

allows the raising of more winter hogs with fewer summer hogs, and an 

increase in the barley acreage. However, before all the land is used 

for barley production, May labour becomes restricting. 

In summary, if a farmer in a situation such as is postulated 

wished to increase his income by obtaining additional resources, he 

would be able to do this most effectively by buying small amounts of 

additional labour in September and April and/or by buying some additional 

barley for hog feed. 

In real life it may be possible to obtain extra amounts of labour 

in these periods by making more efficient use of labour or by substituting 

capital for labour. It may also be possible to rearrange the workload so 

that some jobs falling in these periods are done at other times. Changing 

farrowing schedules may be effective if it is not fully offset by corre

sponding changes in seasonal prices or production costs. Increasing the 

effective labour supply would allow more barley production by allowing 

more land to be used. 

10/ Winter hogs require more capital in the form of buildings than is 
the case with summer hogs. 
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4.1.3 Marginal Cost of Activities not in the Opttmum Plan 

The cost of conducting a unit of an activity is the loss of income 

resulting from foregoing available alternative activities. The marginal 

opportunity-cost of an activity not in the opttmum plan can be calculated 

by multiplying the marginal return to each resource in the opttmum plan by 

the amount of that resource used by the given activity. The sum a these 

products minus the net return from a unit of the given activity, is the 

marginal cost of car+ying out one unit of that activity (see Table 4.5). 

The marginal cost of carrying on activities not in the opttmum plan 

is of interest for three reasons. Firstly, it enables the operator to 

know the economic cost of any activity which he may wish to undertake for 

personal or other non-economic reasons. Secondly, it allows an ordinal 

economic ranking of the competitive position of activities not in the op

ttmum plan, and thirdly, it makes possible calculation of how much any 

given price or coefficient could change (in any activity not in the plan) 

before that activity would enter the optUnum plan.!!/ In this way the 

stability of the opttIDum plan in terms of price variation can be tested 

to some extent. 

In Table 4.5 the row labelled net opportunity cost (Z. - C.)
J J 

shows the amount by which net profit in the optimum plan would be r~duc:·.ed

by the inclusion of one unit of each of the activities in the table. For 

example one acre of the wheat-fallow rotation would require the use of 

resources now returning $14.06 in the optimum plan. It would in turn 

contribute $12.75 to net profit leaving a net loss of $1.31. If, however, 

11/ This is an ex post analysis that can follow from this program, for 
a more rigorous method see footnote 13. 
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the price of wheat was raised by 7.31 percent the returns from an acre 

of wheat would just equal the cost of the resources used by that acre. 

In this case including one acre of wheat in the optllnum plan would not 

change the level of returns~ It must be remembered that this is a mar

ginal cost which is subject to change for units other than the marginal 

unit applied to the optimum plan.111 

The marginal cost of an activity can also be used to test the 

effect of changes in any given coefficient. For example, in the wheat 

fallow activity, the September labour coefficient can be tested by 

dividing the marginal cost of the wheat-fallow operation ($1.31) by the 

marginal value product of September labour ($17.64). This figure (0.0742) 

shows how much the September labour coefficient could be reduced before 

the wheat-fallow activity would enter the plan. 

The net marginal cost of the 10 activities shown in Table 4.5 

ranges from $1.31 for an acre of wheat-fallow to $278.53 for one cream 

cow. The cow-yearling activity has the lowest marginal cost of any 

cattle activity, which means it is the most highly competitive form of 

cattle production. 

When the price stability of the optllnUffi plan, in terms of price 

changes of commodities not in the optllnUffi plan, is tested, the wheat-

fallow rotation would enter the optllnUIri plan with the least percentage 

121 Although in a linear model there will be some range over which 
the marginal cost is constant. 



Table 4.5 Calculation of Marginal Cost of Activities Not in Optilnum Plan, Program I 

Activity 
:Feeders :Feeders :Feeders: Cow .. Cow : Cow 

Restr ic t inRCommodity 

Liquid Cap. 

: M-V'-P._."'... ~$

.054 

: W-F 
: 

0 

: 
: 

WE-F 

0 

:W-W-F 
: 

0 

:WE-WE-F:{hay) 
: 

0 0 

:(grain) :(2 lots: Cream: Calf 

0 0 0 0 

: Yr1. 

0 

Sept. Labour 17.64 0.7 0.7 0.8 0.8 0 0 0.625 10.0 0.5 0.5 

April Labour 12.27 0.125 0.125 0.125 0.125 2.0 2.0 1.0 20.0 4.0 5.0 

Livestock Cap. .80 0 0 0 0 0.44 0.44 0.22 3.78 3.02 3.36 

Operating Cap. .35 0.517 0.517 0.676 0.676 16.128 15.912 16.468 6.9 4.815 6.400 

Barley 10.18 0 0 0 0 3.531 5.625 5.625 3.960 0 4.167 

Hay 1.58 0 0 0 0 1.725 0.300 0.300 6.200 5.000 7.000 

Gross opportunity cost (Z.)
J 

Return above variable cost(C j ) 

Net opportunity cost (Zj-Cj ) 

Sale value of unit 

14.06 

12.75 

1.31 

17.92 

14.06 

10.83 

3.23 

16.00 

15.88 

14.43-
1.45 

21.19 

15.88 

12.16 

3.72 

18.92 

69.21 

16.83 

52.38 

205.11 

88.20 

60.51 

27.69 

216.63 

86.97 

55.12 

31.85 

217.60 

477.35 69.90 

198.82 30.49 

278.53 39.59 

Cream only 
192.00 74.64 

128.58 

107.01 

21.57 

166.01 

....., 
0' 

% increase in price to equal 
Z·-C.

J J 
7.31% 20.18% 6.84% 19.66% 25.53% 12.78% 14.63% 145.06% 53.04% 12.99% 

Total Cash Cost 5.17 5.17 6.76 6.76 161.28 159.12 164.68 69.00 48.15 64.00 

% decrease in cost 
Zj-C j 

to equal 25.33% 62.47% 21.44'0 55.02% 32.47% 17.40% 19.34 ex 82.22% 33.70 
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13
price change. / A 6.84 percent increase in the price of wheat (from 

$1.40 to $1.50) would cause this activity to enter the opt~um plan. 

Feeder cattle on the grain ration ('Feeder grain) would enter t'he plan 

with 12.78 percent price increase. In turn a 12.99 percent increase in 

price would cause the cow-yearling activity to enter the opt~um plan. 

The price changes noted here would have to occur in these connnodities 

only, with the price of hogs remaining as they are, in order that the 

changes in the optimum plan would occur. On this basis, it would appear 

that the opt~um plan is relatively stable in terms of price changes for 

most products with the exception of wheat. 

The stability of the optimumplan in terms of variation in the 

input-output coefficients is more open to question. A small percentage 

reduction in the September labour coefficient would cause any one of the 

cropping activities in Table 4.5 to enter the opt~um plan. The livestock 

activities would require a major increase in the efficiency of either 

September or April labour before they would come into the optimum plan. 

All the other coefficients for both cropping and livestock activities 

would have to be changed by major amounts before a change would occur in 

the optimum plan. 

13/ The price changes as calculated in Table 4.5 apply only to price 
-- changes in an individual activity. In actual practice when the price 

of wheat in one activity changes the price in all other activities 
will change as well. This means that only the activity that has the 
lowest required price change would enter the plan for any size of price 
change because when it did enter it would change the competitive pos
ition of the other activities producing s~ilar products. The above 
analysis is more useful as a method of ranking the competitive position 
of various activities than it is as a tool for evaluating the effects 
of price change;. For programs designed especially to test the effects 
of price and coefficient changes see Heady and Chandler, Ope cit., 
Chapters 7 & 8. 
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4.1.4 Sub-Optimum Plans 

Linear programming problems are solved by an iterative procedure 

which moves step by step from one plan to another until no further im

provements are possible. Therefore, in the solving process many plans, 

each of which is "feasible,~1 are derived before the optimum plan is 

obtained. In many cases the sub-optimum plans which are close to the 

optimum plan in terms of profit are of interest in indicating how returns 

would change with changes in the plan. In addition, profits may be only a 

little less with relatively large differences in resource use. The sub

optimum plans, therefore, might be more,attractive to farm operators than 

profit maximizing plans which assume a zero marginal cost for the total 

151supply of available resources. 

In this section several of the sub-optimum plans derived in 

program I are examined. The sub-optimum plans shown here are only a few 

of the family of sub-optimum plans for the stated conditions. 161 For this 

reason those discussed below are not unique and more attractive ones may 

be obtainable. An attempt to describe more attractive plans based on 

modified versions of the optimum plan is made later. 

141 A feasible plan is one in which resources requirements do not 
exceed resource supplies. 

151 While the operators labour may be "free" in that it has no off 
_. farm use it is likely that the farmer will place at least a small 

charge on foregone leisure. This would be his "reservation. price" 
below which he would prefer to remain idle. 

161 The linear programming procedure follows one path from the initial 
~easible solution to the optimum feasible solution. The sub-optimum 
plans included here are the ones associated with the path taken by 
this solution. Numerous other paths are possible so these do not 
constitute the entire family of sub-optimum plans. 
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Table 4.6 Selected Sub-Optimum Plans, High Livestock Management, Program I 

:Optimum: Plan Plan .. Plan .. Plan · Plan· Activity .. Unit : Level .. 0-21./ 0-3 0-5 : 0-6 · 0-7· 
Land Buying 1 1/3 acres 26.2 

Rot. I W-F 1 acre 54.9 57.4 

Rot.VII FG-FG-F 1 acre 212.5 209.2 185.1 182.6 162.7 118.0 

Rot.XI FG-M 1 acre 77.3 148.2 

Cut Hay 1000 1bs. 0.0 16.9 16.9 29.0 131.7 230.8 

Grazing Transfer 1 A.U.M. 15.1 15.1 3.0 10.6 16.3 

Cow Cream 1 cow 0.5 1.7 2.6 

Cow Yearling 1 cow 2.4 2.4 

Hogs Summer 1 litter 15.9 19.1 8.6 5.2 17.1 21.4 

Hogs Winter 1 litter 1.8 0.0 1.4 3.7 3.2 

Hogs 2 litters 1 litter 16.8 13.7 20.1 21.6 10.3 6.1 

Using Opere Cap. $10 353.8 352.4 339.3 334.7 341.7 317.0 

Using Livestock Cap. $100 32.3 32.4 33.0 33.3 32.9 21.9 

Idle Total Labour 1 hr. 412.1 381.1 481.3 465.9 177.2 45.8 

Idle May Labour 1 hr. 11.5 11.6 2.7 

Idle Land 1 ac. 27.5 30.8 

Idle Quota 7 bus. 240.0 240.0 139.7 135.1 240.0 266.2 

Idle Grass 1000 Ibs. 32.0 

Idle Crop. Cap. $100 26.4 27.8 14.9 14.9 30.9 34.7 

Idle Hay 1000 1bs. 25.9 121.2 214.6 

Idle Grazing 1 A.U.M. 0.0 

Idle Straw 1000 1bs. 76.0 82.0 83.5 77.8 73.9 78.9 

Net Return $ 7021.116965.34 6893.16 6768.32 6315.345797.21 

1./ A zero indicates an activity at less than .05 units, a blank indicates the 
activity did not enter the plan. 

1/ The notation 0-2 refers to the second plan developed prior to the optimum 
plan, similarly for 0-3, 0-6 etc. 
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The sub-optimum plans (Table 4.6)are labelled 0-1, 0-2, etc., 

in the reverse order in which they were derived. Plan 0-1 is therefore 

the plan derived immediately before the optimum plan. Several of the 

plans are not included here because th~y vary only slightly from those 

that are included. The full range of sub-optimum plans obtained is 

included in Appendix Table C.l • 

Plan 0-2 includes the cow yearling activity at 2.4 units. Hogs 

are reduced by a total of 1.9 litters (fall farrowings) and the feed

grain rotation is just over 3 acres less than in the optimum plan. Total 

labour use is up by about 30 hours and profits are $65 less than in the 

optimum plan. 

In plan 0-3 the feed,,! grain rotation is 17 acres less than in 

the optimum plan. The wheat fallow rotation is included at a level of 

55 acres. There are fewer summer hogs and more winter hogs in this plan. 

Land is fully utilized; returns, however, are $128 less than for the op

timum plan and labour use is lower by 60 hours. 

The cow yearling activity is not included in plan 0-5; however, 

the cow~cream activity is in this plan at a low level. Hogs are pro

duced in the two-litter per year activity and 57 acres of land are in 

wheat-fallow. Returns from this plan are $252.79 below those of the 

optimum plan. Labour use is also less in this plan than in the optimum 

plan. 

No wheat is grown in plan 0~6. Instead, 77 acres of the feed

grain meadow rotation are included. All land is utilized. Hog production 

is similar to that in the optimum plan. In this plan 60.05 tons of hay 

are left unused. The hay in this estimate has been cut and baled and 

these costs have been met. If such hay can be valued at $15 per ton 
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in the stack, the net returns to plan 0-6 would be $7,216 or about $100 

above the returns from the optimum plan. This plan uses 235 hours more 

labour than the opttmum plan. 

Plan 0-7 includes land-buying at a level of 26 acres. In this plan 

3 cream cows are kept and hog activities are 7 litters under the level in 

the opttmum plan. This plan is similar to 0-6 in that a large quantity 

of hay is left unused (107 tons), which if sold for $15 per ton, would 

give net returns of $7,402. This plan does, however, require 366 hours 

more labour than is required by the optimum plan. 

The sub-optimum plans derived from program I suggest two types 

of farm plans which are somewhat different fram the optimum plan and 

have almost the same level of profits. Hogs continue to play a large 

part. However, one plan with about one quarter of the farm devoted to 

wheat and including one or two cows gives returns only about $130 less 

than for the optimum. The other, devoting one-third of the farm to 

forage, and again containing two cows, would have profits above the op

timumif a hay market at $15 per ton could be found. These plans, along 

with the other plans developed by budgeting procedures will be tested 

for their suitability in other than profit maxtmizing terms in the 

following section. 

4.1.5 Comparing Optimum, Sub-optimum and Modified Plans. 

The plans developed thus far have been evaluated solely on their 

income producing capability. Other factors may be important in evaluat-' 

ing a farm plan. One factor which was not included in the programming 

conditions was that of stability of income. Labour and capital use were 

considered, but only in that certain amounts were considered free to the 



- 82 

farm. In reality these free amounts will have some cost in terms of 

foregone leisure and risk. The.marginal function of these costs, if 

they were specified, would probably have a curvilinear shapel 1.1 and 

for this reason cannot be readily included in the linear programming 

assumptions. However, by examining the seasonal pattern of labour 

use as well as the total labour and capital requirements of each plan, 

~ post subjective judgments can be made for each plan in respect to 

the use of these factors. 

4.1.5.1 Labour Requirements of Plans in Program I 

The labour supply available by months was checked against the 

monthly requirements of the optimum plan and of five of the other plans 

developed in Program I (Table 4.7). The sub-optimum and modified plans 

which are near to the optimum plan in profit do not offer any advantage 

over the optimum plan in terms of labour requirements. Some of these 

plans use considerably more labour and have more pronounced peak labour 

periods than does the optUnum plan. A check of the labour requirements 

of these plans shows that in some cases further modifications of these 

plans may be required in terms of labour use. 

The labour requirements of the optimum plan fall within the 

181supplies available except during the months of March and October--. 

171 This assumes that the marginal utility of leisure increases more 
--than proportionately as the operator approaches full physical employ

ment. This cannot be proven by rational argument but is strongly 
suggested on intuitive grounds. 

~I This is possible because no restriction was placed on labour in 
these months in the programming model. These restrictions were omitted 
because it was necessary to restrict the size of the matrix and it was 
felt that these months were less likely to be limiting than the ones 
which were included. 
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Table 4.7 Labour Requirements for Plans Derived for High Livestock Management,

Program I

:Sub-Opt. Plans Modified Plans 
Labour:Opt. :P1an :P1an :Opt. Plan & :Opt. Plan & :Opt. Plan & 

Month :Avai1.:Plin .. 0-2 0-6 : Sept • 1abour :Apri1 1abour :Buy Barley 

- hours 
Jan. 220 72.6 73.0 84.05 73.7 71.3 77.6 

Feb. 220 72.6 73.0 70.0 73.7 71.3 77.6 

Mar. 220 271.2 311.8 283.8 341.0 243.6 481.7 

Apr. 220 224.6 226.5 226.5 226.4 243.3 227.2 

May 240 235.0 234.6 230.2 224.0 214.4 209.4 

June 240 149.7 135.4 145.5 138.2 134.7 144.6 

July 240 116.1 240.7 384.3 237.7 223.3 221.9 

Aug. 240 131.7 141.9 146.2 152.9 138.7 159.2 

Sept. 240 246.4 223.5 228.6 239.8 222.7 227.4 

Oct. 240 '255.8 199.1 215.5 200.8 236.2 167.9 

Nov. 220 130.1 119.6 154.2 135.3 109.8 145.5 

Dec. 220 99.6 93.6 103.1 94.1 104.0 87.3 

All yr.2400 2085.0 2130.8 2332.0 2218.9 2099.5 2291.1 

Increase over 
Opt imum plan 0 45.8 247.0 133.9 14.5 206.1 

!/ The labour requirements of the opttmum plan as given in this table 
do not take into consideration the amount of labour contributed by the 
capital-labour substitution feature of the model. Therefore in some cases 
eg. April and September, the labour requirements may be shown as exceeding 
the supply available. In reality the extra labour was made available by 
capital substitution. 
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During these months there is a large amount of labour required to care 

for the farrowing sows which are present in the program. The hours of 

labour required in these periods could be reduced by lengthening the 

farrowing season or by making labour use more efficient through nnproved 

capital facilities (farrowing crates, etc.). At the same tnne, it is 

likely that the operator will be able and willing to work longer hours 

during the two farrowing periods. Some of the farrowings will occur at 

night and this is labour that is not included in the supply available. 

The optnnum plan, however, does stretch the workload in these months to 

near the maxnnum possible without incurring extra costs or reduced efficiency. 

The March workload in plans O~2 and 0-6 is also larger than the 

amount of labour available. To be realistic, these plans would have to 

be modified so that some sows farrowed in February. This would require 

some additional building investment and would lead to changes in the 

price coefficients for hog sales. Earlier farrowing would likely result 

in a higher average selling price (see Appendix Table 8.21) which could 

offset the cost of more substantial housing. 

In plan 0-6 about 150 hours of additional labour (beyond that 

assumed available, Table 4.7) are required in July. This is due to 

heavy haying labour requirements of this plan. In this plan, both June 

and August labour requirements are each 100 hours below the amounts of 

labour available. It would therefore be possible to spread some haying 

or other July activities (summerfallowing) into these months. This would 

enable the operator to carry out this plan but would nnpose a heavy work

load on the operator for all the summer months. 

The plan which allows 18 hours of September labour to be added to 

the labour supply runs into serious difficulty in respect to March labour. 
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It requires 341 hours of labour in this month. It is unlikely that the 

operator could farrow as many sows in the spring as this plan suggests. 

It would appear that a specialized hog producer intending to farrow more 

than 30 litters per year should investigate farm plans which included 

more than two farrowing periods per year. 

The plan which allows 17 hours of April labour to be added appears 

sound as far as labour requirements in other months are concerned. If the 

labour supply for April was extended to the same amount assumed for other 

summer months, this plan would be feasible without any labour hiring. 

The plan which includes the purchase of barley also requires extra 

March labour due to numerous spring farrowings. This plan would require 

the full time of two men during March. If this labour is not obtainable,~/

there still remains the possibilities of an extended farrowing season or 

multiple farrowing in months other than those specified for this plan. 

This plan demonstrates that a highly specialized hog enterprise based at 

least partly on purchased feed should be investigated further. 

4.1.5.2 Capital Requirements of Plans in Program I 

The amount of capital (other than land) required for each of the 

six plans is quite s~ilar. However, some differences show up when land 

is included (Table 4.8). 

12/ Either through hiring or capital substitution. 
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Table 4.8 Capital Requirements of Plans Derived for High Livestock Management, 

Program I. 

· Sub-Optimum Plans · Modified Plans· · Form of · Optimum : Plan Plan :Opt.Plan :Opt.Plan · Opt.Plan·· · ·Capital : Plan · .0 - 2 : 0 - 6 · & Sept. & April : & Buy· · · · · : Labour : Labour · Barley· · · ·
Operating 4,874 4,863 4,790 5,028 4,979 4,865 

Cropping 8,862 8,723 8,408 9,298 8,978 7,295 

Livestock 7,082 7,330 7,351 7,152 7,178 7,210 

Sub-Total 20,818 20,916 20,549 21,478 21,135 19,370 

Land 9,940 9,800 7,607 10,407 10,080 8,167 

Total 30,758 30,716 28,156 31,885 31,215 27,537 

In all of the above cases (Table 4.8) the amount of capital re

quired is a function of the amount of resources required and their costs. 

This is a departure from the linear programming model where capital is 

assumed fixed in some form. This long-run type of analysis was included 

to supplement the linear programming analysis rather than to compete with 

it in deriving farm plans. In the short-run, for which capital is con

sidered fixed and not convertible to other forms of use, the foregoing 

analysis would not apply. 

Total long-run capital requirements are lowest for the plan which 

included buying barley ($27,537 plus $1,400 for barley purchase)20! The 

plan 0-5, which is the hay producing plan, is next lowest in total capital 

20/ The purchase of barley would not require that the capital be used 
for a full year, therefore the amount outstanding at anyone tUne would 
probably not exceed $700. 



- 87 

required. These plans each require about $2,500 less capital than the 

optimum plan. Charged at six percent this would amount to $150 per year. 

On many farms the rate which should be charged for capital would greatly 

exceed six percent hence the advantage of the above two plans would be 

21/
even greater--. The plans including extra labour in either September 

or April require slightly more long-term capital than does the optimum 

plan. The significance of this extra capital requirement will depend 

upon the capital situation faced by the farm operator. 

4.1.5.3 Stability of Income of Plans in Program I 

Farm operators may consider stability of income to be an import

ant criterion in choosing a farm plan. They are likely to favor plans 

which provide both a regular flow of income throughout the year as well 

as a fairly stable year-to-year flow of income. The model used in this 

study did not take into account the stability of income associated with 

each activity. Intra-year income flows were not included because only 

one profit figure (that for the whole year) was included. Price variation 

was excluded by using average prices and the effect of yield variability 

was overlooked by using average yields. 

The income advantage suggested by hog-raising activities may well 

be discounted by farmers because of the wide fluctuations in the price of 

22/
hogs....-- On the other hand, a more even flow of income over the year.is 

21/ Due to either internal or external capital rationing the marginal 
opportunity cost of capital on many farms will be above six percent. 

22/ See hog prices Appendix Table B.21. 
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possible from hogs if they are raised under a two litter system in that 

marketings are spread throughout the year. It may also be that fanners 

view barley as being less stable in yield than wheat, implying that they 

would subjectively discount the average barley yield. It is also likely 

that the uncertain hay market would cause a fanner to discount the price 

of hay even though experience in recent years has shown that·hay is very 

often in short supply and may command a good price. 

If the significance which an operator places upon the character 

of the income flows is specified, this value judgment can be included in 

the program by adjusting yields or prices. The specification for any 

one operator is in this regard, likely to be unique. Hence these adjust

ments can only be made as the planning procedure is applied to an indiv

idual farm situation. 

4.1.5.4 Conservation Features of Plans in Program I 

A fourth criterion for choosing a best plan for a given situation 

is the conservation features inherent in the plan. While this may be 

overlooked, or overridden by more pressing short-run needs, the quality 

of conservation associated with a farm plan would be an important factor 

in choosing between plans which are more nearly similar in other respects. 

In a linear programming problem, the conservation features of a plan can 

be included by (1) adjusting the yields of each activity to a long-term 

yield which would reflect the conservation quality of that activity or 

(2) by forcin~ certain conservation oriented activities to enter the plan 

at some given level. In this study neither of these procedures was included 

because conservation requirements of the area in question have 'not been 

specifically determined and yield data are not available to accurately 
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differentiate the yield levels of different rotations. Thus, the conser

vat ion features of the various plans can only be evaluated in general 

terms of probabl~ soil effects. 

All of the plans derived for the first program contain some 

livestock. The manure from livestock activities could be spread on the 

cultivated land to aid in maintaining soil fertility. None of the plans 

contained large amounts of forage-utilizing livestock so that the quantity 

of forage is low in all plans except the one containing hay selling. In 

areas of rolling topography where water erosion may occur or in areas where 

wind erosion is a problem, the plan which contains the extra forage may 

result in more income over the relatively long-run because yields will be 

maintained or even improved. Acceptance of such plans would depend to a 

large extent on the planning period employed by the operator. An older 

operator, or one who is faced with ~ediate financial committments or re

quirements, would choose a plan offering the highest short-run income ir

respective of long-run returns. 

From the point of view of public extension personnel who are con

cerned with,the public welfare, the long-run results will appear most im

por~ant. It is important that they recognize the conflict of interests which 

may exist in a situation of this kind. It is also important, however, that 

23/
the farmer be aware of the· reduction in long-runprofits-' , which he should 

consider to be the cost of ~ediate or short term ,gains. If this cost is 

not great enough to make the operator shift to practices essential for 

23/ Ttme preference will be a factor in determining the choice between 
current and long run profits. 
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adequate preservation of land, some form of subsidy may be required to 

induce socially' more desirable land use. 

4.1.6 Development of Modified or Best Plans from Program I 

The plans developed thus far for Program I would not be practical 

in actual practice because (1) they are in terms of divisible units, (2) 

they follow specific resource requirements and (3) they may contain levels 
24/

of some activities which are too low to be justified.-- To overcome these 

features four plans have been developed which may be more applicable from 

an extension point of view (Table 4.9). Some additional activities have 

25
been included in these plans to make them more realistic. / The resource 

requirements and the long-run profit statement for these plans are in

cluded in Tables 4.10 and 4.14 respectively. 

Plan A (Table 4.9) includes 60 acres of wheat-fallow and 180 acres 

of the feed-grain rotation. It also includes two cows of the cow-yearling 

activity and the hay-cutting and grazing activities required for these 

cattle. The hog activities of the plan consist of 10 sows farrowing twice 

a year plus an additional 10 litters of summer hogs. The labour require

ments of this plan are acceptable under the assumptions for this program 

although the October labour requirements are quite high. 

24/ An activity at a very low level will have input-output coefficients 
-- less favorable than were stipulated in the program. Therefore their 

returns are not realistic. In addition, many small activities would 
have a nuisance value to the operator. 

25/ The number of activities in the original matrix was restricted by 
-- computer size. Some activities which appear significant when the general 

form of the final plan was determined are added here to make the situa
tion more closely resemble the conditions on a farm in the area of study. 
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Table 4.9 Final Modified Plans Developed for High Livestock Management 

Activity Plan A Plan B Plan C : Plan D 

Wheat-Fallow 60 acres 

Feed-Grain 180 acres 240 acres 120 acres 162 acres 

Barley-Meadow
Fallow 78 acres 

Hay Cutting 17 units 132 units 

Grazing Transfer 15 units 

Buy Barley 279.1 units 

Sell Bax-ley 60 units 27.4 units 

Cow-Yearling 2 cows 

Cow-Cream 2 cows 

Summer Hogs 10 litters 15 litters 20 litters 16 litters 

Two-litter hogs 20 litters 20 litters 20 litters 14 litters 

Hay Selling 120 units 

Net Return $6,986.92 $7,546.55 $Q,,602~25 $7,301.10 
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Table 4.10 Resource Requirements of Final Modified Plans Developed for 

High Livestock Management 

Item .. Plan A .. Plan B .. Plan C .. Plan D 

B1y.Prod.(bus) 3,987 5,316 5,449 4,461 

B1y.Used (bus) 4,000 5,310 5,449 4,460 

Capital Required ($) 
-Fixed Cropping 10,000, 10,008 5,004 8,393 

-Fixed Livestock 6,889 7,000 7,900 6,646 

-Operating 4,664 5,053 7,040 4,742 

Labour Req.(hrs) 

Total 2,005 2,164 2,039 2,111 

March 191 257 330 263 

April 225 240 250 239 

May 223 221 176 228 

July 221 239 177 379 

Sept. 227 236 173 227 

Oct. 223 237 232 202 

Conservation Med-Good Med-Poor Med-Poor Good 

Net Return $6,986.92 $7,546.55 $6,602.25 $7,301.10 
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Table 4.11 Long Run Profit Statement for Final Plans Developed for High 

Livestock Management 

Item ... Plan A .. Plan B .. Plan C .. Plan D 

Net to fixed 
-Resources ($)6,986.92 7,546.55 6,602.25 7,301.10 

Land,Cost, 
& Taxes 

Invest 
751.20 751.20 375.60 751.20 

Cropping Equip., 
Invest & Dep •.!.1 1,290.00 1,291.03 645.52 1,082.70 

L.S.& Equi1. Invest. 
& Dep ._1 260.00 260.00 260.00 260.00 

Cash Op.,Invest. 
Cost.!.! 52.50 52.50 52.50 52.50 

Total Cost 2,353.70 2,354.73 1,333.62 2,146.40 

Net Return to Labour 
& Managemnt 4,633.22 5,191.82 5,268.63 4,814.19 

Labour charge ($1.00 
per hour) 2,005.00 2,164.00 2,039.00 2,111.00 

Management Return2,627.22 3,027.82 3,229.63 2,703.19 

1/ Includes only that invesbment and depreciation not already charged 
for in the pre-budgets. 
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The large number of activities in plan A, may make it attractive 

to farmers who wish to diversify in order to obtain a more stable flow of 

. 261 Th' f h . 11 b b . . d' . d 1 . t1ncome.- . 1S eature, owever, Wl. e su Ject to l.n l.V1 ua 1n er

pretation. The conservation features of the plan appear reasonably 

good in that some livestock and some forage is produced. Returns from 

plan A to fixed resources are $6,986.92 while the long run return to 

labour and management is $4,633. This is a good return for the amount 

of resources employed. It has however, the lowest long-run labour and 

management return of the four plans developed from Program I. 

Plan B most nearly resembles the optimum plan derived in Program 

I. It includes 240 acres of the feed grain rotation, 10 sows farrOwing 

twice a year and another 15 sows farrowing in the spring. In this plan 

600 bushels of barley are available for sale. The labour requirements 

of this plan are quite high in March, April and October. The extra amounts 

are not extreme and minor juggling of farrowing dates should overcOme this 

with only a minQr loss of income through seasoned price changes.lIl 

Because this plan relies heavily on hog production the turnover 

of capital wi!.l be quite good; it may, however, be considered relatively 

unstable in its year to year income flow. 281 For other than beginning 

operators this problem will not be a serious one. However, if the fanner 

views this as a disadvantage the plan may be discounted in actual practice. 

261 Diversification has long been credited with promoting stability of 
- income. This may in fact not be true to the extent that produce prices 

move together through cycles. It may also lower long-run income if some 
of the products demonstrate cycles with very low valleys. 

1I1 Farrowing earlier would result in price gains but then more expen
sive housing would be required. 

281 Due to the hog price cycle. 
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The return to fixed factors under this plan is $7,547 and the long run 

management return is over $3,000. The extra income should outweigh the 

uneven flow of income for this plan. 

Plan C includes Itbarley-buying" as an activity. This feature 

allows for the inclusion of more hog production which in. turn restricts 

the amount of time available for fieldwork, and, hence, the land area was 

reduced to one quarter section. This is not in keeping with the original 

land supply assumption (which was 320 acres of land); it would apply 

where either the additional quarter can be disposed of, or to other farms 

which do not have this acreage. The workload in this plan is extremely 

high in March and April and labour hiring would be necessary in these 

months. While the return to fixed resources in this plan is reduced to 

$6,600, the long run return to management is high (~3,229) because fewer 

capital facilities are requir~d. The stability of income under this plan 

would be subject to the risks associated with a single-enterprise fanm 

and with hog production; however, this plan may offer a realistic alter

native for an individual with a limited base of capital and willing to 

take some risk in order to build up an equity. 

Plan D is included to explore the income possibilities present 

where hay is saleable. Under this plan 78 acres are devoted to the barley

meadow rotation. One hundred and sixty two acres are devoted to the feed

grain rotation, two cream cows are kept and 30 litters of hogs are raised. 

The workload in this plan is heavy all summer and family labour would be 

required t<;l operate it successfully. A hay contract would be required be

fore any degree of year-to-year income stability could be assured. The 

hay is assumed to be sold at $15 per ton, any variation in this price can 
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readily be translated into a corresponding adjustment of net return. 

The return to fixed resources for this plan is $7,301 and the 

long-run management return is $2,703. 

In summary, the plans developed from the first program all contain 

large hog raising activities. The most profitable plans rely on hogs 

alone for their income. A plan containing several other enterprises at 

low levels can be developed; this, however, reduces income by about $500 

per year. Another plan, which is better from a conservation point of 

view, but depends upon a stable hay market gives a yearly income of about 

$200 less than the plans relying heavily on hogs. 

The various cattle activities were non-competitive, in the farm 

situation presented here, reflecting the lower conversion ratios used 

and considered appropriate. To the extent that these are correct they 

suggest that either prices for cattle must tmprove relative to other 

prices, or more efficient conversion rates must be available and adopted. 

It would appear that while on a farm of this size a fairly efficient hog 

enterprise is possible -- this may not be so for beef cattle rearing or 

finishing. 
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4.2 Program II 

The assumption in respect to resources restrictions and 

activities for Program II were the same as those of Program I, except 

that the operator was considered to possess the B level of livestock 

management ability.29/ 

4.2.1 Optimum Plan with Low Livestock Efficiency, Program II 

4.2.1.1 Description and Checks 

The optimum plan obtained for Program II included three productive 

30activities. /These were 22.1 litters of sununer hogs, 11.1 litters of the 

double farrowing hog activity, and 202 acres C?f the feed grain rotation. 

The net profit to the fixed resources under this plan was $6,057.56 • 

The optimum plan was checked by the two methods described in 

connection with Program 1.31 / Both of these checks showed that only in

significant rounding errors had occurred and the optimum plan did not 

require any changes. 

4.2.1.2 Restrictive and Non-restrictive Commodities 

The supplies of September and April labour, livestock and operating 

capital, and barley, restricted production in Program II. The activities in 

this plan were geared entirely to hog production. September labour appears 

to be the most restrictive factor of production under the circumstances 

29/ See Section 3.2.6 for a full definition of this management assumption. 

30/ A full list of the activities in the optimum plan is shown in 
- Table 4.12 • 

l!/ See Section 4.1.1.1 • 
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set forth for this plan, and no other activity could successfully compete 

with hog production for this labour. 

The change in the level of livestock management was effected by 

changing the coefficients for the livestock activities. It was felt that 

this would make the grain activities more competitive and result in less 

livestock in the final plan. The change in coefficients resulted in fewer 

hogs being produced because under the new labour requirements the operator 

could not handle as many litters per year. However, the amount of change 

was not great enough to prevent the hog activities from dominating the 

optimum plan. 

Land and liquid capital were both present in excess amounts in 

Program II. With the new coefficients there was not enough labour avail

able to fully utilize these other factors of production in a hog enterprise, 

and it was economical to allow some of these factors to remain idle rather 

than use 'them for some other activity and thereby reduce the labour supply 

availCible for hog production. It is interesting to note,_ that, under the 

conditions postulated for this study, when less management input is avail

able for use, less land and capital are required to give an optimum combin

ation of resources. However, due to the complex interrelationships involved 

it is not possible to be specific in regard to amounts of resource used per 

unit of total output. 
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barley $.98 per bushel. Of these Septemher labour, April labour, and 

barley have marginal value products which are likely to be above their 

marginal cost. Therefore, additional quantities of these three resources 

could profitably be purchased and used. 

4.2.2 Relaxing the Commodity Restrictions with Low Livestock Efficiency 

The amount by which the three most restricting commodity levels 

can be changed while retaining the same combination of activities that 

is in the opt~um plan, and the resulting plans, are developed in Table 4.12. 

September labour (marginal value product of $17.32 per hour) could 

be increased by 26 hours to give a net return of $6,506 or $450 above the 

optimum plan. With this increase in labour more land would be u.ilized, 

and more hogs raised. If the original supply of September labour had been 

93 hours less, net profits would have been only $4,432. 

An increase in April labour allows more grain production and two

litter hog production while making it economical to cut back the sunnner 

hog operation. This plan requires more capital in the form of additional 

hog housing (winter buildings). Only 70 additional hours of April labour 

can be used b~fore the liquid capital supply is completely utilized. Net 

returns under this plan are $6,627. A reduction in available April labour 

reverses the above activity shifts. With 50 hours less April labour the 

two-litter hog activity is eliminated and net profits are $5,654. 

If additional barley were available to the farm either through purchase 

or increased yield, the amount of land employed would decline and more 

summer hogs would be raised. Before this could be carried very far labour 

for spring farrowing would become restrictive. A decrease in barley yield 

would cause hog production to fall and the amount of land used to increase. 

(See Table 4.12). 



Table 4.12 Plans Developed when Commodity Restrictions are Relaxed, Low Livestock Management, Program II 

: September Labour .. April Labour .. Barley 
:P1an With : Plan With : Plan With : Plan With : Plan With : Plan With 

Optimum : 93.8 hr. : 25.9 hr. : 49.8 hr. : 70.2 hr. : 1950 bus. : 2581 bus. 
Activity .. Plan : decrease : increase : decrease : increase : decrease : increase 

Using Crop. Cap. 30.7 57.3 23.4 35.1 24.5 14.9 51.6 

Idle Total Labour 361.2 1028.3 177.1 424.5 272.0 617.1 22.6 

Idle May Labour 19.2 88.9 0 28.7 5.8 16.4 23.0 

Use Operating Cap. 192.6 103.8 227.1 157.6 241.9 177.0 213.2 

Feed grain rotation 202.1 138.4 219.7 191.6 216.8 239.9 152.0 

Two litter hogs 11.1 25.7 7.1 0 26.8 19.5 0 

Idle liquid Cap. 16.7 29.5 13.1 28.5 0 26.0 4.3 ..... 
0 

Idle Hay 14.9 14.9 14.9 14.9 14.9 14.9 14.9 0 

Idle Grazing 0 0 0 0 0 0 0 

Use Livestock Cap. 23.7 15.3 27.0 13.7 37.9 15.1 35.1 

Idle Grass 32.0 32.0 32.0 32.0 32.0 32.0 32.0 

Sununer Hogs 22.1 0 28.2 29.8 11.3 7.1 42.0 

Idle Land 37.9 100.6 20.3 48.4 23.1 0 88.1 

Idle Quota 240.0 240.0 240.0 240.0 240.0 240.0 240.0 

Idle Straw 84.9 15.4 104.1 105.4 56.0 116.4 43.2 

Net Return $6,057.76 4,432.80 6,506.35 5,654.52 6,626.68 4,140.20 8,596.20 
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4.2.3 Marginal Cost of Activities not in the Optimum Plan, Program II 

The marginal costs of four cash crop activities and six cattle 

activities not in the optimum plan were calculated in order to determine 

the competitive position of these activities (Table 4.13).62/ 

The two wheat rotations have a very low marginal cost ($.68 and 

$.76 per acre for the three and two year wheat rotations respectively.r. 

The cow-yearling activity had a marginal cost of $6.32 and the feeder 

(grain) activity has a marginal cost of $21.41 per steer. The grain ac

tivities had a much lower ma~ginal cost than they had in Program I while 

the cattle activities had a small reduction. This was due to the fact 

that the grain activities were relatively more efficient in this plan 

. P I 33/t han t hey were 1n rogram .-

When the price stability of the activities not in the optimum plan 

was tested (Table 4.13) it was found that small price ch~nges, (3.2 to 4.5 

percent) in either of the wheat rotations and also the cow-yearling activi

ties would allow these activities to enter the optimum plan. The feeder 

steer activities would enter the plan with a slightly larger change in 

beef prices (10 - 20 percent). 

The optnnum plan for Program II was much less stable in regard to 

price changes than were the plans in Program I. This was because the wheat 

and the cattle activities were more closely competitive with the hog activi

ties. 

32/ For method and explanation see section 4.1.3 • 

33/ The livestock activities were intentionally made less efficient 
in Program II to determine the effect of low livestock management 
ability on the optimum farm plan. 
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The optllnUffi plan for Program II was relatively unstable with 

respect to changes in the input-output coefficients of several of the 

commodities which were lllniting. For example very small changes in 

September labour requirements of the wheat activities (.043 and .039) 

would have allowed these activities to enter the pptllnum plan. The other 

coefficients for the cash crops had quite wide ranges for which the plan 

would remain the same. A moderate change in April labour requirements 

of the cow-yearling activity, (.78 hours or a 10% decrease) would have 

allowed this activity to enter the optimum plan. Similarly, a 6.4 bushel 

reduction in the amount of barley required for the cow yearling activity 

would cause it to be in the optimum plan. The feeder activities would 

require much larger coefficient changes in either barley use or April 

labour use before they would become competitive. The stability of the 

optimum plan in respect to changing coefficients is closely associated 

with the competitive position of the activities. As the activities con

verge in terms of return per unit of resource use, the level of the co~

efficients for restrictive commodities becomes more critical in determin

ing exclusion from, or inclusion in, the optimum plan. 

4.2.4 Sub Optimum Plans with Low Livestock Efficiency, Program II 

In the second program several sub-optimum plans were obtained 

which were very close to the optimum in terms of net returns. Eighteen 

plans were obtained having returns within a range of $400 of the optimum 

plan indicating again that many activities were closely competitive. Some 

of these plans represent only minor changes from each other, therefore, 

only four will be discussed here. (Table 4.14)11 

The complete list is included in Appendix Table C.2. 11 
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Table 4.14 Sub Optimum Plans Derived for Low Livestock Management, Program 111/

:Optimum :P1an :P1an :P1an :P1an 
Activity :Unit : Plan .. 0-1 .. 0-5 : 0-8 :0-13 

Land Buying 1.33 acres 17.6 36.2 
W - F 1 acre 129.9 
U-W-F 1 acre 88.0 119.2 18.0 
Feed-grain rotation 1 acre 202.1 173.8 152.0 138.3 126.4 
Meadow rotation 1 acre 66.2 2.0 
Cut Hay 1000 1bs. 18.8 17.6 
Grazing Transfer 1 A.U.M. 0 15.5 22.0 
Cow-Calf 1 cow 3.5 
Cow-Yr1ing 1 cow 0 2.5 
Hogs-Summer 1 litter 22.1 22.2 7.2 
HogS-Winter 1 litter 3.2 2.3 
Hogs 2 litters 1 litter 11.1 11.0 19.6 21.0 20.9 
Use Opere Cap. $10 192.6 195.3 177.7 201.7 185.2 
Use Crop. Cap. $100 
Use Livestock Cap. $100 23.7 23.6 15.2 26.0 23.8 
Idle Cap. $100 16.7 16.6 26.0 5.7 
Idle Total Labour 1 hr. 361.2 345.2 617.1 618.1 620.0 
Idle May Labour 1 hr. 19.2 15.8 16.4 5.0 
Idle Land 1 acre 32.9 
Idle Quota 7 bus. 240.0 240.0 50.0 
Idle Grass 1000 Ibs. 32.0 126.6 32.0 
Idle Crop. Cap. $100 30.7 28.6 14.9 7.6 0.2 
Idle Hay 1000 1bs. 0 0 
Idle Grazing 1 A.U.M. 0 0 
Idle Straw 1000 1bs. 84.9 82.4 116.4 123.2 105.9 

Net Return $ 6058. 6028. 6022. 5863. 5751. 

1/ A zero indicates an activity which entered the plan at less than 0.05 
units of that activity, a blank indicates the activity did not enter 
the plan. 
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Plan 0-1 (Optllnum minus one) gives a profit of $29 less than the 

optUnum plan. This plan contains a barley-grass rotation. All available 

land was used. 

Hog activities were at the same level as in the optimum plan, 

however, some idle standing grass was left (60 tons). This would likely 

represent a better plan than the opt Unum since it is probable that the 

standing grass could be sold for more than $29. No provision was made in 

the program for selling either standing grass or hay. 

Plan Of5 contains 88 acres of the wheat-wheat-fallow rotation. 

Hog activities have been partially converted from a summer to an all-year 

enterprise. Profits from this plan are $59 less than for the opt Unum. 

Land-buying was included in plan 0-8 at a level of 17.6 acres. 

This allowed 119 acres of wheat-wheat-fallow and 138 acres of barley

barley-fallow to enter the plan. Summer hogs were ~eplaced by winter hogs 

while the all-year hog operation remained at 21 litters per year. The 

return from this plan was $160 below that of the optimum plan. 

In plan 0-13 more wheat was grown. Land-buying was at a level of 

36 acres, 130 acres were devoted to wheat-fallow and 18 acres to wheat

wheat-fallow. The cattle enterprise consisted of 3.5 units of cow-calf 

operation in place of the cow-yearling operation in plan 0-3. Winter hogs 

were reduced to 2 litters and all-year hogs remained at 21 litters. Pfofit 

from this plan developed from program II differs little from that of 

Program I. However, under less favorable livestock management as assumed 

for program II, wheat growing was more nearly equal to hog raising in terms 

of net return. About one-half of the farm land can be used for wheat 

growing and hog numbers can be reduced by about 40% with only a two or 
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three hundred dollar drop in profits. 

4.2.5 Comparison of Optllnum, Sub-optllnum and Modified Plans, Program II 

A large number of plans developed for Program II appeared rela

tively similar in terms of income produced. However, when these plans 

were compared on the basis of other criteria some striking differences 

appear. In this section, these plans are compared, on the basis of capital 

use, labour use, income stability and conservation features. 

4.2.5.1 Capital Use of Plans Developed with Low Livestock Efficiency, Program II 

The long-run capital requirements of the plans developed in 

program II differ considerably (Table 4.15). The optimum plan requires only 

$24,000 of capital. Plan 0 & buy barley requires $24,600 capital while 

plans 0-5, 0 & September labour and 0 & April labour each require about 

$30,000 of capital. Plan 0-13 which contains land buying and a considerable 

wheat enterprise, requires $34,000 of capital. This indicates that f~om a 

capital-using point of view, those plans containing large hog raising 

activities, especially summer hog activities, and a minllnum amount of land 

for feed production, are the best plans. In view of this, the absence 

of more frequent larger hog enterprises in the area in question must stem 

from (1) a lack of knowledge of the income possibilities in hog production, 

or (2) a general acceptance of less return from money invested in land as 

compared to money invested ~n hog activities. 
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Table 4.15 Capital Requirements of Plans Derived for Low Livestock Management, 

Program II 

:Fixed Fixed.. · Total· ·· · Total· 
: Crop L.S. Less Land Cap. 

Plan :Op.Cap. Cap. Cap. · Land· ·· Cap. · Required· 
Optimum 3,280 8,428 2,785 14,493 9,432 23,925 

Sub-Opt. Plans 
0-5 3,277 10,008 5,517 18,802 11,200 30,002 

0-13 3,352 11,477 6,516 21,345 12,887 34,232 

Modified Plans 
0 & Sept. Lab. 3,677 9,161 6,603 19,441 10,252 29,693 

0 & April Lab. 3,919 9,043 7,791 20,753 10,120 30,873 

0 & Buy Barley 3,650 6,340 7,564 17,554 7,095 24,649 

4.2.5.2 Labour Requirements of Plans Developed for Program II. 

The labour requirements of the plans developed thus far from 

program II also show considerable variation (Table 4.16). The optimum plan 

required more labour in March than would normally be available. If a March 

labour restriction had been included in the program, this plan would not 

have emerged as a possibility. The two~sub-optimum plans 0-5 (optimum minus 

five) and 0-13 both had low labour requirements. They both used only about 

three-quarters of the total supply of annual labour. There were however, 

spring and fall peaks of labour use in these plans which prevented the 

activities in the plan from being expanded. This suggests possibilities 

for inclusion either of other activities which do not require spring or 

fall labour, or capital substitution for labour during the spring and fall 

periods to enable full utilization of the remainder of the labour supply. 

This implies that purchase of larger harvesting equipment and special 

farrowing equipment might be justified under these farm conditions. 
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The modified plans which allowed the hiring of extra labour in 

April and September or the purchase of hog feed ran into serious labour 

shortages in the farrowing season. This suggests that farrowing faci1i

ties rather than cropping facilities should be added asa substitute for 

labour in this farm situation. These peak labour loads may be spread out 

with multi-farrowing systems although it is unlikely that most operators 

(given the level of management assumed for this program) would either wish 

to or be able to operate a system of this sort. 

Table 4.16 Labour Requirements of Plans Derived for Low Livestock Management, 

Program II 

: Sub. Opt. Plans Modified Plans 

Month 
: 
: 

Avail. 
Labour : 

Opt. 
Plan 0-5 : 0 - 13 

:0 & Sept.:O & Apr. 
Labour : Labour 

: 
: 

0 & 
Barley 

Jan. 220 

Feb. 220 

March 220 

April 220 

May 240 

June 240 

July 240 

Aug. 240 

Sept. 240 

Oct. 240 

Nov. 220 

Dec. 220 

Total 2400 

Change fromOpttmum 

Net Return 

66.5 

66.5 

343.2 

224.8 

225.5 

148.5 

114.9 

135.6 

244.8 

264.1 

116.3 

83.1 

2110.0 

6057.76 

53.7 

53.7 

143.7 

223.0 

226.7 

135.5 

92.1 

113.4 

243.0 

291.3 

77.9 

83.1 

1828.5 

-281.5 

5998.29 

- Hours 
58.0 

58.0 

58.0 

224.8 

244.8 

146.9 

122.2 

109.2 

244.8 

296.4 

90.3 

84.6 

1851.6 

-258.4 

5750.66 

70.6 

70.6 

423.7 

225.2 

245.2 

161.7 

127.4 

152.5 

271.1 

259.2 

130.7 

81.2 

2300.7 

+190.7 

6506.35 

76.2 

76.2 

217.8 

297.8 

241.8 

159.4 

115.7 

130.5 

247.6 

366.0 

112.2 

116.3 

2241.8 

+138.0 

6626.68 

84.0 

84.0 

609.3 

229.1 

224.9 

167.1 

145.7 

165.6 

247.7 

230.3 

168.1 

84.0 

2495.4 

+385.4 

8596.21 
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4.2.5.3 Stability of Income of Plans Developed with Low Livestock Efficiency, 

Program II 

All the plans from program II rely heavily on hog production. There

fore they will be favorable in terms of capital turnover, but may show a 

high year-to-year fluctuation of income due to the hog price cycle. For 

farmers who believe wheat to be a more stable income-producer, sub-optbnum 

plans 0-5 and 0-13 may be more attractive. Further study would be required 

to determine the exact nature of the income flows from each of the plans. 

4~2.5.4 Conservation Features 

In terms of conservation, there is little to choose between any of 

the plans presented here for program II. The plans including wheat may have 

an advantage in terms of straw returned to the soil. However, the other 

plans would produce more manure for soil building. None of the plans can 

be considered particularly good from a conservation point of view. 

4.2.6 Development of Final Modified Plans with Low Livestock Efficiency 

Taking into account the above considerations two plans (E and F, 

Table 4.17) were drawn up which represent realistic alternatives under the 

conditions assumed for the farm situation under study. Two additional 

plans (G and H, Table 4.17) comprised of (1) straight grain and (2) a large 

beef enterprise respectively were also developed as final plans for pur

poses of comparison (Table 4.17). The last two plans are not necessarily 

optimum plans (even for the type of enterprise considered) because they 

were derived by budgeting procedures and the optimum mix and level of ac

tivities may not have been ch~sen.35/ They do represent the best plan for 

35/ The development of these plans demonstrates that much more value can 
be added to a solution by the use of partial budgets once an optimum plan 
has been developed. Machine output is seldom taken as the answer, it 
does, however, provide a base for analysis. 
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each type of activity which could be found in the time available. 

Table 4.17 Final Modified Plans Developed for Low Livestock Management 

Activity Plan E.. Plan F : Plan G Plan H.. 
W-W-F (acres) 89 196 

WE-WE-F(acres) 164 

Feed Grain Rot. (acres) 240 151 

Barley-Meadow (acres) 190 

Wheat-Meadow (acres) 170 

Summer hogs (litters) 14 

Two litter hogs (litters) 22 28 

Cow-Yearling (cows) 43 

Buy Land (acres) 160 160 

Use Crop. Cap. $ 6400 

Use Livestock Cap. $ 3250 2000 8300 

Use Ope Cap. $ 2410 1420 1760 3136 

Hay Cutting ( tons) 164 

Grazing Transfer (A.U.M.) 269 

Sell Barley (bus) 700 

Net Return $ 6721.74 6078.93 3559.72 2676.38 
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Table 4.18 Resource Requirements of Final Modified Plans Developed for 

Low Livestock Management 

Item Plan E Plan F Plan G Plan H.. 
Barley Produced (bus.) 5316 3345 1803 

Barley Used (bus.) 5317 3340 1792 

Capital Required $ 
Fixed Cropping 10,080 10,080 24,336 7560 

Fixed Livestock 7250 6020 12,298 

Operating 3908 2918 3259 4645 

Labour Req. (hours) 
Total 2253 1807 1058 1869 

March 291 56 129 

April 276 254 45 236 

May 253 226 234 248 

July 117 87 47 452 

Sept. 278 234 288 144 

Oct. 342 337 122 61 

Conservation Medium Medium Poor Good 

Net Returns 6721.74 6078.93 3559.72 2676.38 
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Table 4.19 Long Run Profit St~tement for Final Modified Plans Developed 

for Low Livestock Management 

Item :P1an E :P1an F :P1an G :Plan H 

Net to fixed resources 

Land cost, Invest. & 
Taxes!/ 

Cropping Equip., Invest. 
& Depreciation!/ 

L.S. & Equip., Invest. 
& Depreciation!/ 

Cash Ope Invest. Costl/ 

Total Cost 

Net Return to Labour 
& Management 

Labour charge ($1.00 
/hr.) 

Management Return 

6721.74 

751.20 

1300.32 

260.00 

52.50 

2364.02 

4357.72 

2253.00 

2104.72 

6078.93 

751.20 

1300.32 

260.00 

52.50 

2364.02 

3714.91 

1807.00 

1807.91 

3559.72 

751.20 

1483.50 

52.50 

2287.20 

1272.52 

1058.00 

214.52 

2676.38 

751.20 

975.24 

260.00 

52.50 

2038.94 

637.44 

1869.00 

-1231.56 

1/ Includes only that invesbment and depreciation not already charged 
for in the pre-budgets. 
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The resource requirements and long-run profit statements for these four 

plans are shown in Tables 4.18 and 4.19 respectively. 

Plan E (Table 4.17) was geared entirely to hog production. It 

pushed the labour use to the maximum which would be allowed and probably 

past the wishes of most operators. The return from this plan was $6,722 

which was almost as high as the optimum plan in program I. This demon

strates that low management ability may be partially overcome by extra 

labour application. The return to management however, was $500 less than 

for the lowest return plan in program I and approximately $1,000 below 

the return of the most favorable plan. This demonstrates that while the 

assumption of lower livestock management ability did not appreciably 

affect the combination of activities in the optimum plan it does involve 

a major reduction in income. 

Plan F included a wheat raising activity as a substitute for_ some 

of the hog production. Returns, work requirements, and capital require

ments wer.e in general more favorable than for the optimum plan with the 

exception of October labour requirements. The lighter labour requirements 

of this plan were gained at a cost of $600, which was the reduction in 

income compared with plan E. 

Plans F and G are included to compare the raising of cash grain 

crops and beef under the conditions postulated for the farm situation 

under study. It was noted in a previous section that in program II both 

wheat and beef were closely competitive with hog production at the margin. 

However, when the entire resources of the farm are devoted to either wheat 

or beef production, the loss of income is severe. The implications of 

this are discussed more fully in ChapterV. 
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4.3 Program III 

4.3.1 Introduction 

The original plans for this study were to run programs for the 

fann situation hypothesized here at the two levels of livestock management 

and for varying levels of liquid capital. It was found in Programs I and II 

that increasing the amount of liquid capital would have very little or no 

effect on the fonn of the opttmum plan.36/ The opttmum plans for Programs 

I and II contained large hog enterprises. It was therefore decided to 

run a third program with the hog activities removed. This was done to 

test the relation of the other alternatives possible in the area, and to 

detenninehQw much less income would be produced if no hogs were raised. 

This third program used the same matrix as Program I except that hog 

activities were not allowed to enter into the final plan. 

4.3.2 Optimum Plan for Program III 

4.3.2.1 Description and Checks 

The optimum plan fonnulated by program III contained a wide variety 

of activities (Tables 4.20). Cash crops were the main source of income al

though cream production, beef raising andbeef feeding also entered the plan. 

The number and variety of activities in this optimum fann plan indicates 

that several of the activities are closely competitive once the dominant 

hog activities were excluded. 

The net profit from this plan was $4,201. This is approximately 

$3,000 less than the net profit in Program I. This further demonstrates 

36/ This was because capital had a very low marginal value in the first 
Program and did not become ltmiting in Program II. 
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why hog activities dominated the first two programs. 

The plan was checked out by the two methods described for 

Program I and no significant rounding errors were discovered. 

Table 4.20 List of Activities in the Optimum Plan when Hogs were Excluded, 

Program III 

Activity Unit .. Level 

W-W-F 

WE-WE-F 

Feed grain rotation 

Wheat meadow rotation 

Land buying 

Hay cutting 

Grazing transfer 

Feeders-grain 

Cows",,:cream 

Cow-yearling 

Using Ope Cap. 

Using Livestock Cap. 

acres 111.0 

acres 92.1 

acres 30.4 

acres 83.9 

1 1/3 acres 77.4 

1000 If 85.3 

A.U.M. 76.8 

steers 2.9 

cows 2.0 

cows 10.2 

$10 179.7 

$100 4.9 
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4.3.2.2 Restrictive Commodities and Marginal Values 

In Program III a large number of commodities were entirely used 

up and were therefore restrictive so as to have a marginal value to the 

farm (Table 4.21). 

Table 4.21 Restrictive Commodities and Marginal Values when Hogs are Excluded, 

Program III 

Restrictive Commodity :Unit! :Marginal Value per unit 

Liquid Capital $ .03 

May labour hour .19 

September labour hour 9.50 

Land (taxes & invest. paid) acre 1•• 12 

Quota bushel .15 

Grass ton 2.34 

Cropping Capital (Invest. & Dept.paid) $100 

Livestock Capital (Invest. & Dept.paid) $100 .08 

Operating Capital (Invest. paid) $10 .05 

Barley bushel .85 

Hay (stacked) ton 6.56 

Grazing A.U.M. 2.04 

The marginal value of September labour was high indicating that 

the amount of this factor available seriously restricts production on the 

farm. The marginal value of land (taxes and investment charge paid) is 

above its acquisition cost (zero in this case). The other factors all 

appear to have a marginal value equal to or below their acquisition cost. 
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4.3.2.3 Long-run Costs and Returns. 

The long-run costs of the resources described as fixed for this 

farm situation amount to $2,547.20 for the land and capital plus a suit

able labour charge. If a labour charge of $1 per hour is used the total 

long-run fixed costs amount to $4,049.72. This is $151.59 below the 

return to these resources. In this case the farm could stay in business 

in the long-run. On the other hand, if a more realistic labour charge 

of $2,400 per year is made the farm loses approximately $900 per year 

in the long-run. Once the fixed resources were depreciated out, this 

farm plan would only be applicable in a situation where the operator was 

willing to accept a low wage and living standard. 

4.3.3 Analysis of Program II 

There are no types of activities available to the farm that are 

not represented in the optimum plan, therefore is was not significant to 

calculate the marginal costs of activities not in the marginal plan. Many 

of the activities are closely competitive, however, as demonstrated by 

the eight sub-optimum plans that come close to the optimum plan in terms 

of profit (Appendix Table C.3). 

The large number of limited scale activities in the optimum plan 

make it unrealistic in that at these low levels these activities would 

have less favorable coefficients than were set out in the original 

assumptions. The large number of cropping activities would present a 

problem in field size and the large number of livestock activities 

would represent problems in housing costs and labour use. For these 

reasons the usual forms of modified and sub-optimum plans will not be 
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37 /discussed for this program.

Instead several "budgeted" plans will be presented to show the 

effect of some changes in assumptions and the effect of specializing 

in anyone enterprise. 

4.3.3.1 Budgeted Plans with Hog Activities Excluded 

Six plans were budgeted out. These included a cow-yearling enter

prise, a feeder enterprise, a combined rearing feeding enterprise, the 

cow-yearling enterprise and the feeder enterprise assuming a 10% rise in 

beef prices and the cow-yearling enterprise assuming community pasture 

facilities are available., In all of these plans it was assumed that an 

extra quarter section of land would be added to the holdings. The plans 

are presented by showing the activities in the plans (Table 4.22), the 

amount of resources required (Table 4.23) and the long-run profits esti

mate for each (Table 4.24). 

The results of the above plans should not be evaluated in terms of 

explicit comparison with the results for Programs I and II. This is be

cause the plans derived in Program III do not come as near to being 

38/
optbnUffi plans as do those of Programs I and 11.-- The general level of 

profit to fixed resources is however far ($2,000 to $4,000) below the 

returns for the plans in Programs I and II. This indicates that straight 

cattle raising activities are far from being competitive with hog production, 

under the conditions assumed for this study. In fact, straight cash crop 

grain production is more profitable both in the short and long run than 

37/ The sub-optbnum plans derived in the solving process are shown 
in Appendix Table C.3. 

~ In addition to this the investment and labour requirements of the 
Program III derived plans in some cases exceeds the levels set for 
Programs I and II. 
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either beef rearing or feeding. 39/ 

The plans derived from Program III are more suitable for comparison 

amongst themselves in order to bring to light some factors associated with 

beef production in the area in question. 

The cow yearling activity (Plan J) at a high level gives a greater 

return to fixed resources than does the steer feeding activity (Plan K). 

This is in part due to the better utilization of labour and fixed invest

ment by the cow yearling activity. The combined rearing-feeding plan 

(Plan L) represents a better plan from the point of view of utilizing 

the labour supply uniformly over the year. The steer feeding plans re

quire large amounts of operating capital and could only enter the optimum 

plan of the above three programs at a very low level. All of the budgeted 

plans for Program III have heavy July labour requirements. This is due to 

the large amount of hay required in these plans. In all cases an extra 

man would be required during the haying season. 

Plans M and N (Table 4.22) are the same as Plans J and K, except 

40 /that the selling price of beef cattle has been increased by 10 percent.

This results in a $714 increase in income to the beef rearing plan and an 

$876 increase in the beef feeding plan. This price increase allows the 

beef-rearing plan to be profitable in a long-run economic sense (Table 4.24) 

if the operator is willing to accept $1.00 per hour as a return to labour. 

Even with the increase in price the steer feeding plan does not meet its 

long-run costs. This means that a wider margin and/or higher slaughter 

39/ See footnote 2, Table 4.2.4 • 

40/ In the feeding activity both the buying and the selling price of 
feeder steers has been increased by 10%. 
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-Table 4.22 Description of Plans Developed when Hog Activities are Excluded 

Number of Units in 

Activity :Unit :P1an J :P1an K :Plan L :P1anM :P1an N :P1an 0 

W-W-F acres 25 170 

Feed grain rotation acres 180 50 180 

Wheat meadow rot. acres 170 170 

Barley meadow rot. acres 190 180 285 190 180 190 

Feeders (1 lot grain 
ration) steers 100 50 100 

Cow yearling cow 43 23 43 43 

Land buying acres 160 160 160 160 160 160 

Hay cutting 1000 11 301 300 311 301 300 301 

Grazing transfer A.U.M. 269 144 269 

Using livestock cap. $100 90 4 59 90 4 90 

Using opere cap. $10 296 1672 1026 296 1672 296 

Assumptions re 
Beef price normal normal normal up 10% up 10% nonna1 

Off farm grazing no no no no no yes 

Pasture cost $ 376.25 

Net return to fixed 
resources $ 3751.61 2810.60 2951.56 4465.41 3686.60 4507.80 
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Table 4.23 Resource Requirements of Plans Developed when Hog Activities 

are Excluded. 

Amount Required for Plan 
Resource :Unit J K L M N : 0 

Total land acres 480 480 480 480 480 480 

Total crop. cap. $ 7560 11286 9112 7560 11286 11080 

Total livestock cap. $ 13000 4400 9900 13000 4400 13000 

Total operating cap. $ 3110 18200 11760 3110 18200 3110 

Labour requirements: 
Total hrs. 2218 2074 2183 2218 2074 2249 

April hrs. 237 33 141 237 33 248 

May hrs. 248 176 212 248 176 302 

July hrs. 452 422 451 452 422 423 

Sept. hrs. 144 205 168 144 205 201 

Nov. hrs. 150 225 193 150 225 150 

Net Return $ 3752 2811 2952 4465 3687 4508 
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Table 4.24 Long Run Profit Statement of Plans Developed when Hog Activities 

are Excluded 

:P1an :Plan :Plan :Plan :P1an :Plan 
Item J K L : M .. N .. 0 

Net to fixed resources 3752 2811 2952 4465 3687 4508 

Land cost (invest. & taxes)!1 751 751 751 751 751 751 

Cropping cap. (invest. & 11dep.) 975 1456 1175 975 1456 1429 

Livestock cap. ( invest. & 
IIdep. ) 260 260 260 260 260 260 

Cash Ope invest. cost!1 52 52 52 52 52 52 

Total Cost 2038 2519 2238 2038 2519 2492 

Net to labour & management 1714 292 714 2427 1168 2016 

Labour charge ($1.00 per hr.) 2218 2074 2183 2218 2074 2249 

Management 21return -502 -1782 -1469 +209 -906 -233 

11 Includes only that portion of these costs not charged for in the 
pre-budgets. 

11 For a comparison with a straight grain farm under the same conditions 
see section 4.2.6 • The net management return to a straight grain opera
tion was $214. 
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steer prices than was assumed for this study would be required in order 

for beef feeding to replace cattle raising in the area in question. 

Plan 0 is included to show the effect of off-farm grazing on a 

cattle raising operation. In this plan it was assumed that land ordin

ari1y devoted to pasture (as in Plan J) would be used for wheat production. 

(Plan 0). The off-farm grazing was charged for at the typical rate pre

41
vailing for P.F.R.A. pastures. / This plan resulted in a gain to fixed 

resources of $756 above that in Plan JO. Some of this is required to pay 

for the extra resources used (more cropping machinery for wheat production 

and higher operating expenses); the lcmg run return being increased by 

$271. Although this improves the farm income position it does not give 

a sufficient increase in return (under the conditions assumed here) to 

make cattle raising an economic activjLty in the long-run (the long-run 

loss is $233). 

The value of the off-farm grazing in the above case was $271 plus 

an opportunity to more fully utilize other resources on the farm. This 

is true only for a farm devoted to cattle production. Under the conditions 

used for this study, the long-run opportunity cost of utilizing off-farm 

grazing is $437 above the returns, in that the entire resources of the 

farm could be switched to grain production and long-run profit would rise 

by $437. 

In summary, the specialized cattle-raising plans developed from 

41/ Brown, J.A., An examination of Communit~ Pasture DevelOpment in 
Sask. Unpublished Report, Sask. Dept. of Agric., Regina, Sask. p. 8. 
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Program III are not capable of using the resource base assumed for the 

farm in this study as effectively as either specialized grain or special

ized hog farms. Even with the advantage of a 10 percent price increase 

for beef cattle or "at short-run costt~/ off-farm grazing such plans 

are barely competitive with grain production and are not competitive 

with hog production. 

42/ The charges for grazing in community pastures, in general, only 
cover operating costs. 
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Chapter V

CONCLUSIONS AND OBSERVATIONS

5.1 Conclusions

5.1.1 Optimum Plans 

The main objective of this study was to derive a series of opti~

mum farm plans (in terms of return to fixed resources) for farm situations 

typical of those found on medium-loam soil in northwestern Saskatchewan. 

Optimum farm plans were developed for two levels of livestock management, 

and, also for a farm situation where hogs are not considered as a produc

tion alternative. The fixed resources of these farms consisted of one

half section of land, a typical complement of buildings and machinery, 

the labour of one man with a small amount of family help, and $5,000 

liquid capital. 

In the situation where the operator possesses above average live

stock management ability the optimum plan would devote the entire resources 

of the farm to hog production (Table 5.1). Wheat and cattle~raisingwould 

be competitive at the margin with a seven percent and 13 percent increase 

in price respectively. However, when any significant proportion of the 

resources of the farm is devoted to these types of production the return 

to fixed resources falls rapidly. 

A second program and optimum plan was derived for similar conditions 

except that the level of livestock management was assumed to be below average. 

This plan also relied heavily on hog production (Table 5.1) although, in 

this case, other forms of production were more closely competitive. Approx

imately one-third of the farm resources ~ould be devoted to wheat raising 

without causing profits to fall by a significant amount. 

The third optimum plan was derived for a situation similar to the 

first except that hog activities were excluded. Under these conditions 
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Table 5.1 Comparison of Optimum Activity Levels for Program I, II, & III.

: Optimum Plan 
Activity .... Unit . Program I.. .,.. Program II . Program III.. 

Land Buying 1.33 acres 77 

W-W-F 1 acre III 

WE-WE-F 1 acre 92 

Feed-grain Rotation 1 acre 212 202 30 

Wheat-meadow Rotation 1 acre 84 

Feeders ( grain) 1 steer 3 

Cow-Yearling 1 cow 10 

Cow-Cream 1 cow 2 

Hogs-Summer 1 litter 16 22 

HogS-Winter 1 litter 2 

Hogs (2 litter) 1 litter 17 11 

Hay Cutting 1000 1bs. a 85 

Grazing Transfer 1000 1bs. 77 

Using Ope Cap. $10 353 193 180 

Using Livestock Cap. $100 32 24 5 

Net Returns $ 7,021. 6,058. 4,201. 
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a highly diversified system of farming including cash crops, feed grain, 

forage crops, beef feeding, beef raising and cream production was found 

to be optbnum. This indicated that these activities were closely compet

itive in this fanming and management situation. The returns from this 

plan, however, were very much below the returns from optbnUffi plans for 

the two fonmer groups of assumptions (Table 5.1). 

5.1.2 Effect of Changing Levels of Liquid Capital 

All three programs in the study assumed the availability of $5,000 

of liquid capital as a fixed resource. It was originally intended to com

pare programs with various levels of liquid capital. This was found to 

be unnecessary because the marginal value of liquid capital was very low 

($.054 per $100) in the first program and zero in the second program. The 

latter means that additional amounts of liquid capital would not influence 

the combination of activities in the two optbnum plans, under the lin~ar

assumptions of the model used. It implies sbnilarly that higher levels of 

liquid capital available (above $5,000) would have little effect on the 

returns from the optbnum plans. There are, however, three other conditions 

which may nullify the validity of this statement. 

In the construction of the model liquid capital was charged at its 

long-run cost. This was done in order to test the long run competitive 

position of the various capital-using activities (land buying and buying 

of cropping, livestock or operating capital). These were tested for the 

long run situation because it was recognized that once liquid capital is 

committed to a specialized use a relatively long period elapses before 

the costs can be completely recovered. In setting up the model in the 

above manner the relevant short run value of liquid capital is indeterminate. 
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While the model in the form used will give the same allocation of resources 

it will not give the same allocation of marginal product among resources 

as would a short-run mod¢l. Therefore, where a farmer considered capital 

use only in the short-run, it may become more valuable relative to the 

other resources than was found in this case. 

A second factor relating to conclusions on the effect of liquid 

capital on optimum farm plans is the assumption of linearity applied to 

the model. Even though capital-labour substitution was allowed in this 

model, and capital use became more efficient as more machine capital was 

purchased (this occurred indirectly through land purchase) it is felt that 

the substitution and efficiency coefficients were not set high enough to 

operate at a realistic level. It would appear from analyzing the results 

that capital use is in stage I of production, (ie. a larger supply of 

capital would receive a higher return) in the conditions postulated in 

this study. This implies that the cropping and cattle raising activities, 

because they are relatively intensive capital users would not achieve their 

full economies of size until much more capital was available to the farm. 

At some capital supply well beyond the limits set in this study these ac

tivities may become efficient capital users in terms of the high rate of 

return which smaller amounts of capital can give in hog production. 

The latter inference ties in with the third consideration quali

fying assessment of the effects of capital on optimum plans. In the third 

program liquid capital gave a return of three percent after meeting long 

run costs. This demonstrates that capital was t'more limitingtt (because it 

was given a higher marginal value) in a situation where hog production is 

not considered as a production alternative. Under these circumstances the 

availability of a larger supply of capital would cause a change in the 
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amount of return from an optimum plan, and, probably also, in the com

bination of activities which constitute an optimum plan. All fanners, 

even in a relatively small area, either cannot or will not raise hogs 

regardless of their profitability, therefore, the available supply of 

liquid capital probably plays an important part in the selection of 

alternative plans to hogs. 

5.1.3 Effect of Livestock Management Ability 

The level of livestock management ability was reflected by differ

ent levels of input and output coefficients as well as in the grade and 

price received for the products sold. In the two programs identical ex

cept for livestock management ability, little change was evident in"the 

combination of activities representing the optimum plan. Net profit to 

fixed resources was lower by approximately $1,000 in the plan including 

the lower management ability. While hog production was dominant in both 

plans, the competitive position of grain production was higher as would 

be expected, when lower livestock management ability was included. 

The effect of less management input on the utilization of other 

resources was that more resources remained underutilized. This may have 

arisen because management was forced (by the choice of coefficients) to 

be a "complementary" resource with land and capital and not a substitute 

for them. 

The underutilization of land and capital in the plan derived with 

low management ability provided an opportunity for the operator to work 

overtime and use some of these resources to bring his income up close to 

that derived in the optimum plan with the better management ability (see 

section 4.2.6). This would indicate that, under the conditions assumed 
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for this study, an operator with low livestock management ability could 

substitute extra hours of labour for his lack of managerial ability and 

realize an income nearly equal to that of the better qualified operator. 

This would only be true if he had the use of free (in the short-run) fixed 

resources on his farm. 

The effects of management ability demonstrated 'in the study do 

not stem from the farm planning phase of management because the two classes 

of operator are compared in terms of the optimum plan for their capabilities. 

In actual practice, part of the problem related to deficient managerial 

ability is that it often also prevents the operator from arriving at an 

optimum plan (see section 3.2.6). 

5.1.4 Stability of Optimum Plans 

The plan from program I was quite stable in terms of price and 

alternatives coefficients for activities other than those included in the 

plan. The only activity which threatened to enter the plan with signifi

cant changes of assumptions was the wheat-raising activity. In this case 

a seven percent increase in wheat price or a slight reduction in the Sept

ember labour requirement for wheat production would cause wheat production 

to enter the plan. The extent to which wheat production would enter the 

plan with these changes was not determined, but it probably would be at 

a low level. 

The optimum plan derived for Program II was less stable with re

spect to price and coefficient changes for production alternatives. Rela

tively small changes in wheat and cattle prices would cause related ac

tivities to enter the optimum plan. The September labour coefficient for 
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wheat production and the April labour requirements for the cow-yearling 

activity were the most critical coefficients. A one-half of one percent 

and a 10 percent change in the respective coefficients would each change 

the final plan. 

The optbnum plan developed for Program III was very unstable. No 

specific ranges of price or coefficient changes necessary to alter the 

plan were derived for this program. However, the wide variation in number 

and size of the activities selected in the sub-optUnum plans, and the 

nearness of these plans to the optUnUffi with respect to net returns, bear 

out the suggestion of relatively severe instability of the optimum plan 

of activities. 

5.1.5 Evaluation of Resource Complement 

When an optUnum plan was determined, collateral information on 

the amount of resources employed and the marginal value products for 

limiting resources was obtained. From this it is possible to evaluate 

the complement of resources considered representative for the farm and 

area. This complement of resources appeared generally to be suited to 

bog raising. It was only under this form of production that the supply 

of capital available to the farm was large enough to fully utilize the 

labour supply. In fact, for this type of production and with a low level 

of livestock management, capital was actually in excess supply, land was 

also in excess supply and labour was in short supply. When hog production 

was excluded (Program III) the farm plan included many diverse activities~

When specialized'plans involVing grain or beef production were tested, it 

was found that the resources of the farm as set down for this study did 

not form an efficient complement. That is, some resources were in short 

supply and some were in excess supply (see Table 5.2). In general, capital 
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was deficient whereas labour, in off-season months, was in surplus supply. 

This would suggest that the complement of resources taken for the far-m 

is essentially suitable for a mixed farm but not for a specialized grain 

or beef producing farm. This may in part reflect erroneous selection of 

the so-called "typical" resource complement, but it also indicated that 

the resources more nearly typical do not provide good substitutes for 

each other so that the form of production most suited to any particular set 

of resources is relatively unique. Selection of an appropriate farm plan 

therefore depends largely on the particular complement of resources avail

able and changing from one line of production to another may prove costly 

in the short-run. 

There was a tendency in many of the plans for labour requirements 

to reach critical peaks in individual months. Farrowing months for hog

raising plans, harvesting months in grain growing plans, and haying months 

in cattle-raising plans all require much more labour than was required 

during most of the other periods of the year. This suggests that more 

capital-labour substitution should probably have been allowed for the plans 

than was provided in the assumptions used. Also, this may be why farms do 

not commonly attempt to specialize their production. It probably is very 

difficult for a farmer to realize that it may pay h~ to remain partially 

unemployed for some months of the year in order to be able to devote all 

his labour to a particular enterprise at the most critical ttmeo This may 

also be the basis for a general feeling that labour is underemployed in 

agriculture. When labour returns are calculated on an average rather than 

a marginal basis the critical relation of marginal labour in certain periods 

may be overlooked. Definite conclusions on the degree of underutilization 

of labour on farms cannot be reached until this problem has been studied further. 
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Tab Ie 5.2 Comparison of Marginal Value Products of Resources, Programs 

I, II, and III 

: __....;M;,;;;.·a;;;.;r;;",lig~i;...n....;;a;;...;1__V_a_1u_e__P_r_o_d_u_c_t--:.(..:..$~) _ 
Resource .. Unit .. Plan I Plan II : Plan III 

Liquid Cap. 

May Labour 

Sept. Labour 

April Labour 

Total Labour 

Land 

Wheat Quota 

Grass 

Hay (stacked) 

Barley 

Grazing 

Cropping Cap. 

Livestock Cap. 

Operating Cap. 

Total Value Product 

$100 

1 hr. 

1 hr. 

1 hr. 

1 hr. 

1.33 acres 

bushel 

1 ton 

1 ton 

bushel 

A.U.M. 

$100 

$100 

$10 

$ 

.054 

o 

17.64 

12.27 

o 

0 

0 

0 

3.16 

1.018 

0 

0 

.80 

.35 

7,021.11 

0 $ 3.00 

0 .19 

17.32 9.50 

8.10 0 

0 0 

0 1.12 

0 .15 

0 2.34 

0 6.56 

.98 .85 

0 2.40 

0 .02 

1.64 .08 

.35 .05 

6,057.56 4,201.31 
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5.1.6 Evaluation of the Activities Allowed to Compete in the Programs 

The activities which are allowed to compete in a linear programm

ing problem largely determine the type of resource use which will occur. 

While the activities chosen for this study were typical for the area and 

exhausted the capacity of the computer used, an evaluation of these ac

tivities in terms of their applicability to the situation under study is 

warranted. 

The activities which were allowed to compete in the programs for 

this study fell into two general classes. The hog activities were high 

labour users and low capital (including land, equipment and cash) users. 

These could be termed intensive activities in terms of labour use. The 

grain and cattle-raising activities were low labour users and high cap

ital users. These represent extensive activities in terms of labour use. 

This classification is useful when reviewing the results of the optimum 

plans. The intensive activities produced more income under the conditions 

assumed for this study essentially because they made better use of the 

labour supply. It follows that there probably are two distinct types of 

farm plans required for the area in question. If the resource complement 

is similar to that postulated for this study, more of the intensive labour

using activities should be included. To allow the extensive types of 

production to make adequate and economic use of farm resources a basic 

realignment of the resource base would be required. 

A feature of the activities allowed to compete in the programs for 

this study, which may be characteristic of most farm production but re

quiring further review, is the way in which labour use tended to peak in 

certain months. Further investigation of multiple-farrowing systems, or 
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combinations of activities which are supplementary with respect to labour 

use would be desirable to isolate further producing systems which may 

have merit as production alternatives. 

5.1.7 Evaluation of Input-output Coefficients 

The validity of the input-output coefficients used in this suudy 

was appraised by evaluating the plans developed by using them. In this 

regard the strong competitive position of the hog activities suggests of 

erring on the side of relative favorability in coefficients used for hog 

production. The price used for hog sales was the average price for rep

resentativemonths of sales for the lO-year period 1951-60. This is the 

same period of averaging as was used for the other products. When other 

input-output coefficients are compared they do not appear to lend effic

iencies to hog production which are out of line with those accepted for 

other products. Hence there is a strong suggestion that the opportunities 

are for some reason being discounted by farmers so as to curtail expansion 

of hog operations on the ordinary farm. 

Possible reasons for such discounting, may be the risks induced 

by price fluctuations, the more specialized nature of the facilities re

quired, the higher level of ability needed to meet some of the more crit

ical management problems, outright aversion to hog raising on aesthetic 

grounds or other considerations determining type-of-production preference 

of operators. In turn the absence of more specialized hog producers in the 

area in the face of the apparent profitability of hog systems may stem 

from a basic lack of knowledge of the real profitability of hogs. 

In all of the optimum plans the supply of September labour was a 
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limiting factor and therefore important in the selection of the enterprise 

combination. While it is recognized that the harvest month is always a 

nbusy" month on a farm, the degree to which conflict of labour require

ments restricts production alternatives in this study poses questions as 

to the validity of the labour coefficients used for this period. No 

specific conclusion can be drawn except to suggest that the real time 

requirements of harvesting and the possibilities of organizing use of 

labour in the harvest period need further investigation. At the same 

time, the fact that labour becomes restrictive. in the harvest period may 

give justification to using higher capacity harvesting equipment to over

come some of the pressure on available labour. Thus it may be that farmers 

who have traditionally been accused of employing larger equipment units 

than seemed to be warranted by static economic analysis have perhaps been 

correct in doing so. 

The coefficients which were used in this study· to reflect oppor

tunities for capital-labour substitution as a labour economizing procedure 

do not appear to be giving as large a modification of labour requirements 

as seems to hold in practice. These require examination and possible re

orientation in future studies of this kind. 

5.1.8 Evaluation of the Capital-labour SubstitutiGn and Economies of 

Machine-size Features of this Study 

Each unit of livestock or cropping capital purchased was allowed 

to increase the available labour supply by a small amount. This was done 

to indirectly simulate the effects of usual economy of labour use with 

increasing size of enterprise. When the coefficients were established 

they were purposely kept conservative so as to prevent them from having 
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an undue influence on the enterprise selection. This appears to have 

involved a misjudgment of proportion because they then were too low to 

have any appreciable effect on linputed labour availability. On the basis 

of the results of the programs no particular fault was found with the 

method employed but the levels of the coefficients which should be used 

for the purpose require more investigation. The procedure would appear 

to have greater applicability in programs that assume a high initial 

supply of capital (linplying a greater range of labour-capital substitu

tion within a broad range ·of enterprise scale) or in a type of model which 

allows capital to vary (ie. variable resource progranuning). 

The mechanism of introducing economies of machine size into the 

analysis also appeared to be satisfactory but was not given sufficient 

test for conclusive confirmation due to the low capital lllnits of the 

programs. 

5.2 Observations Regarding Future Research 

This study was in the nature of a pilot study in the use of linear 

programming to derive optllnum or bench-mark farm plans for a specific area 

and farm situation in the Province. As such, its contribution may lie in 

the experEnce gained in carrying out the project as it may furnish guides, 

to more effective future research, rather than in the indications of suit

able farming programs which it gave. A number of observations may be 

summerized in order that the lllnitations apparent in the present analysis 

may be avoided in future application. 

Perhaps the most linportant llinitation encountered in the study was 

the lack of adequate data for establishing input-output coefficients app

ropriate to the farming situation represented. This was true both for 
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physical production-transformation rates and price relationships. While 

analysis of the type used here should not be delayed indefinitely pending 

acquisition of more suitable data, the specific lack of tmportant phases 

of information at the present tline suggests that the general research 

facilities of the Province should be fully co-ordinated :$'0 that all 

phases of data tmportant to this type of research, including production 

data and price information, are brought along together. While the present 

study was designed in part to test the suitability of available data it 

does not allow a conclusive test unless a large number of studies can 

be done. If the procedure uncovers apparent possibilities for reorgan

izing resource use, and these are then compared with results derived by 

other methods, it is not possible to establish if the possibilities in

dicated are themselves the result of incorrect data, or of the use of a 

given procedure. As more projects of this type are completed, giving 

additional comparisons, the difficulty of achieving a more conclusive 

assessment of methods and of data will lessen•.. 

The type of analysis concerned in the present formaf study re

quires the use of high-speed computers which, are in the medium to large 

size range·. The size of the matrix used in the' programs was limited by 

the computer facilities available. It would have been desirable to in

clude more restrictions (especially for labour, see section4.l.5.l). 

For future projects of this kind, therefore, it would be desirable to 

arrange for more adequate computation facilities. 

A weakness of the model set up for this study was that both short 

and long-run concepts were combined in the same model (see section 5.1.2). 

This did not prove entirely satisfactory and it is suggested that more 
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conclusive results might be anticipated for a model which considers re

source use with respect to only one time period. A possibility which de

serves more investigation is that of a model which initially considers 

alternatives entirely in a long-run context and allowing purchasing activi

ties for all resources except capital and including the features of capital

labour substitution and changing efficiency of capital use embodied in the 

model used for this study. If all resource supplies were set at zero level 

and then the amount of capital was allowed to vary within reasonable limits, 

much infonnation on the impact of progressively altered combinations of 

resources could be obtained. This would give a broadly applicable set of 

conclusions which would not take care of short-run considerations, but 

it would give the basic and necessary guides to resource allocation which 

now are so badly needed in the province. 

The results of this study indicate that both labour use and the 

effect of the level of management ability require further investigation. 

Some interesting considerations .. relating to the actual extent of under

employment of labour on farms were cast up by the study (see section 5.1.5). 

More investigation is warranted in this area to develop realisticassumpt

ions of labour-capacity. The management factor requires much more study 

to find out how it effects resource-use efficiency before conclusions 

regarding the .relation of management as referred to in this study will 

have real validity. The indication of the results presented in section 

4.2.1.2 suggest that labour may have been treated as a factor regressive 

with output (ie. as labour becomes cheaper output will fall) if management 

is treated as a variable resource. If the input-output coefficient changes 

commonly associated with high and low management have this feature inherent 
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in them, they may require modification, or, if they are correct, the 

situation of labour use may require more rigorous definition than it 

has so far received. 

The techniques of model construction in linear programming are 

constantly being improved. In view of this it is vital that before 

broad application is made of the programming procedure types of models 

be thoroughly investigated so that the most appropriate ones are applied. 

Because of the broad range of types of models available the procedure 

can be used for a great many types of analysis. It is, however, impor

tant that the research worker does not become enamored with testing new 

models to the detriment of necessary research. The simple model used in 

this study, provtdes scope for a wide range of investigation and although 

limited in its application with respect to problems involving curvilinear 

relationships, it appears to have a great potential for explaining some 

of the less intricate relationships affecting resource use. In this con

text it would appear that while the type of analysis used here may at 

the outset seem most appropriate for farm plan derivation per se, the 

results of this study would indicate that the technique's main contribution 

may lie in its ability to expose and specify production relationships in 

a more theoretical framework. To the extent this is true, studies of 

this nature will be suitable only for background information in farm ex

tension work rather than as concrete recommendations. This does not 

imply that linear programming could not be used to plan a specific farm 

program for a given set of conditions, however, until such tUne as the 

cost of carrying out such analysis decreases or unless the analysis was 

completed for a highly commercialized farm which could justify the present 
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high cost of this analysis, linear programming will probably remain 

largely an academic tool. 

The analysis completed for this study was based on a small area. 

No account was taken of the possible effects on prices which may arise 

from a change in the overall supply of hogs. If the recommendations of 

this study were applied on a great many farms, the supply of hogs would 

increase and unless the demand for hogs also grew, the price of hogs 

would be forced down to a point where there was no longer any income 

advantage in hog production. This demonstrates the conflict which can 

occur between the most desirable course of action for an individual farmer 

and for farmers in total. 

The significance of this in respect to the use of the results pre

sented here is that these results apply only under the price conditions 

hypothesized herein. Wide acceptance of these results would likely cause 

a change in price relationships which in turn would make this analysis 

inapplicable. 
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1/
Table A.I Farm Organization Rural Municipality No. 472 1956

Farm Size Farm Production Base 

Size of Farm Number of Farms Item Average per Farm 

- acres  Cattle 16.0 Head 
3 - 69 2 Sheep 1.6 Head 

70 - 239 39 Pigs 7.7 Head 
240 - 399 141 Chickens 77.6 Birds 
400 - 559 120 Wheat 99.0 Acres 
560 - 759 73 Oats 44.2 Acres 
760 - 1119 66 Barley 54.2 Acres 

1120 - 1599 21 Rye Acres 
1600 - 2239 2 Flax 0.6 Acres 
2240 and over 1 Mixed Grain 0.4 Acres 
All Farms 465 Tame Hay 4.1 Acres 

Other Fodder 2.2 Acres t-' 
.p
O" 

Land Use Farm Population 

Item Average per Farm Item Number 

Area of Farm Land 
Total Improved 
Under Crops 
SUIIIlIlerfallow 
Pasture 
Other 
Un~proved (total) 

544.9 
390.7 
205.2 
169.2 

8.2 
8.2 

154.2 

Farm Population 1749 
Farm Operators 465 
Owners 291 
Managers 
Tenants 36 
Part owner - tenant 138 

!/ Dominion Bureau of Statistics, Census of Canada 1956, Dominion Bureau of Statistics, Ottawa, Canada. 1957 



Table A.2 Farm Organization Lashburn Area 196J./ 

Item : Unit : No. of Farms : Average of Farms : Range Farms with . .Reporting . Reporting . Low .. High 

Size of Farm Acres 17 823.5 480 1760 
Cultivated Acres Acres 17 680.3 395 1500 
Crop Acres Acres 17 589.4 195 1500 
Wheat Acres 16 157.6 65 280 
Oats Acres 16 32.0 3 55 
Barley Acres 14 73.6 25 141 
Rape Acres 9 86.3 20 155 
Flax Acres 4 32.2 15 55 
Tame Grass Acres 12 46.1 9 200 
Summer Fallow Acres 16 316.2 182 860 
Milk Cows Head 13 3.5 1 11 .....Beef Cows Head 10 10.1 1 19 .J::'

Other Cattle Head 16 31.3 1 88 "" 
Hogs Head 8 41.4 3 120 
Sheep Head 0 
Poultry Birds 7 57.4 40 125 

1/ Derived from records of Lashburn Farm Management Club, Farm Management Division, Saskatchewan Department 
of Agriculture, Regina, Sask. 



APPENDIX B



- 149 

Table B.l Cropping Activities Used in this Study. 

Note: W - Wheat - with quota and Wheat Board price. 

WE- Cash crop equal to wheat in cost of production 

but returning less per acre. 

FG- Feed grain - based on barley yields and costs. 

F - Summerfallow. 

C - Clover. 

M - Meadow - grass legume mix - suitable for pasture 

or hay. 

Rotation Number Crops in Rotation 

1 W,F 

2 WE, F 

3 W,W,F 

4 WE,WE,F 

5 W,FG,F 

6 WE,FG,F 

7 FG,FG,F 

8 W,FG,C,F 

9 FG,FG,C,F 

10 W,W,M,M,M,M,F 

11 FG,FG,M,M,M,M,F 

This list of rotations is designed to cover four types of 
production. These are: (1) Producing wheat as a cash crop 
for sale through the wheat board, (2) Producing other cash 
crops less favourable than wheat but unhampered by quota, 
(3) Producing feed grain, and (4) Forage production through 
either annual or perennial crops. The above rotations cov
ers the usual crop combinations which are designed to pro
duce anyone or any combination of the above four types of 
production. 
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Table B.2 Tillage and Cultural Practices for Cropping Activities 

1/
Activity Tillage Operations-

Crop on Summerfallow - Cultivate, Harrow, Press drill, Sprayer, Swath,
Combine, Discer. 

Crop OD Stubble - Discer, Press drill, Sprayer, Swath, eGab!ne, Oiscer. 

S..erfallow Operations - Discer, Cultivator, Barrow, Cultivator, llod
weeder, Cultivator, Rodveeder. 

Nurse Cro, ,- Discer, Harrow, Harrow, Press drill, Swath, eoabine. 

Clover - Mow, lake, Bale, Cultivator, Discer. 

Summerfallow following Headow - Cultivator, Cultivator, Biscer, Discer, 
Harrow, Discer. 

Cultural Practices 

- Weed spray every grain crop except nurse crop~/@ $.3S per acr~/

- Seed treabnent - disease - wheat every third year!/@S¢/hushel. 

2/- barley every year- @5¢/bushel. 

- wirewODR - every fourth year!/ @I¢/bushel. 

- Insect spra,!/ - Cutwo~ - every fifth year Dieldrin @4 oa/acre @l4e/oz. 

- Seed cleaning & replacement - covered by assuming a seed cost of: 

1.7S/bushel for whear!/ 

1.20/bushel for barley 

2/
- Seeding rates- - wheat - 1\ bushels/acre 

- barley - 2 bushels/acre 

- clover - $1.2S per acre 

- meadow - $2.30 per acre 

- Pertilizer rate~/- Sumaerfallow crops - 11-48-0 @40 lbs. 

- Stubble crops - 24-20-0 @SO lbs. 

l/Derived FrOB: Rapeseed Study Records, Ag. ECOR. Dept. U. of S. and 
Changes in Farm Ora.aizatioR, Newdale, Man. IcoROIaies 
DiVision, CaDada DepartmeRt of Agriculture. 

~/Agricultural Economics Departmental Est1Jaate.
3/Unpublished DeparbDeatal IrrigatioD Study Standards.
4/Est1Jllate of Entomology Department, Canada Department of Agriculture.
S/Recommendation of Soil ScieDce Departaent, University of Saskatchewan.
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1/
Table B.3 (a) Equipment Complement, Replacement and Repair Costs

320 Acre Farm 

: Replacement :Repair Repair Cost 
ITEM Size Cost .. Rate Per Hour 

$ % $ 

Tractor I 30 HP 3,000 .006 .18 

Tractor II 

Tractor loader 450 .010 .045 

Combine 10' A.M. 3,700 .032 1.18 & fuel 36C 

Swathei' 12' 1,000 .028 .28 

Truck %T. 2,750 .OOI/mile 

Discer 8' 900 .016 .144 

Cult. H.D. 7' 760 .021 .160 

Rod weeder 10' 360 .016 .058 

Press drill 20 run 1,020 .023 .235 

Harrow 30' 320 .010 .032 

Sprayer 32' 320 .016 .051 

Mower 7' 470 .016 .075 

Rake 7' 500 .016 .080 

Ora in loader & Engine 22' 400 .012 .048 

H. Mill 280 .021 .059 

Wagons & racks 2 250 .016 .040 each 

Shop tools 700 l%/year $7/year 

1/ Irrigation Standards, ~~
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1/Table B.3 (b) Equipment Complement, Replacement and Repair Costs

640 Acre Farm 

:Replacement :Repair :Repair Cost 
ITEM Size Cost Rate Per Hour 

Tractor I 

Tractor II 

Tractor loader 

Combine 

Swather 

Truck 

Discer 

Cult. H.D. 

Rod weeder 

Press drill 

Harrow 

Sprayer 

Mower 

Rake 

Grain loader & Engine 

H. Mill 

Wagons & racks 

Shop tools 

1/ Irrigation Standards, 

40 H.P. 

25 H.P. 

12' A.M.

12'

1 T

12'

12'

14'

24 run

36'

32'

7'

7'

28'

3 

~ cit. 

$ 

4,000 

2,650 

450 

4,700 

1,000 

3,170 

1,100 

850 

450 

1,170 

360 

320 

470 

500 

470 

340 

250 

1,100 

% $ 

.006 .24 

.006 .16 

.010 .045 

.032 1.504 &fuel 48l 

.028 .28 

.001/mile 

.016 .176 

.021 .178 

.016 .072 

.023 .269 

.010 .036 

.016 .051 

.016 .075 

.016 .080 

.012 .056 

.021 .071 

.016 .040 each 

l%/year 11.00/year 
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1/
Table B.3 (c) Equipment Complement, Replacement and Repair Costs

1280 Aere Farm 

:Replaeement :Repair :Repair Cost 
Size Cost Rate Per Hour 

Tractor I 

Tractor II 

Tractor loader 

Combine 

Swather 

Truck 

Discer 

Cult H.D. 

Rod weeder 

Press drill 

Harrow 

Sprayer 

Mower 

Rake 

Crain loader & Engine 

H. Mill 

Wagons & racks 

Shop tools 

60 H.P. 

25. B.P. 

16' SP

16'

2 T

16'

16'

24'

40 run

42'

50'

7'

7'

32'

3 

$ 

5,800 

2,650 

450 

6,900 

1,200 

4,200 

1,300 

1,150 

800 

2,040 

400 

500 

470 

500 

600 

340 

250 

2,000 

t 

.006 

.006 

.010 

.032 

.028 

.OOI/mile 

.016 

.021 

.016 

.023 

.010 

.016 

.016 

.016 

.012 

.021 

.016 

It/year 

$ 

.35 

.16 

.045 

2.208 & fuel 72c 

.336 

.208 

.242 

.128 

.47 

.040 

.080 

.075 

.080 

.072 

.071 

.040 each 

20.00/year 

!/ Irrigation Standards, .QJ?:. cit. 
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Table B.4 Tractor Fuel Requirement and Cost 

Size Type :Fuel Cost: 3/:1/of :Tractor: of : Fuel- : pe~ :Repair- : Total 
Farm Size Load : Consumption: Hour-/ :Cost/hr.: Cost/hr. 
acres gals/hr. $ $ $ 

320 30 hp light 1.5 .36 .18 .54 

30 hp med. 1.8 .43 .18 .61 

30 hp heavy 2.2 .53 .18 .71 

640 25 hp light 1.2 .29 .16 .45 

25 hp med. 1.5 .36 .16 .52 

25 hp heavy 1.8 .43 .16 .59 

40 hp light 2.0 .48 .24 .72 

40 hp l1led. 2.5 .60 .24 .84 

40 hp heavy 2.8 .67 .24 .91 

1280 25 hp light 1.2 .29 .16 .45 

25 hp l1led. 1.5 .36 .16 .52 

25 hp heavy 1.8 .43 .16 .59 

60 hp light 3.0 .63 ,.35 .98 

60 hp l1led. 3.4 .71 .35 1.06 

60 hp heavy 3.8 .80 .35 1.15 

1/ Estbnated from Nebraska tests.
2/ Assuming gasoline @ 24e - diesel fuel @ 21e.
1/ From Table B.3
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Table 1.5 (a) T~e and Costs of Machine Operation Per Acre. 

320 Acre Farm 

: Machine: Man 1/ :Tractor.2/ :Machin.J/:Total Cost 
Type of Operation : TbRe!/: T~e- :Cost/hr. tCost/hr. : Per Acre 

hrs : hrs. : $ : $ : $ 

Discer - Heavy Tillage .32 .36 .61 .144 .241 

- Fall Tillage .32 .36 .54 .144 .219 

H.D. Cult. -Sod .40 .44 .71 .160 .348 

- Fallow .36 .40 .61 .160 .313 

Harrow .10 .12 .54 .032 .057 

Press drill - grain & fert. .29 .35 .61 .235 .245 

- Grain fert. & grass .30 .38 .61 .235 .253 

Rod weeder .26 .29 .61 .058 .174 

Sprayer .10 .14 .54 .051 .059 

Swather .21 .24 .54 .112 

Combine .45 .50 .54 1.54 .936 

Haul Craiato storage .45 .50 Truck & loader .200 

Mow and R.ake 1.17 .54 .08 .663 

Bale Hired at 10c/ba1e Hay @ 1% ton == 6.00laere 
Straw@ .75 tons == 3.75/acre 

Haul Fod~er to storage 1.00 .705 

Machine repair .25 brs/acre 

!/ Adapted frena: How labour is used on Red River Valley farms, 
Econaaics Division, Canada Depar~ent of Agriculture. 

2/ From Table 1.4 
3/ From Ta&le B.3 
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Table B.5 (b) Time and Costs of Machine Operation Per Acre. 

640 Acre Farm. 

: Machii·e : Man :Tractorli :Machine17 trotal Cost 
Type of Operation : Time.=. : Title!/:Cost/hr. :Cost/hr. t Per Acre 

: hrs. .. hrs. .. $ .. $ •. $ 

Discer - Heavy Tillage .21 .24 .84 .176 .213 

- Fall Tillage .21 .24 .72 .176 .188 

H.D. Cult - Sod .24 .28 .91 .178 .261 

- Fallow .21 .24 .84 .178 .214 

Harrow .08 .09 .72 .036 

Press drill - grain & fert. .24 .30 .84 .269 .266 

- grain fert. & grass .25 .33 .84 .269 .277 

Rod weeder .19 .22 .72 .072 .150 

Sprayer .10 .14 .45 .051 .050 

Swather .21 .24 .52 .280 .168 

Combine .37 .43 .72 1.984 1.000 

Haul Grain to storage .37 .43 Truck & loader .175 

Mow and Rake 1.07 1.17 .45 .08 .567 

Bale Hired @ 10¢/bale 

Baul Fodder to storage 1.00 .705 

Maehille repair .25 brs/acre 

1J Adapted from: How labour is used Oil Red River Valley farms, 
Beonoaics Division, Canada Department of Agriculture. 

2/ From Table B.4 
3/ From Table B.3 
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Table B.5 (c) Time and Costs of Machine 0peratioD Per Acre. 

1280 Acre Farm 

: Maehiy", : HaD :Traetorll :KachinelJ : Total Cost 
Type ofOperatioD : Time;;.: : Time!/ :Cost/hr. :eost/hr. : Per Acre 

.. brs. .. brs. : $ .. $ : $ 

Discer -Heavy Tillage .16 .18 1.06 .208 .203 

- Fall Tillage .16 .18 .98 .208 .190 

H~D. Cult -Sod .18 .21 1.15 .242 .251 

- Pa110w .16 .19 1.06 .242 .208 

Harrow .07 .08 .98 .040 .071 

Press drill - grain & fert. .14 .18 1.06 .470 .214 

- grain fert & grass. .15 .19 1.06 .470 .230 

Rod weeder .11 .14 1.06 .128 .131 

Sprayer .07 .11 .45 .080 .037 

Iwather .16 .20 .52 .336 .137 

Combine .28 .33 Nil 2.928 .820 

Haul grain to storage .28 .33 Truck " loader .150 

Mow and Rake 1.07 1.17 .45 .08 .567 

Bale Hired @ 10¢/ba1e 

Haul Fodder to storage 1.00 .705 

Macbine repair .25 brs/aere 

11 Adapted from: How labour is used on Red River Valley fa~st
EeoaemicsDivision, Canada Deparement of Agriculture. 

2/ From Table 1.4 
3/ From Table B.3 
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Table B.6 (a> Man TiBe and Machine Cost of-Various Operations 

320 Acre Farm 

: Hachine :" 
Machine Used : Month ':Man Time : Cost $ :S...ary 

"·.'Crop OD S_erfallow 
Cultivate 
Harrow 
Press drill 
Sprayer 
Swath 
Combine 
Haul Grain 
Discer 

B. Crop on Stubble 
Discer 
Press Drill 
Sprayer 
Swath 
Combine 
Haul Grain 
Discer 

C.SUIIIIlerfallew 
Discer 
Cultivate 
Harrow 
Cultivate 
Rodweed 
Cult. 
ltodweeder 

D. Rurse Crop 
Discer 
Harrow 
Harrow 
Press Drill 
Swath 
COillbine 
Haul grain 

I. Clover 
How aDd Rake 
BaIe (Hau1ing) 
Cult. 
Discer 

F.S_erfallow following Headow 
Cult. (spike) May 
Cult. (spike) June 
Diseer July 
Diseer Aug. 
Harrow Aug.
Discer Sept. 

.40 

.12 

.35 

.14 

.24 
·.50 
.50 
.36 

.36 
~35

.14 

.24 

.50 

.50 

.36 

.36 

.40 

.12 

.40 

.29 

.40 

.29 

.36 

.12 

.12 

.38 

.24 

.50 

.50 

1.17 
1.00 
.44 
.36 

.44 

.44 

.36 

.36 

.12 

.36 

•313 
.057 
•245 
•059 
.172 
.936 
.200 
.219 

.241 

.245 

.059 

.172 

.936 

.200 

.219 

.241 

.313 

.OS7 

.313 

.174 

.057 

.174 

.241 

.057 

.057 

.253 

.172 

.936 

.200 

.663 

.705 

.348 

.241 

.348 

.348 

.241 

.241 

.057 

.241 

Hay' Labour , 
July Labour 
Sept. Labour 
Total Labour 
Total Maeh. 

Cost 

Hay Labour 
July Labour 
Sept. Labour 
Total Labour 
Total Machine 

Cost 

May Labour 
July Labour 
Sept. Labour 
Total Labour 
Total Machine 

Cost 

Hay Laltour 
July Labour 
Sept • Labour 
Total Labour 
Total Machine 

Cost 

Hay Labour 
July Labour 
.Sept. Labour 
Total Labour 
Total Machine 

Cost 

May Labour 
July Labour 
Sept. Labour 
Total Labour 
Total Machine 

Cost 

~87 hrs • 
nil 

1.00 hrs • 
2.61 brs • 
2.201 

.71 
Jli1 

1.00 
2.45 
2.072 

.36 

.40 

.40 
2.26 
1.329 

.98 

1.00 
2.22 
1.92 

2.17 
.36 

2.97 
1.96 

.44 

.36 

.36 
2.08 
1.48 

Hay 
May 
May 
June 
Aug. 
Sept. 
Sept. 
Oct. 

May 
Hay 
June 
Aug. 
Sept. 
Sept. 
OCt. 

May 
June 
June 
July 
Agu. 
Sept. 
OCt. 

Hay 
May 
May 
Hay 
Aug. 
Sept. 
Sept. 

July 
July 
Aug. 
Sept. 
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Table B.6 (b) Han Time anel.aehine Cost of Various Operations 

..
Machine Used : Honth S1RUry 

A.Crop on Summerfallow 
Cultivate Hay May Labour 
Harrow Kay July Labour 
Press Drill Hay Sept. Lahour 
Sprayer June Total Labour 
Swather Aug. Total Machine 
Cambine Sept. Cost 
Haul Grain Sept. 
Diseer OCt. 

B.Crop on Stubble 
Discer Hay May Labour 
Press Drill Hay July Labour 
Sp~ayer June Sept. Labour 
Swath Aua· Total Labour 
COIIlhine Sept. Total Bachiae 
Haul grain Sept. Cost 
»iseer kt. 

C. S..erfallow 
»iseer May May Labour 
Cult. June July Labour 
Harrow June .Sept. Labour 
Cult. July Tota1 Labour 
Rod weeder Aug. Tota1 Maehiae 
Cult. Sept. Cost 
Rod weeder Oct. 

D.Nurse Crop 
»iseer May May Labour 
Harrow Hay July Labour 
Harrow lIay Sept. Lalaour 
Press drill May Total Labour 
Swath Aug. Total Machiae 
Coabine Sept. Cost 
Maul graia Sept. 

E. Clover 
How aad Rake July Hay Labour 
Bale (Haullag) July July Labour 
Cult. AUI· Sept. Labour 
Biseer Sept. Total Labour 

Total Machiae 
Cost 

F. S..erfallov Pollowia! Headow 
Cult (spike) May .28 .261 lIay Labour 
Cult (spike) June .28 .261 July Labour 
Diseer July .24 .213 Sept Labour 
Discer Aug. .24 .213 Total Labour 
Harrow Aug. .09 .060 Total Hachine 
»iseer Sept. .24 .213 Cost 

.63 

.86 
2.33 
2.12 

.54 

.83 
2.02 
2.0' 

.24 

.24 

.24 
1.49 
1.22 

.75 

.86 
1.85 
1.9S 

2.17 
.24 

2.69 
1.75 

.28 

.24 

.24 
1.37 
1.22 
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Table B.6 (c) Man T~e and Machine Cost of Various Activities 

1280 Acre Pam 

: : :· MachineBachine Used Month . Han T~e · S....ry.. . · Cost $ :· 
A. Crop onS_erfallow
Cultivate May
Harrow Hay
PresaDrill Hay
Sprayer June
Swather Aug.
Combine Sept.
Haul Grain Sept.
Discer OCt.

I. Crop 'on Stubble
Discer May
Pre'ss', Drii1 May
S,!:ayer June
Swath Aug.
C_bine Sept.
Haul Crain Sept.
Discer Oct.

e.S..erfallow. 
Discer May 
Cultivate JUDe 
Harrow June 
cu1ti",ate July
lod ',' Weeder Aug. 
Cultivate Sept. 
Rod weeder ()ct. 

D.JlurseCrop 
Iliscer Hay 
Harrow Hay 
Harrow May 
Press'.ti1l May 
,Swath Aug. 
CoUine Sept. 
Haul Grain Sept. 

B., Clover 
How" and Rake July 
Bale (hauling) July 
Cultivate Aug. 
Discer ,Sept. 

F. SUDIIIlerfallew Following Headow 
Cult (spike) May 
Cult (spike) Je.e 
Discer July 
Disc:er Aug. 
Harrow Aug.
Discer Sept. 

.19 

.08 

.18 

.11 

.20 

.33 

.33 

.18 

.18 

.18 

.11 

.20 

.33 

.33 

.18 

.18 

.19 

.08 

.19 

.14 

.19 

.14 

.18 

.08 

.08 

.19 

.20 

.33 

.33 

1.11 
1.00 

.21 

.18 

.21 

.21 

.18 

.18 

.08 

.18 

.208 

.071 

.214 

.037 

.137 

.820 

.150 

.190 

.203 

.214 

.037 

.137 

.820 

.150 

.190 

.203 

.208 

.071 

.208 

.131 

.208 

.131 

.203 

.071 

.071 

.230 

.137 

.820 

.150 

.567 

.705 

.251 

.203 

.251 

.251 

.203 

.203 

.071 

.203 

Hay Labour 
July La&our 
Sept. Labour 
Total Labour 
Total Hachiae 

Cost 

May Lab,nlr 
July Labour 
Sept. Labour 
Total Labour 
Total lIachine 

Cost 

May Labour 
July Labour 
Sept. Labour 
Total ,Labour 
Total Machille 

Cost 

Hay Labour 
July Labour 
Sept. Labour 
Total Labour 
Total Hachine 

Cost 

Hay Labour 
July Labour 
,Sept. Labour 
Tota1liabotar 
Total Hachine 

Cost 

Hay Labour 
July LaDour 
Sept. Labour 
Total Labour 
Total Machine 

Cost 

.45 

.66 
1.60 
1.83 

.36 

.66 
1.51 
1.75 

.18 

.19 

.19 
1.11 
1.16 

.53 

.66 
1.39 
1.68 

2.17 
.21 

2.56 
1.73 

.21 

.18 

.18 
L.,04 
1.18 
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. .Table B.7 Labour T~e and Machine Cost Per Acre of Rotatio&

Small Farms 

· May July · Sept. · Total : Machine· · ·Rotation · Labour · Labour · Labour Labour · Cost·· · · · ·
V-F .63 .20 .70 2.44 1.77 
WE-F .63 .20 .70 2.44 1.77 
V-V-F .65 .13 .80 2.44 1.88 
WE-WE-F .65 .13 .80 2.44 1.88 
V-FC-F .65 .13 .80 2.44 1.88 
WE-FC-' .65 .13 .80 2.44 1.88 
FG-FC-F .65 .13 .80 2.44 1.88 
V-FG-C-F .55 .64 .69 2.51 1.85 
FG-FC-C-F .55 .64 .69 2.51 1.85 
W-W-M-H-M-M-F .33 .05 .34 .99 .80 
FG-FG-M-M-M-M-F .33 .05 .34 .99 .80 

A 
Medium Farms -640 acres 

RotatioR 
· Total· · Labour· 

·· : 
May 
Labour 

· July· · Labour· 
·· Sept. 

Labour 
: 

·· 
Machine 

Cost 

W-F 1.91 .44 .12 .55 1.77 
1.91 .44 .12 .55 1.77WE-'

W-W-F 1.95 .47 .08 .64 1.80 
WE-WE-' 1.95 .47 .08 .64 1.80 
W-FG-F 1.95 .47 .08 .64 1.80 
WE-FC-' 1.95 .47 .08 .64 1.80 
FG-FG-F 1.95 .47 .08 .64 1.80 
W-FC-C-F 2.09 .40 .60 .55 1.75 
FC-FC-C-F 2.09 .40 .60 .55 1.75 
W-W-"t:-M-H-M-F .79 .24 .03 .25 .76 
FG-FC-M-H-M-M-F .79 .24 .03 .25 .76 

11 Calculated from Tables B.6 (a) & (b). 
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Table B.8 Yield Assumptions
. .. 11

1941 - 60 - Average wheat yield for R.H. 1472 .. 19.4 bushels.

Assume 1/3 stubble, 2/3 s.-merfallow wheat • 

.Stubble yield" 65~ of summerfallow 'yield 11 

Summerfallow yield" 22 bushels/acre.
Stubble yield .. 14.3 bushels/acre.

Effect of Fertilize~1
40 lbs. - 11-48-0 on sU8llerfallow - increment of 4.8 bushels.
80 lbs. of 24-20-0 on stubble wheat - increment of 6 bushels.

Assume l. of famers used fertilizer - Increment to ave. yields-3.6 on summer
fallow & 4.5 on stubble.

Summerfallow yield with fert ... 25.6 bushels per acre. 
Stubble yield with fert. - 19.8 bushels per acre. 

Barley Barley yield .. 130~ of wheae!/
Summerfa110w = 22 x 130 .. 28.6 Stubble - 130 x 14.3 .. 18.6

Effect of 'ert.ll Summerfa110w 40 lbs of 11-48-0 increment of 9.5 x .75 .. 7.1
Stubble 80 lbs of 24-24-0 increD1ent of 6.5 x .75 .. 4.9

Barley yields with fert ... sUlmllerfallow .. 35.6 bushels/acre. 
stubble .. 23.5 bushels/acre. 

Forage Yields2.1 

Grass legume mixture down 4 years" 1\ tons/acre.
Clover .. 1\ tons/acre.

Straw Yield~/

.75 tons straw /crop acre. 

Table B.9 Grain Price Assumptions 

Wheat - Average price received by fa~ers (basis 24¢ F.R.) for 13 wheae!! 
Years 1950-51 to 1959-60 = $1.44 
Cost of hauling to elevator" $.035 

Farm. Price" $1.40 

Barley- Average price received by faromer (basis 24¢ F.R.) for #1 feed barle~
Years 1950 - 51 to 1959-60 .. $.88/busbe1 
Cost of hauling to elevator - $.035 
Farm Price" $.84 per bushel 

1/ Supervisor of Statistics, Sask. Deparbftent of Agriculture.
21 Departmental Records.
3/ Soils Department, University of Saskatchewan, Unpublished Report.
4/ Field Husbandry Department Estimate.
5/ Agricultural. leon. Dept. Estimates.
61 Dominion Bureau of Statistie•., Grain Trade of Canada, Ottawa.



Table B. 10 Livestock Activities General Description. 

: Kanagement : Konth Born t Konth : Approximate size : Reproduction 
Activity : Level : or Purchased : Sold : of enterprise : Rate 

Fee4ers (Hay) JI 
B 

Oct. 
Oct. 

- Nov. 
- Rov. 

March 
March 

- April 
- April 

50 head 
SO head 

Feeders (Grain) A 
8 

Oct. 
Oct. 

- Nov. 
- Nov. 

March 
Karch 

- April 
- April 

50 head 
50 head 

Feeders (Graio, all yr) A 
B 

All year 
All year 

All year 
All year 

50 head 
SO head 

Cow Cream 

Cow Calf 

A 
B 

A 
B 

April 
April 

April 
April 

October 
October 

October 
October 

10 cows 
10 cows 

25 cows 
25 cows 

.95 

.90 

.95 

.90 

,... 
0' 
W 

Cow Yearling A 
B 

April 
April 

June 
July 

25 cows 
2S cows 

.9S 

.90 

Hogs Sunmer A 
B 

March 
March 

Sept_ber 
September - Oct. 

12 sows 
12 sows 

8.5 
7 

Hogs Winter A 
B 

OCt. 
Oct. 

- Nov. 
- Nov. 

April 
May 

12 sows 
12 sows 

8.5 
7 

Hogs all Year A 
B 

Oct. " 
Oct. & 

April
April 

OCt. & April 
OCt. " April 

12 sows 
12 sows 

17 
14 
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1/
Table B.11 Livestock Feed Require.ents-

Type of Feed 
tHanagement: Time tBar1ey tProtein : Hay tStraw : Bedding:Vit.A. tSalt :Bon.ea1:Pasture 

Activity I Level : Period :(Bus.) :Sup.(Lbs.): (Lbs.) :(Lbs.) : (IJ)s.) : ($) :(lbs.): (Lbs.) :(A.t.J.M.) 

Feeders A 150 days 35.31 75 1725 - 1000 - 7.5 7.5 
(Hay) B 180 days 35.31 75 241J - 1000 - 7.5 7.5 

Feeders A 150 days 56.25 - 300 750 1000 1.12 7.5 7.5 
(Grain) B 180 days 56.25 - 300 1250 1000 1.12 7.5 7.5 

Cow A 1 year 39.6 200 620G - 1500 - 24 24 6.25 
(Cre_) B 1 year 20.8 - 6400 - 1500 - 20 20 6.25 

t-'Cow A 1 year - - 5000 - 1000 - 16 16 6.25 0" 
~(Calf) B 1 year - - 5000 - 1000 - 16 16 6.25 

Cow A 1 year 41.67 - 7000 - 2000 .50 26 26 6.25 
(Yearling) B 1 year 41.67 - 7600 - 2000 - 26 26 6.25 

HOls A 1 year 146.87 1220 - - 4500 Included in Supple 
(1 Litter) B 1 year 142.4 380 4500 Included in Supple 

Hogs A 1 year 251.17 2250 - - 4500 Included in Supple 
(2 Litters) B 1 year 238.54 680 - - 4500 Included in Supple 

1/ The Feed requirements shown in this table were compiled by amalseaating inforMation obtained frGB. The 
- AnbRal Scienee Depar~ent. ~teDsion Publications and Agriculture leonoaic Deparcaenta1 Istimates. 



1/
Table B.12 Livestock Labour Requireaents By Month 

: Hanaa_eat:
Activity t Level : HaBhours per oait of Activity 

Total : Jan. : Peb. t Mar. : Apr. : May : Juae : July_: Aug. :,ept.: OCt. :Nov. t Dee. 



1/
Table B.13 Distributiea of Labour Requireaents in Hog Raising by Months-

Percent of Total Labour Required whea Farrowing is inMonth .. 
: March I Nov_ber : January & July : Mar. & Novesaber 

January 4.0 8.0 19.7 7.6 

February 4.0 8.0 9.5 7.6 

March 27.0 8.0 6.1 7.6 

April 10.0 8.0 6.1 7.6 

Hay 8.0 8.0 6.0 10.3 

June 8.0 3.0 5.6 7.5 ..... 
0' 
0' 

July 8.0 8.0 10.3 5.6 

August 8.0 4.0 8.1 5.6 

September 8.0 4.0 6.7 5.6 

OCtober 3.0 4.0 6.7 5.8 

Nov_ber 8.0 27.0 7.6 19.7 

Dee_bel' 4.0 10.0 7.6 9.5 

!/ RieholsoD, R.C. t A Linear hOlr_ial ABal,sis of t.he Impact of Varyilll Prices uroa a Central Indiana 
Hog and Beef Farm, Unpublisbed Doetoral Thesis, Purdue V.iversity, 1961. 



Appendix Table B.14 Fixed Capital Requirements for 1.ivestock Activities 

Activity : Manag_ent: Unit -;-------Buildings : Specia12/: Breeding : Total Fixed 
t Level: : leplacemey,: Repair: Repair 2/ : Ilquipaent: .Stocldl : Investment 

: cost/unit=-'.: Ratc4l: eharg~·:

Feeders (Hay) A 
B 

1 Steer 
1 Steer 

32.00 
32.00 

1.5% 
1.5t. 

.48 

.48 
12 
12 

44.00 
44.00 

Feeders (Grain) A 
B 

1 Steer 
1 Steer 

32.00 
32.00 

1.5% 
1.5t. 

.48 

.48 
12 
12 

44.00 
44.00 

Feeders (2 lots) A 
B 

1 Steer 
1 Steer 

16.00 
16.00 

1.5t. 
1.St. 

.24 

.24 
6 
6 

22.00 
22.00 

Cows Cream 

Cow Calf 

A 
B 

A 
B 

1 Cow 
1 Cow 

1 Cow 
1 Cow 

48.00 
48.00 

32.00 
32.00 

1.5% 
1.5% 

1.St. 
1.5'1 

.72 

.72 

.48 

.48 

30 
30 

20 
20 

300 
250 

250 
200 

378.00 
328.00 

302.00 
252.00 

..... 
0' ......, 

Cow Yearling A 
B 

1 Cow 
1 Cow 

56.00 
56.00 

1.5% 
1.5% 

.84 

.84 
30 
30 

250 
200 

336.00 
,286.00 

Hogs S.....er A 
B 

1 Litter 
1 Litter 

120.00 
120.00 

1.5t. 
1.5t. 

1.80 
1.80 

10 
10 

50 
50 

180.00 
180.00 

HQgs Winter A 
B 

1 Litter 
1 Litter 

350.00 
350.00 

1.5t. 
1.5t. 

5.25 
5.25 

20 
20 

so 
50 

420.00 
420.00 

Hogs 2 Litters A 
B 

1 Litter 
1 Litter 

175.00 
175.00 

1.5% 
1.51 

2.62 
2.62 

15 
15 

25 
25 

215.00 
215.00 

11 Replaceaent cost is for materials only therefore ~he entire cost is. included in Fixed Capital. This 
- assumes labour cost equals amount present value is below actual replacement cost. Materials costs were 

obtained from Fara Management Handbook for Saskatchewan, Saskatchewan Department of Agriculture, aegina, Sask. 
2/ Agricultural Economic Deparc.ental Est~ates.



Tallie 1.15 HarketiDg and Price AssumptioDsLivestock Activities 

tHanaa_ent: luying.!.I: 11: Weight: Buying!1 :-Sel1ill~l --:S-.Iffnj!Tt--j-elfiillCtiarieSIl 
Item : Level : Charges :Freight- : Bought: Price: Grade : Price : Freight: Stockyard 

: $ : $ : 1bs.: $/ewt. : : $/cwt. : $ per unitlactivity 
Steers A 1.25 2.10 700 18.43 1/3 choice 2/3 good 20.93 10.11 2.75 
Winter B 1.25 2.10 700 18.43 1/3 choice 2/3 good 20.93 9.73 2.75 

Average A 1.25 2.10 700 19.34 1/3 choice 2/3 good 21,00 10.11 2.75 
of Year B 1.25 2.10 700 19.34 1/3 choice 2/3 good 21.00 9.73 2.75 

Cow Calf A stock calf 18.40 3.56 1.25 
Cream B 18.40 3.00 1.25 

Cow Stock A stock calf 18.40 4.27 2.75 
Calves B 18.40 3.42 1.25 . 

...... 
0"1Raising A 1/3 choice 2/3 good 20.68 8.45 2.75 

Calf B 20.68 6.70 2.75 
00 

Hogs A 1/3 Bt 2/3 A 28.59 17.00 4.68 
Summer B 1/31.., 2/3 I 27.81 14.00 3.85 

Winter Ai, 1/3 Bt 2/3 A 27.04 17.00 4.68 
B 1/3 A, 2/3 B 26.26 14.00 3.85 

Average A 1/3 B, 2/3 A 26.38 34.00 9.36 
of Year B 1/3 A, 2/3 B 25.60 28.00 7.70 

11 Farm Hanagement Handbook for Saskatchewan, Ope cit. 
21 Adapted from Table B.19.
3/ Estbnated grade associated with management level.
!I Adapted from Tables B.17 to B.21.



Table B.16 C"pital Labour Substitution Coefficiellts. 

The object of the coefficient for capital labour substitution is to increase the labour supply sufficiently 
to approxu-ate the reduction in per unit labour t~ewhich would ordinarily occur as the ente~prise became larger. 
For example if one acre of a rotation required 1 hour of labour on a half section fa~ and only .5 hours on a 
section fa~, this could be allowed for by allowing the activity which purchased cropping capital, (which must 
enter at a dete~inate level before the fa~ will be one section in size) to feed labour into the labour supply 
in an amount large enough to allow the number of units of the rotation to be carried on as would be the case if 
the labour using coefficient was .5 • 

The fo~ula used to derive the coefficient is: 

( (Initial t~e per unit2 X No. of units of activity)- initial t~e per unit X number of units of Activity ) 
revised ttMe per unit 

•: No. of units of Capital in original supply - labour feed back coefficient. For example the May labour feedback 
,.... 
..ccoefficient for cropping capital ,was ( .632 x 240) - ( .63 x 240 ) : 115 - 0.5260 hrs. unit of cropping 
0' 

( .44) ( ) • capital purchased. 

The other labour feedback coefficients were dete~ined by the same method with the exception of the labour 
livestock capital substitution figures which were cut back slightly to allow for the possibility of two or 
more enterprises entering the plan and therefore reducing the labour efficiencY in either enterprise. 



, 1/Table B.17 Price of Choice Steers Edmonton Market 1951 - 6~

Year 

1951 

: 
•. OCtober 

32.77 

: 
: November 

32.93 

: OCt. Nov. : . Average April• .. 
- $ perCwt. -

32.85 33.88 

: .. May 

33.47 

: Apr. May 
: Av~_rage

33.67 

: 
: 

Average 
for year 

33.09 

1952 2'.68 25.70 25.21 24.56 23.83 24.20 25.39 

1953 16.67 16.70 16.69 17.71 1~.52 17.61 18.14 

1954 20.69 20.24 20.46 18.19 18:87 18.48 18.56 

1955 17.06 17.01 17.04 17.83 18.07 17.95 17.84 

1956 21.11 20.00 20.60 16.69 17.55 17.12 18.34 

1957 

1958 

17.64 

22.77 

17.92 

23.82 

17.78 

23.30 

18.39 

22.55 

18.68 

23.22 

18.53 

22.98 

18.23 

22.09 

..... ....., 
0 

1959 24.92 24.72 24.82 22.98 23.05 23.01 23.69 

1960 21.69 21.85 21.77 21.40 21.35 21.37 21.68 

Average 22.05 21.48 21.71 

1/ Livestock and An~a1 Statistics. Dominion Bureau of Statistics, Ottawa. 



11 
Table B.18 Price of Good Steers Edmonton Market 1951 - 60

OCt. Nov. Apr. Hay Average 
Year October November Average April . _}~ay . ~_~_._A,,-e~.f.Jl.~.~_ .for~e_a.l'.

- $ per cwt. 
1951 31.50 31.79 31.64 32.88 31.80 32.24 31.84 

1952 21.72 22.89 22.30 23.08 22.71 22.89 23.82 

1953 16.67 16.70 16.68 17.98 17.71 17.84 18.14 

1954 18.69 18.66 18.67 16.99 17.85 17.42 17.45 

1955 17.06 17.01 17.03 17.83 18.07 17.95 17.84 

1956 18.38 17.56 17.97 16.05 16.62 16.33 16.85 

1957 15.41 16.14 15.77 17.54 17.56 17.55 16.91 
..... .......,1958 21.57 22.40 21.98 21.24 22.31 21.77 20.74 ..... 
I 

1959 23.37 23.20 23.28 21.76 22.28 22.02 22.67 

1960 20.26 20.52 20.39 20.44 20.52 20.48 20.46 

Average 20.57 20.65 20.67 

!I Livestock and AnUBal Statistics. Dominion Bureau of Statistics, Ottawa. 



Table B.19 Price of Feeder Steers and Stock Calves Edmonton Market - 1951 - 601/ 

Cood Feeder Steers : Stock Calves 
Year :Average : May : June: May-June: 0etober : November:OCt. Nov.: OCtober: November: OCt. Mov. 

:for year: ; : Average ; : : Average t t : Average 

1951 30.60 31.50 31.23 31.37 30.24 
- $ per cwt. -

29.07 29.66 31.64 30.92 31.28 

1952 20.60 20.70 22.94 21.42 16.85 18.39 17.62 16.99 17.99 17.50 

1953 15.54 17.57 17.02 17.28 14.17 13.89 14.93 13.60 13.66 13.63 

1954 14.95 15.43 16.08 15.76 14.74 14.89 14.82 12.38 13.50 12.94 

1955 15.53 16.60 16.89 16.75 15.16 14.69 14.92 13.78 13.89 13.83 

1956 

1957 

15.10 

16.12 

16.09 

17.07 

16.98 

17.17 

16.54 

17.12 

15.33 

15.21 

14.77 

15.71 

15.05 

15.46 

13.06 

15.29 

13.36 

17.02 

13.21 

16.15 
t-' ......, 
N 

1958 21.23 22.63 22.03 22.33 22.14 22.40 22.27 24.77 25.09 24.93 

1959 22.62 23.76 22.75 23.25 21.32 20.16 20.74 21.19 19.65 21.75 

1960 20.16 20.36 21.06 20.71 19.40 20.00 19.70 19.02 20.54 19.78 

Average 19.25 20.25 18.43 18.40 

!/ Livestock and Anil'lla1 Statistics,DOIIlinion Bureau of Statistics, Ottawa. 



1/Table B.20 Price of Steers aad Heifers Edmontoa Market 1951 - 6~

.. Choice Steers .. Good Steers : Choice Heifers : Good Heifers 
Year t June : July t Juae : July : June t July .• June t July 

- $ percwt. -
1951 34.63 34.28 33.34 32.31 33.05 31.90 31.33 30.31 

*,"1.952 24.18 25.04 22.59 23.71 23.08 24.52 21.03 22.93 

1953 19.19 18.40 18.01 17.23 18.54 17.60 16.86 16.44 

1954 19.41 20.33 18.32 19.03 17.59 18.50 15.98 16.55 

1955 18.92 19.41 18.18 18.48 17.47 17.64 16.23 16.26 

1956 18.86 19.43 18.04 18.66 17.69 18.17 16.70 16.91 

1957 18.35 18.47 17.43 17.49 16.99 16.70 15.91 15.55 I-" 
....... 
w 

1958 22.90 21.92 21.80 2(),. 76 21.12 20.36 20.12 19.10 

1959 23.28 23.67 22.30 22.69 21.48 22.50 20.80 21.27 

1960 21.42 21.88 20.46 20.86 19.46 19.97 18.48 19.31 

Average 22.11 22.29 21.05 21.12 20.6S 20.79 19.34 19.46 

Bi-.onthly 
Average 22.20 21.08 20.72 19.40 

1/ Livestock and Animal Statistics, Dominion Bureau of Statistics, Ottawa. 



1/
Table B.21 Hog Prices Basis B 1 Dressed Weight Edmonton 1951 - 6~

Year 
·· · April· 

: .• May 
: 
t 

Average .. 
Apri I-May: OCtober 

: : Average 
: Nov_ber : Oct.lov. 

t 
: August 

- $ per cwt. -
1951 30.35 33.02 31.68 31.43 29.00 30.21 36.34 

1952 24.67 24.10 24.38 24.32 24.10 24.21 25.31 

1953 " 26.00 29.97 27.98 30.25 28.25 29.25 32.95 

1954 34.42 34.48 34.46 22.42 23.26 22.79 26.27 

1955 21.48 21.82 21.65 20.25 19.80 20.02 24.74 

1956 20.08 20.94 20.51 27.64 27.21 27.43 24.86 

1957 26.18 27.30 26.74 25.68 22.93 24.30 33.40 

1958 27 .12~ 29.33 28.22 21.50 20.82 21.16 28.03 

1959 20.71 20.71 20.71 19.47 19.37 19.42 20.71 

1960 18.15 18.76 18.45 22.64 23.17 22.90 23.48 

Average 25.48 24.17 

1/ Livestock and Animal Statistics, DaainioD Bureau of Statistics, Ottawa. 

: : Average
t Septeaber: for year

32.68 32.70 

24.99 24.60 

31.79 28.78 

24.27 28.05 

24.26 22~20

27.33 23.40 
.... 

31.08 27.55 "-.J 
~

23.23 24.59 

20.70 20.46 

24.28 20.63 

27.03 25.30 
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Table e.1 Sub Opt~.. Plans Derived with High Livestock Efficiency Program I 

.. Activity Level in Plan 
Activity : Unit : Optimum : 0-1 t 0-2 •. 0-3 .. 0-4 t 0-5 : 0-& 

Land Buying 
RGt. I W-F 

1.33 acres 
1 acre 54.88 60.3' 57.37 

Rot. VIII FG-FG-F 1 acre 212.51 212.51 209.18 185.13 179.62 182.64 162.71 
Rot. XI FG-H-F 1 aere 77.29 
Cut hay 1000 I 0.01 0.01 16.91 16.91 16.77 28.96 131.71 
Grazing transfer 1 A.U.R. 15.09 15.09 15.23 3.04 10.65 
Feeders (Hay) 1 steer 
Cow Cream 1 eow 0.38 0.49 1.70 
Cow Yearling 1 cow 0.00 2.41 2.41 2.06 
Hogs Summer 1 litter 15.89 15.89 19.10 8.65 7.30 5.24 17.10 
Hogs Winter 1 litter 1.83 1.83 0.03 1.39 2.16 3.67 3.20 
HGgs 2 Litters 1 litter 16.76 16.76 13.73 20.11 19.81 21.63 10.25 
Using Ope Cap. $10 353.80 353.80 352.35 339.31 331.21 334.68 341.66 
Using Livestock Cap. 
Idle total Labour 

$100 
1 hr. 

32.31 
412.09 

32.31 
412.09 

32.39 
381.33 

33.04 
481.28 

33.44 
482.24 

33.27 
465.88 

32.92 
177.20 

~...... 
Q'\ 

Iel1e Hay Labour 1 hr. 11.46 11.46 11.56 2.68 
Idle Sept. Labour 1 hr. 
Idle April Labour 1 hr. 
Idle Lanel 1 acre 27.50 27.50 30.83 
Ielle Quota 7 bushels 240.00 240.00 240.00 139.67 129.61 135.13 240.00 
Idle Grass 1000 I 31.99 31.99 
Idle Crop Cap. 
Idle Hay 

$100 
1000 , 

26.39 26.39 -27.78 14.92 14.92 14.92 
25.94 

30.92 
121.16 

Idle GraZing A.U.H. 0.00 
Idle Straw 1000 I 76.04 76.04 82.00 83.52 82.85 77.80 73.93 

Net Profit $ 7,021.11, 7,021.09 6,965.34 6,893.16 6,78~.98'· 6,768.32 6,315.34 

(conttd.) 



Tall1e e.1 (b) (cont'd.) 

.. Activity Level in Plan 
Activity : 0-7 : 0- 8 .. 0- 9 : 0 - 10 : 0 - 11 : o - 12 : o -' 13 • o - 14. 

Land lluying 26.20 33.74 32.97 26.65 25.92 33.50 31.26 42.87 
Rot. I. W-F 
Rot. VIII FC-FC-F 118.03 101.72 99.56 103.22 100.86 85.67 58.53 
Rot. XI FG-M-F 148.18 172.03 173.42 163.43 165.06 187.83 212.73 282.87 
Cut Hay 230.77 263.78 260.67 274.75 248.80 282.07 299.20 392.95 
Crazing Transfer 16.31 18.37 23.35 21.40 22.36 22.61 40.73 48.69 
Feeders (Hay) 5.88 6.46 
Cow Cr.. 2.61 2.94 2.93 3.42 3.S8 3.62 4.52 5.80 
Cow Year~j.n8 0.81 2.00 1.99 
Hogs .SUIIIIler 21.43 23.71 2.5.20 23.79 23.36 20.90 20.79 16.15 
Hogs Winter, 

~,', l 

Hogs 2 Litters 6.13 2.28 /",~~l~
tfsinl Op~A~~e:."., 317.01 304.28 300.71 376.42 381.74 293.11 269.09 228.39 
Using Livestock Cap. 21.91 19.03 19.57 18.73 18.81 19.70 21.95 18.56 
Idle Total Labour 45.75 I 

Idle Hay Labour 8.91 ..... ..... 
Idle Sept. Labour 1.11 7.08 16.68 40.07 ..... 

Idle April Labour 8.03 12.42 1.86 
Idle Land 
Idle Quota 266.20 273.74 272.97 266.65 265.92 273.50 271.26 282.87 
Idle Grass 
IdleCrop Cap. 34.67 34.46 37.07 37.64 38.28 39.83 45.92 55.60 
Idle Hay 214.58 245.56 236.85 216.16 215.48 259.64 257.19 343.05 
Idle Grazinl 
Idle Straw 78.86 83.09 86.37 84.41 83.01 73.27 68.10 48.01 

let Profit 5,797.21 5,522.64 5,467.97 5,403.54 5,353.42 5,277.05 4,808.17 3,830.52 



Table C.2 Sub Opt1mua Plan Derived with Low Livestock Effieiency Program 11. 

: Activity Level in Plan 
Activity : Unit :Optim_ : 0 - 1 .. 0-2 : o - 3: 0 - 4 : 0 - 5 : 0 - 6 : 0 - 7 ; 0 - 8 

Land Buying 1.33 Acres 12.42 12.26 17.57 
Rot. I W-F 1 Acre 
Rot. III V-V-F 1 Acre 88.02 116.86 116.78 119.24 
Rot. VII FC-Fe-F .1 Acre 202.11 173.75 173.75 173.75 189.90 151.98 135.56 135.47 138.33 
Rot. X.W-H-F 1 Acre 50.10 
Rot. Xl FC-H-F 1 Acre 66.26 66.26 66.26 
Cut Hay 10001 18.45 18.84 
Grazing TraGsfer A.U.H. 0.01 0.01 0.01 . 0.01 15.18 15.50 
Feeder (Hay) 1 Steer 
Cow Cream 1 Cow 
CowCalf 1 Cow 
Cow Yearling 1 Cow 0.00 0.00 0.00 0.00 0.00 2.43 2.48 
Hogs SU8Iler 
Hogs Winter 
Hogs all Year 

1 Litter 
1 Litter 
1 Litter 

22.14 

11.10 

22.25 

10.98 

22.25 

10.98 

22.25 

10.97 

18.58 

13.09 

7.20 

19.63 

2.30 

22.43 

3.24 

20.44 
3.24 

20.96 

..... 
-....,J 

00 

UseOp. Capital $10 192.57 195.28 195.28 195.29 190.92 177.69 172.81 185.88 201.73 
Use Crop Cap. $100 
Use Livestock Cap. $100 23.71 23.64 23.64 23.65 21.58 15.17 12.37 17.00 26.03 
Idle Capital $100 16.67 16.60 16.60 16.60 18.88 25.96 23.20 17.99 5.69 
Idle Total Labour 1 hr. 361.24 345.24 345.24 345.22 411.51 617.08 700.89 648.32 618.12 
Idle Hay Labour 1 hr. 19.22 15.75 15.75 15.74 15.80 16.37 15.43 11.33 5.00 
Idle Sept. Labour 1 hr. 
Idle Land 1 Acre 37.19 
Idle Quota 7 Bush. 240.02 240.01 240.01 240.00 193.61 49.87 
Idle Crass 1000 I 32.00 126.61 126.61 126.60 103.53 31.99 33.64 
Idle Crop Cap. $100 30.73 28.64 28.64 28.64 25.29 14.92 9.74 9.81 7.59 
Idle Hay 1000 I 0.01 0.01 0.01 
Idle Grazing A.U.M. 0.00 0.00 
Idle Straw 1000 I 84.90 82.39 82.39 82.39 90.68 116.37 126.68 128.01 123.22 

Net Profit $ 6,057.76 6,028.10 6,028.10 6,028.09 6,021.63 5,998.29 5,939.95 5,891.80 5,863.19 

(cont'd) 



Table C.2 (cont'd.) 

Activity 
: 
: 0 .. 9 : 

---

0 - 10 : 0 

- ----------Ac:-f£vitj ];;evel.--inPlan 

- 11 : 0 .. 12 : 0 .. 13 to.. 14 : 0 .. 15 :0 .. 16 : 0 - 17 : 0 .. 18 

Land-Buying 
Rot. 1 W-F 
Rot. 111 W-W-F 
Rot. VII FG-FG-F 
Rot. X W-H-' 
Rot. XI FG-M-F 
Cut Hay 
Grazing Tsf. 
Feeder (Hay) 
Cow Cream 
Cow Calf 
Cow Yearling 
Hogs-Suuaer 
Hogs Winter 
Hogs All Year 
Use. Ope Cap. 
Us_e. Crop .Cap. 
Use Livestock Cap. 
Idle Capital 
Idle Total Labour 
Idle May Labour 
Idle Sept. Labour 
Idle Land 
Idle Quota 
Idle Grass 
Iell. Crop Cap. 
Idle Hay 
Idle Grazing 
Idle Straw 

19.30 

120.05 
139.26 

18lt96;:
15.61 

2.50 

3.50 
20.81 

209.17 
3.67 

26.87 

610.76 
5.24 

14.21 

124.18 

25.54 

117.97 
135.99 
11.59 

28.50 
23.45 

3.75 

3.10 
20.25 

207.72 

27.69 

600.15 
2.39 

6.67 

125.05 

35.4S 
73.82 
60.47 

130.48 
10.68 

28.51 
23.45 

3.75 

2.00 
20.53 

194.84 

23.71 

606.44 

2.35 

116.04 

35.46 
73.84 
65.04 

125.90 

10.68 
28.51 
23.46 

3.75 

2.00 
20.53 

194.85 

23.70 

606.45 

2.35 

116.04 

36.20 
129.85 
17.97 

126.42 

1.95 
17.60 
22.00 

3.52 

2.30 
20.89 

185.19 

23.84 

619.98 

0.23 

105.90 

36.72 
133.30 

15.30 
126.22 

1.89 
17.80 
21.80 
0.15 

3.49 

2.23 
20.88 

186.66 

23.52 

620.27 

105.57 

38.77 
152.50 

126.10 

0.17 
17.27 
20.12 
0.48 

3.22 

1.91 
21.01 

188.18 
0.61 

21.88 

623.16 

103.47 

40.61 
153.50 

121.83 

5.27 
19.96 
24.96 

3.99 

0.80 
1.29 

20.56 
180.56 

0.46 
21.55 

622.39 

104.61 

44.49 
155.63 

111.89 

16.97 
27.70 
34.45 

0.11 
5.41 

2.42 

19.22 
177.83 

0.06 
20.27 

615.64 

107.21 

44.50 
155.63 

111.31 

17.56 
28.09 
34.91 

0.12 
5.47 

2.41 

19.17 
177.60 

20.34 

615.77 

0.20 

107.04 

.... 
.......,j 

"" 

Net Profit 5,833.66 5,805.655,775.26 5,775.07 5,750.66 5,746.02 5,735.64 5,720.67 5,641.98 5,633.47 
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