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CHAPTER I

¡ NTRODUCT I ON

I. THE MANITOBA VEGETABLE INDUSTRY

Vegetable p.roduction, as a component of the agr:icultural

economy of ManÌtoba, has largely been subordinated by the emphasis

placed upon wheat and other cereal crops. The wheat economy of the

province has been stressed in the constant drive to maintain the

competitive position of Manitoba in the international market. The

vegetable industry, however, has not enjoyed comparable promotion

and developnent, and prior to the Second ll/orìd War, production was

I imited to that requìred for local consumption. DurÌng this earl ier

period, large quantities of vegetables were imported because of the

high degree of seasonality of production and the lack of adequate

storage technology.

Nevertheless, pockets of vegetabìe production developed around

the large urban centres of consumption--mainìy the VJinnipeg area.

Domestic supply remained highly seasonal, particularly with respect

to the more perishable vegetables such as tomatoes and celery, and

the off-season was characte rized by an inflow of fresh produce from

the southern United States. ln some cases imports competed success-

ful ly even when domestic suppl ies were avaÌ lable since local vege-

tables were comparatively lower in qual ity. ln spìte of brisk

competition and i rregularities in supply, however, the ì¡Jinnipeg-centred
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vegetable índustry gradual ìy expanded and developed attendant

wholesale and retai ì marketing institutions.

Meanwhile agricultural researchers assembìed and disseminated

technical information on varieties and productîon techniques suitable

to Manitoba conditions, al lowing local producers to compete success-

fully with imports. lmproved storage techniques extended the time

span over which local ìy grown vegetables \^rere avai lable to the

consumer.

ln the early l95O's the trade began to seriously consider: the

possibil ity of export operations. Producers weró now in a position

to produce a surpìus over local requirements and the marketing

inst i tut ions had deveìoped the abi ì i ty to channel i t into the export

market. Manitoba vegetables began moving into Saskatchewan, Aìberta,

Ontario and the United States on a modest scale. The bulk of this

technological and market progress in the vegetable industry has taken

pìace at an increasing rate over the past twenty years

Recently, the development of Manitoba's vegetable industr.y

has proceeded at an accelerated rate with the introduction of

processing plants into the province. This has opened a new market

for producers v¡ho are becoming increasingly av\rare of the importance

of efficiency at both the production and marketing levels. This is

ilìustrated by the formation in 1953 of the Vegetable Growers

Association of Manitoba (V.C.n.m.) and of the Manitoba Vegetable

Marketing Commission in 1965. The V.G.A.M. was organized in an
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attempt to col lectively attack problems of productïon, promotion,

qual i ty controì , and market ing. The Vegetable Market ing Commiss ion

r¡las formed under provincial legislation to control , regulate, and

market aìl vegetables produced in Manitoba on behalf of the producer.

Aìthough supported by the ìarger commercial growers, this compulsory

marketing board was rejectecl in a referendum held in 1967.

Smal l producers, large in number but coì ìectiveìy responsible

for a relatively small proportion of total outp.ut, are slowly

disappearing as the trend toward larger and fewer product ion units

cont inues. 0nly the larger units are efficient enough to keep

abreast of the rapid technoìogical change and brisk competition for

markets. These growers have demonstrated the desire to organize

thei r efforts to promote stabi l i ty and efficiency in the industry

and to exploit potential out-of-pr:ovince markets. Future development

of the Manitoba vegetable industry is,dependent upon continued

efforts toward greater efficiency in production and marketing.

The problem investigated in thÌs study may be stated as: how

to organize a vegetable production unit in order to achieve the

highest possibìe net income. This optimization must be achìeved

within a dynamic industry which is characterized by a shortage of

qual ified labor at moderate wage rates, coupled with d¡fficulties in

mechanizing and dispersion of production from the large urban centres

¡ I. NATURE OF THE PROBLEM



of consumption. These specific probìems associated with the

vegetable industry bear further explanat ion.

Rising property taxes and land vaìues in proximÌty to urban

centres of consumption (especìal ly !/innipeg) have induced many

vegetable growers to move their location of production to other

areas. This has resulted in new cost structures, compounding the

d¡ff¡cultìes posed by the need to adjust to a changÌng industry.

Further reorgênization is necessitated by the rising cost of

labor. Production of vegetable crops requires labor which is

relatively high in skill and experience so that the various tasks

involved can be handìed wÌtlr preciseness and dispatch. Rel iable

labor of this caliber, at a price which most vegetable growers feeì

they can pay, is in short suppìy. lnd icat ìons are that casuaì

lndian labor can be obtained at a reasonable rate if adequate

temporary living accommodatìons are provided by the grower. There

still remains the question of how the available labor can be most

efficiently utilized.

Mechanization is proceedÌng gradual ly, though hÌndered by

the high capìtal investment required and technicaì d¡ff¡culties

arising f,rom the deì icate nature of many vegetable crops

Thus, the conditions under which the farm firm must operate

are chang ing. These external factors are reflected within the

fi rm by variat ion in cost structures, product ìon techniques, and

resource suppl ìes ava Ì ìable.



5

The success of a farm busÌness.depends on its abiì ity to

adjust to changing conditions. lncome level ìs dependent upon how

well a f irm organizes its resources and production capabiìities

under a given set of conditions. When these conditions change, the

firm must move to reorganize its operations so that income wÌll

remaìn at (or move to) the leveì which represents the optimum for

that firm. Therefore, the problem with which this study deals is

one of efficiency in resource aì locat ion and enterprise combination.

This report deals with this question in the context of the conditions

presentìy faced by the commerciaì vegetabìe producers of Manitoba.



CHAPTER I I

SCOPE AND METHOD

This research report is the result of a study initiated by

the developing complexities of the Manitoba vegetabìe industry,

as outì ined in the previous chapter. The rapid developnrent of the

industry has led to the need for research into the economics of

vegetabìe production. The present study is an initial stage of what

is hoped wÌll be a continuing ìnquiry Ìnto the economic aspects of

vegetable production.

The problem stated, it Ìs now appropriate to define the

objectives, propose hypotheses, and discuss the method of analysis

used to attaÌn the objectives and verify or refute the hypotheses.

This study is aîmed at providìng a solution to the planning

problems whìch face commercÌal vegetabìe growers. The present

characteristics of the vegetable industry have led to a greater need

for information în the area of resource aì location and enterprÌse

combination. The over-all objective of this study is to determÌne

the combinatìon of enterprises (and hence, resources) which will

maximÌze the income of the ManÌtoba vegetabìe producer under specified

cond i t Ìons.

I. OBJECTIVES

In view of the fact that vegetabìe farms in Manitoba are a
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very diverse group, a more detai led enumeration of the specific

object ives fol lows.

A substantial portion of the study is devoted to a case farm

which is an establ ished vegetable farm exhibiting a relatively large

capital input. The objectives pertaining to this portion of the

study are;

l. determination of the optimum combination of enterprises

which is permÌtted by the set of resources present on

the case farm in 19671.

?. to obtain an indîcatÌon of the desirabìe course of

expansion of the farm business when the above

complement of resources is allowed to increase in

magnitude and change in composition;

3. exploration of the poss¡b¡l ¡ty of introducing a feeder

cattle enterprise into the farm business with a view

to ut i ì Ìzat ion of cul led vegetabìes; and

4. determination of the effect of feeder cattle on the

optima obtained in (l) and (z).

The remainder of the study is devoted to general îzation of

the case model so that similar objectives, which are applicable to

commercial vegetable growers at large, mây be attained.

Specifically:

5. to compute optimum solutions for a broad range of

resource levels in order to approximate other farm



businesses in Manitoba whose area of special-

ization is vegetable crops, yet whose complement

of resources. and access to resources differ from

the case farm.

A more detailed explanation of how these objectives are

attained fol lows in Chapter I I I

An hypothesis is a ilproposition not known to be definitely

true or false, examined for the sake of determining the consequences

which would follow from its truthrr lz, p. 384J. Hypotheses are

formed as the analysis proceeds and are the products of the known

facts and the intuition and experience of the researcher. Their

purpose is to guide the search for a soìution.

I I . DES I GNAT I ON OF HYPOTHESES

During the Initiaì stages of the analysis, the following

hypotheses were suggested by the relevant facts and stated

obj ect i ves :

l. because of the labor-intensive nature of vegetable

crops, the labor resource wilì pìay an important

restrictive role in determining the optimum

combìnation of enterprises ;

2'. feeder cattìe enterprises wi I I not play a sìgnifi-

cant role in the optimum plan because of their

inabil ity. to compete w¡th vegetable crops for



investment capi taì ; and

a feeder cattle enterprìse wilì be inclucled in

the opt imum product ion plan only duri ng that

perìod of the year when operating capìtal is not

requi red for the vegetabìe cropping enterprises.

3.

suggested hypotheses, it is necessary to choose a method of analysis

which most effectively promotes the attainment of the objectives.

The empirical tool must be chosen with reference to the structure of

the functional unit which is to be simulated.

The Firm and its Manaqement

Having defined the problem, ìaid out the objectives, and

III. CHOICE OF AN EMPIRICAL TOOL

The f irm or rtbusiness", as def ined by \dheeìer lZ4, pp. 25,26)

is "an institution organÌzed and operated to provide goods and

services to society under the incentive of private gain (¡t)

uses resources for the accompl ishment of (these) objectivest'.

The classical concept cf rrprivate gain'r is that of monetary

profit, though other incentives such as growth, prestige, service,

and publ ic acceptance are now considered as often being important

to the firm [24]. The modeì in this study uses as the incentive,

or objective, net income, truncated by market I imTtatìons and

subject ive preferences which refìect hedging against risk and the

des i re for stabl e growth.
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Decision-making in any business organizat ion is the sole

respons¡b¡l ¡ty of management. This I'human activity which directs

and controls the organization and operation of a business enter-

prìse" 12\, p. 200] is accountable for the success of the firm in

reaching ¡ts objectives. The function of management is broken into

five tasks [4, p. 77,

I . gett ing of ideas and making observat ions,

2. analysis of observations, Ìncluding formuìatìon and

reformulation of probìems and ideas concerning

the i r soì ut ìon ,

3. decision-making,

\. action, and

5. acceptance of respons i bi I ¡ ty for the act ion.

Management can not make a decision about future production

without incurring a risk, for the future is never known with

certainty. This is particularly the case when technology and

market structure are as complex as those characterizing the modern

vegetable industry. The farm manager can, however, make use of

the tools at his disposal to minìmize the risk associated with
'

product ion pì ann Ì ng.

This report deaìs mainly witf, the second task of management.

The technique of linear programming îs used as an aid in the

analysÌs of the problem and search for a solution. The final

deci s ion rema ins the respons.ibi I i ty of management.
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The fol lowing brief examination of the technique of budgeting

wiìl assist in the explanation of the utilÌty of ìinear programmÌng

as a tool of management.

Budget i ng

The buclget is a rigorous procedure for planning farm operations.

The objective of budgetìng is "to compare alternative plans for the

use and combination of farm and non-farm resources for prospective

prof itr' [t t., p. 357]. The budget, as an analytical tool , consists

of preparÌng a summary of receipts and expenses showing net farm

income of the proposed plan, and a comparable summary of the existìng

organization. The two summaries are then compêred to determine

whether the proposed plan wÌll more effectìveìy promote the chosen

objective. A budget may be compìete, proposing a reorganizatÌon of

the whoìe f irm, or partiaì , dealing with only a part of the farm

bus i ness

ln order to determine the best plan out of all the alterna-

tives, it would be necessary to apply the above technique to all

possible plans. This "trial and errort'method becomes impractÌcal

when the number of alternatÌves is large. As well, there remains

some doubt as to whether the I'best" pìan arrived at is, in fact,

the one which promotes the objective to the fullest extent. Thus,

the farm budget has been largely limited to the analysis of part of

the farm busÌness where the number of alternatives is relatively

smaì ì.



L inear Programminq

The development of linear programming has overcome this over-

bearing computational burden of the compìete budget. Described as a

mathematical method of budgeting, I inear prbgramming empìoys the

rapidity of the electronic computer to compare all possible plans,

arriving at the one which maximizes the objective funct¡on.l (A

computer program could conceivably be devised to computerize the

technique of budgeting as descrÌbed above. Conversely, a I Ìnear

programming Problem could be solved using a desk calculator. However,

I inear programmÎng is more readily adaptable to the computer analysis

of a large number of alternatives.) ffre vast saving in computationaì

time, coupled with the element of certainty in arriving at the

optimum solutÌon makes I inear programmìng a valuabìe ïnnovation in

the field of farm management analysis.

t..Linear programming is def ined as the maximizat ion (ot
minimizatìon) of a ì inear function of variables which are subject
to I inear inequal ity or equaì ity constraints. The general I inear
programming problem can be stated as:

l2

.n
optimize z= E

subject to

and

The first equation
maximized (or min imized) .

expression of income (r)

j=l

n

E
j=l

c.x.JJ

-'j*i {s'

x, ) 0 (j = l,J_

is the objective function which
For the purpose of this study,

which is a function of the ìevel

=,t) o¡ (i = l, . . ,m)

,n)

is to be
it is the
of each



can be appl ¡ed are qu ¡te diverse. Any probìem which exhibits the

foìlowÌng quantifiable components can be expressed as a linear

programmÌng problem:

ln fact, the types of problems to whÌch I inear programming

ì.

3 , resou rce or other rest r i ct ions .

It can easily be demonstrated that this method of analysis is readiìy

adaptable to static farm management problems. The objective

(usual ly income maxÌmizat ion) , al ternat ive methods (crop, ,l ivestock

activities), and resource restrictions are al I quantifiable.

The problem analyzed in this study exhibits these three

an object i ve,

al ternat ive methods for atta ì n i ng the object ive, and2.

components. The objective function adopted is "net return over

variable costrr. ln keeping with the principles of marginaì analysis,

fixed costs do not enter into determination of the optÌmum because

l3

activity f*;) and the income per unit of each actìvity (c;). lh"level of inéome, z, is limÌted by the amounts of resources avaiìable
(U¡), which ¡nputs are used by the activities x¡ in the amounts of
a¡¡ per unit of output. The f inal inequal ity i-nsures that no
ac-t ivi ty wi I I enter the sol ut ¡on in a negat ive amount.

The folìowing selected references will be of use to those who
are unfamiì iar with the technique:

Boulding, K. E. and W. A. Spivey, Linear Programming and the
fheory of the FÌrm (New York: The MacM¡ll

Garvin, W. W., _!ntroQuct ion to Linear Programming (New York:
McG raw-H i l l Book Co. ,. Heady, E. 0. and W. Candler, l-inear Programming Methods (Ames,
lowa: The lowa State Press, 1963)



of ihe problemrs short-run nature.2 Alternat ive methods of

attaining the objective consist of cropping,

act¡vities used in the model. The choice of

I imited by the resources and markets availa.bl

restrictions of management, al I of which are

of quantitative constraints.

Before beginning a description of the modeì empìoyed, one

more topic, which has reìevance to the study, bears examination.

IV. THE CASE METHOD

The case study method lends Ìtseìf best to the early,

expìoratory stages of research and is greatly useful in establ ishing,

by analogy, triaì hypotheses for empiricaì testing. lt emphasizes

the total situation or combination of factors. New relationships

are discovered and described accurateìy only through exhaustive

studies of this type. Every individual case has characteristics

I ivestock, and other

these alternatÌves is

e and by subjective

expressed in the form

t4

2Th. thuory of the firm states that equil ibrium, or rrthe
optimumrris reached when marginal cost is equal to marginal revenue.
l! is this point which is sought in empìoying the technique of
I inear. programming. Marginal cost, by deiinition, encompasses
only those costs which vary according to level of production--that
is'variable costsrr, ln ã usual short-run sÌtuation, plant is
assumed to remain at fixed capacity and marginaì cosi Lxcludes¡rfixed costs'which represent costs incurreá whether or not pro-
duction is carrîed on. lf the possibi ì ¡ty of expanding fixeb plant
is included as an alternative course of action in reaching the
opt¡mum, then the fixed costs associated with the purchasã of
addîtional capacÌty must be treated as variable costs and must be
included Ìn the calculation of marginal cost



which may be regarded as typicaì or representative of a ìarge

number of cases.

The case method has been described as the first step in

scientific method, as opposed to the statistical method which is

the best scientific procedure for cìassifying and summarizing large

numbers of cases [ì9]. A case study, if accurate, is I'always a

true record of what occurs while a statistical general ization,

except in those instances when al I included cases are identified,

is only an abstract approximationr'[14, p.233, quoting L. L. Bernard].

The case and statistical methods are, then, interdependent and

complementary. The former .r'may on the one hand cal I attention to

the pr:oblems to which the statistÌcal method may be appl ied, and on

the other hand may follow a statisticaì conclusion by a comprehensive

analysis of the particular phenomenon which has been shown statisti-

cally to be a repetitious unit" [.l0, p. IZJJ.

. The procedure in a case study is to choose a case (in this

study, a successful vegetable farm) and analyze all aspects of the

case unit (examÌnation of farm accounts, etc.), scrutinÌzing every

seeming fact to make sure of ractual ïty. "There is always a pre-

sumptÎon that a case is to a certain extent unique but there is

also a presumption that in many respects it is like other cases"

[15, pp.95-96]. lt should be determined in what respects ¡t is

above, below, or êt the norm. The case farm used in this study is

unique in many respects and 'trepresentativeil in others. These

t5
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cons¡derations wiìl receive more detaÌled analysis in a later

chapter. For the present, it is emphasized that the.farm under

study is neither considered nor treated as compìetely representat ive

of the vegetable farming industry in ManÌtoba.

In spite of this, inferences will be drawn from the case

study in order to provide generaì recommendations for other pro-

duction units. Although the case method exhibits a tendency to

overemphasize unique characteristics of the par.ticular case and the

validity of generalizations may be distorted by the lack of data

covering the spectrum upon which the study rests, the inferences

drawn are not intended for rigorous appl ication by vegetable

growers at large. Rather they are designed as a generaì set of

suggestions to provide a rough guìde in planning farm business

organization and to demonstrate what can be achieved through the

use of linear programming. The solutÌons pertaining to the case

farm itself wìll, on the other hand, possess rigor and will apply

specificaì ly to that farm.



CHAPTER I I I

THE ANALYTICAL MODEL

ln one rather obvious sense, the point of employing a
model belongs to the context of discovery rather than to
that of val idation; for models function as heuristic
devices in science. lzZ, p. 251

The purpose of this study is to develop a progrêm of optimum

response of a firm to changing conditions. D¡rect mênipulations of

an actual firm are impossible. This is overcome by constructing a

mathematical model which represents the firm and upon which may be

performed the appropriate manipuìations.

The study farm is a commerciaì vegetable production unit

located on Riverdale soiì and comprising 2\5 cultivated acres. At

Present, th¡s farm business is enþaged excìusively in the production

of vegetables on a commerciaì scale. The production pattern and per

acre yields in 1966 are outl ined in Tabìe l.

, Forage (clover) is grown for maintenance of soÌl texture so

that a good seedbed may be prepared, and to promote good germination

and root penetrat ion (part icularly in the case of table carrots

where a straight root is desired for the fresh market). The forage

is incorporated into the soil without harvesting a hay crop to

provide a maximum of organic.matter. Recommended ferti I izer

pract ices. are fol lowed. Cann ing carrots and on ion sets are produced

I. DESCRIPTION OF THE STUDY FARM



under contract and the remainder of the vegetable crops are grown

for the fresh market.

TABLE I

PRODUCTION PATTERN AND MARKETABLE YIELD,
CASE FARM, 1966

C rop

Table carrots

Cann i ng carrots

Cooki ng on ions

P ickl e on ions

0n ion sets

Turnips

Cabbage

Parsn ips

Fo rage

Total acreage

Ac reage

ac res

3\

20

40

9

ì0

58

l4

l0

50

2\5

r8

Marketable yield
per acre

Al I crops are seeded di rectly, ul iminating .the need for

greenhouse faci I ities. Machinery uti I ized in producing the vegetable

crops is mostly specialized for this purpose and is of the type

common to most commercial vegetable farms. ln part¡cular, the

harvesters employed are highìy special ized, but are relativeìy

ton s

t4

25

B

\.5

7

l4

l6

not ava i I abl e
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commonplace in this segment of commercial agriculture in Manitoba.

carrots, turnips, and cooking onions are harvested mechanical ly,

while the rest of the vegetable crops are harvested mainly by hand

labor.

As suggésted earl ier, labor requirements for these crops are

very high. Yearly requirements per acre are listed in Table ll.

TABLE I I

YEARLY LABOR REQUIREMENTS PER ACRE,

r VEGETABLE CR0PS

C rop

Table carrots

Canning carrots

Cooking on ions

Pickìe onions

0n ion sets

Tu rn i ps

Ca bbage

The figures in Table ll include

seeding, cultìvat Ìng, spraying,

grading operat ions, and machine

Annual labor
requ i rement

man-hours

r6l.BB

q236

l3ì.5r

308 .97

288 .3 I

I 35.68

92.59

f i el d operat ions ( I and preparat ion,

irrigation, harvesting), storage and

repair. ln 1966, the total ìabor
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ut ¡ I ¡zed on the study farm approached zl ,ooo man-houFS, producing a

total labor bill of more than $37,000. A seasonal breakdown of ìabor

requìrements appears in Appendix A, Tabìe A. l.
Storage. faci I ities on the study farm are relat iveìy elaborate

as is necessitated by the storage requirements of vegetable products.

Total cêpacity alìows storage of up to 500 tons of oníons plus 1672

tons of turnips or 86,0 tons of carrots. products are graded before

shipment and onions, carrots, and turn¡ps are sold throughout the

wi nte r.

In terms of capital investment, the study farm is reìatively
large, compared to the average ManÌtoba farm busÌness. However,

vegetable production is characteristicaìly a high investment area

of agricuìture and the case farm is more representative when compared

to other commercial vegetable farms. Fixed assets totalled upwards

of $125,000 in 1966 and the firm exhibited a net worth of more than

$ I 34 ,000.

The basic model uses the complement of resources present on

the case farm as a starting point and, by variation of these resource

levels, resource and product prices, and alternative activities
cons Ìdered,' generates a Påttern of opt imum resource al locat îon which

forms the basÌs for expansion policy recommendations.

I I. THE CASE MODEL



Act i.v i t ies Emp loyed

The case model is a mathematicaì representation of the case

farm and empìoys activîties, restrictions, price levels, and resource

supplies which are äppropriate to the study of that farm business.

The folìowing is a list of the activities utilized in the case model:

Numbe r

I

2

3

4

5

6

7

I
9

t0

il

l2

l3

r4

t5

r6

t7

Title

Tabì e carrots

CannÌng carrots

^..uooK r ng on I ons

Pickle onÌons

0n ion sets

lurntps

Cabbage

Forage

Hi re May labor

Hire June labor

Hire July labor

Hire August labor

Hire September labor

Hire October labor

Hire fall labor

Hire winter ìabor

Buy personal capital

2l

Unit.

acre

acre

ac re

ac re

acre

acre

:i
682.29

448 .86

516.9 t

150\.92

855.55

t+90.21

348. I 9

-t 1.79

-l '50

-t.50

-1.50

-l.50

-1.50

-r.50

-ì.50

-l'50
_.03t

êc re

ac re

man-hou r

man -hou r

man-hou r

man -hou r

man-hou r

man- hou r

man-hou r

man-hou r

dol lar

ttAll capital used for operating expenses is assumed to be
tíed up for an averêge time period of six months. Therefore, all
operêting capital used îs assigned an interest charge amounting to
one-half of the annual ïnterest rate (activities l/, l8 and l9).
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t9
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2l

Buy operating capital @ 7.52

Buy operating capital @ l0Z

May capital transfer

September capital transfer

0ctober capital transfer

Use September generated capital

Use 0ctober generated capital

Use February generated capital

Buy investment cap¡tal @ 8.5%

Buy investment cap¡tal @ IOZ

Stocker caì f, cu I I rat ion

Stocker calf, grain-hay ration

Feeder steer, fall/cull ration

Feeder steer, winter/cull ration

Feeder steer, fal l/grain-hay
rat ¡on

Feeder steer, winter/gra in-hay
rat îon

Feeder steer, summer,/gra i n-hay
rat ion

Sel I slaughter steer

Purchase cattle hous ing

Purchase land urp to 50 acres

Rent land up to 50 acres

Purchase land over 50 acres

Rent land over 50 acres

Purchase Scott Viner

22

23

2\

25

26

27

z8

29

30

3l

32

doìlar

dol lar

dol lar

dol lar

dol lar

dol I ar

dollar

dol lar

dol lar

dollar

head

head

head

head

head

head

head

cwt,

head

ac re

ac re

ac re

ac re

hou r

-.0375

_ .05

0.0

0.0

0.0

_.03

- .03

- .03

_ .085

-. t0

-r98.97

-207.15

-2r8.96

-2¡8.96

-222.0Q

-2?2.A0

-22O.75

24.85

-3.33

o.o

-22'50

0.0

-22'50

-2.\\

22

33

34

35

36

37

38

39

40

4t



I+z

4¡

44

Purchase on ion harvesters

Purchase onion storage

Pi.¡rchase I'generaì rr storage

crop activities. (t--B). The case model includes seven

vegetable crop alternatives and one forage activity. Al I vegetable

crops are produced under irrigation and recommended fertil izer

practices. Both of the carrot crops, cooking onions, and turnips are

machine-harvested. Canning carrots and onion sets are produced under

contract and the rest of the vegetable crops are sold on the fresh

ma rket .

hou r

sq. ft.

sq. ft.

The forage activity represents dutch. cìover which is in-

corporated into the soiì without harvesting a crop.

Expected yields for the vegetable crops are shown in Table lll.

-4.44

-.21

-.23

23

C rop

TABLE I I I

EXPECTED Y I ELDS, VEGETABLE CROPS

Table carrots
Canning carrots
Cooking onions
Pickïe onions
0n ion sets
Turnips
Cabbage

Expected marketable
yield

source: Yields are averages for the case farm and are con-
sidered to be those which would be attained under average growing
conditions by following the cultural practices character¡zìng that
1?.*. cuìì yieìds are shown only for those croÞs for which iuchfigures are required in the calcúlation of storhge iequirãmeñtð'andof cul I suppl ies available for cattle feed,

l4
25
l2

6

7
t4
l2

-- Tons

Cull yield
(where rel evant)

6
4.4
2

3.5



e¡ght act¡vitÌes provide for the purchase of labor services. The

operator is assumed to act in the capacity of a manager only.

During the growing season, labor servÌces are broken down on a

monthìy basis, accountîng for six activities (Hire May labor, ......,

Hire 0ctober labor). The winter season is divÌded into two perîods:

November through January ("Fall"¡ and February through April

("ì./inter"), to coincide with the ìivestock activities.

Hire labor activities. (S--te). Ai I labor is hired and

entitledrrBuy personal capitalil is included Ìn the model to alìow for

the use of the operatorts own capital for covering operating expenses.

This activity is charged with an interest rate which represents the

opportunity cost of using this capital for non-farm uses.

Augmenting this personal ly-owned capital, two other activities

provide for borrowed operating cap¡taì. The first of these borrowíng

activities allows operating capital to be acquired up to a specified

I imit at a 7.5 per cent interest rate. The other permits additional

operating capìtal to be borrowed up to a higher specified ceiling at

l0 per cent.

Operating capital requi rements for farming operations are not: :

confined to the growing season. Provìsion is therefore made for

operating capital demands in the falI and winter for feeder cattle,

storage operations, etc. by three act¡vit¡es which allow operating

capital to be transferred between periods. The model includes a

0peratÌng capital actîvities. (17--25).

2\

An act iv i ty
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I'May cap¡tal transfer" activity which permits capital to be trans-

ferred from May to september and tseptemberr and rOctoberr capital

transfer activ¡ties al lowing the transfer of capitaì from september

and 0ctober to October and February respectively.

A second source of operat ing capi tal for fal I and winter

operations is represented by three activities termed r¡use generated

cap¡talr'. These activities al low the use, for operating expenses,

of funds generated by the sale of output.

all capital used for investment in fixed assets must be borrowed,

and two activities are included in the model for this purpose. The

first of these two activities al lows investment capitaì to be

borrowed up to a specified limit at an interest rate of 8.5 per cent.

The other investment capital act¡vity places a price of ì0 per cent

on capital borrowed over this cei I ing

lnvestment capital activities. (26, 27). lt is assumed that

natives included in the model comprise seven act¡vities and are

categorizabìe into two distinct types of feeder operations. The

first type is termed "stocker caìfrtand represents the purchase in

0ctober of a 400-pound calf which is fed throughout the winter and

summer, and soìd for slaughter in August at a weight of 1000 pounds.

Two rations--one containing cul led carrots and turnips and the

other a conventional grain-hay ration--are avai lable. The model

therefore'includes two stocker calf activities.

Feeder cattle activities. (28--¡6) . Feeder carrle al ter-
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The second type of feeder cattle enterprise, cal ìed ilFeeder

steerrr, represents the purchase of a /00-pound yearling which is fed

for four months and finished at 1000 pounds. To accommodate this

type of enterpiise, the year is divided into three periods:October

through January ("Fal I ") , February through May (,'u/¡nter',) , and June

through September ("Summer"). By engaging in this enterprise during

these three periods ¡t is possible to finish three lots of beef

cattìe per year. For each of the first two periods, there is a

possibil ity of feeding a ration còntaìning cuì ls or a conventionaì

h"y-grain ration, accounting for four activities. One additional

activity is included to aìlow feeder steers to be finished during

the June-september period. This activity is characterized by a

conventional grain*hay ration since it is assumed that culled

vegetabìes are not avaÌlabìe for feeding during the summer months.

Costs, revenues, and resource requirements of the seven

feeder cattìe activit ies are tabulated in Appendix 1.

Attendant to the feeder cattle activities are two others

providing for the sale of finished animals and for the purchase of

housing facil ities.

The above thirty-six actîvities do not alìow for the acquî-

sition of additional quantities of the fixed resources already

possessed by the farm firm under study. ln order to analyze the

e.ffects of expansion of the fixed pìant, several additional

activities are included in the case model:



the acquisition of additional land--by an amount not exceeding

l0 acres--without necessitating an increase in the machine complement.

The inclusion in the solution of one or both of these two activities

does not place additional demands on the investment capital suppìy

for the purchase of machinery. An increase in the land resource of

over 50 acres is attained by two supplementary land purchase and

rental activìties. These are identical to the previous two, except

that they draw upon investment capitaì in an amount representing the

purchase of additional machinery which is necessitated by the

expansion of the land base in an amoLlnt exceeding 50 acres.

Land purchase and rentaì. (¡Z--40). Two activities permit

the purchase of mechanical harvester capacity for carrots and turnips

("Scott Vinerr'), and another provides for the increase of onìon

harvester capaci ty.

Mechan i ca I ha rves te r pu rcha se .

27

storage facil ities which are distinguishabìe mainly by different

heat i ng and vent i I at ion requ i rements. One type i s for use as on ion

storage and the other, termed I'generalttstorage, is used to store

table carrots and turnips. There are thus two activîties available

to increase storage capacity; one for each type.

Restr ict ions Ut i I ized in the Model

Storaqe purchase.

(4ì, 42). One activity permits

(43, 44). The model incìudes two types of

The leveìs to whÌch the above activities enter into the



opt¡mum solution are I im¡ted by restraints which represent quanti-

tative I imits on the amounts of resources available and, in sonte

cases, i'ubjective restrictions in the interest of hedging against

risk and uncertainty.

Fìfty-four constraints are employed in the case modeì as

outl ined belot^r:

Number

I

2

rftl"
La nd

Max imum I and acqu i red

Max imum "free" I and acqu i red

Percentage maxÌmum table carrots

Percentage maximum canning carrots

Percentage maxirnum cooking onions

3

4

5

6

7

I

28

Percentage maximum turnips

Percentage maximum, cabbage

Percentage min imum forage9

l0

lt

l2

t3

ì4

Unit

ac re

ac re

ac re

per cent

Absolute maximurn

Absol ute maximum

Absolute maximum

Absoì ute max Ìmum

Absol ute maximum
.i

Absol ute maximum

Absol ute maximum

May labor supply

lnitial
restraint
I evel (b¡ )

245.

255.

50'

0.

t5

r6

17

per

per

table carrots

canning carrots

cooking on ions

pickle onÌons

on Ìon sets

turnips

cabbage

cent

cent

per cent

per cent

per cent

a: re

acre

êc re

0.

0.

0.

0.

0.

I 00.

50.

80.

10.

10.

75.

30.

0.

ac re

ac re

ac re

ac re

man-hou r



ìB

19

20

2l

22

23

24

25

26

27

28

29

30

3ì

32

33

34

35

36

37

3B

39

40

4t

June ìabor supply

July labor supply

August labor suppìy

Septémber ìabor suppìy

0ctober labor supply

Fal I I abor suppì y

lriinter labor supply

MaxÌmum May labor hi red

Maxîmum June labor hired

Maximum Juìy labor hired

Maximum August labor hired

Maximum September labor hi red

Max imum 0ctober ì abor h i red

Maximum faì I labor hi red

Maximum wìnter ìabor hired

Scott Viner capacity

0n ion harvester capaci ty

Onion storage capacity

rrGeneralrr .storage capacity

May operating capital supply

September operating capital suppìy

0ctober operat i ng cap ï ta I suppl y

February operatÌng capital supply

Personaì capi tal supply

man-hou r

man-hou r

man-hou r

man-hour

man-hou r

man-hou r

man-hou r

.man -hou r

man-hou r

man - hou r

man-hour

man-hour

man -hou r

man-hou r

man-hour

hou r

hou r

sq. ft.

sq. ft.

dollar

dol lar

dol lar

dollar

dol lar

0.

0.

0.

0.

0.

0.

0.

I 2500.

I 2500.

I 2500.

I 2500.

I 2500.

I 2500.

37500.

37500.

225.

t57 .5

4320.

I 0320.

0.

0.

0.

0.

35000.

29



\2

4¡

44

\5

46

47

4B

49

50

5l

57

53

54

MaxÌmum operating capital borrowed
@ 7.5"Á

Maximum operating capital borrowed
@ ì0u

September generated capÌtal

October generated capitaì

February generated capital

lnvestment capital supply

Maximum investment cap¡taì borrowed
@ 7 .5"¿

Maximum total ìnvestment capital
bo r rowed

Slaughter steer supply

Fal ì housing capacity

Winter housìng capacity

Summer hous i ng capac i ty

Cul led vegetables supply

doì lar

dollar

dol lar

dol lar

dollar

dol lar

dol lar

dol ìar

cwt.

head

head

head

cwt.

35000.

50000.

0.

0.

0.

o.

50000.

I 00000.

0,

0.

0.

0.

0.

30

I and rest ra ¡'nts. The f i rst represents the amount of I and (245 acres)

presently cultÎvated by the farm operator. The second land re-

striction places a ceiling on the amount of land which may be

acquired through the purchase and rental activities and reflects a

subjectîve constraint of management. Aìso included is a restraint

of 50 acres on the amount of land which can be acquired without

being charged for additional machine investment.

Land constraints. (l--¡). The case model inclr-rdes three



and hedging considerations of cropping, five constraints are

incìuded to restrict acreage of five of the vegetable crops to a

maximum percentage of total acreage. As wel l, acreages of aì 1

vegetable crops are constrained by'rabsoìute maximumrr restrictions.

These latter restraints represent market restrictions on the

quantity of output which can be sold. A I'minimum forage'r constraint

insures that forage acreage will be at least 2J per cent of the

total acreage in crops ìn the optimal solution.

Conceptual ly, the percentage acreage constraÌnts, as they

appear in the Ìnitial simplex tableau, are more unusuaì than the

other restrict ions. They are most easì ly interpreted through thei r

mathematÌcal derivation. ConstraÌnt number four, for exampìe,

Acreaqe constraints. (4--.l6). To account for rotational

states that the acreage of table carrots must not exceed l0 per

cent of the total cultivated acreage. Formulated mathematical ly:

I
*r < 0.3 ,f, *jJ-'

3r

That is, tabìe carrot acreage (xr) must be less than or equal to

J0 per cent of the total acreage of all crops (*r, .., *r).

Then:

*r<0.Jxr+0.1
J

xt-0.3xr-0.3

I
0.7xr - 0.3 I

i=z

I
I

I
x

X.
2J

J

X.
J

x. < 0J_2

<0
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This may be seen in the initial simpìex tableau.where the restraint

leveì of row four is equal to zero, the input-output coefficient in

the first column is 0./, and the coefficients in coìumns two through

eight are alì -0.3 (see pages 37--40). The levels of these acreage

restraints are summarized in Table lV.

TABLE IV

ACREAGE RESTRAINT LEVELS

C rop

Table carrots

Canning carrots

Cooking onions

Pickìe onions

0nion sets

Turnips

Cabbage

Fo rage

Pe rcentag e
restriction

per cent

3O (maximum)

20 (max imum)

30 (maximum)

3O (max imum)

| 5 (max imum)

25 {rmin imum)

Absol ute maximum
restriction

per-period ìabor suppl ies from which crop and I ivestock activities

may draw. Eight more place maxima on the amount of labor which may

be hi red .during each period. These latter restra ints ref lect the

Labor const ra i nts.

ac res

100

50

8o

l0

l0

75

30

(ll--lz). Eight resrraints represent



amount of ìabor which would be avaiìable for hire at the wage rate

utilized in the model.

initial capacities of onÌon harvester

avaììabìe. These capacities are used

turnÌps in the amounts shown in Table

the "purchase harvestertt act ivit ies.

TABLE V

Ha rvester capac i ty. (33 , 3t{) .

Act iv ity

Two restraînts express the

and carrot-turnip harvester

by carrots, onions, and

V, and may be supplemented by

HECHANICAL HARVESTER REQUIREMENTS PER ACRE

Tabl e ca rrots

Canning carrots

Cooking on ions

Turnips

33

Scott Vïner

ties of storage space for onions and for carrots and turnips are

èxpressed by two restraints. These capacîties rnay be supplemented

by the rrpurchase storagerr act ivi t ies. Storage requ i rements of crop

activities are outl ined in Tabìe Vl.

S to racle capac ì ty .

2.5

2.5

2.O

-- hours required --

1.25

0n i on Ha rvester

(35, 36). Similarly, the initial capaci-



TABLE VI

STORAGE REQUIREMENTS OF RELEVANT CROPS

Totaì yieìd per acre

Per cent of vieìd
storedl

Amount stored per acre

Space requ i rement
per ton

Storage space required
per acre

Unit

ton s

per cent

tons

sq. ft.

sq. ft.

Table
carrots

Ir,
is sold at
L i kewi se,
the turn i p

20

75

t5

l2

rB0

is assumed that 25 per cent of production in table carrots
harvest and this portion has no storage requirement.

50 per cent of the cooking onion crop and ì0 per cent of
output is sold before being pìaced in storage.

Cook i ng
on i ons

3\

amount and uti I ìzation of operating capital. 0perating capital

suppì ies from which crop and I ivestock activities may draw are

expressed as four restrictions which represent suppl ies of operating

capital avai lable for use during different periods of the year.

That is, rrMay operating capital suppìy" signifies the supply of

capital available for operating expenses over the period May through

August; lrSeptember operating capitaì supply" is available to

operat ion5 requ i r i ng cap i ta I dur i ng September; and so forth.

Capital constralnts.

ì4

50

7

8.64

60.48

Turnips

t7 .5

90

15.75

6.17

97.ìB

(¡Z--tlg) . S ¡x restra i nts govern the
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These suppì ies are drawn down by activities requiring operating

capitaì and are suppìemented by the sale of output, by borrowing

activities, and by capital transfer activÌties

Three rrgenerated capi tal supplyil restra ints represent

capital generated by the sale of output. This generated capital

is made available for use in farm operations by being transferred

into the above capital supplies by means of the "generated capitalrl

activities. The maxÌmum amounts of operatîng capital purchased

(from the operator himself at 6 per cent, or on the open market at

7.5 per cent or l0 per cent) are specified by three other operating

capital restrictions

lnvestment cap¡tal is control led by three restra¡nts. The

first expresses the supply, r^rhich is drawn down by activities

representing the purchase of fixed assets and Ìs contributed to by

the'borrow investment capitalrtactivities. The other two place

ceilings on the amounts of investment capital which may be borrowed

at the two rates of interest.

activities contribute to a rrslaughter steer suppìyil constra int

which is drawn on by the t'Sel I slaughter steeril activíty. Three

restraints represent housing space avai lable durÌng the three

periods of the year during which cattle errterprises may be carrÌed

on. A restrîction entitìed I'cul led vegetables suppìy" represents

the supply of culls produced by the carrot and turnip activities.

Feeder catt I e const ra i nts. (SO--Stl) . Feeder catt I e



The cuììs produced are avaiìable for cattle feed.

Summary Descript ion of the Cas"__t"1o!e!

The case model is a mathematical representation of the

alternatives open to the case farm and the restraints which linrit

the choice of these alternatives. The model is expressed as a

ì inear programming probìem consisting of a matrix having !4 rows

and 44 columns. BeginnÌng with this matrix, the model generates

a I inear programming solution which maximizes net income. Eight

cropping activities and seven feeder cattìe activities represent

the production alternatives open to the farm business. The

remaining 2! activities provide the opportunity to acqui re

additional fixed resources, transfer operating capital between

per iods, and sel I output .

Resource requirements are calculateci on a per-acre basis

for crop activities and on a per-head basis for feeder cattle.

These resource requirements form the main bulk of the input-output

coefficients in the ¡nit¡aì simpìex tableau which is exh¡b¡ted in

Figure l.

36

Descript ion of P¡.ogram Situations Pertainin

The object ives whÌch r.elate to the case farm, as enumerated

in Chapter ll, are:

l. determination of the optimum combination of
enterprises which is permitted by the set of
resources present on the case farm in 1967;

to the Case Model
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2. to obtain an indicatìon of the desi rable course
of expansion of the farm business when the above
complement of resources is aìlowed to increase in
magnitude and change in composition;

exploration of the possÌbitity of introducing a
feeder cattle enterprise into the farm business with
a view to uti ì ization of cul ìed vegetables; and

determination of the effect of feeder cattle on the
optima obtained in (l) and (z).

3.

These objectives are fulfilled by using the case model to achieve

several solutions. The fol lowing is a summary of the computer runs

Ìnvolving the case model:

4;

Program l. Objective I ìs attained by setting the restraints

at ìevels which represent the quantities of fixed resources availabìe

on the case farm in 1967. Purchase and rental activities for land,

harvesters, and storage are deleted so that no new fixed resources

may be acquired. Feeder cattle activities are also deleted.
a

Program 2. This series of computer runs allows for the

expansion of exìsting fixed resource capacities in order to promote

the attainment of the second objective. Several runs are used to

analyze the effects of allowing the purchase and rental of additional

fixed resources. These runs are represented diagrammatical ìy in

Figure 2. Program 2 is composed of seven runs--each run incorporates

a different combination of resource acquisition activities. Each

run is Ìdentified by a lower-case Roman numeral as shown în Figure 2.

Run v of Program 2, for exampìe, represents the programming situation

where the restraints are set at'base" levels (see,,program 1,,, above)

4l



and activities are

and the purchase of

added to allol the purchase or rental of land

mechanical harvester capacity.

Resource Acquis ¡t¡on Act iv ities
lncluded:

Land Storage Harvesters

Run

I

1l

tlt

IV

vi

vl t

X

Figure 2. Computer runs used to anaìyze the effects of the expansion
of suppl ies of fixed resources.

Land rentals and purchases are allowed to enter the optimal

solutions at any level warranted by the economics of enterprìse

combination. special constraints are added where relevant, however,

to insure that storage purchases enter the solutions in amounts of

at lea'st 2400 square feet and harvester purchases enter in multiples

of one machine.

t+z

X

x

x

X

X

X

X

X

X

X

X
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Prog ram 3. Th i s prog ram cons i sts of e ïght computer runs

which are identicaì to those contained in programs I and 2 except

that all runs of Program 3 incìude feeder cattle activities as

production alternatìves. This set of computer runs deals with

objectives 3 and 4, and concludes the programming analysis segment

of the case study.

Prior to discussing the solutions to the above programming

situations, the measures used to general ize the modeì are described.

The case model, as described above, yieìds sorutions which

are tenabìe for the case farm only. An attempt is made, therefore,

to general ize the model so that simiìar results may be obtained

for appl ication to other commercial vegetable farms in Manitoba.

This is accompl ished by modifying the alternative activities,
resource constraint levels, and input prices.

The rruniversalrr model approximates conditions faced only by

those farm businesses having storage faci I ities and machinery which

are necessary for the production of the proposed crop alternatives

on a commercial scaìe. Thus the modeì is "universalr only in the

sense that it approximates the resource situation encountered by

the larger commercial vegetable growers, from whose operations

eminates, collectÌveìy, the greater proportion of output in Manitoba.

I

III. THE UNIVERSAL MODEL



Act ivity Mod i f icat ions

The scope of the model is widened by addition of two more

cropping al ternatives: celery and tomatoes. This addition makes

the model more'representative of the alternatives open to most

commercìaì vegetable producers. Both crops can be produced with the

complement of machinery which is assumed to exist in the model.

Greenhouse requÌrements are el ìminated by the purchase of trans-

plants. Both crops are grown under irrigation end recommended

fert i ì izer pract ìces, as are the rest of the cropping aì ternat ives.

The remaining activities are identicaì to those used Ìn the case

model.

Costs, returns, yieìds, and

tomatoes and celery are tabuìated

Resou rce Cons t ra i nt Level s

Four constraints are added to the modeì to place ceil ings

of 15 per cent or 25 acres on the ìevels to which tomatoes and

celery may enter the optimal solution.

Since capïtal and labor suppì ies are pertinent considerations

in planning a vegetable cropping operation, the levels of restraÌnts

pertaining to these two resources. receive detai led attent ion in the

computer runs which employ the universal model. several runs are

executed, each incorporating a different combination of available

capital and labor in order to approximate conditions faced by

commercial vegetable growers in Manitoba. Figure J represents these

44

resou rce requ i rements for

in Appendix A.
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runs in diagrammatic form. Each lower-case Roman numeral denotes a,

resource situation characterized by a cap¡tal-labor combination

signified by the row and column in which it appears. For example,

run vi i i employs the cap¡tal-ìabor combination of $30,000 operating

capital, $50,000 investment cap¡taì, and !r000 man-hours of labor

per month.

Operat ing/ tnvestment Cap i ta I

Constraint Leveìs (dol lars)

30000/50000 6oooo/Boooo
-c
.¡J
c
o
=
o

.E
x
o
=
L-
o

-oo
J

20 men 
I

(5ooo man-hours)

ll men
(BZSo man-hours)

50 men
(l25oo man=hours)

l0n" *"n Ìs assumed to contribute l0 hours per day, 25 days
per month, or 250 man-hours per month to the labor supply.

Figure J. computer runs used in analyzing the effects of variation
in avaÌlabil ity of capital and labor

Price Leveì s

The quantity of labor which is avaÌlable for hire to a farm

manager is dependent, in part, on the wage rate he is willing to

pêy. That is, a positively sloping labor supply function is assumed

to exÌst so that hÌgher ìevels of labor availability are associated

wìth higher vrage rates. The supply scheduìe shown in Table vll is

a simple estimate ìntended as a rough approximation to conditions



as they appear to ex¡st.

TABLE V I I

LABOR SUPPLY SCHEDULE

l.lage rate

Fo rma t

$/hou r

I .20

ì .35

ì .50

Labor avai ìable
per month

model except that the former exhibits two addit ional activities

and four more restraints. The programs outl ined beìow, then,

invoìve a basic matrix havins 56 rows and 48 columns.

The programs deal ïng with the universal model are designed

to promote the attainment of objective five rvhÌch is restated

here:

5. to compute optìmum solutions for a broad range of
resource levels in order to approximate other farm
businesses in Manitoba whose area of special ization
is vegetable crops, yet whose compler¡ent of resources
and access to resources differ from the case farm.

As ind icated above, attent ion i s focussed ma inly on resource

constra int level s, wÌth part icular emphas is on the combinat ions of

matrix form, the universaì model is similar to the case

46

man-hou rs

5 ,000

I ,750

I 2 ,5OO

the Universal Modeì



cap¡tal and labor represented in Figure l.

availabiì ity within the group of commercial

study is significant and the aim here is to

as many resource combinat ions as possible.

The programs involving the universaì

each and are outì ined in Figure 4.

P rog ram
Numbe r

47

Variation in resource

vegetable growers under

analyze the results of

4

5

6

7

lnitial Land
Suppl y

Figure 4. Computer programs involving the universal model.

I 75 acres

Al I of the above programs Ìnclude activities which provide

for the purchase and rental of additional land, and the purchase,

in integer amounts, of harvesters and storage faci I ities.

lnitially, the capacity of each harvester is set at a level

representing one machine of each type, and storage capacîties are

set at 4r3ZO square feet of onion storage and 8,640 square feet of
| 'gene ra I rr s to rag e .

Figure 5 is a schematic representation of the computer runs

employing the universal model.

245 acres

model incl ude s ix runs

I 75 acres

Status of Feeder
Catt I e. Act i v i t ies

245 acres

incì uded as product ion
al ternat ives

del eted

incl uded as product ion
alternatives

deìeted
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CHAPTER I V

ANALYSIS AND INTERPRETATION OF RESULTS

The format of this chapter makes use of tabìes and narration

to describe and interpret the solutions obtained fronl the computer

programs outl ined in the preceding chapter. ln order to facil itate
this expìanatÌon, a brief outl ine of the information yielded by the

solution to a I inear programming problem precedes the presentat ion

of resu I ts.

The printed output which comprises the computer soìut¡on to

a I inear programming problem încludes auxil iary informat ion which

assists in the interpretation of the optimum pìan, as well as the

optimum plan itself. The objective of I inear programming is to find

the optimum vaìue of the objective functîon. This value comprises

the first relevant datum in the solution. The optimum plan is of

equal interest and'is presented as a ìîst of the levels of all
activities entering into the solution.

The pr i nt-out a I so i ncl udes tabu ì at ion of the amounts of

resources whÌch are left unused and shadow prices of the limiting

resources. The shadow prices are marginal values stating the amount

by which the value of the functional would increase or decrease ¡f
the quantity of a ì imiting resource \^,ere raised or ìowered by one

I. INFORMATION YIELDED BY A LINEAR PROGRAMHING SOLUTION
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unÌt. For example, the foì ìowing data for the land resource appear

i n an actua I soì ut ion :

These data are interpreted as follows: the value of the objective.

function could be increased in the amount of $141,22 for each acre

of land added to the land suppìy, up to a maximum of 13.52 additionaì

acres (provided prices and al ì other constraint levels are constant).

Likewise, a loss of $14ì.22 per acre would be incurred if the land

constraÌnt leveì were decreased. This part icuìar shadow prìce of

$141.22 appìies only over the range denoted by the lower and upper

limits; i.e. 2\5-3.10 to 2\5+13.52 acres; anct only if all other

parameters characterizÌng the particular run remain constant.

These data from the programming solutions are used in the

i nterpretat ion of the resul ts.

Shadow price

Lower I imit

Upper I imi t

t\1 .22

-3.t0

13.52

The optima generated by the case modeì are tabulated in

Tables v I I I ancj lx. The lower-case Roman numeral s des îgnate the

programmìng situat ions as described in chaprer- I I l. Tables vl I I

and lX present the relevant data from the soìution for each run:

val ue of the funct ìonal , opt imum plan, fixed assets acqu i red,

resources used, unused resources, and shadow prices of I imiting

resou rces .

I I. OPTIMUM PLAN FOR THE CASE FARM
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The optimum value of the objective function can not be

taken as represent ing net income. As ind icated in chapter I I ,

I inear prog¡'amming considers only variabìe operating costs when

deriving opt imum resource al ìocat Ìon if the fixed pìant is assumed

to be heìd at a constant capacity. Thus, fixed costs do not enter

into the decision-makÌng process in a short-run static situation.
b/hen consideration is given to the poss¡bil¡ty of purchasing f ixed

resources to expand plant capacity, however, fixed costs must be

taken into account. Activities depicting the purchase of additionaì

fixed assets (storage faci I ities, machinery) are charged with a

cost representing the fixed expense incurred through such an Ìn-

vestment. cropping and I ivestock activities, however, are charged

with variable costs only.

Therefore, fixed costs associated with the ¡nitiaì plant

capacity must be deducted from the optimum value of the objective

function in order to arrive at the return to the fixed factors of
production. The figure so calculated is termed rnet incomerr.

Fixed overhead costs for the case farm are estimated at $5.l,084.g3.

ln designing the programming situations, it was'assumed

that, when harvester capacïty was ailowed to be purchased, it must

be purchased in amounts representing one machine (or multiples of
one machine). lt was necessary to el iminate the possibiì ity of

the purchase of fractional amounts of a machine. This was ac-

compl ished by adding appropriate constraÌnts to the basìc matrix
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to force the purchase of harvesters ïn integer amounts. simi ìarly,

constraints were added where necessary to insure that storage

facil ities would be purchased in amounts no smaììer than that

representing 24oo sguare feet of f,ìoor area. storage purchases of

over 2400 square feet were allowed to assume fractional amounts.

Land acquisition, however, was allowed to be carried on êt any

leveì promoting attainment of the optimum, and no special constraints

were considered necessary to force its purchase (o. rental) in

integer amounts

Program Soìutions with Feeder Cattle Deleted

Table X summarizes the r¡net income', leveìs obtained by

ut¡l ¡zing the case model to simulate the program situations desig-

nated by Program I and Runs i through vii of program 2.

TABLE X

SUMMARY OF NET INCOME LEVELS DERIVED FROM PROGRAMS I AND 2

Program and
run number

P rog ram

P rog ram

I

2:

Optimum value of the
object ive funct lon

Run
Run
Run
Run
Run
Run
Run

$

70,l9l .23

74,675.35
69,057 .65
69 ,652.t+6
75,622.A8
79,92\.37
69,B4o.83
96,019.63

I

tt
IV

VI
vtt

Net income
(net of f ixed costs)

$

lg,t06.30

23,590.\2
17 ,972.72
18,567 .53
24,537 .15
28,,839.44
¡ 8,755 .90
\4,93\.70
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Program l, as described in Chapter I I l, generates the

optimum production plan when the pìant is assumed to remain at

constant capacìty. When the acquisition of additional resources

is not permitted, this optimal value of the objective function is

$70, I 91.23 which represents a net income of gl9,106.30. This income

is achìeved through the expenditure of g88,450.15 for operating

expenses, $20,626.97 of which must be borrowed on the capital market.

The data in Table vl I I show that cropping pattern is infìuenced,

and income is limited, by the fixed supplies of land, storage, and

.rrScott V inertr harvester ava i labl e.

Program 2 was designed to study the effects of ailowing the

capacities of these limiting resources to expand, individuaììy and

in various combinations.

Examination of income leveìs generated by the runs of

Program 2 reveals that the optima derÌved from the program situ-

atîons characterizing Runs ii, iii, and vi are lower than the level

obtainable from the I'base' plant (rrogram l). These three runs

represent the situations in which harvester capacities and storage

faciì ities are permitted to expand individual ry and together,

while the land base is held at the initial level of 245 acres. The

decline in încome exhibited here is due to the requirement that

storage and harvester capacities be purchased ín integer amounts.

similar program situations which place no such restrictions,

generate income levels which are sl ightly higher than that of

Program ì .
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The conclusion drawn is that income can not be increased by

the expansìon of storage and/or harvester capacities unless land is

also acquired. Runs ii, iii, and vi of Program 2 are, therefore,

rejected as being economical ly infeas ible and thei r solut ions wi I I

receive no further consideration. The foì iowing discussìon, then,

deals with those runs which generate an increase in income over

that attainable from the base plant

Run'L. lntroduction of land purchase and rental activities

allows the case model to generate $4,484.ì2 additional income over

that attainable with the initiaì plant capacity. This rise in

income Ìs accomplished by the purchase of 36.91 acres of ìand which

is util ized to increase the acreage of cabbage to 30 acres, the

maximum alìowed by the assumption of market ì imitation. 0ther

vegetable crop acreages are I imited by storage and harvester capaci-

ties or by acreage constraints.

Run iv. This program situation permits the acquisition of

land and storage faci I i t ies. ln comput ing the opt îmum, the model

does not purchaserrgeneraìrrstorage since acreages of the crops

usi.ng thils type of facility are constrained by ¡rscott Vinerrl

harvester capacity. onion storage purchase is forced into the

solution at 2400 square feet, resulting in a rise in income as

compared to that attaïned in Program l. The income generated .by

Program 2, Run iv ($24,fi7.ì5) results from an optimum plan

featuring cooking onions and cabbage at levels representing their



respective market I imitations.

sition of adequate suppl ies of

Run v. A further expânsion of income is made possible by the

inclusion in the case model of activities providing the opportunity

to acqui re mechan ical harvester capacit ies and land. ln reaching

the net income level of $28,839.44, the modeì purchases l06.03 acres

of land and one Scott Viner harvester.

It is interestÌng to note that, in this run for the fi rst
time, turn¡ps enter the optimum production pìan. This high level of
turnip production is accompanied by a significant decl ine in table

carrot acreage as compared to previous runs. Although turnips as a

production alternative is less profitabìe on a per-acre basis than

is table carrots, the fornrer crop makes better use of scarce,,general,,

storage capacity. This phenomenon occurs only when adequate suppl ies

of land and harvesting equîpment are avairabre, so that storage

facil Ìties const¡tute the only physical restraint on production.

Ru-n vii ' The greatest income is generated when the case

model includes activities which permit the acquisition .of ar r three

types of .f ixed assets. This situation results in a net income level

of $44,934.70 whÌch is attained by the rental of 193.38 acres of
land, the purchase of two scott viner harvesters, and the purchase

of 13,253.!6 square feet of I'generalr storage space. Land is

rented rather than purchased in this situat¡on because the I imÌted
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This is accompl ished by the acqui-

ì and and storage fac i I i t ies.



supply of investment capitaì is used up by the purchase of harvester

and storage facil ities. The majority of the vegetabìe crops are in

the solution at levels designated by the absoìute maximum market

constraints--thè exceptions being turnips and cookÌng onions, the

leveìs of which are restrained by storage capacit ies and capital.

-Summary of sol ut ions to Prograrhs ì and 2. Run vi i shows that

the most profitable pìanning situation, in terms of net income,

includes activities affording the opportunity to acquire aì ì three

types of fixed assets.

Runs iv and v generate only slight increases in net income

over that attained by Run i in v¡hìch land base alone is permitted

to vary. Forcing storage and harvester capacit ies to be purchased

in integer amounts results in a portion of these new resources

going unused. The income levels involved may not be sufficient to

induce management to carry on such purchase programs, considerïng

the rÍsk involved in using capital for unused capacities.

ln short, in a static situation and within the limitations

imposed by the assumptions of the case modeì, income is maximìzed

by the purchase of two addìtional Scott Viner harvesters and

13,253.!6 square feet of rrgenerallr storage space and the rental

of 193.18 acres of addÌtional land. lf such a large expansion of

plant capacity is considered to involve excessive risk, the pro-

duction plan from one of Runs i, iv, or v should be considered as

an alternate course of expansÌon of the farm business.

5B
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The introduction of feeder cattìe act¡v¡t¡es as production

alte-rnatives in the case model has, with one exception, no effects

on the optimum cropping patterns which were obtained through

Programs ì and 2. The exception is Run vii in which the inclusion

of feeder cattle activities results in a decì ine in turnip acreage.

This is caused by the demands of feeder cattle on scarce investment

capital which is manifested in the modelrs ability to purchase only

one scott viner harvester instead of two, as was the case in Run vii
of Program 2. Therefore turnip acreage in the solution to Run vii
of Program J is ìimited to a smaììer acreage by mechanicaì harvester

capac i ty.

Feeder cattle, then, appear to enter the sorutions merely to

use up resources left by the cropping enterprises. The pattern is
predictable: in most cases the stocker calf activity enters the

solution to utilize the supply of culìed vegetables. Feeder steer

act¡vitìes, êmploying a grêin-hay ration enter the solutions for
the periods February throuEh May and June through september at

levels determined by available suppr ies of operating capital. A

notable exception is the solution to Run vîi, in which both feeder

cattle enterprises utiìize culls, yet there are culled vegetables

left unused. This results from the high ìevel of crop production

which places high demands on capitar and, at the same time, yìelds

a large quant ity of cuì ls. The period October through January
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("Fall") is noticeable in its ìack of a feeder steer activity for

any program situation. Thìs is due to the peaking of operating

capÌtal demands by cropping activities during this period of the

year.

Net income levels generated by the runs of Program 3 are

I isted in Tabìe Xl. The pattern of income levels corresponding to

Program 3 has two differences from that associated with Programs I

and 2. l,J¡th feeder cattle enterprises included as production

alternatives, gains ìn income can be obtained by the purchase of

Scott Viner capacity, alone or in conjunction urith I'generalrtstorage

capacity. The income ìevels generated by the remaining runs of

Program J bear the same reìation to each other as do the solutions

to Programs I and 2. The highest net income again ìs achieved by

aììowing the acquisÌtion of all three types of fixed assets.

TABLE X I

SUMI'1ARY OF NET INCOME LEVELS DERIVED FROM PROGRAM 3

Run number

o
I

tt
lt
iv

vi
vi

OptÌmum value of the
object ive funct ion

$

7\,r+B2.gg
78,7\0.37
73,536.51
7\,588.54
79,741 .12
84,021.75
75,\47 .\6
96,671.17

Net i ncome
(net of fixed costs)

$

23,398.06
27 ,655.4\
22,\51 .58
23,5O3.61
28,656.19
32,936.82
2\,362.53
\5,586.2\



I I I . O"'"' SOLUTIONS DERIVED FROM THE UNIVERSAL MODEL

The solutions to the computer runs empìoying the universal

model are presented in detai ì in Appendix B. Figure 6 reproduces

the schemat ic representat ion of the resource levels characterizing

these runs, and summarizes the optirnum values of the objective

function obtaîned. Other solution data relevant to the present

discussion are outl ined in Tables Xll, Xlll, XlV, and XV.

Progranl Soìutions with Feeder Cattle Deleted (proqrams 4 and

Discussion of solutions derived from the universal model

proceeds by comparison of results obtained for a 175-acre farm and

a 245-acre farm. Fixed overhead costs for these two product ion

units are estimared at 936,916.42 and $42,3ì4.68 respect ively. ln

Tables xll and Xlll, these costs have been deducted from the

appropriate objective function vaìues to arrive at net income

fìgures for the varîous combinations of ìabor and capital as

depicted in Figure 5.

Solution data for Programs 4 and 5 ïndicate that, under the

assumptions of the model, the highest level of return to fixed

.factors of production can be achieved on a 245-acre farm having

available to ¡t B75o man-hours of labor per month, $60,000 operating

capital, and $Bo,oo0 investment capitar (erogram !, Run xi i). How-

ever, after deducting fixed costs, the I75-acre farm having the above

combination of available res'ources achieves the highest net income.

6l



Status of
L i vestock
ActivitÌes

lnitial Operating Cap¡tal/ Labor
Land lnvestment Capital Suppìy

Suppì y (man-hours)

Run
Numbe r

Optìmum Vaìue of
the 0bjectìve Function

(dol ìars)

175
acres

Catt ì e
Deì eted

245
acres

175
ac re5

Cattle
I nc ì uded

2t+5

ac res

F rgure b. Computer runs

I$30,000/50,ooo 
L

$60,ooo/Bo,ooo ----f
L

$30,000/50,000 
t

$60,ooo/Bo,ooo 
t

$30, ooo/50, ooo 
t

$60,0oo/Bo,ooo 
I

$3o,o0o/50,ooo 
t

$60,0ool8o,o0o 
I

60,893 . 6 ì

59,355 .83
52,609.76

63,814.76
Bz,8z3.g5
75,090.78

61 ,878.74
60 ,499. oo
53 , I 08.42

65 ,2r+2.38
87 ,67o.gB
79 ,592.65
61 ,ogg.47
59,373.01
52,609.76

65,895. I O

82,823.95
75,090.78

62,082.77
60 ,499. oo
53,108.k2
66,6oz.oz
87,691 .92
79 ,596 .02

of the objective functÌon.

t

5 ,000
I ,750

1 2,500

5,000
I ,750

ì2'5oo

5 ,000
8,750

I 2 ,500

5 ,000
8,750

I 2 ,5oo

5,000
I ,750

I 2 ,500

5 ,000
8,750

I 2 ,500

5 ,000
8,750

I 2,500

5 ,000
I ,750

l 2 ,5oo

XI
xtt
xtrt

XI
xtt
xttt

vrtt
IX

X

t
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-1
OJ

=

-9
-t
o

('o
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o
=
t¡r
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o(o
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o
=
o\
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\.1
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vrr¡
ix
X
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xtt
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ix
X

XI
xtt
xttt

empìoyîng the unÌversal modeì and optimum values

o\
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TABLE XI I

SoLUTt0N DATA, PRoGRAM 4

Unit Run: viii XIIX xtt xltt

Optîmum Product ion Plan:
Tabl e ca rrots
Canning carrots
Cook i ng on ions
P ickì e on ions
Set on ions
Turnips
Cabbage
Toma toes
Ceìery
Fo rage

Total acreage in crops
Stocker ca I f
Feeder steer, Fal I

Feeder steer, l^/inter
Feeder steer, Summer

Total finished beef sold
Fixed Assets Acqu i red:

Land purchased
Land rented
Scott Viner purchased
0nion harvester purchased
0n ì on storage pu rchased
ilGeneral tr storage purchased
Feedlot and equipment

Optìmum value of the
obj ect i ve funct i on

Fixed overhead
Net i ncome

âc.
ac.
ac.
ac.
ac.
ac.
ac,
ac.
ac.
ac.
êc.

head
head
head
head
cwt.

ac.
ac.

hrs.
hrs.

sq.ft.
sq.ft.

head

64.ss
4¡ .0¡

0

7.83
0

4¡ .82
2.09
0
0

53.79
,\_rt6

63.96
30.52

0
ì0.00
7.58q .a+
0
0
0

53.30
TITã

58 .80
26.16

n

t0.00
B'ltr

43 .30
0
0
0

49. oory

68'le
ccÀ

41 .17
6'90
0

ì9.r2
30.00

0
0

57.30m

96.55
50. oo
41 .22
10.00
10.00
33.61

0
0
0

80.46

TITtr

94.12
50. 00
29.79
10.00
10.00
4ì.39

0
0
0

78.44
T_t-m

40. l6
0

225.00
0
0

7241 .80

38 .20
0

225.00
n

0

752t.08

2t.00
0

225.00
0
0

6.l5.l .0,|

54. t9
n

0
0
0

5594.66

0
I 46.84
225.00

0
0

I 2005. BB

0
.l 
38. 74

225.00
0
0

12324.43

$

s
I

60,893.6t 59,355.83 S2,609.76 61,9t4.76 g2,gZ3.95 75,0g0.79
L6,916-.42_ 36,916.42 36,916.42 1þ,916.42 36,916.42 3A,g16.42zt-Ðj.r9 zr,TFí-¿i- TFñF z6-F9æT T;W T:,fry o\



TABLE XI I I

SOLUTION DATA, PROGRAM 5

Un i t Run: vltt XIIX xtt xttl

0pt Ìmum Product ion Pì an:
Tabl e ca rrots
Cann i ng ca rrots
Cooking onions
P ickìe on ions
Set on Ìons'
Turnips
Ca bbage
Toma toes
Cel ery
Fo rage

Totaì acreage in crops
Stocker cal f
Feeder steer, Faì I
Feeder steer, Winter
Feeder steer, Summer

Total fìnished beef sold
FÌxed Assets Acg! recl_:

@
Land rented
Scott Vìner purchased
0n ion harvester purchased
0n ion storage purchased
"Gene ra ì I' s to rage pu rcha sed
Feedìot and equipment

Optimum vaìue of the
object ìve funct ion

Fixed overhead
Net i ncome

65..l0
26.10

n

I 0.00
7.2\

54.33
0
0
0

54.25

Tñ

0
0

225.00

0
8lS8.4z

6t,878.74 6O,4gg.OO
42 ,31\ .68 42,314 .68
TEtr67ilo6 lB;i-8[32

r 00.00 96 .79
50.00 50. 00
42.63 33.69
I 0.00 I 0.00
ì 0.00 ì 0.00
37.50 41.5r
00oo
00

83 .38 80.66ryTry
--

25.72 37 .90
62.79 39.75

225.00 225.00
0o
00

r3004. r6 t28t6.60

87 ,670 .gB 79,592.65
42,31t+ .68 42,3 ì 4. 68
ry-:=tño-Tmg

ac.
êCt
ac.
ac.
êc.
ac.
ac.
ac.
ac.
ac.
ac.

head
head
head
head
cwt.

ac.
ac.

hrs.
hrs.

sq.ft.
sq. f t-.

head

65.28
4l .gs

0

7.32
0

48.65
0
0
0

54 .40ffio-

58.80
26.16

0
ì0.00
8.74

43 .:o
0
0
0

49. ooj5P

0
n

225.00
0
0

615r.0.|

53 , I 08.42
4z Jt\.68

70.54
0

45 .58
5.92
0

24'32
30. 00

0
ô

58.79
trTß

0
0

225.00
0
0

7837 .83

0
0
0
0
0

6421 .35

$

$

$

65,242.38

o\10,793.74 22,927.70



TABLE X I V

S0LUTt0N DATA, PRoGRAM 6

Un i t Run: vtrt XIIX xtt xltt

OptÌmum Production Pìan:
Tabl e ca rrots
Cann Ì ng ca rrots
Cookìng onions
Pickle onions
Set on i ons
lurntps
Ca bbage
Toma toes
Ceì ery
Fo rage

Total acreage in crops
Stocker ca I f
Feeder steer, Fal I
Feeder steer, Winter
Feeder steer, Summer

Total finished beef sold
FÌxed Assets Acqu i red:

Land pu rchased
Land rented
Scott Vìner purchased
0n ion harvester purchased
0nion storage purchased
ilGeneraì r' storage purchased
Feed I ot and equ i pment

Optimum value of the
obj ect i ve funct i on

Fixed overhead
Net i ncome

63 .92 6l .gl 58 . 8o 6 t .89
\2.61 3l .00 26.16 28. I ì

.62 0 0 24.84
7 .90 I 0.00 r 0. oo g .87
0 7 .62 8.Zl* o

4t+.75 4Z.r¡ 43.¡o o
0 0 0 30.000000oooo

53.27 53. I 9 49.00 51 .57rrT67 ZITT IsTm aof.zE
0 0 0 200.80

29 .)+5 I 0.63 o o
29.\5 0 0 lì1.80
0000

577 .28 r 04.20 o 304¡. ¡o

38.07 37.77 2r.0o 31 .28
0000

225.00 2?5.00 225.00 0
0000
0000

7214.59 7\29.36 6ì5 r . or 2499.\5
29.45 ì 0.63 o 31 2.60

6l ,ogg .41 sg,373.01 52,609.76 65,895. ìO
36,916.!2 3é-gì6.42 36,9ì6. \z 36,916.\2Z4- EWWTf6%.3E Zq3.rEEs

ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.

head
head
head
hea d
cwt.

ac.
ac.

hrs.
hrs.

sq.ft.
sq. ft .

head

96.55
50.00
41 .22
10.00.l0.00

33.61
0
0
0

80.46
Fi-

0
0
n

0
0

0
I 46. 84
225.0A

^
0

ì 2005 .88
0

8z,Bz3.gs
36 ,916 .42

94.12
50. 00
29.79
ì0.00
ì0.00
4t.39

0
0
0

78.\4
Ty-TJT

0
0
0
0
0

0
ì 38. 74
225.00

0
0

12324.43
0

75,090.78
36 ,916.t+2

$

$

$ r5r7B 3qî-ro.36' I



TABLE XV

soLuTt0N DATA, PRoGRAM 7

Un ì t Run: vttr XIIX xtt xlt¡

-Opt Ìmum P roduct ion P ì an :
Tabl e ca r-rõ-ti
Cann ing carrots
Cooking onions
P ickl e on Ìons
Set onìons
lurnrps
Ca bbage
Toma toes
Ceì e ry
Fo rage

Totaì acreage in crops
Stocker ca I f
Feeder steer, Faì I

Feeder steer, !Jinter
Feeder steer, Summer

Totaì finished beef sold
Fixed Assets Acqu i red:

Land rented
Scott Viner purchased
0n i on ha rveste r pu rchased
0nÌon storage purchased
"Generaì I' storage purchased
Feed I ot and equ i pment

OptÌmum vaìue of the
obj ect i ve funct Ìon

F Ìxed o.¡erhead
Net i ncome

ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.
ac.

head
head
hea d
head
cwt.

ac.
ac.

hrs.
hrs.

sq.ft.
sq. ft .

head

64.¡4
43.02

0

7.68
0

46.t0
0
0
0

53.78
215.12

0
28 .82
16.93

n

448 . ¡4

0
0

225.00
0
0

7\56.17
28.82

6z,o8z.l7
42,314.68
i9768lõg

65. il
26.10

0
t 0.00
7.24

54.32
0
0

.0
54.25TW

0
0
0
0
0

0
0

225.00
0
0

8¡sg .l+z
0

60,499. 0o
42,314.68
ïg',-Tgfi3z

SB.Bo
26.16

0
ì 0.00
8.74

43.30
0
0
0

49. oo
196lõ

0

0
0
0
o

0
0

225.00
0
0

6ì5ì.0t
0

53,ì08.42
42,3ì4.68
ßlEnF

69. l3
4 .4s

42.33
6'¡e
0

20.53
30.00

0
0

57 .61TÑ
80.52

0
173.21

0
2478.54

0
0

0
0

5798.26
253.73

66,6oz.oz
4z Jt4.68zTWstr

99.76
50.00
4t.84
ì0.00
I 0.00
37. Bo

0
0
0

8:.13
332.53

0
16.61
r6.6t

0

325.53

23.26
64.27

225.00
0
0

l299o.ol
ì6.6ì

87 ,6gt .92
1+2,314 .68
Tf:fr7=T

96.73
50. 00
33.52
I 0.00
ì 0.00
4l 'sg

0
0
0

80.6ì
Tn:Etr

0

3 '62
3.62
0

70.92

37 .37
40.07

225.00
0

.0
128r3.02

3.62

79,596.02
4z ,314 .68
TlTl .38

s

$

$ o\('\
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The least profitabìe combination of resources, on the other hand,

is represented by Run x of Program 5 where 12,500 man-hours of labor

per month, 2\5 acres of land, and $30,000 and $50,000 of operating

capitaì and investment capital respectiveìy yield a net income level

of $10,793.7\.

Values of the objective function (and net income) are greatest

when operating and investment capital are avai lable in the amounts

of $60,000 and $80,000 respectiveìy (Runs xi, x.i i, and xi ii). under

these conditions, labor availabiìity of 8750 man-hours per month at

a cost of $ì.35 per man-hour is most profitable and 5000 man-hours

at $1.20 results in the lowest return. lf capital is more restricted
($30,000/$5o,oo0), income rises as the wage rate decr ines (and labor

availabil ity decreases) for both acreage levels. At al I levels of

capital and labor, the 245-acre farm generates higher returns to

fÌxed factors of production (values of the objective functìon).

When fixed costs are deducted to calculate the rnet incomer figures,

however, the 175-acre farm appears to have a slight advantage due

to the ìower overhead associated with the smaller land base.

Given an available labor supply of 5000 man-hours per month

at a wage rate.of $1.20, net income is maxîmized by the resource

combinat¡on of 175 acres of land, $60,000 operating capital, and

$8o,ooo investment capital. The sequence of net income ìevels

attained by setting labor supply at 5000 man-hours per month is

shown in Table xvl. when labor suppìy is expanded to B75o man-hours



6B

per month êt $ì.35, the income sequence ìs altered (see Table XVI).

Raising the ceiìing on labor supply, though wage rate is simul-

taneousìy increased, produces substantial gains in income when there

is ampìe capital avai ìable. Lower capital suppl ies result in

decreased income ìevels for both acreages.

TABLE XV I

SEQUENCES OF NET INCOME LEVELS GENERATED BY THE THREE MONTHLY
SUPPL¡ES OF LABOR AND I^/AGE RATES

P rog ram/Run

$

5000 man-hours per month at $1.20
\/xi 60,000/80,ooo
\/vii¡ 30,O0O/50,000
5/xi 60,000/80,000
5/vi i ¡ 30,000/50,000

8750 man-hours per month at $1.35
\/xi i 60,000/80, o0o
5/xi i 60, ooo/Bo, ooo\/ix 3o,ooo/5o,ooo
5/ix 30,000/50,000

Operating/lnvestment
capital avaîlabìe

12500 man-hours

4/xi i i
5/xl I I

4/*
5/x

lnitial land Net income
suppl y

ac res

per month at $1.50
6o,o0o78o,ooo
60 , ooo/Bo, ooo
3A ,000/ 50 , ooo
30 ,000,/50,000

At a ìevel

restricting under

175
175
245
245

26,898.34
23,977 .lg
22,927 .70
I 9,564 .06

of 8750 man-hours per

any of the conditions

175
2\5
175
245

\5,907 .s3
\5,356.30
22,439.1¡1
18,184.32

175
245
175
245

month, labor does not becone

imposed by the universal

38,17\.36
37,277.97
15,693.3\
10,793.74
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modeì . Raising the cei ì ing on labor supply above this amount

reduces income in aì I cases because of the associated higher v\,age

rate. The data in Table XVI indicate that the capital supply is a

prime factor in the determination of income, particularly at higher

levels of labor supply and wage rate

Neither tomatoes nor celery appear in any of the solutions.

This is apparentìy the result of the high labor and operating

capitaì requirements of these two crops. Table carrots enter the

solutions at the peak allowed by acreage constraints and, ín every

case, this crop commands the highest acreage of any one croppÌng

alternative. Cooking onions, an important crop in the case model,

enters the "universalil soìutîons only when capital suppl ies are set

at the hîgher levels (Runs xi, xii, and xiiÌ). This is due to the

relatively high operating capital requirenrent of cooking onions,

compared to the croprs return.

The solutions in which cooking onions do not appear (Runs

\viïi, ix, and x) would be reached if onion storage and harvester

capacities u/ere not included in the array of resources used in the

model. Therefore, fixed costs associated with these assets could

be deducted from thertfixed overheadtr figure to yield a higher net

income in the case of Runs viii, ix, and x of Programs 4 and 5.

Land acquisit ion occurs in al I solutions for the 175-acre

farm. At h¡gher ìevels of capital and labor (program 4, Runs xii

and xi ¡ ¡), land is rented rather than purchased because investment
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cap¡tal is used for the purchase of "generalil storage capacity in

large quantities. Expansion of the ìand base for the 245-acre farm

occurs only at the high levels of capital and labor (Program 5, Runs

l ...\xi i and xi ¡ i) . Therefore, ¡t is profi table to expand the acreage

of a 175-acre farm in the face of all conditions represented in the

model, but ìncreasing land base in the case of the 24!-acre farm

raises income only when there is avaiìable large quantities of labor

as weì I as cap¡tal.

Since cooking onions acreage never reaches the level which

would ut¡lize all of the existing supply of onion harvester and

storage, these two assets are not purchased în any of the solutions

involving the universal model. However, one scott Viner harvester

is purchased in every resource sÌtuation except" that represented

by Run xi where labor availabiìity is set at 5000 man-hours per

month and capTtal supply is ar rhe higher level ($60,000/$80,000).

under conditions simuìated by this run, încome is maximized by

diverting production capabil ities into cookÌng onions and cabbage

rather than purchasing harvester capacity so that more carrots and

turnips may be grown. I'Generalrr storage is purchased in al I cases

in order to accommodate substantial turnip and table carrot acreages.

Effects of !ncluding Feeder cattle as a Product ion Al ternative

I n almost

an alternative,

(see Tables XIV

one-half of the'runs containing feeder cattle as

the enterprise is not included in the solut ion

and XV). The solutions to these runs (*, rii, and
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xiii of Program 6 and ix and x of Program 7) are identical to their

counterparts in Programs 4 and !. Checking back to Programs 4 and !,
the soìutior¡s indicate that, in these cases, operating capitaì suppìy

is completely util ized by the cropping enterprises. Feeder cattìe

do not have a level of return which warrants diversion of operating

capital from crop to livestock production.

There are certain cases, however, in which the feeder cattle

enterprise appears able to compete for capital. For example, in

Run viii of Programs 6 and 7 (both labor and capîtal suppìies are at

low levels) cattle activîties enter the solution, sl ightly altering

the cropping pattern. Acreage is reduced by 2.09 acres in program 6

and by 2.48 acres in Program J, and income increases in the amounts

of $205.86 and $204.03 respectively. The same phenomenon occurs, to

a lesser degree, in Program 6, Run ix and Program /, Runs xii and

xt I l.

There are only two cases in which feeder cattle enter the

optimum plan at significant levels. These two solutions are Run xi

of Programs 6 q,nd 7. ln these sítuations, labor is assumed to be

available in the amount of 5000 man-hours per month and capital

supplies are'set at the level of $60,000 and g80,o00 operating anc

investment cap¡tal. The two runs are distinguÌshed only by different

inÌtial acreage levels. As welì as being the only two solutions to

the universal model which include cattìe at significant levels, trey

are unique in thei r inclusion of the stocker calf enterprise.
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Checking back to Programs 4 and 5, the corresponding resource

situations resuìted in operating capital (and investment capitaì)

going unused. This excess capitaì may be (and is) ut¡ì ized for

feeder cattle operations. ln addition, the cattle enterprìses appear

to compete against crops for capÌtal since, by the production of

cattle, cropping patterns in Programs 6 and / (as compared to

Programs 4 and 5) are altered. lt is also interesting to note that

these two runs are the onìy two situations under which cattle

compete for capital during the growíng seèson. This is, apparently,

pecul iar to the resource combTnation of low ìabor availabil ity

and relat¡vely high capital suppl ies.



CHAPTER V

SUMMARY AND CONCLUSIONS

It is not the purpose of this study to delve into the standard

arguments in support of , and criticizing, linear programming. Dis-

cussion of the advantages and shortcomings of the tect¡nique has

reached such a stage that their treatment here would merely amount to

a synopsis of the books and papers written on the topÌc. The reader

is, therefore, referred to Dorfr"n IB] for an excellent criticism of

I inear programming with speciaì emphasis on the I imitations imposed

by the basic assumptions of I inearity, divisibi I ity, finiteness, and

additivîty.

The I inear programming approach aims at determîning what farm

organìzation would be t'more profitabìe" or precisely,rrthe most

profitabìerr under specific conditions. Thus, I inear programming is

a tool for normative anaìysis and is not intended as a means of

predicting what adjustments in farm organîzat ion wi I I actual ly occur.

However, in I ight of the objectives, I inear programming is considered

an excellent tooì for the analysis, since this study is of a norma-

t ive nature,

Notwithstand ing, the resul ts

are only as good as the modeì which

compare, conceptual ly, to the actual

the Man i toba vegetabl e i ndus.t ry?

of I inear programming analysis

is employed. How does the model

conditions as they exist in



Evaìuation of the Model

The model used in this study

the operat¡on of a firm engaged in

Assuming that I inear programming is

for ana I ys i s, the quest ion rema i ns

in describing the operat ion of such

were obtained from the records of the study farm. Coefficients for

tomatoes and celery were caìcuìated from information gathered from

various publ ications and experts in the field of vegetable pro-

duction. Although detailed attention was given to the caìculation

of the input-output coefficients, it should be recognized that, by

thei r: nature, these coeff icients f ix the technicaì characteristics

of productìon. Therefore, the technoìogy in the model is given and

constant, and appì ication of the results to firnrs other than the

case farm, even on a modest scale, should be done wÌth due care and

regard for thîs fact. However, the assumed technology is, apparently,

a reasonabìy accurate approximation to production characteristics

which are widespread among commercial vegetabìe producers of }4anÌtoba,

to whom this study is dìrected.

simi larly, the technical characteristics of feeder cattle

production are given and constant. However, in most cases, each type

of cattle enterprise offers a choice between two rations, thus

providing some option in the selection of feeder cattle alternatives.

Technology assumed.

is an attempt to approximate

the production of vegetables.

a rel iable and appropriate tooì

as to the accuracy of the model

a firm.

Data for most of the cropping activities

7\
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' Price levels. Vegetable prices are four year averages

(1964--1961) calculated from figures quoted in The yearb_ook of

lulanitoba 4sr"r_:uJfrr" [tl]. More elaborate sratisrical methods

could have been. used to calculate expected prices but the time

available did not al low such a detai led analysis. Any attempt at

predicting commodity prices (and interest rates) is highly

speculative, and ¡t is recognized that the soìutions are accurate

only to the extent that actuaì prices approach those levels assumed

i n the modeì .

determìne the optimum response of a farm firm to changing conditlons.

0f necessity, these quantities were changed in finite amounts to

,approximate 
a rough cross section of the group under study. The

resource levels used in the case model represent the amounts of

resources available to the study farm, but ínìtial resource suppl ies

assigned to the univeisal model are rather arbitrary and are not

designed to correspond to any particular farm firm. Rather, the

farm business represented by this set of resources is a hypothetïcal

one, desîgned primariìy for the purpose of testing the reaction of
production patterns to varying condÌtÌons.

Therefore, practical appl ication of the results to a pa¡:-

ticular farm business should be carried out with regard to how

closely the farm in question approaches the situation defined by

the resource levels used Ìn the model. The results obtained in the

Resourcg suppl ies. Resource supply levels are varied to
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various runs of the universal model give a good indication of what

occurs v¡hen the supply of one, or more, resource is expanded, and

that is the context in which the results should be appl ied.

essentially a static one in which the production, supply, and demand

functions are aì ì given and constant. Throughout this report, the

underìying motìvation for the inquiry has been the question of what

adjustments a firm should make Ìn the face of changing conditions.

The emphasis has been on the adjustments which wouìd counteract, or

take advantage of, the new conditions--not how these adjustments may

be achieved. That is, the analysis is t'timeless'r, concernÌng itself

with the f;arm organization before and after adjustment, but ignoring

the processes through whìch the firm must pass in order to achieve

the end resul t.

Nor does the study specify the time period over which these

adjustments may, in practice, be accompìished. The impìicit

suggestion in the model is that the adjustment can be completed

within one production year, but thÌs need not be so. ln many cases,

the suggested reorganization is of such compìexîty that a firm may

require several years to complete it.

Static nature of the model. The modeì used in this study i s

Concl us ions

The I inear programming solutions to the model suggest the

fol lowing general recommendations.



77

under the conditions imposed by the assumptions of the modeì,

the study farm can maximize income by expanding land base and

mechanical lrarvester and storage capacities, as proposed in chapter .

lv. This expansion Ìn plant would permit the production of the

cropping alternatives at ìevels shown in Tabìe lx. ln conjunction

with this cropping program, a winter feeder steer operat ion and

a stocker calf enterprise at ìevels of 200 head and IBB head

respect iv9ly, are suggested.

l"lore generally, the results f rom the ',un ìversal' modeì suggest

an economic advantage in growìng the root crops: tabìe carrots,

turnips, and canning carrots. To achieve the suggested levels of

these crops, it is recommended that, under most resource situations

considered, appropriate mechanical harvester and storage capacities

be purchased. cooking onions is a feasible alternative only when

capital is avaiìable Ìn reìatively large amounts (for example,

$60,000 operating capital and g80,000 investment capital). pickle

onions and sets are moderately good aìternatives but are I imited

in scale of output by market availabil ity. cabbage îs a poor

aìternative under most resource situations studied. Tomatoes and

celery are not recommended because of the high labor and capital

requirements of these two crops.

Labor dÌrectìy limits production onry when the ceiling of

5000 man-hour's per month is pìaced on the labor suppìy. 0f greater

importance is the amount of cash which is available for payment as
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wages. At higher leveìs of operating capital, higher \¡/ages can be

paid, thus attracting ample quantities of labor.

Feeder cattìe is a poor alternative, reaching significant

leveìs onìy when there exists an excess suppìy of capital whìch is

not uti ì ized by cropping operatîons. A feeder cattìe enterprÌse is

able to compete for capitaì to some extent, but not enough to warrant

the r i sk assoc ìated wi th sett ì ng up such an operat ìon. Therefore,

cattle are recommended only when a significant supply of idìe capital

is available whÌch can not be put to use in the production of

vegetables because of other (for example, market) I imitations. This

recommendation is supported by the solutions to the case model, where

large supplies of capital alìoì¡J more substantÌal feeder cattle pro-

duct ion I evel s .

The factors ef,fecting the optimum production pattern and

income in agricul ture are numerous and varied. Any attempt at

simulation of a farm firm must take account of the effects, on the

f irmrs operations, of al I these factors. The diff iculty of thìs task

is compounded by the fact that most of these factors are in constant

flux and vary independently of each other.

However, if the assumptions upon which the model is built

are reaìlistic and a¡"e specified, and if it is understood that the

accuracy of the resuìts is contingent upon how cìosely actuaì con-

ditions approach those defìned by the assumptÌons, then the exercise

is useful in that it throws I ight on the fundamental economic
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characteristics of production. l'he assumptions underlying the

model used in this study have been specified and are regarded as a

real istic refìection of conditions which characterize vegetabìe

production in Manitoba.
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TABI,E A.1

SEASOI{AL PER-U}TIT T,ABOR RBQU]¡9.6¡1'5

ActÍvity ñumber
and Title

Annual
Requirement Nfay JuIy August Sept. Oct. l¡iinter

I Table Carrots
2 Canning Carrots
3 Cooking Onions
4 Pick1e Onions
5 0nion Sets
6 Turnips
7 Cabbage
I Forage

l+5 Tomatoes
l¡6 Ce1ery

28 Stoeker CaIf, Cr¡.11s
29 S'bocker Calf, Grain-hay
J0 Steer, FaIlr/CuIIs
Jl Steer, V*rinterfCulls
J2 Sieer, Fallr/Grain-hay
JJ Steer, l,iinter,/Grain-hay
Jl¡ Steer, Summer

2.26 6.17 Lh.23
2.85 1.58 L7.tQ
5.57 7 .9L 25.59
3.60 t.gl 222.58
3"77 2.25 1.L5.36
.79 3 "43 35.oe2"t4I 18.10 2]-.78
.23 .23 .O7

38.18 227.5O 36:0"rZ
20.L7 44.33 82.75

.69
"69

I.Ì+5

1./+o

1ór.88
82.36

131.51
308.97
288.3r
t35.68
92.59

.70
6t1Ê.75
621.80

9.29
8'51
l+.78
b.78
l+.51+
l+.54
I+.31+

man-hours

7,11
2'7t

26.]..1+
78"3t

160.54
7"BS

29.11
.07

27.77
252"L5

1.10
1.10

36.5L
50.L2
40.40

"09
l+.59

10.49
10"80

.45
29 "5r

222.hO

39.84
.)(

l-'2"65
.09
.09

3r.52
7 "23

.o5
L.67

h5.r3 1o.59
3.93 3.33l+.79 8.1+2
1.08 L"zg
1".08 .63

2t+.55 2l..gL
2.5O .63

.69 .69

.69 .69
.62 2.96 2.6h
.62 2.1+7 2"25
.71 l+.O7

3.33.ó1 3.93
3.I1+.56 r.51 .92 L.35

i*:

Note:
tableau, for.rr
toùals shown.

1o conserve space,
places were used.

data are expressed here
The above figures, when

to two decimal places.
added across, rnay not

In the aetual simplex
be exactly equal to the @

+



TABTE A.2

P¡]R-ACNE CROP EXPENSES

Table
Carrots

Canning Cooking
Carrots Onions

Pick1e
ùTions

0nion
Sets

-- dollars --
Auto Repairs and Gas
Equipment ltepairs
Fertilizer
Chemlcals
Seed
Containers
Hydro, Propane
Cartage, etc.
Miscellaneous
Variable F,:çenses less Labor and. Interest
Labor at $1.J0 per hour
Tota1 Cash Cost
Interest on Cash Cosl at 3%
Total Variable Cost per Acre

17.00
22.1+3
0.0

to'30
10.15
o.o
L.5b

65.82
6?.trZ_

tg2.7r
2t+2"83
l+35.51+
L3.o7

4l+8.61

17.00
2L.L5
0.o

]-7.50
0"0
0.o

.50
50.00
7?.211 

'

l.83.39
_&3.54_
306.93

9.2r
316.Ll+

17.00
2l-.I5
22"52
40.50
3L.25
75.OO
30.00
32.50
89.r7-

359.o9
t97.27
556.36
t6269

573.o5

10.00
15.75
L2.l+7
l_3,85
28.69
l+9.88
o.o
8"/+8
9.92

149.0¿r
t063.ü7
6L2.5r
18.38

630.89

10.00
15.75
20.00
33"4o
45.00
0.0
o.o

L5.9t+
l+'78

l.l+t+.1+7
t+3?.46
576.93
t7.3L

591+,21+

G
\JI



TABLE A.2 (Co¡üTTNUED)

Turnips Cabbage Forage Tomatoes CeIery

Auto RepaÍ.rs and Gas
Equipnent Repairs
Fertilizer
Chemicals
Seed
ContaÍnens
Hydro, Propane
Cartage, etc.
Miscellaneous
Variable Expenses less I¿bor and Interest
Labor at $1.J0 per hour
Tota1 Cash Cost
Interest on Cash Cost
To""aÌ Variable Cost per Acre

17.00
2L.L5
0.0
5.r7

o<./)
2.33
l+.3L

62.O7
l+o.79

r53.77
203-.53
357.30
lio"7?_

368.O2

10.00
L5.75
26.O7
7.Il+

l.8.57
].6]-.l+3

0.o
5L.89

. 14.96
305.81
I?8.90_
l+l+l+.7I
l-3.2!

t+58.O5

dol-lars --
5.00
3.91,
0"0
0.o

.78
cl)

0.0
0.o

.75
1. ?5

1r.79
1_.O5

].2.8h
.)ô

.)DBez

9.00
7.O9

31.48
14.81

]..26.1+l+
L52.83

0.0
36.86
7-4.st

t*53 "O8
ro27.L2
1480.20

l+l+:1+I
L52t+.6L

10.00
7.88

39.9L
?8.50

65o.oo
200.00

o.0
r38.78
låL'?4

1239.tl
932.70 _

2L72,TL
65.]6

2237.27

æ
O.



Activity Number
and Title

TÀH,E A.3

COSTS AND RETURNS, CROP ACTIVITIES

1

2

3

l+

5

6

7

I
l+5

l+6

Table Camots

Canning Carrots
Cooking Onions

Pickle Onions

Onion Sets

1\rnips
Cabbage

Forage

Tomatoes

Celery

Price Expected
per Ton Yiel-d

$

62. jo
25.29

73.OO

27 5.66
].tQ.86

4ó"O0

5l+.50

r53.50

94.O0

Ilevenue Cost
per Acre p"r A"rul

tons

14

25

12

6

7

14

T2

II.2
30.5

Ìttgo"tr" here j.s equal to total variable cost less labor cost an¿
interest on operating expenses.

87

$

875.00

632.25

876.00

1653.96

1000.o2

64¿.oo

651+.oo

o.o
L7r9.2O

2867.OO

$

l.92.7L

t83.39

359.O9

149.04

Il+h.47

t53.77

305.81
11.79

453.O8

I23g.t+I

c.
J

$

682.29

4/.,8.96

5l.6.91

l5ol+,92

855.55

bgo.23

3t+B.Ig
_tI.79

1266.r2

1627.59



TABLE A.I+

PER-IfrAD COSTS, FETDER CATTLE ACTTVITTES

28 29
Calf, Calf,
Culls Grai¡-hay

30 3r
Steer, Steer,

ra1l/culls l+tr/culls

32
Steer,

Fa11/Gr-hay

33 3t+
Steer, Steer,
!,tr/Gr-hay Sumrner

Veterinary E:<penses
Beddlng .

Erying Îee
Trucking ttlntt
Trucking rrOutrr

Selling Fee
fìaaÀ

iui]ä"r"""o,rur

Less Death-
Loss A].loru*neu"

Pr¡rchase Price of
c.

J
Labor at $1.50 per hour
TotaL Cash Cost
Interest on Cash Cost4
Total I/ariable 

E

Cost per Head2

.98 1.06

^ 96.97 LO5.L5
Á.ni'nal' 1o2.oo 1o2.oo-î9il?i WT

.?1 
- 

.?1
59.7L 59.7!

J59 .?L Lq9,25-
2l.8.96 2L8.96

.32
62.75

\59 "?L
222"OO

7.]7 ___æ1-226.L3 22B"gL
t'dÆ_ l+"_52

2,"0.59 233.33

.32 .32
62.75 6L.5o

r59.?5 L52-.25_
222.OO 22O "75

_ 6.81
228.81

@
c0

6.!+t+ q.8o 
-3.fl- 

,3.59 
-L95--r7 .9, -1¡6.21 60.02 60.02 . 63.07

1.50
3'00

o80
1.04
2.6Q
2.88

79.69

- 
lj-.ql-

2L2.gr
_+.59_

223.LJ

-- dollars --
1.00
r.75
1"40
L.77
2.60
2.88

l+5.L2

1.00
1".75
1.40
L"77
2.60
^d^¿.öó

l+9"62

".c563.o7

1.00
.50

1.40
1 

"?72.60
2.gg

t+8.62

_3-pL
6L.82

1_50
3.00

.80
1.04
2.60
2.88

88.59

1.00
r.75
1.40
r.77
2.60
2.88

l+5.12

1.OO
L.75
1.40
L.7'l
2.6Q
2"88

48.62

p"76 
-:bX-2L9.9L 226.L3

10.8q. L.a6

230.76 23O "59

6.5]
227.26

Lt. l+9

233.33 23L.75



Foot,notes fo¡' Table A.l'

l"Miscel-larreousr¡ includes the cost of utilities, variable cost of
miscell-aneous machine use, feed grÍndi¡g.

foeath Loss alloltrânce: death loss ís assumed to be 2 percent in
the case of ¡tcalf It activitÍes and I percent for trsteerft activities.
This death loss Ís assuned to occur Ín the m:iddle of the feeding period
and, therefore, I percent, and .5 percent of costs are deducted from the
calf and steer actÍvities respectiveJ-y.

JAssumed purchase prices of anj¡nals are as follows:
CaLf: 4 cwt. at fi25,5O per cwt. : $1C,2"0C)
Steer: 7 cwt. at $22.75 per cwü. = 6159"25

4Ïnt"rest on opera,ting expenses: an interest rate of 6 percent
per annu.ür is assumed so that Ínterest, f,or the caLf activit,ies (of
approximat,ely 10 mo¡rths duratiorr) i.s calculated at J percent," Ifor the
steer activlties, r"unning d months, ínterest is calculated at 2 percent.
Selling fees are not considered as being an expenditure whích ti.es up
capital and, therefore, do not enter into the Ínterest calcula{,ions.

model, but ent,ers into the calculatio¡r of ttgenerated capitallr,
5lhi" total variable cost fÍgure is noÈ used directly ln the

e9



T/iBLE 4.5

PER-HEAD FEED COSTS, FEIDEII CATTLIT ÀCTIVITIUS

Feed ?ype

Eeft¡L}_¿sÈiulty=2B:
Culled Vegetables
Oats
BarIey
Hay
Minerals
Supplement

Rat ion Ãli_As!iv1tJ_!,2 :

Oat,s
Barley
Hay
Minerals
Supplement

Ration ïII: Activi-ties 30" 31:
ìCulled Vegetables*

Oats
Barl-ey
Hay
Minerals
Strpplement

Iìatisg*lUr Activilrtr *32_,_ 3J ._å43

Oats
Barley
Hay
MÍnerals
Supplement

Anount Fed Feed Cost

pounds

3000
).2b5
IO72
29t+O

r49.5

9o

doll.ars

6.00
22"LJ
22.73
20.6b
2.75
5.16

79.69

L6.22
hr.39
23.O7
2.75
5.16

88.59

10.50
10.80
J-5.90
l+.2I
1.25
?,L6 .

l+5.I2

901
rg52
3286

Ll+g.5

5250
600
750
óoo

82

I0rr11*d vegetables used as cattle
assígned a vaf.ue of $4"00 per ton. This
sents the opportunity cost of selling the
for other cattle producers.

495
toZ2
tsgo

82

8'9r
22.73
l-3.27
L"25
2.L6 _

h8.62

feed are
value repre-
culls as feed



Activity
Number

TABTE A"6

PER-HEf\D RE\TENUE, FEEDER CATTTE ÂCTtrVIT]TS

lield l
per Head*

28

29

30

3r
32

33

3l+

cwb.

9.7
9.7

9.8
9.8
9.8
9.8

9.8

SaIe
per

Priee
cwt.

$

2l+.85

24.85

21r.85

2l+.85

2l+.85

2l+.85

21,,.85

Revenue
per Head

laft cattle are finished to 11000
deducted death loss allowance and tissue

CaIf actÍvitj-es: 2 percent deat,h loss
Steer activities: I percent death loss

a
nrtage rate ís a.ssumed to be $t.50

91

$

2l+I"Olþ

zl+L.OI+

2l+3.53

2l+3,53

2l+3.53

2l+3.53

243.53

lVC ^ Retu,rn
per Head¿ over TVC

$

223.1+I

23O.76

230.59

230.59

233.33

233.33

23L.75

$

t7.63
10.28

t2.gh
].2.9h

10.20

10.20

11.78

pounds. From this weight is
shrÍnk as foll-or¡s:
and 1 percent tissue shrink.
and I percent tissue shrink.

per hour.



: TASLE A.7

SEASONAT, OPERATTNG CAPITAL FEQUINE}GNTS, CROP AND LTTESTOCK ACTIVTÎES

Activity Number
and Title

Annual Capíta1 1

Requirenent per Unl-t¿

Per-unit Operating Capital Requirement in:

I4ay September October February

Ì Table Carrots
2 Canni-ng Carrots
3 Cooking Onions
4 Pickle Onions
5 Onion Sets
6 ltrrnips
.7 Cabbage
I Forage

/+5 Tomatoes
4ó Celery

L92"7L
L83"39
359.o9
Il+9.O1+
Ll+l+"1r7
r53.77
305.8I
11.79

l+53.Q8
t239.tÃ

]-g6.og
20U.27
216.08
216,o8
2L9 "r2
2]-9.r2
217.87

9l+.34
146.71
2t+3.36
134"14
!3O"O2

60,56
275"23
10.6r-

t+o7 "77
1115.1+7

32.h9
35"2L

L5.37

\6.r5
2L7.87

-- dollars --
32.1+5
27,5r
l+9.2I
14.90
'Il+"1+5

2/..+.O2
âô EO)v.)a
1.18

l+5.31
].23.91+

65.92
o t7

66.52

38.06

L33.73
t36.t+5
216.08

zLg.l2

31.r3

29.97
32.6I

20a.7L

2O2.97

2B
29
30
3L
32
))
llo

Stocker Calf, Culls
Stocker Þ1{, Grain-hay
Steer, Fall/Cu1ls
St,eer, blinter/Culls
Steer, Fall/Grain-hay
Steer, Ì{inter/Grain-hay
Steer, Suruner

\o
N

IE."1-ouirre of labor costs and. interest on variable expenses.



TABLE Á..8

GENERI"TED CAPÌTAÏ, AT SELECTTD l/,tAGE RAïES

Activity lfumber
and Title

$I.50 r¡aÊe rate:
I Table Caryots
2 Canning Carrots
J Cooking OnÍons
4 Pickle Onions
5 Onion Sets
6 TurnÍps
J Cabbage

l+5 Tomatoes
l¡6 Ce1ery
28 Stocker Calf, Culls
29 Stocker Ca1f, GraÍn-hay
J0 Steer, FaÐ/ðu11s
Jl Steer, Hinter/Cul1s
J2 St,eer, Falt/Grain-hay
JJ Steer, llinter/Grain-hay
ld St,eer, Summer

$1,35. rvags: r¿,t,e;

1 fabl-e Camots
2. Canning Carrots
J Cooking Onions
/¡ PickJ.e Onions
5 'O¡rfon Sets
6 îrrnips
7 Cabbage

45 ?omatoes
l¡6 Celery
28 Stocker Ca1f, Culls
29 Stocker Calf, Grain-hay
J0 Steer, Fatl/óul1s
JI Steer, t^Iintery'CutJ.s
l2 Steer, Fal/Grain-hay
JJ Steer, Winter,/Grain-hay
J{ Steer, Summer

Total
Generated
CapitaÌ

per Unit

Capital Generated in:

Sepfember October February

tQ6,3g
316.1r
302.95

]-]O23"O7
t+os"78
275"98
rg5"g5
19l+.59
629.73
17.63
10.28
l.2"94
]-,2,gh
10.20
10.20
1r.?8

45r.14
328.83
323.27

1070.82
t+5o.32
296,gt+
2l]O.27
300.39
?25.8O
19.10
TL.62
]-3,67
L3.67
1o'90
I0.9O
l',2.5O

93

-- dollars -*

25,81r

28.66
575.50
30h.3h

83.98
6t+"86

20g.gr

38.76
316.11

69.60
l+W.57
101.44

27.6o
1rt. g7
r29.73
I+Lg.82
17.63
10.28

36L.79

2Ol+"69

Lzl+.Ig

27 ¿31+

30.58
6a2 3L
337.7t+

90.12
100"12
2tù..giL

11.78

41.01
328.e3
7t+.26

468.48
ILz.58
29.69

I20.15
2OO.27
t$3.89
19.10
TL,62

W.9l+

10.20

382.79

2f.8.1+3

r33.62

]-.2.5A

l-3.67

10"90



ActivÍty Number
and TÍtIe

TABLE A.8 (CoNTTNUÐ)

$1"2Q rves€,¡.atg:

Ì Table Carrots
2 Canning Carrots
I Coolcing Onions
4 Picktre 0nÍons
5 Onfon Sets
6 lurni,ps
? Cabbage

45 Tomatoes
l¡6 Celery
28 Stocker Calf, CuÌIs
29 Stocker CaIl, Grain-hay
J0 Steer, FaIL/CulIs
JI Steer, ÌUlntery'Cul}s
J2 Steer, Fa1lr/Grai:r-hay
lJ St,eer, Ì'linter/Grai-n-hay
l{ Süeer, Summer

Total
Generated
Capítal

per Unit

Capital Generated in:

September October Febnuar¡r

til6,t+2
3t+r.56
3h,3.58

1118.56
tÐh"87
3r7.9L
221+.56
406,19
821.96

20'56
12.96
].Iç.39
rl}.39
11.60
11.60
L3.I1

-- dol-lars --

9l+

NoLe_: llinter feeder steer activities (numbers JI and ff) and
turnips generate funds through the sare of output at the en¿ ôi tne
planning period (¡t"y). lhese funds are not considered to be available
for use dur:ing the currenü planning period and, therefore, are not
included,in the ¡node1 as frgenerated capÍta}t. Hol,iever, these funds
contrÍbute üo income in thõ current, plån:ring period and presumabJ-y
r¿ou1d be available for use in the following period.

28.87

32;50
6z9.L9
37r.r5

96.25
L35"38
273.92

43.3r
3t+L.56
78"92

t+89.37
I23.72
3r.79

L28.31
27O"8O
547.9h
20.56
L2.96

LAI.2l+

232"L6

Il+3"06

13.11

rh.3g

11.ó0
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Ootimum Production l,Lan:
Table Carrots
Canning Carrots
Cooking Oníons
Pickle Onions
Onlon Sets
1\rrnips
Cabbage
Tomatoes
Celery
Forage

Total Acreage in Crops

Stocker Calf .

, Feede¡. Steer, FaII
Feeder Steer, V.,inte¡
Feeder Steet, Surmer

.Total !'inishcd Beef Sold
Fixgd Assets Acquired:

Land Purchased
I¿nd Rented
Scott Viner Purchased
Or¡lon Harvester Rrrchased
Onlon Storage Purchased
nGeneralrr Storage Pu¡chased
Feedlot and þuipnent

Resou¡ces Used:

TAIJLü B.I

SOI¡TI0Ì¡ DÁTA, Plr(,trlrAt-Í t¡

Unit Run: vlii

acres
acres
:icres
SCres
acres
acres
SCres
acres
acres
ecres

'acfes

head
head
head
head

cwL.

ecres
ac¡es
hours
hours
sq. ft.
sg. ft.
head

6t'.55
t+3.O3
o.o
7.83
0.o

$.e7
2.O9
o.0
o.o

. \3.79
,r, 

_r,

-

Ào.16
o.o

225.Cn
o.o
o.o

72ti.80

3t+9.92
682.98

5000.oo
1599.62
5000.0o
3989.6t,
t+r73.66
1800.27

56632.2o
20ooo.oo
À91 5l.r¿

63.96
30.52
o.o

to.oo
?.58

l+? .81+
o.0
o.o
o.o

53. r0
2I3.2O

:
:

3e.2o
o.o

225.a)
o.0
o.o

?r2r.o8

3l+?.2O
656.39

622t+.8t,
2918.97
uo5.36
to72.2g
l+2oo.Lt*
18À5.41

61?98. OL
20000.oo
5(ÐO0.00

o.o
118.13
r57.50

À320.OO
o.o

13709.2t+

Labor: ;l'{ay hours
June hours
July hours
August hours
September hours
Octobe¡ hours
FeJ.L hours
hjintel hours

ToLaI Operating Capit.al dol,Lars
OperatingCapital tsorrowéd dollars
Total Investraent Capital dollars

58.80
26.16
o.o

10.0o
8.?t+

l+3.3O
o.o
o.o
o.o

49.00
196.00

:
:

2L.oo
o.o

225.æ
o.o
o.o

6151.or,

322.82
6o3.oz

6ot+9.60
3o2o.53
3956.o3
372r.?s
l8l+o.1ô
16?7.ù

60905,3o
2CÐO0.00
39t+.6r.50

96

Resou¡ces Left : Unused:

æ.76
5.9t+

À1.17
6.90
o.o

19.r-2
30.oO
0.o
o.o

q7.10

229.r9

Land
Scott Viner
Onlon Harvester
Onion Storage
trGene¡s,lrr Stor.age
CuIJ.ed Vegetables

96.55
50.OO
t+\.22
10,0o
10.00
33.6r
o.o
o.0
o.o

80.1.6

32I .8t+

xlii

Labor
.Scqtt Vine¡
Onion Hârvester

.Onion Storage
nGeneralrr. Storâge
Operating CapltaÌ
Investment Capital

Optlmum Value of the
ObJeqtive Function

Fixed I Overhead.
Net Incone

9t+.r2
50.00
29.79
10.00
1o.00
l+r.39
o.o
0.o
o.o

78 .l¿l+

3I3.7t1

:

o.0
138.7t+
225.OO

o.o
o.o

I232t+.t 3

.6t*7 .r9
ro98.ó5
781r..r1
t 3ot*.72
763r.60
5b56.6t+
5625.88
23Lr.33

ro3729.16
l+0oo0.oo
80000-00

5t+.I9
o.o
o.o
0.o
o.o

559tr.66

528.Ot+
1395. ór
5000.00
311+9.88
5000.00
t+08ó.1?
3876.1+O
154f.99

72t'35.99
23350.9t+
À0000.00

acres O.O
hou¡s 93.3Ihou¡s l^57.5O
sq. ft. 432O.OO
sq. ft. 0.O
cvL . 1r¡603 .46

' o.o
146.84
225.OO

o.o
o.o

12OO5.88

,

?ro.66
rr77.85
?865 J7
t'5r9.5I
8100.23
5t+52.8O
5599.32
2292.e7

IO32O?.t+2
too00.00
80000.00

g/hour
$/hour
$,/¡"u¡
$,/sq. ft.
$/sq. rt.
$/doLlar
$/do).1ar

doll,a¡s
doll,ers
dollars

ols

-.3r

o.o o.o151.or- 0.o
I57.5o 106.0À

4320.00 1830.oóo.o o.0
v3e8.73 10Ll_2.56

99,9?2'9\ 2?,355..s3 i2'6os.?6 63,8r¿.26

23t

L.3z
.13

.L9 22rll

o.o 0.o
L6.39 6.9r

105.98 120.26
1827;16 25t7.97o.o o,o

L8J39.2r 18592.Ui

1.20

6.23
r.28

:

15t .31+ 26t8

.¡
.¿r
.20

82,823.95

.16

.18

75 ,O9O.78

l+5 r9O7 .53 38 rlzt+.



Optimum Production PLan:
TabLe Carrots
Canning Carrots
Cooking Onions
Pickle Onions
Onion Scts
Turnips
Cabbage
Tonatoes
Celery
Forage

TotaL Acreage in Crops
'stocker Calf
Peeder Steer, FaIl
Feeder Steer, l'iinter
Feeder Steerr'Swuner

Tota1 Finished Seef Sold

ü¡sd_4Þe=!"_A99UISS'
La¡rd Purchased
land Rented
ScotL Viner Purchased
Onion Harvester Purchased
Onion Storage fìr¡chased

t rrGeneral'r Storage Purchased
Feedlot and }4uipment

TAtsL¡; ts.2

soLUTroN DATA, PitæRAt{ 5

Unit

acres
acres
acres
acres
acres
acres
acres
acres
acres
acres

åcre5

head
head
head
head

cwt.

ecres
acÍ¡ca
hours
hours
sq. ft.
sq. ft.
head

hours
hours
hour.s
hòurs
hours
hours
hours
hours
dol-la¡s
dolLars
dollars

65.28
t].95
o.o
?.32
o.o

LB.6'
. o.o

o.c
o.0

51. LO

2r7.(t)

:
:

o.o
o.o

225.A)
0.c
o.o

'183? '8)

3t+5.53
66J-sz

50oo. oo
1538.72
50æ.0o
t+I53.92
t 3r3.96
1907.11+

56993.36
2üìOO.OCl
tat20.3?

27.1+O
8t+.63

r5't.50
L32O.A)

o.o
rt+93o,5o

?.o9

:
.Q

6I ,878 .7 t+

65.10
2ó.Lo
o.o

10.00
7.21+

5t,.33
o.c
o.c
o.c

-5A.31-
2r7.O2

:
:

o.o
o.0

225.A)
o.0
o.0

8358.t¿

31,r.23
678.22

6352.o3
29rO.92
r¿92.78
l+32I.Otl
1193.81
L98t+.?9

62982.06
20000.cx)
trt+873.17

27.98
Il3.3Lt
t57.50

t+32O.@
o.o

13912 . rO

:
:
=

1:59

60,À99.0o

Resources
labor: Fay

June
JuIy
August
Septernber
October
FalL
!,linter

lotal Operating Capital
Operating Capitaì. IJorror¡ed
Total fnvestient Capital

Resources LefL Unused:

Used:

58 .80
26.16
0.0

10.oo
e.7 L

1r3,30
o.o
o.c
o.c

49.00
r9ó.00

:

o.0
o.c

225.æ
o.o
o.o

ór5r.ol

322.82
603.62

601,9. óo
3o2o.53
3956.o3
372r.?8
38t+0.11ì
1677.1+r

60905.3o
2üXn.00
3l,L7t+.92

A9.OO
15r.Or
L57.50

À320.OO
o.o

r23ee.73

:
:

L.3t,

53,l]O8.L2

97

7O.5t'
0.0

t'5.58
5.92
o.o

¿t+. )¿
30.CO
0.o.o.0

58.79

235.\5

-

o.o
o.o
o.o
0.0
o.0

6rar35

,l+O.63
ILt+8.t+'l
5æ0.0o
3226.39
5O0O.0O
lr3?l+.75
l+08I.36
1690.7ó

7t+885.57
2?795.80
3O2t+8.1+I

9.85
o.c

r00.53
L56).t+5

o.o
10]-67.72

dl,¡z
t6.29

:

6,,21,2.38

Iand scres
Scott Viner hours
Or¡ion Harvester hour.s
Onion,Storage 6q. ft.
rrGene¡alrr Sto:'age sq. ft.
Culled Vegetabì.es crrt.

Sha-dow Prices of Limiting Resou¡ces;- Lano ----=----il""".
l¿bor $/hour
Scott Viner $/.hour
Onion Harvester $/trour

100.oo
50.OO
t2.63
10.co
10.00
37 -50
o.0
0.c
o.o

83.38

333.5r

:

25.72
62.79

225.OO
o.o
o.o

1300/+.1ó

?30.1-o
r22r+.36
8087. r9
t+65t.79
832À.08
5730.? t+

585'l .u+
2t+26.L7

10À838.63
t+oooo.00
80000.oo

0.o
o.o

104.2r
I?t+r.7'l.o.o

r9o25.oo

:
toaot

-óo
.r5

8?,670.98

x1,11

96.79
50.00
33.69
l-o. oo
10.00
À1 .5r
o.c
0.c
o.o

80.66

322.6'

:

37.90
39.75

225.æ
o.o
0.0

128r6.ó0

6't5.55
1rri6.88
7952.99
I+t+26,55
?887.?r
5616.oq
5767.97
2t+OL.96

10r+9oo.53
40000. o0
80000.00

o.0
o.o

L15.39
2282.r9

o.o
r892O.e5

-
LO.22

'58.r,

79,592.65

Onion Storage
rr.]eneralrr Storage
Operating CapitaJ. $/aolLar
Investment CapitaÌ $/dolJ-ar

OpÈimun Value of the
ObJecLive Function dollar

Pixed. Overhead doLla¡
Net Income doLlàr

$/sq. ft.
$/sq. ft.

,264.06 t8,l_6À.32 .7t, 22'927.7O t5'356.3O )7,



Optimun Production Plan:
Table Carrots
Canning Carrots
Cooking 0nJ-ons
PlckLe Onions
Onion Sets.
Turnips
Cabbage
lomatoes
Celery
Forage

lotal Acreage in Crops

Stocker CaIf
Feeder Steer, FaIJ.
Feeder Steer, !,inter
Feeder Steer, Sunùner

Total Finished lleef 5o1d

Fixed Assêts Acquired:
Iand Purchased
I¡nd Rented
Scott Vlner Purchased
OnLon Harveste¡ Purchased
Onion Storage Purchased
trGeneralrr Storage P¡r¡chased''Feedlot and !ìluipment

Resources Used:

l Rr.rì 8.3

soujTloN D,trA, PnOGRAIÍ ó

Unlt Run: viii

acre6
acres
acres
acres
êcr€s
SCres
acres
ecres
qçres
acres
acre9

head
head
head
head

cwt.

acres
acres
hours
hou¡s
6q. ft.
sq. ft.
head

. 63.92
h2.6t

.62
7.90
o.o

l+l+.7 5
o.o
o.o
o.o

q3.27

213.O7

o.o
29.t+5
29.t+5
o:o

,?7.2s

38.o7
o.o

225.w
o.o
o.o

72It+.59
29.t+5

3e9.26
6t+8.56

50oo.0o
1561.60
t+967.96
,+oo5 . ?l
ta83"o5
19r3.æ

69095.1,0
20000.0o
50000.0o

o.o
9Ä.16

l.56.72
tê82.t+o

0.0
u/.óo.58

?.?6

:
.?T
.r2

6).83
3I.00
o.o

1o.00
7.62

n.Ð
o.o
o.0
o.o

5? . l-g

2r2.7'l
0.0

10. ó3
0.()
o.0

10À.20.

3?.77
o.o

225.æ
o.o
o.o

?t+29.36
r-o.63

3l'?.86
651*.oo

621-0.90
2919.8t+
t+ù7.?6
Lo52.59
1,222.fi
1830.11¡

6t+o3L.39
20000.co
50000.00

o.0
118.6ó
r57.50

t+32O.æ
o.o

13728.82

Iabor: l,fay . hours
June hours
July hours
Aqgust hou¡s
September hou¡s
October hours

. Fal-L hours
Winter hours

Total Operatlng Capital dollars
Operating Capítãl 8o¡¡oeed dol-lars
Total Invest¡rent Capital dol-l-ars

Resources Left Unused:
-E;ã-:-- ac¡es.

Scott Viner hou¡e
Onion Har:vester hours
Onlon Storage 6q. ft,
rr0eneral" SLorege Eq. ft.
Cul.led Vegetables cL'L.

Shadow. Prices of Lirnlting Resourcgs:
Iand 

-JÃã.u
lãbor $/ttour
ScoLt Vlne¡ $,/frour
Onlon Harvester $/hour
Onion Storage $/sq. ft.
trGeneralrr Storage $/sq. ft,
Operating Capitã)- $/tollar
fnvestñe¡'it Capit.al $r/dollai

Optinum Value of the
ObJective FuncLion dolLars

Fixed Overhead dollars
Net Incorne dollars

58.80
26.16
o.o

Lo.oo
8.71+

4J.30
o,o
o.o
o.o

,+9.0O

r_96.oo

o.o
o.0
o.0
0.o
o.o

21.00
o.o

225.OO
o.o
o.o

ór5r-.or
o.o

)22.82
601.62

60t*9. oo
3o2o.53
3956.oJ

.3?2L.78
38t+O.1À
1ó77.t-l

gJ9o5.3o
20000.00
39tt6r.5o

o.c '

15r.Ol-
r57.50

t+32O.æ
o.c

L23e8.?)

:
:

1.20

98

6l-.89
28 .l_t
2l+.81+' 9.57
o.o
o.o

30.0o
o.o
o.o

51,. 5?

206.28

20o.80
o.o

11t.80. 0.o

3Ot*3.3O

3r.28
o.0
o.o' o.o
o.o

2t+99 .l+5
. 312.60

777.80
L336.21
50æ.0o
3037.o9
5000.oo
3l^35.56
368).75
1885. 68

r29528.93
¿0ooo.oo
3t+833.89

o.o
o.c-.

126.L'|
28I?.LB

o.0
o.c

6.57
l-3.96

:t'

65,895 .10

xlr

96.15
50.OO
l+I.22
10.00
lo.oo
T.6L
o.o
o.o
o.o

80.46

32r.8t+
o.o
o.o
o.o
o.o
o.o

o.o
146.8/+
225.@

o.o
o.o

L2oo5.88
0.o

?1o.66
1177.8'
7865.3?
t+559.5I
8100.23
5L52.80
5599.32
2292.87

IO32o?.\2
t+oooo.0o
80000:00

o.0
16.39

105.98
1827.16

o.o
Itt339.2t

:

:
.ór.
.20

e2,e?3.95

xili

9l+'I2
50.0O
29.?9
10.oo
Lo.oo
t*r.39
o.o
o.o
o.o

?8 .l+11

3r3.?t+
o.o
o.o
o.o
o.0

. o.o

o.0
lJg.7t+
225"@

o.o
0.o

1232t+.t+3
o.o

6t 7.rg
ro98.65
7811. tl
t+3ot+.?2
763r.60
5t+56.6t+
5625,88
2)tI.33

lor+oÀ2.91
l+oooo.oo
80000.o0

. o.c
6.91

r20.26
25r7.;97

o.c
L8592.It,

:

'56
.18

7 i ,Q9O .?86r ,og9 . t+7 59 ,373 .O1

L,3)
.13

52,609.76

.5) )B,l-7t+.36



:
Table Canots acres 6t+.jt,
Ceû¡ing Ca¡rots acres t*j.Oz
Cooklng Onions actes O.O
PlckLe Onions acres ?.65
Onion Sets .ac¡es -. O.O
Îlrnips acres ¿,6.10
Cabbage ac¡es O.O
lomat,ocs abres O.O
CeIery acres O.O

. For:age ecres \j.?g
Total Acreage in Crops acrês Z]-5.l2

Stocker Calf head O.O
Feeder Steerj t'aJ.). head 2}.gz
Feeder Steer, T/inter. head. L6.93
!'eede¡ Steer, Surnmer head O.O

Total Finfshed Lteef Sold cvt. 4Lg.34
Fixed Assets Acquired:
. Land Purchased Bcres O.O

I¡nd Rentcd acres O.OScott Vine¡ Purchased hours ZZj.æ
Onion Harl.eiter l\rchased hours ().O
Onion Storage Purchased sq. .ft. O.OtrGene¡aLtr Stor.age purchased oq. ft.. ?t+56.I7
Feedlot.and leuipmcnt head 2g.g2

Besources Used:
Labor: !.fay hou¡s 3?0.62June horirs ASZ.I.Z, July hours 5ooo.0oAugust hours 15t*4.Só

September hours 5Om.OO
0c tober hou¡s l+064.?2

" FalL hours t ))g.71Hinter hours tgo3.Zl
Tot,al Operattng Capital dollars SeSy.SO
Operating Capilal Borrawed dollars 2Oü)O.OO
ÎoÈal fnvestment Capitaì. dollars Ä2O6i+.1S

kesources Left Unused:
Landtäi. vin.. ï:ffi ¿3:33
Onion Harvester hours I|?.5O
Onion Stor.age sq. ft. À32O.OO
:c-elelal'¡ Srorage sq. rt. - 

O.OCulled Vegetables cr¡t. _. l235j.rz
,.Shgdo{ Prlces of Limitine Resources

tÁncl TÆãr"L¿bor õ2;;;; ?;86scott-viner ði;i;;
OnLon Harveste¡ $,/hour
Onion Storage $/sq. ft-rGeneral-rr Storage $/sq. ft.
þerating Capital g/aoffar .?1,lr¡vestÐent Capital g/Oollar

, TAil,E 8.4

SoUJTION DATA; PRCXIRÂ.ì{ ?

Unit Run: viif

'ó5.11 58.80
26.t0 26:16o.o o.o
10.æ 10.00

7 .2\ 8 .71
5t,.32 t+3.3O0.o o.oo.o o.0o.o o.o
5t+.2' À9. oo_

2r7.O2 1gó.oo

o.o o.oo.0 0.oo.o 0.(_).
0.o o.0
o.0 0.o

o.0 0.oo.0 0.o225.(n 225.OO
o.0 0.0o.o ,. o.o

8358. t42 6t51 .01
O:O 0.O

3tI.23 322.82
678.22 &3.62

6352 .O3 601*9 .60
29Io.92 3o2O.5)
L292.I8 3956.o3
L32I.Ot+ 372I .78
t+393 .8t, 3840.14
L98t+.79 167?.t+I

62982.06 60905.29
20000.oo 20000.00
t+4873.1'l . 3u.7L.92

2?.98 49.00
113;34 151.o1
Lr7..5o r57.5o

432O.OO t+32O.Wo.o o.o
13912.LO 12388.?3

:.

'--

1. 59 
' 

1.31*

99

69.13 99.76t*.1.5 50. oo' 142.33 Àf .8/.6.38 lo.ooo.o Lo.oo
20.53 37.801o.w o.o0.o o.oo.o o.o
5?. 61- 8i .l-?

23o.L3 332.53
80.52 O.O
0.0 16.ólr7).2r 16.óro.o o.o

2\78.rL 325.r3

o.0 23.26
o.0 . 6L.27
o.o 225.@o.o o.oo.o o.0

,798.26 l299o.or
253.73 1ó.ó1

835.89 7t 9.\O
1r+6/r.L8 I2t7 .56
50oo.0o 8O7/+.OO
32)8.37 t 63r.67
5G1O.OO 8286.3t+
L209.32 5732.37
4157.L0 

'9r7.t+tt2365.22 21.79.r5
t28120.06 1tt836.89
À0,0OO.(Ð lrr,O(n.0O
/¡0000.oo 80c()0.oo

1L.57 0.o' o.o o.o
lO1*.59 LOr.n

1760.07 1789¿?9o.o .o.o
o.o t?2n.25 ,

elæ :
L1.55 tt;.26

.1I .6t+
.16

xiii

96.73
50.OO
)3.52
10.oo
10.00
À1. 58
o.o
o.o' 0.o

' 80.óI

322. t*1,

o.0
3,62
3.62
o.o

' 70.92

37.37
Àc).07

225.@
0.o
o.o .

r2ü3.O2
).62

6?9.?6
lILs.t 3
7950.L9
u422.32
7879.t 8
5616.50
5?8l.Ol.
2116.62

L06r+29.88
¿0000.00
80000.oo 

.

0.o
o.o

115:60
2292.76

o.o
LgÐe.95

to.or¡

Optirnum VaLue of the
ObJectlve !'unction dollars

Fl¡<qd Overhead doll.ars
!(et Income doLlars

6,2,992.77 60,¿99.0O 53,1o8.t2 66,602,o2

2 IO,793 .? L 2L,287 .3^ t 5 ,3

87,6gr.g2 ?9,596.O2

.58

.15


