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CHAPTER T

TNTRODUCTTON

There are three fundamental econornlc pr"oblems fn socloty (f )t
1u Vtftrat commoditios should be produced and i.n what quantlties?
2, How should goods be pr"oduced?. 1. For whour shouLd goods be pro-
duced? ljVhat to produce, how, and for whom are probrems if, and

only if, resourees aï?e llnited, Ends arae num€rous; means are scâ¡coo

In order to satlsfy tho numerous ends with the scarce means, choÍces
must bo mado (Z).

Froductlon oconomlcs is concerned wlth choosÍ-ng or decisfon*
makÍng j¡r the use of the capltal, rabour, land and managemont

resources 1n the farming lndustry (il" The goals of producbion

economlcs are twofold; (f ) to provido guidance to indivldual far.mers

in using thelr resources efficiently, and (Z) to facili_tate the
offleiont use of nesourcos fnom the standpoint of the consumlng

€conomy (h, p. 5)"

rn agriculturo, land, labour and capital ane producüivo re-
soureos through which products¡ primary and secondary, aro trans-
formedu The farm finm is the producü1on unlt 1n agriculturaLi industry
(h, po eB)¡ lts objectivos are to maximlzo the profit and to minimize

the cost" rn the productlon process, a pnimary product (feeo crops)
is denived from pnoductive resourcos and from thls product a seeondary

product, llvestock, ls producedo An optimum combination of resources
for such a fj.rm domands that both the best crop program and the bost
livestock program be solectodo Usual1y, each crop*y6tat1on (prlmary

product) lncludes several typos of cash crops, feed gralns and forageo

Hogs, pourtny and turkeys depond prlmanily on graÍns in the crop
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rotâtion; daÍry cattle, beef and sheep, on the othor hande depond

on â crop*3efatÍon which includes forages (5). The optimum condl-
tion of resource combinatÍon 1s achleved when the marginal rate of
substitutlon for the primar"y pr"oduct is equaÌ to the manglnal nato
of substitution for the secondary product (l+, pp, 260*262).

In order to lllustrate tho determi-nation of an optlmum resource

oombi¡at1on, a specific farm with low economic efficisncy in Contral
Manitoba was chosen for the present study (tfrts spocific farm w111,

hereaften, be ealled the studied farm)o Thts farm is composed of

JZO acres of land, conslsting of the SÈ-1l6*l+Å¿W fn tho Roland

dlstrict¡ ofl mainly flne black loam soÍls of ühe Attona soÍl associa-
tlono

Data are avaLlable fon study based on (1) the studied far"m

recond of business from L9r7 to 1959 and (z) Annual Reports of the

Carm.an Dlstrict Farm Buslness AssocÍatÍon for the same threo ¡r€âr.So

In thls studi-od fanm two sttuatlons are assumed å

I' The present sltuatlon¡ lt ls assumed that the o-r¡rner of tho

farm v¡1II continue to operato his farm buslnesso

2" The adjustod situatlon¡ it is assumed that the ovrnerrs son

will take part in the farm business; a father-son arrangement will
be mafls.

rn thLs analysis, a general production function is used to
deal with the relationship between pr"oducts. In analyzlng thls
nelationship, quantitfos of resources are assumed to hold constant,

wh1le the compoting products are vanied with constant rates of sub-

stltution" Tho linear progranrû1ng method is applled, which assumes

a linoar profit functton subject to linear set of equatlons with
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rospect to the resource restrictiono
The details of thls study ane included j.n tho following

chaptersø

chaptor rf wirl describe tho specific objectives of this
study.

Some economlc theory and background r"elevant to this pnosenü

sfudy w111 be discussed 1n chapÈen flfo
The mothodology with respect to the logic and technique of

linean programftÍ-ng methods w1lr be prosented 1n chapter rvo

A dotallod analysÍs of the farm businoss used 1n the present

study wfll be made in ehapter Vo

Chapter Vf will deal with the alternative plans both 1n tho

prosent situatlon and ln the fathor-sot'1. ar.nangoment situatlono
These plans w1II be computed by means of the simplex and contÍnuous

methods of Ilnear progr?ammingo

The final chapter w111 draw conclusÍons and suggost posslbllities
for the neorganlzatÍon of the farm business"
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CHAPTER T]

OBJECTIVES

A fanm fÍrm maxlmlzes lts net profit by allocatlng its llmÍted
resources i-n such a rJuay that the ratlo of marginal rate of sub-
gtltutlon for the pnimary product divided by the mar"gÍnal rate of
subsÈÍtution for the seeondary product 1s equal to oneo The maln

objoctive of this study is to lllustnate tbe economic problems of
lntegrating alternative hog and cattle enterprisoso Howoven, the

speciflc purposes are stated as follows:
1' To compare the farru slze (including the aeroa-ge of 1and,

the quantity of capital and the total units of labour) or the

studied farm witir the group averageo

2" To analyze the crop and livestock records for tho studfed

farm with nespect to expensos and income 1n order to find out lts
woalaressoso

t" To compare the total r:ecelptso total cost, and othor ltems

of economic efflcienc]'1n the studied fa¡rm wfth the grou.p averageø

h. To apply the simplex and contÍnuous method of llnoar program*

ning to determine the optimum resource comblnatíonso

," To discuss the eompanative advantages among the alternative
plans n

6" To suggest hovu to reorganize the farm busÍness ln the studted

f arm"

A fundamental consLderatlon in decLsion-making is üiie oppottunity
cost principleo Thls principle lmpl1os that a farrner should, 1f he
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wíshes to maximize hÍs pr"ofiü, allocaùe each unft of scarce re-
sources j-n those entei:prisos yieloing the greatest returno

In this studled fanm there aro ten alternative plans u¡i-th ten
competing enterprisos and eight types of resources; the one plan

which maximÍzes profits can be determined subject to the technÍquos

considered, the supply leveL of nesources available and tho prlces
for the products and the resources -- by a mathomatical procedureu

lineâr programmÍngo It allows the liraitations of eaeh resourco to
be considered ln specÍfying the opttmum p1an"

Dffferent optimum plans w11l- result from dlfferent levols of
resources supplledo If both labour and bulldlng space are avail-
able in abundant supply, the enterprlses w1}l compete for use of
land and capftalo Hovrever, lf capital ls unlimited, then the entor-
prlses w111 compete for uso of land, labour and building spaceo The

highost proflt comblnatlon of enterprises is dependent upon the

manginal rate of substitutlon and the price ratioo



CI{APTER TTT

TI{E ORET f CAL BACKGR OU}ID

Ï" PRODUCTION FUNCTTOII

A productlon funci;ion deals with the physical rolationship
botwoen output and Ínputs (l)" ft indicates how much output we

cån obtaÍn if we have so much labour and so much capital a¡d so

much 1and, etco fhus, th-nee prlmany productlon ocoïlomlc relatfon-
ships are Ínvolved in thls studyå factorcproduct relationship,
factor-factor" relationship and produs¡-producü relationsirip (2,

Chaps'" 2-9).

lu fnput-output or factor-product rolatlonshipo
rrpu.t-output or factor-product roratlonship deals with

the lnput of a resource and the resulting yield or output of a

producto It may bo expressed algebraiclyl
Y = f (x1Íx, 

"l 4 oo@@ în)
Where Y ls denotod as ouiput of the enterprises; xI ls the variable
input and x2 c ê o o % are flxed Ínputs. Thls equatlon means that y
is a ftinction of xt *z *7 *\ 0060 r{n but inputs x2 *, *l+ oôeo r.a,

aro held constant in quantity, while only x1 can be varied ln anounto

The criteria for oconomic optimum of this r"erationship is ¡

dY=q
Px1
ï),Y
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2ø ïnput-lnput or faetor-facton relationshlp"
The f.nput-Lnput or factor-factor ::elatlonshi.p considers

a constant output which can bo produced by different combinations

of Ëwo or more variable factors, It may be expressed algebr.aiclyt
Y'= f (x1 x2 lx, x\_ ooøo xn)

where Y 1s denoted as output on producti xl¡ x2 are two variable

factorso Thls equaùfon tells us that Y or output is dependent

upon two variable factors, xl and x2 and other fixed facto:rs,

utu xl+ oøoo xno A chango in productlon of Y results as eÍthoi: or

both factors are variedo A panticulan concern is with ùhe possi-

btritles of substi.tutlng x1 for x2s as Y ls held constant at a

partlcular leve1o Under this relationshÍp factons can be substi-
tuted for each othen until they reach an equÍllbrium polnt of least-
cost cornbinatlon of resourcesi that ist
d*Z t,
dxr P-

'L o2

where P=- and Po- are denoted as the market prices of resourceso^1 .\2

The economic criteria requlres that the margÍnal rate of substLbutlon

betweon resources bo equal to thelr price ratlon

7" Output-output or product-product relationship (10 pp, 3-l.O)"

The output-cutput on product-pnoduct relationshlp rofers to

the relationshlp botween two or more commodities or enterprises

competing for a given amount of resourceso It may be oxpressed

algebra1cly.:

(T1, YZu oooe %) G f (x1, x¡u x1 0060 xn)



T'íhere Y1o Yzu oûÒo Yn are differont outputs on producbs,

xl, xzu *t oooê \'. are given inputs of resourceso Ghoice is now

anlong many eompetlng products 1n a manner parallelfng solectj.on
among factorsø The given resources will be aLlocated among the

competing enterprises so as to maximize profit, when

Tr-
"Yz

dYr Pv-*I
ðYi

ÏÏ. CONSTA]\r] RATE OF SUBSTITUTION

BETVUEflI COMPETTTTVE PRODUCTS

Compotltlve enterprises are those which compete fon uso of
the farmo:lt s llmited resourceso Use of resources to produce more

of one product necessitatos a sacriflce in the amount of the other
produced" Usua11y, the competitive products take the follor,ving

two forms: (1) the products are competitlve 1n the short run, and

Q) the products are competitive in the long rüfro The former'ls
assumed to subsËltute at a constant rato of substltution, whÍ1e the

latüer is assumed to exhibit etther an lnenoasing or decroaslng rate
of substitutlon (h) 

"

Figure f sholvs that a glven resorlFcô x1 can produce different

quantities of two compotÍtive products Yl and y2. rn flgure rr,

two enterprises Y1 and YZ substltute for each other at a constant

rate (an increase in one enterprÍ.se necessitatos a eonstant unit
of the oiho:r sacrlfieod)" Any two competltive products can be sub-

stituted for oach other but tho marginal rate of substibution between
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them is constant (â, pp. ZOL-ZZL) "

ÏÏI. T}E CRITÂrRIA O],' ECrJi{O;i/iIC EFFICTEI{CY

FOR Ti{E FARivi FIRI{ IN EQUILIBRITII\{

Ï,ineâr programming is usod to develop alternative plans based

on different assumptions with respect to rotations, livestock enter-
prises, rations, prices and available resourceso Under linear pro-
gramminge the condition of optimum condition of resources 1s at the
point of maximizing profÍt and mÍnimÍzÍng costo rt has been

stated that d42/ax, * ,*r/r*, fs regarded as the crite:ria fo'
minimizlng cost for a given level of output and dy2/ava= ,"r/uoz
as the cniteria for naximi2ing profÍt for a given quantity of re-
soltrcêso ff the limited resources such as lande capital and labour
are used to produce prfmar;r products such as whoat, oats, barley
and hay nrith which to feed the Livestock such as sheep, hogs and

cattle, then the problems will be; (r) what pattern of pr"Ímary pro-
ductÍon u¡ill allow a ma>rimum ouùput of the socondary product?
(2) what quantity of prima:ry product shal1 be sold or purchasedo

if returns thr"ough the secondary product are to be maximÍzed?

These problems can be solved in terms of the following cnitez.ion
of economic officiency,

f -\ / \
ldxz _ "*r\ =lut, _ 

t"r\

\*' ql \rq vl
This criterÍon equation indicates that the equilibrium (least-cost)
point in comblnlng the rosources must be coincÍdent with tho oquili-
brÍum (maximum profit) point 1n combining the enterprissso That is,
the marginal rate of substitution between resources must equal thelr
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pr'1co ratlo at the sane tlme as the marginaL ¡:ate of stubstitution
botween products oquals that price ratio (3u pÞ" Il-16)"

FÍgure rrr shows the interrerationshlp among rosourcese

pnirnary products and secondary produets wLth a constant rate of
substitutiono GF reprosents a prociucti.on transformation curve

which comes from the given rosources land, eapi.tal and labour"ø

CCt is an lso-revenue lÍne for" the prÍmary product or an f.so-cost

line fon the socondary pnoducto GiFi , GàFà., are denotod as dif-
fenent levels of secondary products (lso-quants)o At yt of ouput

GiFl Íntersoci;s the transformatÍon curve at two pointso At point
Rl, the slope of GlFl is greaten than that of GF, accor"dingrye

Ae/avu the marginat rate of substltutlon of for.age for gnain in
the crop rotatlon, is less than trçt/aFt, tho marginal rate of sub*

stltution of forage for grain in the llvestock ratÍon" Adjustment

is needed to substftute forage for grain in both the crop notatlon
and the llvostock ratlon" At point R, the si-tuation is oppostte

to the case mentfoned aboveo Adjustment is necessary to substÍtuto
grain fon forage ln the crop rotation and livostock ratlono For

1gs-quant GbFh. the productlon transfor.mation curve is tangent to
iso-revenue l1ne and to tho iso-quant curve at point E. A¡ thLs

tangent polnt, the slopes of theso ti:ree curves are ldentical and

AG//.F, the manginal nate of food substltution in the crop rotation,
ls exactly oqual to AGr/aFt, the marginal rate of food substltution
ln the lLvestock ratlon, No ad justrnent Ls needed beeause output of
the secondary product is at a maximum conditlon from glven resourcos
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devoted to prfmary products (2u po 260)" Agalnc at point E, it
reprosents the conditlons of rnaximlztng profit and mlnlmizing eost,
or (ax2/axa = e*r/?yr) = (at2/ata = tyr/pt) ø since the prÍ.mary

secondary product and the lso-r:evenue of

iso-cost of secondany produet,

lnterrelationshlp among rêsourcese primary

products, allowing buyÍng and seIl1ng acü1-

product 1s the input of

pnimary product is the

Figure h shows the

pnoducts and secondary

viùles 1n the prograflo GtFl 1s the hlghest llvestock output (sec-2)
cndany product) attalnable from the givon cost outlay represented

by ccr o as shoivn 1n Figune h, the 1so*irevenue and the iso-cost
llnes are ldenticalo El indicates another equilÍbrium point ob-

tained by sellfng F1F2 unlts of forage and purchasing GeGt unlts
of gnaino
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CHAFTER IV

LoGIC AND TEC¡il{rQiIE O}- LINEAR pROGRAilIlViINc

f. LOGTC

Llnear" prograniming assumes that the productl-on coefficients
are constant (loen, the lnput-output curve or productfon function
ls l-lnoan ) (t ).

(A) Problems whene thls progs"aruûing moÈhod applles.
A llnoar" progralTxiting problem has three quantltatlve Go&pon-

ents¡ an oirjectivo, alternative activitfes or processes for obtain-
ing the obJeetiveu and resource or other restri.ction@o

(1) The objectlve: The objecÈive of linear programmlng

Ís to allocate oners resources up to a point of maxlmizfng profLË
and minfrolzing costo The llnear profit functlon is expressed as

follows (2, po l+fl+) a

nká = 
----: 

1rf---;=t )t1 Cj

rrhere Z denotes maxÍmum proflt, c the unit of price, X tho level
of actlvitieso This equatlon is subJect to a l1noar set of restrÍc*
tíons; that Ls;

rx4s
where P lndicaÙes the resource requiremonte S the rosource restnlc-
tiono

e) Alternati-ve activÍties or procosses: Oatsu wheat,

barloy, cxop*¡gf,atfons, hogs, beef-cattle on poultry are regardod
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as enterprÍses ol3 activities" fn llnear programmingu one actfvity
or process can be dlstingulshed from another on the basis of ühe

productlon coefficients. Givon several activÍtles or process

different enterprises and different methods or tecirnlques -- by
whlch the product can bo attained¡ w€ choose from them the methods

or proeesses which ar"e most efficient in converting resourees fnto
tho producto

(1) Resources restrictÍonå For a pnoducing firm, restric-
tlons aro defined by the fÍxed quantities of certain rêsollrcêso
The acres of lando the dollans of capltal, the hours of labour"u

anci the square feet of bulldlng space aro restnÍcted by the avail--
able quanti'tLes anð numbers" rf they aLl are fnee goods, there
will be no pnoblems in lfnear progranming,

(B) Importa.nt concepts in LLnee.r progranuningo

(1) Linear relatlonship; The ternr lfnear refers to the

ract that rr'straight liner? rerationships are assumed in linear
progran¡mingo For exanple, a 1Ínear relatlonship is roflected in
the equatlon 7' = 2 xo The varlable Z increasos ln diroct pnoportion

to the magnitude of the variable xo The equation Z = o]?*Z is not
a llnear rorationshlp (2, po h), as the r'ragnitude of z does not
lncroaso ln pr"oportion to the magnltude of xo Thus, straight }Íne
relatÍonshipsr equations with variables in the first powers aro the

type employod Ín linear programmlngo The three economÍc Linear re-
latlonships with tïhich Tr,e are concerned in llnoâr prograriming ar"e

described as follows (1) z

The li.near factor-product relatlonship is e:cpressed as a 1lnoar
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functlon Y = f (x)" This relationshfp shows that output u yu is
consta-ntl¡' proportional to i-nputp xå doub1Íng the lnput will doublo

the output or trobllng the input w111 treble the output and so orrø

There is a constent productLon coefficlento
The llnear factor-factor roLatiorrshlp å In linear programming

the facton-faetor relationship is a l1near functlon, xL = f (x2)"

This relationship shov¡s that the two factors have a consüant rate
of substj-tutl-ono ff x1 is increased by one unit o xZ will be de*

croased by a constant amount; if xa is increased by two unlts" xz

w1LI be decreased twice as mucli as beforo, Both xl and lc2 cagr be

shlfted back and fortho but the rnanginal rate of substitution of
x, for x, or x"Z for x1 1s unchangedo

The llnear product-product r"olationship a In llnoar progre-mrning

the product-product rolatÍonshlp 1s a lÍnean function y1 * f(y2),
This rerationship shows that two enterpnlsese yI and y2 have a

constant rate of substÍtution" If one unlt of pnoduct Y1 1s given

uP¡ a certain constant unit of the othor product, YZ, will be gained;

if a socond or a thfu"d unlt of Y, 1s shffted to Y* an identlcal
amou.nt or Y2 will be gained for each unlt of Y, given up the

margÍnal rate of substitution between them remains unchangedo

Q) Linear inoqualltyr The term inoquality arlses from

the faet that a plan does not requine using the supply of aII avail-
able resourcesr and that the extent of an activity or arnount of a

commodity pnoduced may be equal to on groater than z€t:o*

(C) *ssumptf.ons of linear progr:amming (Zu pp. 1?-lB)"

The assumptlons of linear progranmlng are based on the

follovsÍng pointsu
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åd4ltlvftJs The actlvitles must bo additive ln the sen.se

that when tviro or more are used, their total product must be the

sum of thelr individual products, Furthermoree it is ass.¡med

that any tv'ro processes can be used si¡m:ltaneousry, within the

limitations of available rêsourc€so

Dlvlsib:Lfitys rt ls assumed that any process can be used

to any positive extont so long as sufficlent resources are avail*
able o

Llqegr-ilga Each process 1s characterlzed by centaln natios
of the quantitfos of each of. the lnput to the quantitles of each

of the outputso The ratios are constant and indepondent to the

extent to which the process is usedo

Flniteness¡ It ls assumed that tho numben of processes avail*
able is finiteo

IL ALGEBRATC TECISTTqUE

(¿) neal actÍvities and inequality.
using the crop example and leùting the quantities of wheat,

oats, barley and hay produced be represonted respectlvei-y by x1r

a1o *tt and x[r the productl.on possibilf.tLes of real activities
fon the farm can be represented by the three linear inequalities
belowo Vl¡ith supplies of land, labour and cap1tal represented res-
poctivoly as $1, 32 and Sle the requiromont coefficient, PtJ, in*
dÍcates the amount of the i-th resource required to pnoduce one

unit of the j-th crop activityo The productlon posslbflltfes fon

th.e crop activlties then can be derived from the equatlons of

resourco roqulrements in the following systeru of equations (,+)"
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The prograÍuning now can be stated compactl¡r in matr.ix for"n as

Maximized profit; f (X) = CtX

subject to the nestrietions
r x 4s

x)o
where P is a constant coefficient, X ls actLvity and $ is the total
resource supplledo

, =(, ,,
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(g) Disposal actfvÍtos and equality,
converting the linear inequarity into equality, AX = s is

accompllshe<1 by adding m dlsposal actlvlties to the original matri.x
Xo The total number of activities is lncreasod to n + ütø The ori*
ginal matrixu Pr which has n columrs¡ has been e:cpanded to the mat¡,ix
A which 1s n + m corumrs and may be expressedå A = (p, r) whons r
is the identtty matrix of m rorrs and colulrrso The equality equations
can be stated as follows;

to
¿xl
x2

X-)
x¡t

X.)
Xto

\

1n

ol
I

ol
I

1i

(,,,

lrr=.

k"

S1

s2

s,

Prlxl * Ptzxz" P:rKl * Pr¡.xh + 1X5 + oX6 + ox? = sl
P2tXt + PZZxZo PZ1XT * PZI+X4 * Ob + tX6 + OX? = SZ

Prrxr + 
"12þ+ 

P55x, * Pilxh + ox5 + ox6 + lx' = s7

ff these equatlons are changed matrix form, they become ¡

Ptz P:-l

Pzz Pzl
Ptz ?tt

prl+ I o

Pzhol
Pll+ o o
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CTTA?TER V

ANALYS]S OF TTIE STUDIED FARM BUSII{ESS

The situatlon used for the present stu,dy had been montloned,

1n detall, in chapter Io The studled farrn consists of JZQ acresg

l-8 acres is used for the farrnstead and lLz-tLD aeros for crop

lando It is classifj-ed as a miixed farm -- grain and llvsstockø
Generally, a fivo-yoap-cpop-retatl-on systom. was followed and a

small number of besf cattle was fodo Tho major pârt of the fanm

income was der"ived fnom the salo of beef cattle. For the sake

of undorstanding the farm business, the followlng anaryses are

employodo

I" LAND USE AND CROF-L]\TESTOCK PRODUCTTON SITUATIOI{

(A) Land use patternå In the five-yeaï¡*crop*tsotation system,

the main crops were whoato oats and barley, and the cash crops

were m1lIetr peas and sunflower.o The land use pattern of the studied
farm ls shorv-n 1n table I for the years 1957 þo L959"
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TABLE T

LAND USE PATTERN

Land Use - Acnos

ilfheat

Oats

Banley

Peas

Mille ü

Sunflowers

ïlay

knproved pasturo

Farmstead

Summorfallow

Total acros in far"m

h6

,B

55

11

12o

50

11

6z

t5

L1

al'

;;

B

l+z

120

2L

20

12

5t
lt5

\s
t2

5B

,*o

l+o

l+l

5

5o

,

vo

120

In tabl,e Ie it is sholvn that crop acreages woro slightly
clranged ln whoat and banley from L9r7 t,o 1g59, but varled gneatly
for oats, sunflowers and improved pasturo" The number of acros

devotod to oats was reduced fron JB acres in Lg57 to 11 aeres in
1!!B and 12 acres fn l-9r9o Tn contrast, the acreage of improved

pasture was incnoasod from h5 to 85 in the samo two yeârso Betv¡oon

the crop yêars 1958 and L959 the acreage in improved pasture was

groatly reduced from B! to \1 aeros, but the ecreage of land fn
hay was lncreased fn l-959c The land use pattenn was changed from

year to year indicating that this farm probably did not have a
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definlte plan for llvestocko
(B) Crop production situationo

crop yield r:ecords are shovnr in table rr; the yleld pe:r

å.cre of wheat was higher ln L9r7 and rg59 than that in l95B; but
the yield per acre of oats and barley were hlgher ln 1958 ühan that
in the years of L957 and 1959"

TABLE ÏT

CROP YIELD RECORDS

Total Yield YieId Per AcnoCnops Untt r9r7 1958 L959 L957 r95B - Ðr9_

Wheat

Oats

Banley

Poas

Millet

Bushel L0725 l-1225

Bushel lr6to 65o

Bushel 97O 1rl¡OO

t 1625

200

t ul{15

t6?

17 "5o
l+O,5O

21,10

18.2o

24.50 15"10

5g,to 58"ro

18.7o 25,1+o

2I"7O l-2"71

921"OO ÉÉB

2t"7O

BusheL ZOO

PoUnd @Ë@

2l-'575

2 e7OO

LJ

12, OOO

125 7L9 "2O

I00.00

Sunflowers Pound

Hay BaLe

(C ) Llvestock productfon situationo

In the studled farm the 11r¡estock program 1s given ln
table IfIø fn L957 there nrere 28 head of cattlo and B0 chÍckens;

1n l95B and l9r9 thene were 26 and 25 head of cattlo and 5j hens

and l+l chlckens respectfvely, There wero no hogs" This probably

r'Ias lts lqeak point in businssse which w111 be dlscussod latero



27

TABLE TTT

LIVESTOCK FSTTERPR]$E AND NTIiüBffiS

-*"" L957 1958 L959

Beef*corrs

BuIls

I{e if ers

Steers

Calves

Hens

ÇhLckens

11

I
I
1

10

B

L

,

0

Il+

>5

15

l+l

B

T

2

BO

ÏT, CAPTTAL SITTJATTON

(A) I::vontory, net worth and financial pr"ogresso

Fnom 1957 þo ].959 the assets, liabfritlosu net wor.th

and fi.nancial progress are shown in tabLe fVo The owrÌer of the

studled farm had & totar lnvostmont in farn capltar of #7ju567"g,
in L)J'Iu rrhich was neduced to #lloLotëBo in r95B ar,.a fi11uo]:6.5o

In L9r9, Hls total tiablLities wene neduced Uy $IrhB5"5O fn L95B

1n counparison with L9r7" Hls financlal pnogness lncr.sasod from
$589.5? in rgjT ta ff89r"17 in 1958,



TABLE IV

INVENToRY9 NET ITORTH AND FTNANCIAL FROGRESS

ftems
L917

,':
..lì

'll;

''a

Real estate

Change in inventony

Cati:1e

Chickons

Gralns, feeds and
supplles

Machinery and
equipment

Total farm capf.tal

Personal assots

Account
r€ ee ivable

fotal assets

Total liablLLties

Net worth

Financlal pnogress

20rBOO" Oo

*0-

2e685"oo

l+6 "75

, 1621+"10

Irl¡12. )-O

11,567 "95

\-rl+62"o6

*O*

,B e oto, 01

B u175"oo

29 ,657.OL

5Bg "57

2OeBOO,OO

*O*

2rl¡!!,OO

l+t'0O

5 u\25 " 10

l+, rho,5o

tt elol"8o
l+1815"93

,0, oo

37 ,969.73

6,BBT"5o

7L rOBZ-"21

895,-57

2OpBoO" OO

*O*

2 e BOo. oo

-O-

, rL67 "5O

h,069 " oo

j51016 "jo
5 'a5L.79

6o* oo

18 uLaB"2g

7 u275"54

50,B5l+"79

207" Bl+

,rì

I
r"ll

':',1

.t

'It

.:.,)

rì

,.]
..1

.rÌ
.l
t
,tl. ì.. .¡

r. ìi
' l':]

ì...,i

JÁw

(g) Flnancial etatemonto

A eomparS.son of the studied farm lneome i-s made for the

years L9r7 to X959, and is summarlzod Ín table vn The total

receipts sirsr'e lncreasod by $BOO'f9 fui 1958 and by $fO6.Z7 in 1!l$

and the net current ineome was Íneroasod by $frZ$f"55 l-n L958 and

$51+8,ff Ln L)Jlp F€speetivolyu in eomparLson with L957' Farm in-

come doereased from L9r7 to 1959, vrith the smallest figure being

1958.

in
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TABLE V

FINANCIAL SUIV${ARY STATETMNT

Total recofpts

Total oxpensos

Net lnventory chango

Net current incomo

Far"m fncome

Fanm prequisites

Retunn to operator
and family fon labour
and capital

fnter"est on capital
at 5/"

Retu.rn to operator
and famiÏy fabôun

Value of famllrr
labour

Operatort s laboun
earnÍngs

5 u125 "52

3,927 "5t
!Ol¡.10

1, 598. 01

2 s30?,IL

l+o8" 66

2 e'lLO,77

rr2L:1.69

1,11.6} ' oB

l+l+0. oO

11 02t"oB

6 ,tz5 "7t
luL+l+6.L5

-991+' oo

2,679.56

r r6B5 "56

555 "85

2 r22L"l+l

L r2g9.rt

g22"BB

-O-

922"88

6 
'185.79

l+rl+19,79

-t67 "7o
L,9\6 ,tz
I e77B.l+z

Irt,55

2 orUr"27

1,298"19

Bh5. TB

*0*

BIr5. ?B

IIT" A CO},/IPART$ON OF T}M STUDIED FARIVI BUSTNESS

UTTTH TTS GROÜP A\IERAGE IN CARMAN AREA

(A) [he situation of far"m businoss compared v¡ith its group

avefage o

The ov{ner of the studied fa.nm was a membon of a fa:rm

managernent associatlon in the Carman dÍstrj-cto If a comparison

of the results of his farm business îor LJJ'I u l!!B and r95g i.s
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made with the average for" his gr3oup farn on a similar soil type

in the same yea.rsu 1t woulo holp to dl-scover soxr.e of the weal¡resses

arid strengths of hfs fanm buslnosss The following ltens rnhfch are

lÍstod frr table Vf ane used as Í:edicatorso

Ïn table VI 1t wfll be noted that the amount of lmproved 1en.d

and capital fnvested in the studled fanm lvere 1Lz acres and

#r5r1o5o8o, which lrere smaller than tho correspondlng ltems of
fhe group averageo Fa¡.m income 1s dependent upon the larrn slzo,
Smaller amounts of caplta-J- lnvestment and acres of lmpnoved land

lndicates a smallor farm sízo; a smalIer. farm size Í.s genorally
assocÍated with a smaller larrn incomeo Thls was the maln reason

wh.y the larm income of studied farn was belovs that of the group

aver¡ago income" Agalnn fn the studied fanm the lntensity of land

use was O"59 In 1957 s O"5O 1n ltl8 and O"jg Ln LjJ), whtch were

smaller than that of the gnoup avorage whleh was o"Boe 0,86 and

0'89 ln the same th:roe yearsn rntensfty of rand use is reganded

as a barometer to measur"e the degree to which the vaniable resourcos

such as labour and capital wero applfed'úo the given fixod resoìrrgoe

lando ff we assume that the intensity of l-and uso glven for tLre

group fannis was optimum, then the studled far"m 1n ttre same üh:ree

yoars was belovrt optlmurn Ln terms of lts producti-on f.ntensityn

fhls indlcates that the capaci.ty of flxod factor, land, had not
yet been fuIIy usede rf one more dollan were lnvested Ín the

farn, lts roturn would bo more than lts costc
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In the studfed fanm, machinery and equipment Lnvestment a¡1d

assoclated eost Tr,erê $hrlt65,98 and fieuO5B,LB *"up"ctiveIy ln Lg¡1,
#l+1116,8o and #zrtrz.]l¡ Ín 1958, and gl-reog,lo and fftrl+Tr, rj Ln

f959; but they were #8u727"66 anO $Zu?BB,JB nospoctively Ln I))Ju
$to,669.72 ana Sã"rl+5.98 in r!!8, and $tt,203"66 and #r,rg6,5? in
L9r9 fn its group averagoo rn the studied farm, the natio of
machinen)r and equipment costs to their lrrvestmont was l+6.o9/" 1n

t957, l+8"72% ln 1!!B and 15"o6% tu rgSg; while rho percenrago of
machlneny and equipment costs 1n terrns of thein fnvestrnent was

1t"9r/" in 1957 u zg"l¿g% in r95B and 28 "W$ rn L)J) tn rhe sroup
a\rerageo Furthermore, machinery and oquipmenü costs per improvod

âcre of land, berne $6"5e in Lg5T, $6"e1 In l95B and #6"7j ln
L959 1n the studfed farra, wero larger than those in its gjroup

averago whlch were #6"Zau S6"50 ana $6"5h in the seme th¡ree yearso

These results Índicate that the cost of machinery per acro of im*
proved land 1n the studiod fanm was high r"elati.ve to the group

average, because the latten group could spread out its machinony

cost over a largen numben of lmproved aeros of lando
(n) The weahnosses of the studied fanm businesso

Besides many weak points such as small-€,r fairm sizes lov,r

lncome and higher machinery cost, the livestock investmont and the
value of llvestock production were also below the level of its
group avera-geo Tho weaknesses of its llvestock enterprises were

f ound as foLlovrs ¡

1o Hog*s¡trrnpr"ises had not been included in the business;

onl¡r ¿ small numbon of cattle ruere fed, consequontlyu the rate



tl+

of capital turtrover was longer than that of its group averãg@o

2" the available bulldfng space E{as seriously undor*uti}ized"
There wor€ 2eL6O square feet of space avaflable Ln shich there wor.e

only Zli heaa of cattte fed in rg57 and 26 fn both 1958 and r959o
A large par:t of the building spaee was unused, If a hog ontonprÍse
had been lncluded in the businoss instead of cattle, about l+OO freaO

of hogs could have been raised; the total valuo of their productlon
rculd be conservatively estimated to have been approxluatoly $fr6OO
per foun months (we assume that each hog would have boen mar"koted

aE ZQO pounds and each valued at $l+O" )*

Jo l[.inter laboun had not been fulty usod for feedfng ]ivestock
and a pa:rt of ft was left idleo

The ovrner of the studiod farm was prepa-red to carny tho hog

onterprise in the oId cattle buÍld1ng and to construct a neïv build-
lng for hls cattleo If this plan had been carried out, about hOO*

lO0 head of hogs årrd 1O0 hsad of cattlo could have been raisedo



CTÍAPTER VT

RESTIITS FOR TEN ALTtrRNATIVE PLANS

FOR THE STUDIED FARÏ'{ BUSIÀ]ESS

h the studled farm two situatÍons are assumed for study --
1n tho prosent situatj-on 1t is assumed that the pnesent amounü

of produetlve resources aro available and that the present oïpner

operates the farm by himsolf, while ln the adjusted situation it
1s assumed that the operatorts son will also be involl'ed Ln the

farm business; that thero will be a father-son arrangemento Be*

sides land and bulld1ng space, the labour hours and the input of
capital in the adjusted situatlon wilL exceed that of the prasent

sì tuatlon' Each situatlon will lnvolve five plans of neorganiza-
tiono

(A) In the prosent sj-tuatlon

Plan 1; A conslderation of raising hog entorprisos under

present crop rotation system wíth the prosont amount

rhe """"::"::"":ï;.;t" to rhe rarm business are lisred Ín
table VIf" The total value of the rosourcos was equal to $11186r"

fn thls plan ther:e ïvere stx actlvltios as listed in table VfIIo
These lncludede raisod hogs (f1), foede¡. hogs {P2), selling mrheat

(P7), selling oats (P¡_), selling barloy (p5), buylng oats (p6).

The lnput-output coefficionts for the two hog activftíos are l1sted
Ín table IXo
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TABLE VTT

TOTAL RESOURCES AND VALI.IE AT HAND IN STUDTED FAR1U

fterns I}if t Quanttty
Net
Frices ($) Values ($)

Capltal

Summor
laboun

Winton
labour

Bullding
spaco

trTheat

Oats

Banley

Hay

Sunflowors

Total value

s

hour

hour

square
feot

bushel

busheL

bushel

pound

pound

$

1, BB1

zl+9

I, lo0

2e lOO

L,525

867

1r5o0

72eOOO

11,000

t, rrnuru

o.278277

o,l+68855

o"oo21r'

o. 025558

1, BBl

1, 580

zl+t

701

L6g

290

Lt,865

TAtsLE VITT

REAL ACTTVITTES ]}T PL/{N 1

Deslgnation Unlt of actlvity Tl'pe of acti-vity
Ð
'1
P¿̂

?1

14

?5

1,6

head (f9O Ibs. )

hoad (r9o lbs" )

busheÌ

busliel

bushel

bushel

Raj.sod hogs

Feeder hogs

Sell1ng wheat

Selting oats

SelÌing barley

Buying oats
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TAtsLI{ ]]T

U{PUT*OUTPUT COEFFI=CIEIüTS ]N PLAI{ 1

Type of r.esources Unit
Coefficients of
r"aised hogs

Coefficients of
feedsr hogs

Capital

Summen laboun

Vfinter labour

Buildlng space

filheat

Oats

Be.rley

ïiay

$

hour

hour

square

bushel

bushol

bushel

pound

1L:.6?oooo

LarozQOQ

l"82rooo

h,6eBooo

o,lg6821

7 "O6tO2g

8,207187

19 "29 OOOO

o.7810oo

1" OgLOoO

2.z8hooo

0,1-86670

\"11rBBz

6 "3t97gt

feet

TABLE X

RESOURCË STTUATIOI{ IN PLAN 1

Type of
rosources Unit Dos ignation

Amount of
re source s

Amount
used

Amount
Ieft over

Capital

Summer labour

InXinter laboun

Bullding
space

lffheat

Oats

Barley

$

hour

hour

square
feet

bushel

bushel

bushel

1, BB1

zl+g

1e100

2 rL6A

I 1525

867

lr5oO

1,881

ú5
21t

587

6t

896

I, Ol"t1

-o-

B,

86B

r,572

r,l+6t

-2Q

t+58

,7

PB

Po

P-10
D
'1l_
Ð
"12
Ð
"L1
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ActivLties included 1n the final prCIgrÉlr{ aro sho'¡,ïr in table
LL They yr¡er€) ra-ised hogs, buylng oats, selllng wheat and sel_l*

f.ng barley' Ra.ised hogs an.d feeden hogs virero compotftive onter*
prÍses which competed for use of the mosÈ llmitlng r:osource, capitalo
The naised hog actlvlty was the more pnofitable enterprise; its
total yleld was 12J head and its total profit rras #ZrgO1" Thls

can be ex¡pIalned by means of the foLlowing oquatíons 3

2"

1" AY1 = Resource requlrod per unit for Y2

bYz

A17u ¿to

Rosource requÍred per unit for Y1

lvhe:re o"L
bYz

Ð
L2

Ð
'Yr-

u", _ r",. ÁYI
oYz

is marginal ra-te of substitution of YZ for Yt (Yt 
"rra

YZ uo, denoted as two enterprÍses),

is the mar"ginal proflto If the first equation is applied to this
plan, then the marginal rate of substÍtution of ralsed hogs for
feedor hogs a¡rd their prico ratlo are â

al:"67 - z, "oITTry \ t6;69

or (11."6?) (re "69) <(19.29) Qj"o:-)
This result irrdicates that the marginal r.ate of substitution is loss

than the prlee natio; therefore, raised hogs should bo substituted

for feedor hogs Ín the productÍon p1an" Again, the marglnal pnoflt

can be computed by means of the second equatlon mentloned aboveo

The result is:
AZo = ?t,ot - L6,69 (l-l+"67/ L9"zg)

= l--O.rl77O5

]D¿Y
z is their prlce natio, aToÞ--,YI
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TABLE XT

ACTIVTT]ES INCLUDED TN TTM Fn{AL PROGNAM IN PLAN 1

Types of activities Unlt euantity

RaÍsod hogs

Buying oats

Se111ng wheat

$e1l1ng barley

\tt
,9

bushel l-ol+6t

numben

bushel

bushel hre

TABLE XTtr

TTM TOTAI FAR]II RECETPTS IN PLAN 1

QuantJ.ty Total amount Cost or net pnice ProflÈ or
Items Unlt of crop sold per unlt (S)- cost ($)

Roceipts ln
final pro-
gran

Wheat bushel 1,h6f

Barley bushel l+:e

IÌay pound 72,OOO

Sunflovyers pound l-l-rl59

Total net
re eeipts

o.5rl+rLo

o,\Tttl+,
oeooo2rS

o "ozrr\o

5 u61o

-7Bo

-2L6

L6g

290

5 u992



ho

That Ís, each unlt lnerease 1n naised hogs wlll fnerease profÍt
ny $10"72.

The total expenses in plan 1: The rosource situation is shov¡n

in table Xo It indicates that tho total amount of resources used

included capital at $frBB1, sutrußer labour aþ L6j hours, wlnter
]abour aE ZJl hou.rs, buildlng spaco at ,87 square feet, wheat at
6J bushers, oats at 896 bushels and banley aü lrol+t bushelso Ex-

cluding the Labour and building spacee the total value of these

resources consumed by the livestock was equal to $Zr68h" In other
v'¡ords, the studied farr¡r had a net profit or $2 ugaj after expenses

of $Z,68l+ were deducted,

The total farm receiptse I:i the flnal progra.me the total gross

recelpts were #ro6rO" If the cost of wheat and barley fs deducted

fron this sum and the rosult addod to the net profit for hay and

trr thls
table XIff"

sunflovror, the tota] net farm recerpts were $5ro9e as shovnr in
table XIf"

Plan 2: A conslderation of feeding cattle enterprise undor

present crop-rotation system wlth the present amount

of resourcese

plan there wero oight roal actj.vlties as llsted irl
These activities jnclu.ded å cow cal-ves (P1), steer

calves (P2 ), 2 year steer.s (Pr) u sell1ng wheat (P¡*), sell1ng oats

(P5), selling barley (P6), sellfng hay (r7) and buying hay (ng).

The input-output coefficfents for tire aetivÍt¡Les of co$¿ calves,

steen calves and 2 year steers aro listed in table XfVo

Table XV lndicates the resource situation. tsesides 72r000

pounds of hay, the other quantities of each of the avallable lÍmit-
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TABLE XTII

REAL ACTIVITIES

Deslgnation of activities Unft TyPe

P1

D
"2
Þ--,

Pl'
T

Ðt,

Pro
Ð'7
Pg

head

head

hoad

bushel

bushel

bushel

pound

pound

Cor,y-calvo s

Steer-ealves

2 year steers

Selling wheat

Sell,ing oats

SeIling barley

Sell1ng hay

BuyÍng hay

rNPUI-OIJ'TPUT

TABLE XIV

COEF}'TCIENTS ]N PLAN 2

Coefflcients Coofficionts Coefficientslype of resouregs Unlt of cow-ealves of stoer calvos of Z year stoer

Capltal

Summer" labour

'útinter Labour

Bui.lding spaco

Wheat

0ats

Barloy

L¡R;TARY

o,l' 
ïo6Þ

t[" 9B5ooo

7 "292OOO

19"2B1OoO

f oet ?t" OI+1OOO

$

houn

hour

square

bushel

bushel

bushel

pound

9l+" 99oooo

,"2O5OOO

?"28BOoo

20"822000

182 
" 100000

5"211OOO

l¡"555oo0

1r. olhooo

tB"!+7Lj67

22"rr5OB'

9 '522"hBtooo

L5.gl+LL76

2l:,"lglJoo

L,86z"oooooo

11"21+9LL7

20"laa(666

I s7O5, OO0O00:;\!ËhsíIiHay
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TABLE XV

RESOURCE SITUATTOI'T ]N PLAN 2

Available
amount of Amou_nt AmountResources unit Dosignation rosourcos used reft oveï"

Capital $ ,g lr$Bl lrBB1 *o*

Summer
labour hour PtO Zl+g ]ZL l:ZI+

]lïinter
labour hour Ptt 1e1OO ZIO BB9

Building square
spaco f oo t PtZ Z ,160 6TZ t,l+BT

Itheat bushel P,l Lu5Z5 *O* I,5Zj
oats bushe] PIL 867 16, 50r
Barley bushel Pt5 11500 j17 962

Hay bushel Pt6 TZeOOO TZTOOO -O-

TABLE XVT

AOIIIVITIES TNCLUDED IN TIilE FDIAL

PROGRAM NV PT,AN 2

Type of activities Unlt Quantities

Cow-calves

Steer"-calvo s

Selling wheat

Selling oats

Sellfng barley

head

head

bushol

bushol

bushel

,'97
L8.1'

L e525 " QO

501"21+

962"17
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Íng rosoulrcos ïrero identical to those in plan 1o The tobal lnput
of capital and hay lvere used up, while some of the oiher" inputs

were left ov€rø

Actfvltles lncluded in the final program are shown in tablo
XVf. The optimum condÍtion of rosour3co comirination in the plan

included four head of cow-calves and lB head of steen calvose

frl this plan the most limltlng rosources were capital and

hay" The most profitable entorprises were not only dependent upon

the margfnal nate of substitution of capital and the price ratl.o

but were also dopondent upon ühe marglnal rate of substitutlon of
hay" As the eoefficlents of capital lor 2 yoar steons was too

hlgh and lts net price too 1ow, the entorprise of 2 year steers

ïuas an exponsive actlvity in capital whfeh could not compete with

such activities as colrt calves and steer calves whlch need less

capital" The optimum enterprisos including foun head of cow-ealves

and IB head of steer calves can be achloved simply by sotvíng the

simultaneous equatlons ås follows:

91"910 S + l+?.9fOc = $f,B8f
l-1862"o00 s + 9u1zz.ooo c = Tzrooo Ibs,

IVhere S donoted steer calves; C is corv-calves; Ûfr88f ls the most

limltlng resource of capital; and J2TOOO is the most limltlng r"e-

sourîco of hayo

The not prof ft L/ tu this pran was $1 ,61+o. The total amount

of rosourcos ussd includod $f rBBf of capital , J'2\ houns of summer

laborrn, 21O hours of wlnter labouro 672 square feet of cattle
t/ The net profit gross rocoipts j-n final program minus

the val-uo of selIÍng activities and the costs of wheat,
oats, and barley.
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space, 166 bushels of oats, TtB bushors of barley, and Tzrooo
pounds of hay' The toial value of these resources v{âs equal to
$zrLo[' These nosults indicate that plan 2 would have a net
profft of $t 16l+O after the expensos of $erl+OI+ are deductedu

The total fanm receipts¡ r:r the fÍnaI program, the total
gross farm recelpts were #5rzr7" rf the cost of wheat, oats and

barley are deducted from the total gross profit and the result
added to the net pnofit for sunflowors, the total net farm receipts
would be 4þl+, f 5f as shovun i.n table XVf L

Plan 5; A consideration of selecting alternatr.ve hog and

cattle enterprÍses undor presont crop*r¡otation

s¡rstem lvith the present amouni of resourcoso

fn thls p1e.n there weï'e I) ¿t.ei-ivities as listed in table
rhe se actir¡itlss lncludec å cov/-carves ( p1 ) r steer calves

year steers (Pr), ra.ised hogs (p¡r), feedor hogs (p5) and

and buying activities of wheat, oats, barley and hay (p6,

,.lo'oB øóooo Pt, resÞoctivelyo

The resource sltuation is shown in table XfX. None of the

hay was used but the total available input of capita.l was usod

upo In addition, there v¡as a shortage of oats a¿rd J2 bu.shols

lTere bought from the marketo Some of all the other resources

vrere lef t ov€r o

Activities included in the final program are indicated i¡l
table XÏ-. The major obJect of thls plan was to select the highest

prof it among those five cor*peting enterpriseso The tote.l net
profit of the hog-enterpr:iso in p1e.n 1 was groaüer than that of

XVITI O

(P2) o 2

selJ-ing
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TABLE XVTIÏ

REAL ACT]VIT]ES nI PLAN 
'

De signation
of activities

UnÍt of
act ivit ie s Type of activities

P1

P2

P,

14

P5

Pro
D'7
Pg

D
"g
]f,'10
Ptt

Ptz

P:-t

head

head

hoad

head

head

bushel

bushel

bushel

pound

bushel

bushel

bushel

pound

Cow-calve s

Steen calves

2 yoar steers

Ra j. sed hogs

Feeder hogs

Selling whoat

Sellfng oats

Sell-ing bar"ley

Selling hay

Buylng wheat

Buying bar"ley

Buylng oats

Buying hay



Itn+l

TABT,E XTX

RESOURCE S]TUATION IN PLAN ã

Type of Amount of Amount Amount leftresource Unit Designation resources used over

Capital $

Sunmer
labour hour PtO

lillnter
labour hour Pft IrtOO ZtI 86g

Bullding squaro
spaco f oet P1;Z 2,160 ,96 I,57\
T$heat bushel P;-1 I rjT5 6l+ L ulJít
Oats bushel Pflr 867 899 -72

Barl oy bushet Pf 5 l r 5OO 1, Ol+O lrf g

ïIay pound Pf6 TZTOOO -O- 7Z,OOO

P9 1,881 lr88l *o-

2,+9 L6j B,+

TABLE )ü

ACTIVTTIES TNCLUÐED IN T}IE FINAL

PROGRAM IN PLAN 

'
Type of activities Unit Quantity

Raised hogs

Buylng oats

Solling Tuheat

$elIing oats

Selling hay

head

bushol

bushel

bushel

pound

l.25

12

1l+6

I+e o

72eOOO
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TABLE ]TTI

T}M TOTAL FARii,T RECETPTS fi\T PLAbI 
'

ftems
Quantityunit

Tota1 amount
of crop sold

Cost or not
per unit (ß)

price Profit or
cosr ({$)

Gross
total farm
receipts

llheat

Barley

Hay

Sunflowen

Total net
farm
re ce ipts

bushel

bushel

pound

pound

r r\65

heo

72rOOO

tt, r58

o.r3l4-5to

o,\\_1L45

O"0016'l+7

o.o255BQ

6 uo6o

-?81

*201

-262

290

5 r79z

th.e cattle enterprise 1n plein 2o obviously, the enterprl-se of
raised hogs in p]-an J courd also have ühe highest proflt on ac*

count of the supply of resourcese the coofficients of enterprises
and their net prices from plan 1 to plan ] are _tn Ídentlty"

Again, table XIX indicates that the total amount of resources

used lncludod capital at $lr88t, sunrner laboun at 16! hours, winter
labour at 7JL hours, building space at 586 square feet, wheat at
(l.L bushels, oats at B!! bushers and banley at tool+o bushelso The

total value of those resources $ias equal to $2 ,685o The results
irr plan J indicate that this studied farm could obtain #Zr9O5 of

net profit after the elçpenses of $Z1685 are deductedo

The total- receiptsî Inr the final prograin, the total gross



l+g

îarm reeeipts were fi6ro6o. rf the costs of wheat, barrey and hay

aro doducted fron the ùotal gross farm receipts and the results
added to the not profit for sun.flor,.vers¡ the total net farm receipts
are $5rfOZ å.s shor'¡n in table rc(L

PIan )+¡ ¡' consideratÍon of alternatíve crop-notati-on systerns

and livestock onterprises with lj-mlted capital a¡d

tho prosent arnount of :resout3cêso

fn this plano there wero 1-6 real aetivÍties as risted in
tablo ÏXIIo These actlvities lncludeda J-year-crop-l.etation (F1),

l¡-year-crop-rotatÍon (P2), J-year-c.rop-¡s¡"t1on (P7), 6-yuat.-crop-
rotatìon (r¡*)r 8-yuar-crop-rctation (15), naÍsod hogs (p6), feoden

hogs (P7), corv-calves (Pg), stoo¡r caLves (P9), 2-year-si;eers (p1g),

four solling activlties (wheat, oats, barley and hay) and tv,ro buy-

1ng activities (oats and h"y)" The lnput-cutput coeffic.ients fon
theso activities are 1Ísted in üable )CXIIIô

The rosource sÍtuaüion is shown in table XXIV" ìflfintor laboun

and bulloing space were not fully usod¡ the availablo capital was

usod up and there were B acres of land left ovêro

Activlties included in tlre flnal program are indicatod ln
table XXV. The tirroe-yoâr-crop*r-otatÍon was the highest profit
enterprise Íncludi.ng 2roltJ bushels of wheat, L16ã6 bushels of oa'bs

and Lr227 bushels of barley. There was no livestock activity ln
the progrâno The toì;al- not profit ïyas $rrBO9"

fn this plan, the most I1nritÍng rosource Tvas capital of $4rl+19.

Ton enterpr"ises including five 1n livestock and fivo 1n crop notation
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TABLE XXII

REAL ACTIVITIITS Ï.7 PLAN h

De s ignation
of activíties

UnÍt of
activit 1e s

Type of
actlvities

P1

?2

P7

r4

P5

P¡*b

P7

?g

Pg

D
'10
D
'11
Ð
'12
Pt5

Prl+

Pr5

Pr'6

number

numbeil

number

numbon

number"

head

head

head

head

head

bushel

bushel

buslr.el

bushol

bushel

bushol

J-y e ar - cisop-1' s ¡ 
" 

t i on

L-Y""*- crop-rotation

þ-yoan-crop-3e¡"tion

6*yuar-crcP*rotation

B-year- crop-roöatíon

Raised hogs

Feeder. hogs

Cow-calve s

$teon calves

Z-year-stoers

Selling wheat

Se)-ling oats

Selling barley

Selling hay

Buying hay

Buying oats
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TABLE XXTV

RESOURCE STTUATIOTV IN PLAN h

Type of Deslgnation Available amount Amount Amount
resources ïfnit of actlvities of resources used left

Land acre

Capital $

Summer
labour hour

llflnter"
labour houn

Building squar€
space feet

*r?

PrB

Pr9

D
'20

Ð'2r

1, h8h

Ie 10O

2 ur6o

1L5 506 B

l+,1v19 l+,1+lg -o-

697 786

1, lOO

2,L6Q

TABLE JüCV

ACTIVTTTES T}TCLUDED TN FTNAL

PROGRAIII rN PLAN h

Tflge of activities thlt Amount

J-year-rotatlon
Selling wheat

Selling oats

SeLl-ing barley

bushel

bushel

bushol

LA2

2 rol+5

ru616

11227



conrpeted for uso of a given amount of
crop-rotatlon have the highest proflt

enterprlses in this plan? A detailed

,1

eapital, Why df.d the 5-year-
among theso ten competing

discussfon of this questlon

follows;
(f) a comparison of net profits of the five alternative crop

rotai;ions o

Basod on the results of the computatlon of the linear pro-
grame the tota.l capitar was N+rl+99 of which #zug7z was cornpeted

fon use by fivo enterprises in crop rotation arrd the remaindon

of $f o\.6'l *u" competed for use by the ontonpnlses of livestock
and J-year-crop-rotation" The not profit per unÍ-t of crop rota*
tlon is fisted in table )L1(VI and a comparison of total profits of
the five alternative epop-¡etations with capital- #21972 are shor¡ar

in table XXVII. The total net profit of the J-yøar-cr"op-rotaËion
was #Zt5r6 whlch was higher than those of the other enterprissss

Q) A comparison of profits of the J-yoar-erop-366"tion and

raisod hogs on the resurts of the fÍnal progz.am in the computed

table of linear programming"

Based on the results of computod tablo, one hundred hoad of

raisod hogs and ll¡ units of J-year-crop-r"otation coripeted for en-

torÍng tho final sectÍon i.r: the program" In terrns of the prlnciplo
of oppontunity cost, if 1OO head of raísed hogs were gained o lLf

units of 1-yaâr-crop-rotation would be sacrificed; and vfce vorsa
(tfris is obtained by dÍvldlng the remaíning capital of $frL67 Oy

the coefficlents of raisod hogs and J-year-crop*rotation respoctivoly,
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giving roo head of raised hogs and 1[ units of J-year-crop-y,s¿r-
tÍon)" rf 100 heao of raised hogs fed and 68 unÍts of J-year*
crop-rotatlon ls canried out, then the total profit would bo

#11576; on the other hand, Íf lO2 units (ll+ + 68 = IOZ) of the

J'year-crop-r"otation is carried out, the total pr"ofit would be

$r, Bo9.

Plan l: A consideratÍon o-f alternati.ve crop rotation systems

and llvestock enterprises i¡¡ith unLimited capital and

present amor:nt of other resourceso

From plan I to plan l+u capital was assumed to be limlted and

th.e standard simplex soluti.on for linear programming problems was

used" The optÍmum plan for a given situation depends uporl tho

avaÍlable resourc€se the input-output coefficients, and the net
prices employed ln the prograÍuningo

In contrast, capital v¡as assumod to be unlimitod and a modi*

fied simplex method was used in plan l. Thls rnodÍfied method may

be described as continuous programming and allovr¡s that sevoral
plans can be arranged along with the corresponding 1evel of the

scarce resourco (capital).

Sixteon activities vùere jnvolved in plan 5 as listed in table

XXII" These activities v¡ere the satne as those ln plan l+.

The rosource sÍüuatlon is indieated Ín table XXVIfo The

amount of capital needed in this plan was $t2r 125" Land and build-
ing spaco were the most limited resources and wer(J used upo The

amount of :resources left over were sum¡ner labour at \6t hours and

winten labour at 616 hourso
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TABLE XåVr]

RESOURCE STTUATION TT{ PLAN 5

Type of
res ource s Unlt Designation

Amouni of Amount
resource used

Amount left
over

Land

Capital

Summen
labour

trVinter
labour

Br-rÍlding
space

acro

frY

hour

hour

square
feet

1L'

unlimited

1,h8l+

lr 1OO

2 rt6o

1L5

12,325

l ro?,

hetr

2 rL6O

D
'l.7
PrB

Ð
'l-9

'1]

"20

D,2L

-o-

-0-

\tt

6lt

-O-

The summary of the fi:raI program whlch was derived from p]ån

5 is shown in table XXVIII, This result inoÍcates that the sel-ec-

tion of tire diffe::erit combinatlon of enterprises 1¡'üas dependent

upon the amou.nt of available ca.pitalo ff the stuctied ta.rw¡ shoulo

have $5rr8f of capital, the profitable enterprises would be 39

uni'bs of B-year-crop-rctation and 2\ head of covr-cal-ves as pre-

sented Ín section 1 of table ru(VIIIo ff available capital ïuere

$BrOBf , the profitable enterprises v,,ou.ld be JJ u:ni-bs of J-year*
crop-rotatÍon, 2J units of B-year-crop-ys¡rtion n 2I head of cor¡r'-

calves a.nd l.l+6 head oÍ foeder hogs as pr.esented in section 6o

The total income and the marglnal value productÍvity of capital
are indicated in colurnns 12 and 1] respectively in table XXVIIL

The highest total income coinclded vL¡ith the largest enrounil of capital
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used. But, the highest rnarginal value proouctivity of eapÍ.ta1

did not nocessaril;i do soo Column lJ in table XI{VIII indicates
that as the amount of capital increa,sed, the marginal valuo pro-

du-ctivity of capital- first rose; then it fe1I off after a pclnt
F (f igure 5) ï¡as reackrod"

A graphic representa.tion of the data in table locvrrr is
shrown in figure 5o The horizontal axis refers to the amount of
capital from zoro to #tZr1Z.5o while the vortical axis r:ecords the

marginal value productivity of capital, total income and amount

of real activities, respectively, eorresponding to capital levels
of $0, $5,t8r, $?,zB7u $7,5?h, $Bro8r, $Boiz2, $9,88r and $rz,3zr.
Line AAr indicates the capital level at $5 oSBl. whÍch intersects
the total not incorne at, ,$55l¿., the B-year-crop-rotation (f5) at

]! units and cov¿-calves (eg) at 2L. unÍts" Moving on to BBr e it
ghows that total capital leve1 at $?r2.8? wirich intersects the B*

$ear-crop-rota-tion (P5) at J! units, the steor calves (P9) at 27

hoade covü celves (P6) at 19 head and the total net income at

#to\rZ* Tho marginal valuo productlvity of capii;aI was #0,5661rt7"

$im11arly, the same rûeaning applÍes to llnes CCl c DDry EEt, FFr

and GGr " The corresponding level of capital needed vÍas at $?r r7l+,

$Bro8r, SBr Szzu $9rBBr ana $t2 ntzre respectlvely-o

Furthermore, figure 5 can show the successivo steps of the

coníi.nuous solutlon for the studied farm" At flrsts zevo level

of capitaL gave no production and zero amount incotne" I.ffhen tho

capital level was at $5 rl,BL, land became the most limiting resource
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and the B*year-crop-rotation was the most profJ-table enterpriseo
lfúlren the capÍtal level was at #7rZ87u steor calves and covù-calvos

ere the most profitable enterprises a¡rd the building space became

the most limiting resource* II,Jhen capital level was incroased to
#7 rr7Ll-, the cow-calves dropped frorn zL to rB head and steer calves

increased from 2J to 26 heado r¡llhon ca.pital 1evel was at $BrOBI'

the J'year-crop-rctation increased from 18 to 11 vnítsu while th.e

B-year-crop-notatlon decreased to 2J unitso l$'hon the capital levet
was raj-sed from $BrOBf to $B r12Z, the B-year-crop-rotation was

substltutod by the !-year-crop-roteLtion" rn the final programe

capital level was at $fZ ,125, the most p::of ltable enterprises wor.o

feeder hogs at tB| head and the J-year-crop-rotation at 105 unitso

rn short, land and building space in this plan were the most

limitÍng resourcos; the ontorprises of rotatfon systems competed

for land wh1le the llvestock onterprises competed for buÍIdlng

space" Tho optimum combjrration of rosou.rcos was lOl untts of the

1-year-cpop-rotetÍon, 187 ]nead of feeder hogs and #tzo1z5 of ca.pi-

tal in the final progrâmo

(B) fn the ad justed situation,
fn the adjusted sÍtua.tion it is assumed: (f ) that the ov¡norr s

son takes part 1n the farrn business, (z) that the supply level of
rêsources such as capitalu labour hours and building space are

greater Èhan those of the present situation, ano (1) that a father*
son agreement has been arranged and five plans (from plan 6 to
plan 10) for farm business have been designed, The simplex method

of linear programming was appliod fnom plan 6 to plan 9, and a

modified simplex method was used in plar:. 10.
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Pl.en 6z A consideration of hog-enterpri-ses under presont

crop-rotation system adjusted to a father-son ar-
râ_ngement o

In this plan, the rea] activities and their coeffici.ents are

the saroe as those in plan 1 j.n the pnesent sÍtuatÍon. The re*
source situation is shov¿r irr tablo XIDC ín whlch capital is ïi3u76Zu

suminer labour Lr711 hours, winter labour 2r2OO hours, bu.llding

space \r12o square feeto and wheat, oats, and barleyu 1u525, 867

and 1r500 bushelse respectivery, Four hundred and twenty-three

bushels of oats had to be purchasod, Sorue of the other reso',.trcos

are left ov€Fo

Raised hogs ancì feeder hogs are two competitive enterprises

which compete for the use of the most limiting resource, barleyo

If the total quantity of barle¡', lr5OO bushels, is Ín.vested in
feed for the raised hogs, then lBZ (tr5OO/ B,ZO?18?) hea.O of

raised hogs can be produced v¡ith a resultin.g not profit of $hrIB?,

If the sanio quantity of barley is used for the enterprise of feeder

hogs, t]rrøn ZJ'l ftr5oo/ 6"1t979t) heaa can bo pr"oduced v¡ith a re*
sulting net profit of #1r95r" Tho difference between tho profits
of those ür¡o hog enterprises is fiz1z indicatÍng that the profit
of ralsed hogs is groater than that of feeder hogs*

ActivÍties included in the final program are shovnr in tablo

J(xXro It indicates that the optimum use of resources in this
situaüion lvould be to foed 182 head of raised hogs, to sell toL+l\

bushel of whea-t and to buy l+2] busnel of oatso
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Tab1e rcffiII shows the total farm receiptso Gross profit in
final program is $6"f9fu v¿heat cost is #Zet, net i-nconie of hay

and sunflov,¡er are $f69 and $e9O respectively" The total farm

receipts or $5rBBl+ ean be cbtaj-nod by deducting the wheaü cost

and adding the net income of hay and sunfLovrer to tho gross profito

TABLE )T]çJ(

RESOUP.CE STTUATTON IN PLAN 6

Type of
rosources Unit

Amount of Amount
Dosignation resources used

Amount left
oveIS

Capital

Summer
laboun

ïlllnton
labour

Building
space

lllheat

Oats

Barley

$

hour

hour

square
feet

bushel

bushel

bushel

1'762

t,751

2 szOO

\,rzo
I0525

867

lr 5oo

2,91+B

2tB

11.+

B16

gL7

l r29O

1,5oo

Bil+

t,l-95

t,866

l'l+ll+
t,L+1b

^l+zl

-o*

P?

PB

?g

Pro

Plt

?tZ

Ptg
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TABL.{ XXXI

ACTIV]TIES ]ìVCLUDED X'T THE FI]'IAL

PROGRAI,,,{ r_N PL¡.}T 6

Type of activities Unit Quanilty

Raised hogs head 182

$e1llng wheat bushel trl-f!l+

Buyíng oats bushel l+Zl

TABLII XXXT]

TOTAL FARÌVI RECEIPTS ITÙ PLATI 6

Items
EõEãT-ãñu*ñt-õfl----_-TõãT oe r --ÞFõr-lt or
crop sold (bushel-) uniü i{}) cost (S)

Gross proflt in
final program

i$heat

'Jn -i14J

Sunf lorvers

Total net farra
re ce Ípt s

t,L,tl+

6,191

o.5\llrLo -766

t69

290

5 ' 
B8l+

PIan Jt A consideration of feeding cattle enterpri ses

v¡ith present crop-rotation system adjusted to a

f athor- son arrangement o

In plan Jo the types of activities and their coefficients

are identical v,rith plan 2e
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The rosou-rce sÍtiiati.on is indicated in table XXXfffo Besides

72IOOO poutrds of hay, the othor qu.antiüies of eg.ch of tTre avail*
able IÍmiting rosources are the same as those in pJ-an 6o The total
inputs of capital and hay are consurnecl; wheat has not been used

and some of each of the other resources are left unusedo

Three competitive enter:p:rf-ses, cov.r-ealr¡os¡ steen calves, ånd

Z'year o1d sieens compete for the use of the two ¡nost ltmiting
resou.rces, hay and capital" Tho Z-yoar stoer entorprise is a rela--
tively unprofitable activity in comparison with the other actj-vitios
bocause of its Iow net prÍce and its rel_ativery hlgh capita.l_ co-

efficÍent" The co!v-calves and steer calves activitÍes â.re rela-
tively more pnofitable, The net prico of steer calves 1s slightly
srnaller than that of colv-caLves but the coefficients of hay for.

cov,¡-calves is four times as much as that for steer calveso Under

ttrese condiülons the enterprise of steor calves is in a favounable

situation' An optimum cornbinatj.on of resources ln the final þro-
grame therefore, is 19 head of steer calves and zoro units of cow-

calves" This can be expl-ained b;r means of the fo]l_ov*Íng sinrultan-

eoua equati.ons o

9 0522.)+81 c + rs9íz,ooo s = 'ljr76z,ooo

th"99O S = 1176t"oooj\"985 c +

Where 7tr762 is tho most limited resource of hay, lr|6t is the

most llmited resource of capltalu C denotos cow-calvese S ls sÈoen

ealves, 9rJ22"l+81 and 1!t,.)BJ are the coefficients of hay and cap:i-ta1

for cow-calves, I186?.OOO ana tl4.p!O ar€ the coefficients of hay anci

capital for stoer calvese
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The results derfved from the above equatÍons are ¡ tho numbon

of cow-calves is zero and the number of sioer calves j-s 1g heado

All activitÍes Íncluded in the final prograln are indicated
in table XXXIV" I:: addltion to i.lrre 59 head of stee:¡ calves, thene

are Ir525 bushers of r¡¡heat, 217 bushels of oats and J7j bu.shoLs

of barley sold" Th-ls plan ca1ls for" the purchase of Lrr6z pounds

of hayo

The net value of ,9 hoad of steer calvos is equal to $er61o,
The resources which a::o used by the activity of steer carves in-
clude 1u762 units of capital, 821 square feet of bullding spac@e

206 hours of summor labouro 2BB hour"s of v¡i.nter rabour.' 7trr6z
pourrds of hay, 619 aushels of oats and )2J bushols of banleyo

Besldes labour hours and building space, the total value of these

rosources is oqual to {ll+r5l+2, Therofore, plan J yields net proflt
or $2 ,6to from an expenditure oÍ $ILr SLl-2.

Table I(XXV lndlcates the total farm recoiptso The gross

profit ín the final program is þ5r6ït" The total net farm rocoipts
of $l+r82-O can be obtained by deducting the costs of vrheat, oats

and bar"ley and addi-ng the not profit of the sunfLower enterpriseo

Paln B: A conslderatÍon of sol-ecting hog-cattle enterprises
with present crop-rotation systein adjusted to Ð.

fathen-son arrangerrento

This plan is composed of L, activj-ties v¡hich arr¿ identical
wlth those in plan t in the present situatÍon. The coefficients
of hog-enterprises are the same as thoso in plan 1 and the co-

efficients of cattle-enterprisos as bhose 1n plan 2"
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TABLE XXXTTT

RESOIIRCE SITUATTOIV TN PLAN 7

Type of
resource s Unlü

Amount of Amount
Designation resource s usecl

Amount left
over

Capital

Summer
labour

Vf i.nter
labour

Building
space

Iltlhe at

Oats

Barley

Hay

$

hor¡r

hour

square
feet

bushel

bushel

bushel

pound

5,762

I'7rt

2 szOO

l+r7zo

L 1525

876

1, 5oo

72\OOO

1,762

2a6

2BB

82_,

-o-

6tg

925

71u562

-0-

L 0527

I r9I2

5,1+97

I 
'525
217

,75
*I 1762

Pg

Pto

Ð
'11

D
^12

PL5

Prh

Ð'I'
Pr,6
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TABLE XXXIV

ACT'IVITIES TI{CLUDED IJV THE FTidAL

PROGRAI\,1 IN PLAN 7

Typ" of activities Unit Quantity

Steer calves head 19

Selling wheat busheL I,S2S

Selling oats bushel 237

Selling barley bu.shel 575

Buying hay pound 11162

TABLE þO(V

TIÌE TOTAT FARi\{ RECEIPTS n{ PLAN 7

Total amount of Cost per Profit ( +) or
ftems crop sold (bushel) unit ($) cost (-) ($)

Gross profit in
final program

trllheat

Oats

Barley

$unf lolvers

Total net farm
rocelpts

I,r25
2t7

57'

, '6Bt
o"71\,rto -81,
o"15o72, -81

o. hhrtl+' -zj,
290

L, Beo
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Resource sLtuation ln plan B is lnrlieated in table y"XXVfo

The most limiting resources are oats and hry, while some of ea.ch

of the other resources are left ovoro

Ite the light of the results obtained fr.om lÍnear prograüuû1ng,

raised hogsr feoder hogs¡ cow-calvss and steer calves enter the

sectl-ons of the program and compete for uso of the most limiting
resources of oats and hayo Hay 1s necessary for cattle but not

for hogso Hence, raised hogs and feeden hogs compete for uso of
oats, rvhile the enterprises of covr¡-calves and steer calves co,rpeto

for uso of hay, Activitios j"ncluded in final progr"am in thls plan

are shot¡'n in table XXXVIII fudÍcating that the optlmum condltion

of resource combinatfon includes B head of cov¿-calves ano L69

head of feodon hogs" Thls can be oxpressed in terms of simultan-

eous equatÍ-ons o

9 u522.J22 Q + O F = T2TOOO,OOO

l8.fr?ecn l+"51rP= BT6. ooo

lffhere C denotes cow-calves, F is feeder hogs 3 90122,1+Bt is the

coefficient of hay and l-,9"l+72 is the coefficient of oats for cow*

calves; l+"r15 is ttre coefficient of oats for feoder hogso

Fl-an 9t A considoration of alternative crop-rotation systems

and livestoek enterprises with linited capÍta1 ad-

justed to a father-son arrangemento

fn this plan there are 18 activities as listed in table zJQTIXç

The i-nput-output coefficients of these activitÍes are identical

with those of tables TX, XIV and XfX.
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TABLE ÐffiVI

F.ESOURCE STTT]ATIOI{ ITT PLAI{ B

Type of A¡nount of Amo¿nt Amount leftresourco Unit Dosignation resource used over

CapÍtal . Prh 5 u762 3 o5or 26L

Summer
labour hour Pf 5 lu|rl tB? Lr5\6

Winter
labour hour Pt6 ZeZOO jj} I,BTO

Bullding square
space f eet Pf ? l+olZO 9 j6 t,|Bl+
üihe at bu shol Pf g I o5Z5 7g 1, hl+6

Oats bushel Pf9 876 8T6 -c-
Barley bushel PZO lrSOO LrZrI 269

Hay pound PZt 72,OOO TZTOOO -0*

ftems

TABLE XXKVTI

TIü TOTAL FAR},1 RtrCEIPTS IT{ PLAN B

The amouLrt-õF--.--õosT per-Eo-FÍT-CÐ;F
cr3op sold (bushel ) unit ($) cost (- ) ($)

Gr.oss profit 1n
final progra,m

rlJheat

Rarley

Sunf l-oilers

Total- net farm
re ce ipts

1, l'! ¿;

269

6 otrt
o " 

jJ):JIo ^772

O"f'¡ T\, -119

290

,,5ro
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TABLE XXXVT]I

ACTIVITTES n{CLIIDED TN TI]E FTI{AL

PROGRA}{ IN PLA}Í B

Type of actlvities Unit Quantf-ty

C ov¡- calve s

Feeder hogs

Selling wheat

S.elling barley

head

head

bushel

bushel

B

t6g

1, LI+6

269

The resou.rce situa.tion is sbiovrn in table XLo The rqosü

limitÍng resources are l-and and the intermediate product, barley"

Five enterprises of crop-rotation compete for land wbrile fÍvo
enterprises of livestock compete for barley"

Activities in the final progra-H in pla-n 9 are shown in table

XT-,I inil.icating that there are 92 head of raisod hogs and 6J units

of !-year-crop*¡e¡"tlon includ.ing lt26O busheLs of wheate IeOOB

bushels of oats, 716 bushels of barloy, JLç.?O) pounds of sunflower

and þ60 bushels of flax. Barley is all used but some of each of

the other intermedj-ate products are left over; these situatlons

are sho'¡¡rr in tabLe Xlïf"
The total far.m receipts: In the f inal progrâni, the total-

gross farm receipts are $grOfZo If the costs of wheate oats,

sunflolveru and flax are deducted from the total farm roceÍptsu

the total net far"m recoÍpts are $?rOl+, as shov,nr. in tabLe XLIrI"
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TABLE XT,XTX

REAL ACTIVITIES TT'T PLAIT 9

Types of activities UnÍt Designat ion

J-yaar-ro ta tion
l+-y"u"-rotation

þ-year-rotation
6-.year-rotat ion

B-year-rotat ion

Raised hogs

Feeder hogs

Covu-calve s

Steer ca-l- ve s

Z-year-s te ers

Se111ng wheat

Selling oats

Selling barley

Selling hay

$e11Íng sunflowens

Selling flax
Buying oats

Buying hay

nurnber

number"

number

number

numben

he ad

head

hoad

he ad

Ìrea.d

bushel

bushel

bushel

pound

pound

busliel

bushel

pound

Ð
'l
D
'2
P-)
PL

,5

P¡o

P7

Fg

Pg

Pto

Ð
"11
Ptz
Drl Ã

Prl+

Ð
'l.5
Pr.6

PL7

PrB
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TABLE XL

RESO.IIRC]T SITUATIOT] TN PI,A.}I 9

Type of Amounü of Amount Amount left
resource lhrit Ðesignation resources used over

Lanc acre Pfg 5t, ltj -O*

Capiral $"b pzo 6ulzo 6,too zzo

Sumrner
labour hour 

"Zt 
21968 91O ZrOlB

lllinter
labour: hour PZZ Z,ZOO 168 Z rorz
Buildi-ng square
spaee fseù PZj l+r12o L-27 1,895

TABLE XLI

ACTIVIT]ES II\TCLUDED T}i ThE FIIVAL

PROGRAIU TN PLAN 9

fypus of activitÍes l,'nit Quantity

5-year-rotatlon
Raísed hogs

Selling wheat

Sel ling oats

ot

92

bustr.e I 11 211+

bushel

number

he ad

1r7

$elIing sunflorvers pound tl+r?O9

$e11ing fle.x bushol 56o
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TABLE )GTI

IITTERiVÍEDIATE PRODUCTS llr PLAw g

Typos of
i-nter.mediate
products Unit

Arnount
produced

Amount
used

Amount left
over

Wheat

0ats

Barley

Sunf 1ov¡ers

Flax

bushel

bushel

bushel

pound

bushel

t 1260

1, OOB

756

5l:rZO9

56o

I+6

6jt
716

-O*

*O*

t,?.tl+

557

*O*

5l+,2o9

,6o

TABLE }T,III

TI1E TOTAL FARI\I RECEIPTS T}I PLAN 9

Itoms
Quantity
unit

Total amount
of crop sold

Co st
unit

Proflt
cost (*)

per
1$l

,or
($)

Gross profit

ltÏheat

Oats

Sunflower

Flax

Total net
farm receipts

bushel

bushel

pound

brishol

]-TZI.LI

t7
1l+,2o9

56r

o"rtl+r\6

o"rro721

0" 022000

o 
" 820000

9 ,oI2

-6t\
-L22

*7r1

-\6o

7,o\1
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Plan lOe A consideration of alternati.ve crop*l,etation

systems and llvestock enterpri.ses with unlÍmited
capita.l ad justed to a father-son arrangeríerrt,

h this plan th.ere are 19 activlties, besides buying barley,
the other activiti-es are icientical v¡Íth those of table XXXIX in
plan p" The input-ouüput coefficients of those activÍties are

ldentical vuith those of tables LX, XfV and XfX"

The resource situation is shovuzr 1n tabte XLIV. The amou.nt

of capital needed in this plan 1s $e8r7B9" Land and buirdlng
spaco are the most limiting resources which are fr;I1y used" The

amount of resources left over are sunrmer labour at 11009 hours

and wintor labour aE 607 hourso

A summar;r of the prograrris wkrlch are derived from plan 10 ls
shown in table XLV" Tho result indÍcates that the seloctÍon of
differont combinatlons of eni;erprises is dependent upon the amount

of available capital, The maxim-rm output which can be found i.n

the final program are l+-y*ar-crop-rotation at 78"7, uniis, raised

hogs l¡00 head and steer*eow IIB heado Maxlmum output cannot re-
present maximum proflto An optÍ-mum comblnation of rosources

deponds on tho marginal value productivÍty of capÍtal and the

marginal cost functlon"

Figure 6 is a gnaphic representation of table XLfIfo Tho

optimum combinatlon of entorprises is indlcated for various leve1s

of capi-tal input by tho lÍnes AAî ¡ BBt p CCt g DDt p EErs FFr ¡ and

GGlo ff the studfed farm has ,$5uOZ1 of capÍtaI, the line AA¡

indicates that 19"175 units of B-y"àr-cr'op*rotation and 2J head
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TABLE XL]V

RESOT]IICE SITUATTO}T n{ PLAI{ IO

Type of
re sour ce s Unit DesÍ.gnation

Amount of Amount
resources used

Amount left
ovel3

Land

Capital

Summon
laboun

llVinter
labour

Buí1dÍng
spaco

acre
&,i?

hour

hour

squaS'o
foe t

1L5

unlimltod

2 
'968

2 ezOO

\,tzo

1I'
28,7Bg

!,959

r,591

LyoJZo

-0-

-0-

1,009

607

-c*

?zo

'ìf
'2]-

?zz

P21

Pelr

of corl/-ca.lves are to be consldered as the nost profiiable enter-
prisesn If capital level is at . 61886, the line of BBe indicates

tha.t 19,175 units of $-;'s¿r-crop-potaiion u 19 head oÍ cor'¿-ca.l-ves

an.d 2I head of steer calves are to be cons:i.dered as the most profit-
abl,e enterprises" SimilarJ-y, tire lines CCr e DÐl ¡ EEt u FFI ¡ and GGr

corr€spond to the capital lovels of $? rZ5To #7r6t5, Ste rlgg, $f8r0lù
$ZBr7B9 respectiveiyu The optirnum combination of enterprises

be found at the intensections of each line"
and

cs.n
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(C) Comparlscn of the ten alternative plans in the studi-ed

f arrno

Tho optimum economic efficiency for each of the ten alter¡ra-
tíve plâns for ti:,¡ studLed farm Ís sunmarj,zed in table XLVI" The

advantages and disadvantages of these ton alternative pi-ans dis*
cu-ssed in the following section are baseo orÌ the nurnerical fÍgure
of total prolîíto

rn plan 1 and plan 1u the most profitabre enterprise was

raised hogso CapÍ.tal needed was $trBBt" Tho resources 1eft over

ïuero bulld1ng space at Ir572 square feet, summer 1abour at 81

houns and winter Ia'bour at 866 hourso The total profit was #ZngOZ

and mar-ginal value pr.oductivity of capital was $1"5h" ff j% ot
interost rate fs regarded as marginal cost, then plan 1 was far
from the optimum condltion and more capital should be invosted
becauso the marginal value productivity of capital was greater.

than the prÍ-ce of capital"

In plan 2u the most profÍtable enterprises wer"e stoer calves

and cov,r-calvoso The capital needed was the same as that in ptan

le but the quantities of resources left over $rero greator and the

marginal valuo productivity of capital and the total profit ïuer@

sma]lor 5-n comparison to plan 1* Ttrese results j-ndicate that the

oconomic efficiency of plan 2 was Ior,'¿er than that of plan 1o

_tIn plan l-¡, the most ,orofitable enterprise vùas tire J-year-
crop-rotatlon" Capital needed was $l¡rL¡59u total profit $5rBO!

and marginal value productivity of capital $o"85Bo?9. There rÃrere

no livestock enterprises, The quantiiies of resources left over
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v¿ere groater than those in plan 1.

I:: plan J, capital neoded vras $b12r125" The most profiüable

enterprises q/ore feeder hogs anc the 1-year-crop-rotatlono The

total avaÍIable quantities of land and bullding space v/ere used

LtP. The iole resource of wintor labour was 676 hours vuhich was

the smallest amount left over as cornpared to other plans mentioned

abovr¡" The marginal value productivity of eapital was $0"505076

and the total profit !üas #7u56t" That Ís, tho economic effÍclency
in plan I was greater than thoso of other plans 1n the present

situation in terrns of lts total prof:'-t,

In plan 6u the most profitablo eirterprÍse rvas raised hogso

Capital needed was ü11678o Oats and barley nrere tho most lim1t-
írg resoürcosc The total profit and the marginal value productfvity

of capital $iere $6rf8f and $f"68 respectivelyo The resources

left over are surnmer labour at 1ol+95 hours, wintor labour at 11866

hours and building spaco at Irb,ll+ square feeto

trr plan 7, the n'rost profitable entenprise was steer calveso

Capital and hay i,vere the most limiting roßources and vyene complotoly

usodo Marglnal value productivity of capital was $1,51. Ths

quantities of resources left over were greater than those in plan

6,

trr plan B, the most profitable onterprÍsos rvere cow-calves

and foeder hogso CapÍtal noeded v¡âs $rr5Ol. Oats arrd hay were

the most limiting re,sou.rces@ The quantitles of resources left
orrer and the margfnal value producti-vity of capital were quite close

to those in plan 6,
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fn plan !, the most profÍtable enterprisos i¡iore raised hogs

and l-year-crop*rotation" Capital needed u¡as $6r1OO. The most

limiting resources were land and barleyo The total proflt was

#7rol+t and marginal value productivity of capi-ta1 was $1.15. The

labourrosources left overrñ,Þrg sunmer 1abour aþ Zuojï houns, winter
at 2,OJZ hoars and buÍlding space at 51891 square feet"

I:: plan 10, tho most profitable enterprÍses r,,uere steon calves,

naised hogs and the [-year-cr.op-r,6trttlon. Capital needed was

$ZBr7B9" Tho total quantities of 1and, oats, barley and buildÍng
spaoe were used up. Slx hundred and nine hours of rrylnter labour

left ovez'wå.s the small-est amount as compared with oiher planso

Marginal value productivi-ty of capital rras $0,28 and total pr"ofit

was {þtOrBlOn That Ís üo såy, plen 10 1s ùhe most profitable plan

in the adjusted situatÍon in terms of lts total profit"



P
la

ns

T
A

B
LE

 X
LV

T

S
U

I\4
IV

IA
R

Y
 O

F
 T

ilE
 R

E
S

U
LT

S
 O

F
 T

H
E

 T
E

N
 A

LT
IT

R
IIA

ÏI\
IE

 P
LA

N
S

{Ê
1

C
ap

i.t
al

no
ed

ed
.

'rí
è '^
't l+

1Í
m

iti
ng

({
þ)

 
re

so
ur

ce

1,
 B

B
l

1r
B

B
l

1,
88

1

Lt
,\i

9

C
ap

ita
l

C
ap

lta
l

an
d 

ha
y

C
ap

ita
l

C
ap

ita
l

La
nd

 a
nd

bu
f.l

d 
ln

g
sp

ac
e

O
at

s 
an

d
ba

rle
y

?i
o

-)
f 
In

to
rm

ed
i-a

te
 p

ro
du

ct
s 

ar
e 

ba
so

d 
on

 in
ve

nt
or

y"

!2
 1

12
5

1,
67

8

P
r.

of
 lt

ab
le

en
te

rp
rls

es

R
af

se
d 

ho
gs

S
te

er
 c

al
ve

su
co

$r
- 
ca

lv
e 

s

R
aj

-s
ed

 h
og

s

J-
ye

ar
-c

i?
op

-
ro

ta
tio

n

J-
ye

ar
- 

cr
op

-
ro

ta
-t

io
n 

an
.d

fe
ed

er
 h

og
s

R
ai

se
d 

ho
gs

La
nd

 le
ft

ov
or

 (
ac

re
 )

-o
-

-o
*

-c
-

B

S
um

m
er

 l 
ab

ou
r

le
f 

t 
ov

or
 (

tr
ou

r 
)

B
1

Lz
Lr B
1

78
1

-o
*

*o
-

tlg
r

r,
 h

95

( 
co

nt
 j:

:u
ed

 )

of N
)

!D



T
A

B
LI

I 
X

LV
f 
* 

co
nt

ln
u_

ed

P
la

ns ìlr
tl

C
ap

lta
l

r,
"ä

ou
o 

({
1;

 )

.^
-C

)

5n
76

2

1'
5o

t

1i
-m

ltl
ng

re
 s

 o
ur

 c
e

10

C
ap

ita
-l

an
d 

ha
J

O
at

s 
an

d
ha

y

La
nd

 a
nd

ba
rle

y

La
nd

o 
oa

ts
,

ba
rle

y 
an

d
bu

ild
in

g
sp

ac
e

6n
lo

o

It 
fn

to
rm

od
ia

te
 p

r 
od

uc
ts

 a
re

 b
as

ed
 o

n 
ln

ve
nt

on
y"

28
,7

B
g

P
ro

fit
ab

le
en

te
rp

ri-
 s

e 
s

S
te

er
 c

al
ve

s

C
ow

-c
al

ve
s 

an
d

fe
ed

er
 h

og
s

l-¡
"e

ar
-c

ro
p-

ro
ta

tio
n 

an
d

na
is

ed
 h

og
s

! 
-y

""
r-

 c
l¡o

p-
no

ta
tL

on
, 

st
ee

r
ca

lr¡
es

 a
nd

 r
al

so
d

ho
gs

La
.n

d 
le

ft
ov

or
 ( 

ac
re

 )

*O
-

-o
*

S
um

m
eL

: 
la

bc
ur

le
ft 

ov
er

 (
ho

rlr
)

-o
-

I 
'r2

7

L 
u5

lY
6

-O
- 

lrO
O

9

2 
eO

jB

( 
co

nt
fn

ue
d 

)

oo lu (t



T
A

B
LE

 )
C

LV
ï 
* 

co
nt

in
ue

d

P
la

ns i,'
1

)T
2

èr
, l+ ,

'*
6

"1
7

eá
B o

10

C
ap

ita
l

rr
uä

¿
uo

 (
{Þ

)

1,
 B

B
l

I, 
B

B
l

1,
 B

B
l

\,\
19

12
 rr

2,
3,

67
8

1,
76

2

1'
5o

L

6,
 to

o

28
,7

B
g

lM
ln

te
n 

la
bo

ur
le

ft 
ov

er
 (

ho
ur

 )

86
6

B
B

9

86
6

I 
'o

99 67
6

L,
86

6

r 
e9

L2

Ir
B

T
o

2 
ro

12 60
9

i+
 In

te
rm

ed
la

te
 p

ro
du

ct
s 

ar
e 

ba
se

d 
on

 in
ve

nt
o:

:y
o

B
ui

ld
in

g 
sp

ac
e

le
ft 

ov
er

(s
qu

ar
e 

fe
et

)

t u
57

2

lrl
É

?
L 

'5
72

2,
l,6

0

-0
-

1,
1+

71
+

1,
1+

97

1,
78

1+

,,8
95

*O
*

T
ot

al
pn

of
lt 

($
)

2 
19

oz

ru
6l

+
o

2 
r9

oz

1,
8o

9

7 
,5

6L

6 
u:

-g
t

5,
6B

j

6,
:-

5:

7 
'o

\1
lO

eB
lO

M
ar

gi
na

l 
va

l-u
e

pr
od

uc
tiv

ity
 

of
ca

pi
ta

l 
($

Þ
)

L.
5L

r2
79

6

0"
87

18
76

r.
rlÊ

7g
6

o.
 B

5B
0?

6

o"
10

50
76

r 
"6

B
J2

r2
L,

11
06

52

a.
71

69
27

1.
15

1r
-5

90

o"
 2

B
12

hB

æ N
) o



CTTAPTER VIT

SUI¡II,IARY AND C ONCLUSfON

Thls study is based on survey data coll-ected from l9j7 to
L9r9 from the studied far:mo

The analysis of this study substantlates the h¡rpothesis tirat
the optimum farm-p1an will- dÍffer for dÍfferent pattenns of enter-
prlses and for different lovels of the supply of resouFg€so fts
objectj-vo is to select a best plan tn ordeir to maximize pnofit
and to minimlze costo

I.t'r thls study two situations are conslderedr tho first one

is the present sftuation (plan 1 to plan ,) where it is ass;med

that the owner of the studied fal'm continued to operate his fanm

buslnoss; while tho other Ís the adjusted srituation (pran 6 to

plan 10) whero it is assumed that the ovr¡nerrs son will take pant

in the farm busiJresso

with the oxception of plan ! and plan 10, calculatod by means

of the continuous form of Ii-near programraing mothod, tho otire::

eight prans v¿ere computed by applying the simprex llnear program-

ming method' The rosults of this analysis and suggestions aro

stated as follows r

1o Plan 5 is the most profitable plan 1n the present situa*
tion, while pla:l 10 is the most profitable plan ln adjusted sÍtu.a-

ti-on o
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2* ff the owner of this studled farm contÍnued to operate

his farm ì:usinessu 1t Ls suggestodt (f ) tiirt plan ! should be

adopted, (Z-) that capital of #lZrjZj should be applied u (j) tfrat
10! units of the h-year-erop-rotatlon should be carried out, and

(Ll) that 58? heao of fesder hogs shourd bo fedo The toial output
producod and the profit gained are estimated in plan 5 as shown

ln table KLVII. There are no cattleu Three hundred and fifteen
ac:i"es of Iand, 1e68o bushels of oats and 2el6o square feet of
building space are used upo Barley is bought to the extont of

l1\. busirels and 11918 bushels of vuheat are soldn The resources

]eft over are sulllmer labour at l+61 hours and winter. Iabour at 676

hours. Total profit Ís #7,562 and ruarginal value productlvity of
capÍ-ta1 is $0"51t"

5" If the oïmerrs son takes part in the far:m business, it
ls suggestodr (1) that plan 10 should be a.dopted u (z) tnat $e8r?89

of capital should be applied, (5) tfrat 78"7, units of the l¡-yean-

crop-rotation should be carr j-ed out, and (ll ) lIB head of stoen

calves and hOO treaO of raised hogs should be fedo lhe total out-
put produced and the profit gained are estlmated Ín plan 10 as

shown Ín table XLVrr" Le:rdu hay and buildlng spâce are used upo

Oats bought, barley bought and wheat sold are \rLrZ, 5oZjZ and

1u575 bushels respectively, The resources left over are surum€r

laboun at l-rOO9 hours and winter labour" at 6C7 hourso Total profit
1s $fOrBOf and marginal valuo productivity of capital is di;O"28"

L. If plan 10 1s carri-ed out, the foLlowing points are stressed;
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âo Land should be lncreased to the poínt v¡hero surûmer

labour wj-11 be used upo

bo Any profitable suppleruentary enterprise shourd be

carried out and extended until i,he winter labour will
be used upo

5" If land cannot be exiended, Ít is suggested that the owner

of this studied farm should adopt plan 5o bocause the total profÍt
of each share in plan 1O ls $5rl+0, (ttre total pr"ofit of $tOrSOt

is divÍdod between father and son) which is less than that of iþTuj6Z

in plan 5 (see table XLVI]).
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