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ïhere were two major objectives in this s"Ludy. Sev-

eral- production functions brere analyzed to determine which

function provided the best estimate of the ferbiLízer-yietd

response rel-ationship, A linear programrning analysis based

on an existing farm in central- Maniboba vJas employed to

investigate the ability of fertilizer to compete witlr other

nrndrrr:ti nn i nnu'Ls f or initial nnr¡rati nn naoital and total-

nnel-¡tinn r:an'i-taf in the farm business"

The data for the production function analysis were

obr;ainecl from experiments conducted at tlre ',rriabornrden Substation

for the years 1956 to 1958 inclusive. The Ig56 data \,{ere

previously analyzed by Gilson and Bjarrrarson" The L957

and l95B cì ata ì¡,ere analyzed ín this study. The purpose \^ras

-l.n nrnr¡ide \/erification or :¡ c'ienJ:inn nf l-he conclusions of

the Gil-son ancì Bjarnarson study, An existing farm operation

was used on rnihich to base tlre l-inear programming analysis.

Thc sinnifir-ent finrì ìnnq nf the above invesJ:inatinn"*v"



were as f ol-l-ows.

1" The quadratic function with squared terms plovides

tlre best estimate of the fertilízer-yield response relation-

ship " Gi-l-son and B j arnarson al-so sef ected tl¡e quadlatic

function as the besi estimating equation"

Z o Fertil- ízer is highly coìrpetitive f or limited ini-bial

capital and to'Lal capital v¿ith other production increasing

inputs in the -Farm business " 'uJith original yields decreases

in leve-l- of fertil,izer use occured only when total- capitaJ-

was very lirniting, Level-s of f ertil-izer use wele not

significantJ-y affected by slecreases in initíaI capital or

increases in fertil,izer cost" A reduction in yields decreased

the marginaf procìuctivity of fert íILzer in plograms computed

with limited total- caPital"
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CHAPTTR I

TNTRÜDUTTION

Agricul-ture in canada is presentJ-y in a critical- phase

of its development, Historically, industry has progressed

from the stage in which primitive methods \^/eIe us'ed to produce

a I imited output to the present stage where skil-1ed technicaf

and administrative abilities aIe employed to produce an output

restricted only by the inherent conditions of maximum profit"

Agriculture has passed the primitive subsistence stage and is

now developing into a highly commercial, competitive business'

It has as yet not reached a stage of development comparabl-e

to that of other industriesu In the past, most attention has

been given to the physical and technical- aspects of production"

In the future, moIP attention must be centred on the economícs

of production. In ordeilFor the farm operator to compete, the

various facets of production must be in bafance"

The success or failure of many farmers as they enter

this commercial phase of agricultural- production wil-I depend

on their abil:-ty to adapt to change. Many wil-I remain stag-

nant because they lack the knowledge, financial resÛuIces, oI

managerial ability to accept new ideas and adapt t¡ technolo-

gical changes, Ûthers wil-1 progress because they Possess these

qua.l-ities. The successf ul- f armer must have knowledge of the



ecDnomic as ì^/eli- as physical aspects of production.

0ne o'l'-Lhe most important factors de'bermining the

extent of progr'ess is the use of r'esoulces in the production

of 'Farm productso 0ne potentially importani IesouICe is

commerciaf fertilizer. Tlre purpose of this thesis is to

investigate severaf of the econonric aspects of 'l'ert i-li- zer as

a production input in Flanitoba.

!Íith the díversified agriculture in canada one coul-d

assume there wou.l-cì be significant variations in the Ll se of

fertilizer among different Iegions. Vdestern Canada, excl-uding

British Columbiau contains over. two-thirds o-F the cropland

in fanada" The production of grain is dominant with smal-ler

areas of livestock and general mixed farming. h/ith the

emphasis on grain production, and few livestock to provide

manure for fertilization, one would expect commercial- fertilizer

to be a prominent item in the prairie farners t operating

expense account" l-l owever, such is not the case" Preliminary

investigations have shown that Manitoba farmers aIe consist-
l

ently appJ-ying f ertil- ízer at f ess tlran the recommended rates. -

Farming is ex-bensive rather than intensive. Many r'easons

have been advanced to explain wlry farmers do not use mole

lJ"C" Gilson, M,H. Yeh, and G. A. Matheson" rlfconomic

fonsiderations lnvolved in Fertil-izer usert (unpublished pI.ogI.ess

report u Department of Agricultural Economics and Farm iuìanage-

ment, úniversity of Flanitoba, l-961- ) '
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fertilizer, It is possibfe that variabiJ-ity in yields and

weather, summer fall-owing practices, marketing quotas, cash

income, and many other factors have a definite infl-uence on

ilre f armersr decision vlhether or not to use f er-bil-izer"

In 196ü Manitoba farmers were operatíng approximately

el-even per cent of the tota-l- improvecl land in Canada.2 Their

expenditu¡e on fertil-izer was only three pEr cent of the
?

national- total- of 72.5 mif f ion doll-ars. '¡/itlrin the Province

of Manitoba the use of f ertil- izer gradualj-y increasecì to a

maximum expencìiture of iÞ3r3Tl ,DDD in l-953.4 The expenditure

droppecl slrarply in 1954 and 1955, remainecì f airJ-y constant

to 1958, and showed a strong upward rise in L959 to slightJ-y
E

over 2 mi-l-.J-ion dol-1ars.' Indications are that f armers may be

start'i nn ã nev' ''^' '--'-r -r--.^^r in the use of f ertil-ízet"Ðuq¿u¿rr5 o rruv'J UPWdIU UIEIIU

Many f armers in f'4ani-boba are using f ertiJ- izer at the

present time, However, to use fertilizer is not enough.

Some attempt must be made to determine the levels o'F applica-

tion which wil-Ì provide the maximum return for the investment

made in fertil-izer. The purpose of this thesis is to

investigate some of the considerations involved in the profit-

'Tot.-l- improved Iand incl-udes f ie I d, garden e nursery
and orchard cropland; summerf al--l-ow; pasture; and any other
improved f and u

2'Dominion Bureau of Statistics, Qqaf!efly Bul.l-eJin of
^--.i -,,1+"--'l 5tatistics. 0ttawa, Canada. January-Þiarchu L967,nHl'gi*Y: e+
Page l-1.

A-Ibid, January-March 1954" Page 12"

5'Ibid" January-March 196I" Page 17 
"



able application of fertilízer to cropland in lvìanitoba,

0b,j ectives

There is no one primary objective in this ihesis.

Rather, several objectives of equal irnportance will- be

considered.

The first objective is the eval-uation of several- prod-

uction functions as methods of predicting fertil-izer-yield

re'i a*i nnshì ns rtnrì cr ârrri nttl tural conditions existing inlE¿oururrr - "Y

Manitaba. The types of equa-bions to be inc.l-uded in the

evaluation are the polynomia.l- quadratic u the squale Ioot

quadratic, and the exponentiaf oI Dobb-Douglas equations. Ïhe

data used in the determination of the best prediction equation

is also empJ-oyed in investigating several other aspects of

economic fertil-izer application. The determination of the

most profitable combinations of nitrogen and phosphorus;

the feast cost combination of nitrogen and phosphorus; and the

marginal rate of substitution between nitrogen and phosphorus

wil-l_ be pursued" Emphasis is placed on the methodol-ogical

procedure and the determination of the best prediction

equation.

Asecondobjectiveofthisstudyisaninvestigation

of the ability of fertil-izer to compete with other productian

inputs for the availabl-e operating capital in the farm
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business " Several- situations will- be considered in order to

determine the effect of varying leveJ-s of yieJ-d and avaifabl-e

capital- on the use of fertilizer" The price of fertilizer

wil-t be varied to deiermine the effect on the use of fertilizer,

and other farm enterprises" Linea¡ plogramming, a refativeÌy

---h *o¡hni -rro i q pmnl nrred f nr +}.--IìeW ItrljgdIU¡l l,EUllllIUUÇ9 JÐ çlllP¿uyEu t uI ul¡EÐÇ HUIIJUJçùo

Çnnne

The data for the empirical analysis of the fertilizer-

v'i el rl rel ati nr-L'i ^ -l--+-i nerì f rnm cxneriments conducted
-,1ÞllJP dJË UU UdrllEu | !ultl

at the idabowden Substation, \,labowden, Manitoba, during the

vears 1956 to 1958 incl-usive." In the experiment, varying

l-evefs of nitrogen anci phosphorus hlere applied to plots of

ParkÌand barley. The Iesufts provide adequate data for plotting

a complete production surfacee

The case study method is used with l-inear programming

to investigate the economic considerations in fertil-izer use,

A farm located on ûsborne clay soil in Central Manitoba

was chosen as a base for the l-inear programming analysÍs"

llqhnrne nlay .i- - l-o-rrrr olarl r^rith imncrfe-* rl¡='in-ne TheJÞ d llEovJ uJoJ vvrurr ¿¡¡¡HU ruveo

cooperator on whose farm the study is based is a membel of

i;he Carman District Farm Business Association. As far as was

'The vlabowden Experimental- 5ubstation, Canada Depart-
ment of Aoricrr I trrre- i s I ncated in a 4 mill-ion acre clay¡llu¡¡u ,rYrreq¿

bel-t of potentially arable -l-and, aPFroximately 4Ü0 miles north
of f,rlinnipeg.



practicabl-e the Levef of resources was not changed from that

avai.lab-l-e on the f arm. The l-evel-s of capital- available,

r¡i el rl s and the nri r:e nf f ert íIízer were varied in accordance

rnril-.h tlrp ìnnu'irr¡ ìn*n ilre nnmoef.itive abir jr" ^F .tr^-+i Lizer,*..r**aJ JIl tJu tJllÚ uu','r ---J¿ uy u l I E! urJ

Ihanter 2 nrnrri rles a brief theoretica] and historicalÚ¡|u|lJÚ91.H!

ì..-^1.---,'-¡ f-Þ J:he analys'is nf the nrnflrrr:tion fUnCtiOnS. AudL-l\9IUUllu I ur ul¡E qlloryùJÐ u I urrE H!uuuu

non-mathematical- exposition of l-inear programming is also

presented to provide a basic understanding of this research

technique.

Chapter 3 will- present the resufts of the production

F.,^-ri^^ -^-1,T UnDtaon anarysl-s "

Chapter 4 wil--l- present the resul-ts of the l-inear

programming analysis.

In Chapter 5u consideration nil-1 be given to

conclusions and recornmendations f or -luture study '



CHAPTER J I

I-i]STORITAL AND'II-ìEORETICi\L BACi(GRÜUND

PAIìT T - Ti.ìE PRÛt]UCTII]N FUNCTIÜN5

Hislorical- Review

The theory of production functions is a relatively

hÞr^, ennnen1L in -l-he r-nmnrehFÌ-^-i,,^ -l-i-^.i-l ine nf nCneffalttEW uurruEPU rrl ullE LUll¡PrEllÇllÐrvE u!Ðu¿PJallE u¡

economic theory" The significant contributions have al--l-

been made since l-900 " However e sevelal concepts wlrich are

'imnnriani ''in nreqenf rlav ana-l trses nf 'r'eSottr.r'r?-nrndrlr:J:¿l¡tPU! uo¡r v rtr P!Eð-¡¡ I LraJ qr¡q¿Jrur

relationslrips h,ere advanced before any serious consideration

hras given to the actuaf application of such relationships to

^-*; ^.,1-L,,--dgJ Jt-UJ t¡UIE o

The concept of diminishing returns, so important in

the theory of production, is credited to Thomas Robert Mai-thus.

He applied the principle to population expansion and the

rel-aiive contlaction of the food supply. He hypothesized that

the worl-d population \^/oul-d increase at a geometric rate while

the suppJ-y of food avail-abte increased at an arithmetic rate,

Malthus extencled his theories in an article published

anonymously in 1798.1

The Lav; of Diminishing Returns is def ined as ¡ rrthe

-Thomas Robert Mal-thus. An Eseay- on the
Population As I! Afþq-t-q the Fu.ture -t*l-lS-"".[E-!-f

P-ì --i nl e nfe¿Hle v '

nf Çnni a]-rr
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addítj-on of a valiable input to fixed inputs resul-ts first in

total- returns which increase at an increasing rate, second in

total- Ietulns which increase at a decreasing rate' and third

in total_ returns which decrease with increases in the
2

.,----hr^ ïSlt"-v clJ- f duJE ¿r rPu I

The principl-e of the Law of Diminishing Returns \^/as

ñilcstinnerl bv Justus von Liebig"' As an alternative he
que! v+\J,,ve 

-J

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

growth is determined by any essential- nutI,íent r,vhich is

present at a.l-imited fevel. llhen maximum growth is reached,

as dictated by the critical factor, further increases in

growth aïe impossible unless the input of the critical factor

is increased " v,lhile von Liebig did not present any algebraic

equations to represent his concept of the crop production

function, he implied constant marginal returns. Several

l_ater scientists incfuding Bondorff, Plessing, and Boresch

have advanced various algebraic inierpretations of Liebigs I

A

Law of the Minimum"-

Mitscherlich ancl Spillman, working independently'

2Lur"=n." A. Bradford and Glenn L.
(New York: John !vileY

Johnson, Farm
and 5ons, Inc " ,N'iana qemen-b Anaf .vs is

1953 ) o Page 1l-3 '
rJustus von Liebig, Jh" NaL!4e1

(London ¡ \dalton and ivlaberryl-T8ãff__
Laws of llusbandry,

4Eu"1 Ü. HeadY and John L' Dillon'
Production Functions (Ames, Ioura: The Iowa
_--_:-=;" -i---æ
Press, L96L) Page 10.

Aqricul-tural
State UniversitY
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derrcl nncarì s'i mi I ar cxnnnpnt'i ãl r¡ì cl d eñrrations. f'1 itscherl-ichuuv uruPUu rrr¡¡¿+u!

is general-l-y credited \^rith being the first person to attempt

definition of the atqebraic natule of the fe¡t ilízer-yield

fôcn-nqÞ rel af; ^-^l-.i ^ l-l- dcrtel nned en p-"-r': ^^ -'F rl-'o
Levp .;J-UIl5ll-LPo llC LIEVÉIUHEU otr uL-ludUaurl ur UrrÇ

logaritlrrníc form, log A - Ìog (A-y) = CX, where A is the

maximum yield obtainable by the addition of the input X; and

l- i e a n¡.nnnrJ-ì ---l 'i *rr ^¡¡¡J-^^-È' ¡-f i -ì -^ the ¡. a'be at WhiChs F¿.'r-- eJulld-L-LLy uLJllÞLd¡lu uEr r¡lr¡19

*--^; --'r "i ' ì 'ls decrease " The constant C is def ined f or a-l-Illlci¿grrrd¿ yJE¿L

-rnna ãq heinn rl errnirì nf inflrrFnr-F hrl the ttlne nf nroD.uruPÐ oo uEr¡lv -uvuau 4trl ¡uElluç urru uJtr" eLelr9

climate, or other environmental factoïs' The equation proposed

by Mitscherl-ich met with ob j ections because it did not al-.low

f or decreasing yields. Decreasing marginal products v'ieIe

ñÞFmiflerì hrt nnl nr.natirrc *---.;nã1 ---.lrtcts. p] itschertichpu¿',,revss tlUL llEUqUavE llldrU¿l¡oJ P¿uuL

-ñncÊñrrpnf'l rr derrr. lnnerì a ñPl¡r cnttatinn rnlhinh nermittedJEVETUPEU q lluw EL{uqurull vv¡r+u

l-^..^--i-^ +ò+-l ---rl r,-* 5
LlUUItrclÞf Ilg LU Uq¿ P!uuqu uc

{.

The equation developed by bJ" J " Spil-ì-nran" is of the f orm,

X
Y = l\,1 AR^ u where x is the quantity of variabl-e input; Y is

the quantíty of toial- output; lil is the theoretical maximum

output attainable by increasing X; A is the ou'bput which can

be added to totai- product by increasing x; and R ís the

coefficient defining the ratio by which marginal ploductivity

"Ibid, Page i-l-"
ÂoV,/. J. Spillman,rtExponential- Yiel-d Curves in Ferti-l-izer

Experimentsrr" u.5.0.4" Technicaf Ðul,letin 348' lr/ashington'
D"C. 1933.
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of X decl-ines, The totaÌ output without the addition of the

variable input X is Vl-A ' SpitJ-man assumed that constants in

the equation were affected by environmental -Factors,

The Spillman function does not all-ow a diminishing

total- product; this inadequacy is also a chalacteristic of

the Mitscherl-ich equation. The 5pillnran equation permits either

increasing or decreasing marginal productivity, but they

cannot be present in the same function" As a rasult the

equation may give misleading results especialÌy at higher

input levels " I-t al-so assumes that the ratio of malginal-

products is constant over all- ranges of output'

RELEVANT FUNCTIt]N5

In this thesis three forms of equations are employed

to investiga-be the f erti.l-izer-yield response relationship.

The primary objective is to determine the equation which is

the best predictor of this refatíonship in the environmentaf

conditions of Manitoba. In additionu data complementary to

the above investigation wil-l- be presented. The three f unctions
a

to be considered are the Cobb-Douglas' or poi/ver f unction,

the polynomial quadratic equation, and the quadratic square

root equation "

-7,f.5. cobb and Paul l-1, Douglas, rtA Theory of Productionrt,
The American EcSqç¡l¿g Rev-iew, Vol-ùme XV I I I ' Supplement ' filarch '
r o?Ê
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Cobb-DougIas Function

ïhe Cobb-Douglas equation is of the form Y - uX' bl x b2
L*"2

-------X-bn" 1n J-ogarithmic notation, fog Y - log a + b',
n--L

loq x. + b- loq x. + r-b_ loq x_, the equation is ]-inear./'¿n
Y i e f hr¡ rì enendent variable, yield, and Xl and X2 aIe indepen-

--- -- z J

dent variabl-e inputss IePïesenting in this case, nitrogen and

nhnqnhnrrrq rF-^-^.l. -i,,ol ' The Tpna.6.qsi nn coef f icients b, b.
PrruSPrruruÐ 9 ¿ÉbHÚu urvEJJ o | ¡¡E l, ¿

-------b are afso e-l_asticities of production with respect
n

to x-. x_ -------x . For the three functions being investig-
I'¿n

atedo the r.eglession coefficients aIe a measulement of changes

which occul in the dependent variable as the inputs aIe varied"

The coefficient rrarr is a constant which indicates yieJ-d with

no application of the variable inputs"

The production function of the Cobb-Douglas form

permits increasing, constant, or decreasing margina-l- product-

ivity. such characteristics of marginal- productivity are, o'F

nnillqe rìcnpndent on the characteristics of the total product
uuu!uu 9

curve. A disadvantage of the Cobb-DougJ-as function is that

it does not aIl-ow decreasing total product. As with the 5pill-

man function this may -l-ead to irrationa-L estimates at higher

input l-evefs. Decreasing or inc¡easing marginal productivity

is not possibl-e in the same funciion.

I f aIl- ref evant inputs are inc-Luded in the equation,

the sun of the b* values indicate the returns to scafe" if ã
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bi t 
= = l-, the ¡eturns to

rL^ *^*^.:^.-1 .roduct isLr¡r rilÕ!gr¡rof P

denro=q'inn if €h ln ?1uçulEqð¿r¡9 rr 6 u. ù \¿o

ïhe characterist

iLl-ustrated in Figure 2

scal-e are constant. If é, b., t= )f ,
!

i n--o -e ì - - ,.,hil e ma::oina-l Drodu ct is
I

ics of the Lobb-Doug-ì-as function are

"fo

niladr¡t..i ¡ Filn-+ì^^ ,.,;+h q-,,ared Termsuruaurqu!u |9] l!ljj¿l,L uvrurr rqu

A quadratic form of a fertil-izer-yield response function
h-- --,,^--l -.lVantAol"s nver ¿L- f'^l--L n-.,^ r -^ €"^^r.: ^* Forllclb ÞUVüIdf, dUwurruuUUU UllE UUUU-UUug¿OÐ | ullLU¿Ullc

rL..i^ ^+,,r,, +r-ã êñrr-*inn iq Of the fOfmS Y = A + b,X, + b_X_LllaÞ Þ UUuy UllE EL{uo Uau¡l rÐ U I Ul¡E I utrlllo 
I _L L L

7?+ b"X, - + brX"- + bqx, X., " Y is the dependent variable; X,
J_l 4¿f,1¿l

-^r v ^-^ .,^-j -hl - .i nnrrl-e o br bq are regression co_QffU ttz oIE volrou-LE ¿l¡Pu UÐ, 
_L J

efficients, and a is a constant indicating Y with no applicaiion

of Xf and X2"

r-L_ ^,,_r.^^r_j^ --,,-+.i-^ -l t^,^/S bOth dec¡.easìnr-r anrllllu L-ludurdLru ELI uourull cr!uvvÐ uuul, uEUlEqÐrllu ollu

nena*irre ¡¡2¡¡j--l ---âr'-*j,rjÈ'¡ f.rr*'trÞUsuavu il¡s!U¿lldf PIUUULU¿V!Uyt UqU

-;-^ ----.iñ-l nrn-l ¡rn*c 'in +h-bJllg llldJ-gJllclJ P¿uuqu uÐ, ¿rr ullE ÞdlllÇ

function with squared terms assumes

decline at a c0nstant rate.

The total product and marginal-

2,2 il-l-ustrate the clraracteristics of

r^r'ith i.he snuaced terms,

Qu adr?t i c Function with Square Root Terrns

not increasing and decrea-

--,,-+; ^^ TL^ ^,,-.1*--t-.; ^EL-lUdU¿Urro Ir¡E L{UdUrdUru

'l-È.-+ ---^'i h-l nrneì rr¡*ctrr¡du iltúrgJrrdr P!uuuuuÐ

n¡nrl rrn* nrrr\/Þc nf Fi n¡r¡eU!UUUUU UU!VEO

+h- -,,-¡r-+i- o-rr=*innuttú L-luduroLJU ELludururl

The qñrrar^F root form of the quadratic equation is Y =
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a + b. X. + b-X- + b^{T; + b^{E + b-m This functionI I ¿ ¿ J- r 4 ¿ A- L ¿

exhibits the same characte¡istics as the quadratic equation,

In addition, it is simifar to the Dobb-Douglas functíon in that

the marginal products decline at a dimínishing raie"

The general form of the quadratic square root equation

is shown in Figure 2.3 " The f unction a.Il-ows large marginal

productívity DVer smal-Ì inputs (Figure 2 "3a ) f oll-owed by

small and fairly constant marginal products, As indicated in

Figure 2"3h this results in a relatively fl-at total- product

curve. Fu¡ther inputs may ¡esu.l-t in a diminishing total

product curve and negative marginaJ- orocìuctivity, ( Figure 2,3b ) .

In addition to the characteristics outl-ined above" the

quadratic equations al-l-ow the variabl-e inputs to be substitutes

f n¡ qmal I nrr*nllf q. qrlhq.l-'i *rrlee nr -nmnl p¡¡--*- -+ h j -l---I ur Ðursrr uu ulJv uv -* -- uEÐ ur uulllPJElllÚll uÐ É u llrgr IEI

output levefs; and technical- complements only at maximum

output,
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PART TI LINTAR PRTGI-]AMI'JING

lntroduction to Linear Proqramming

Linear programming may be defined as the maximization

or minimization of a l-inear functj-on subject to certain -l-inear

restrictions. Tn this thesis concern is with the maximization

of profit subject to restrictions on the availabl-e quantities

of land, labor, builcìing space, feed, and capital.

In this thesis, the basic concepts necessary for an

understanding of programming will- be presented" There are

many excel.lent works to which the reader may make refer-

ence in order to expand his knowledge of this research
ñ

-bechnique. "

o"4. Charnes, h/,'Jrl" Cooper, and ll" Fl enderson, ô!
lntroduction t-o l-inear Prograrnminq (l\ew York¡ John hJiley and
5ons, Inc. , 1953 ) ,

Robert Dorfman, AppÌication of Linear
Theory of the Firm (Berkley and Los /\nge-ì-es:
of California Press , 19 51 ) ,

D-----**; -- 
.T.

r ruL-.1!qr¡r¡r!r rr-l ¡ J

lhe unr-versaty

R.l(" Eyvindsonu rrEconomic Aspects of Farn IJrganization
on Red River Clayl', (Unpubl-ished |ilasterrs thesis, University
of fuianitoba, lt/innipeg, 196I)"

J,C. Gilson, tiAn Appfication of Linear Programming
to Farm Pl-anni.gtt, Teghnical- Bulletin No " 2-, Department of
Anrir:r¡ltrrral F..,nnmìr-s- llnir¡ers'ìtr¡ nf pì an'iJ-^rr- r\t^-.^l-- 196n",.J***-UUltUt¡lf,UJrull!vÇrofUJUr¡lulrl¡JUUclt¡-ld¿Lìlt

- l¡Ernnnmi r- Aqnpnts of Alternative
CropRoffi'p"Iã];;;;;;;;;;;='',(RnApp1ication
of Linear Programming), Tpchnical Bql.l-q!in Nq' 3o Department
nf A¡rìrrrlfrrral Fnnnnmìnq- llnirrersif.rr nf Manilnha- fr'l arr. '1 q6n-
uf fì3I¿uuauurcl¿ LUUI¡UlllIUùt Ull!vu¿r+uJ uuput +/eeo

Earl, û. lleady ano \lr/i-l-f¡ed tandler, L¿1.9" Proqramminq
ft¡-rL^r- | A^^-j-!=!.'¡.!er9¡ 1n'cJ, Iowa: The Iowa State Callege Press, 1958)"
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\,lithin the f ramework of f arm manaqement, l-inear prog-

ramrning may be thought of as a method of handling a very

l=rne nnmn'ìex farm hrrrì net- In tradítional hrrrl nct'inrql9ç, LUIIIHIL^ lúIlll UUU:l EUo lll U¿guf UlUllo¿ uuuUUUIl¡9 P!ULE-

dures the numbe¡ of alternative enterprises that can be

considered is l-imíted. In additiono the enterprises cannot

be considered simul-taneously. The value of any budget is

determined by the skil-l and abitity of the analyst. To be of

an\/ \/alrre- hrdne*'inn mnqf hr= dnne hrr ã nerson with knor^r 'l cdne

-f --*ì-,,'l+,,--l ^*^.1,,-+;^ñ rì ^---+;--]u t du¿-LUul- EuJilJ- ploouÇrr-on, economacs, anu pracrJ-caJ-, common-

sense fa¡m management, There is no advantage, in l-inea¡

programming, when a partial budgei on one enterprise ís being

determined. It then becomes a matter of allocating resources

to derive maximum profit from one enterprise rather than

-l 1---+.; - s.ìLlrces amonû -^.,^--'l ^-+^-rrises to obtainaJ-JOCaïang resoulCes among severaa enrerF

maximum profit,

The most important step in the linear programming

procedure is the cal-cul-ation of resource requirement co-

efficients, prices, and expenses" This step is similar to

lihet nf h,flñrf ; -- ì - +h-+ +hç' enal yst mrrs-b haVe knoWledneurrqu ur uqugcuJll9 Jll tJl¡du ullE ãllq¿JÐu lllqau ¡¡qvu r\l¡uvv

of productione economics, and management. The remaining steps

rìãn he nnmnl et-r-l hr¡ = rl erk wi'bh little l<now.l-edge of theLorr " "J

*hcnnrr nf nrnrr*-JIamm.lngê

^^^,,*^r;^^- -f l.i---* Þ----
4-s s_ullp-!èq ns oj Lanear rl9_gs-aLm_rrlg

There are four major assumptions in l-inear programming"
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First, it is assumed tha'i; resources used are additive. The sum

of the resources used by individual- processes or enterprises

must be equal to the sum of the resources used by several

nnternri qeq -onsidef ed SimUl tanenrrql v Thi - -oo,¡mn*..'¡err uÞrP!¿¡co LUrlÐ¿UEIEU Þ-LlllUr uorrEUuÞJy o lllf Sj aSSUmpïl_On gX-

cl-udes any interaction or cornprementary effect betrr¡een th,o

Second, a l-inear resource-product relationship holds

fnr I ine-r n¡rr-Jgrammfng "

ïhird, resrurces and products are assumed to be

corìr,rinuous. Resources can be used, and products produced o in

fractional- quantities. Hence, a process may require the use of

l-.34 hours of l-abor. The most profitable plan may specify

the production of L45"97 market hogs. For practical- application

this can be tal<en as 146 market hogs without destroying the

validity of the crncl-usions" Tn fact, most resources and

many products may be specified in f¡actionar quantity terms,

Fourth, there is assumed to be a l_imit to the number of

^l¿^**-+.:,, - .,L-:-LG¿uErrtdu¿vE pJOCBSSÊs which can be considered in determining

which combination of processes will- return the maximum profit"

Unless the number of al-ternative processes is finite, no

f inal most prof itabl-e sol-ution can be f ound 
"

0ne important specific assumption must be made with

respect to this study. l'úíth three exceptions, prices, yields,

resource-product coef f icients, costs, and l-evel-s of avai.l-able

assumecì to be constant. The -lerrel n'F nncra'i:inn!EÐuurLoÐ orE dÐÞuiltEu uu uÉ, L;uilÞ Ldlll¡o ll¡_
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nen'ifal 'is varied to determine the effect of varying levels
çuH¿ uqr

of capital on the use of fertil-izer" The price of fertilizer

is varied to determine what effect such a change has upon the

use of f erti-l- izet and the intensity of use of oiher plocesses o

Yiel-ds are valied, holding fertil-izer applications constant

to determine what effect this has on the l-evel 0f use of

f ertil- izer .

l\lETHÜÜ OF EXPTSiTIUN

There are two basic approaches which may be taken in

-++--^.{-.inn -vnl -nc*in^ -f I ìnear DTooramming. The eXpO-d u LE¡llP L-Ll¡tJ dll c^H¿sr rs erur ¡

sition may be mathematical- or non-mathematical. The l-atter

course is chosen in this thesis. The foJl-owing discussion

relies heavily on an article by Robe¡t Dorfman, as a reference'

The Concept of a Process

The idea of a process or activity is basíc to the

study of finear programming. A process may be defined as a

qncr:if ic methn,-l f nr oroduci-- â ñâl^-l-i r.rrl4¡ output ' The prod-
Ð PÞu r¡rç u' rJU I U!

unction of barley using a specific analysis of fertilizer is

-nÊ nrñnFqq annthnr olan with a different analysis representsutru Plueusut T**'

o-*i nar r, .ì 'i f f erent nr^nness ø There would be an in'flinite
CIII EIIUJ!EJJ UJI I U IJIUgU

number of processes by which barley could be produced since

9 Roburt Dorf man, rMathematical- or rrLinear't Programming:
A Non-Mathematica.l- Expositionr , The Amerrlcan ES-o¡o*lg ßevåel!'
vofume 43, December, 1953. pp" 791-B?5" The diagrams used
in the expos ition we¡'e taken cìirectly f rom this articl-e and
adopted to an agricultural- problem.



2I

thc elinl'rtesll nhannc'ìn thra ratio of the nutrients creates aur¿r

new processo Howevel, in order to comply with the assumption

of finiteness, -bhe number ûf processes is assumed to be

l-imited. In fact, many products can be produced by only a

few processes. In such caseS, Iesources cannot be substituted

far each othe¡ except by changing the l-evels at which entire

+-^l--^; ^-l ---þÞu¡rr¡rÇur tr!uuHs:jcs clI.U us,:,-i SinCe each pfoCeSs uSeS IeSOuICeS

'in fi>¿erì nrnnn¡tions.

The concept of a process may be il-l-ustrated diagramma-

tically, as in Figure 2"4"

In Figure 2"4, 0lvi is a process vector representing

the nrnrlrrr:iin_ _€ L-_-^t^\t ,tqìnn n.itrnnen enrl nhnsnhnrr¡g"ur¡E pruuuu uf ull u¡ ud!JEJ, LtðJrtv rrr uruSçr¡ ol¡u P¡¡uÐH¡lu!L

'Al-1 other resoulce r'equirements necessaly for the production

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

required J-evel-s. Since 0|t,ì is a straight l-ine a l-inear resource-

product relationship is implied, For the production of one

acre of barley, üD pouncìs of nitrogen and 0A pounds of

nhnqnhnr'rrq ar'F r.F.ñtti red - S':*"'r -*1" tl-- rpñrri remenJ:q f Ofr,,-- *-E J. EL1UJIEUo Jrlll¿Jdrry, bttÇ !EUUJ!c¡llçrr uÐ

two and three acres of production can be determined" The

proportions in wlrich nitrogen and phosphorus can be used in

nrnnç'ss Vl ere fixed for al1 fevels of production" Since 08 =P&eeeuu f-

Qll = l-l l(, constant returns to scaf e are indicated 
"

Two Processes

Tlrp nr^rlr:Êss cnnrent nân he r"^-^r^r +^ i -cl-ucì e morBt rrÉ |.JIUUEÐÐ çUllçEP U UOrl ÐÚ E^HdlluEu uu 4l¡
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than one process" Figure 2.5 ill-ustrates the case in which

two differeni; processes are used in the procìuction of barley,

This case ilfustrates additivity of resDUrces.

The two processes are represented by vectors 0A and

08, The scales on the two process vectors are different.

This indicates that the productivity of the two processes

differ with respect to the use of nitrogen and phosphorus.

Let M and N represent the same production of barley

by processes A and B respectively" Then the -l-ine i',1N is an

isoquant and any point on MN represents a combination of

processes A and B procì ucing tlre same output as either process

A or B alone e This can be proven as f ol-l-ows " Any point P

is taken on line MN and 'bhe line lvlr P drawn parallel to ûB "

üNt is marked on ûB such that üNr = VlrP"

Donsider the production plan using process A at the

level- of 0l''1 t units and process B at th e levef of 0N t units.

This pJ-an uses tE uniis of nitrogen for process A and 0D units

of nitrogen for process Bu U-Lilizing the paralJ-elogram Iaw

it is seen that tD = EG" Therefore, 0D + ÜE = tG + 0E = 0G

units of nitrogen, The quantity of nitrogen used by a combin-

ation of processes, A and B is, therefore, 0G units. This

follolvs from the assumptian of addiiivity' The phosphorus

requirements for point P can be found in a simil-ar manner

to be 0T units.



To Drove that MN is

nrrtnr¡f nM I nl ¡rq n¡r*n¡r* nNl I

l.L^ -,,J.^,,J- nf\rLrrË uuuPUr¡ Ul\o

0Ml= o-Ff-

an isoquant it must

equals the output 0[1

24

be shown that

r^rhi ¡h enrra'l q

Output (Nt) ûN'

---

ûutput (N) 0N
output (M' )

õufp.l,t-ilql-

But tutput (M) = 0utput (N)

Thnref nrn l-ìrri;pLll (M t ) 0M I¡ uleo squPse \,r /

Eutput JÑf = õ'ñ¡-

if P lies on the isoquant I'iN then ¡

0utput (Mt) + 0utput (Nt) l=L

lutput (Mu) t_!u!gg!_l_N.'l_ _ 0i1' *=Em_. CINr üMr
õN- = õFi-

. MIP*õñ-=

0f\,1r M l lvl Ofq ì= õú- - õIî- = õlul = -L

Therefore, point P lies on the l-ine MN which must be

an isoquant. If there are two processes, and two points of

equi-output are chosen on them, the l-ine joining the points

'iq ãn iqnnrrant

Resource-ResouIce Re.l-ationsllþ and the Discontinuous Isoquant

Fìr¡ r¡:¿nanrì i nn t_he rl ì anram fnr DroceqqFq l.he rì i scontinuousuJ E^Hdllurllg UllE uro5rsrrr I u! I vtte

'icnn¡t¡n* r.rhình i- ';--ì j-i+ ì- 'l 'i^--- nF-ñ--**':^^ l- ã+sv! ,,..--.1 l-s fllì P-L-Lc-LL -Lll -L-Llludt Pruurdllllrrrrru udrr uQ

il-lustrated. In Fiqure 2.6, f our pIOCesses -For the production

of barley are shown, Figure 2.7 shows the isoquant of the

traditional- marginal analysis" As the numbel of plOcesses is

increased ta infinity the isoquants take the form of smooth
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continuous DUrves

is that the numbe

of any output are

j ustified.
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o Howeveï, a baisc assumption cf programming

r of processes availabl-e for the production

finite. The discontinuous isoquant is then

Point R on isoquant I in Figure 2"6 iniicates a specific

output obtained by using process A" Simil-arly, points su Ï,

and U represent icientical- outputs obtained by using plOcesses

B, C, and D, respectively' By joining these points of equal

output, the isoquant I is obtained. Simil-arly, fcr isoquants

II and lII. Fo1-l-owing from the discussion of Figure 2"5 and

considering isoquant I, ii is seen tlrat an identical- output

can be obtained in several \¡Jays " Prccesses A, B t C ar D ; or

combinations of processes A and B, B and C, or f, and D' wili-

al-l- produce an output represented by isoquant I '

ûotimum 0utput

Two price fines can be introduced into the analysis

at this point. The price ¡el-ationship between nitrogen and

phosphcrus as indicated by the price l-ine PP I shows that

maximum output is obtained by using plocess B and the Ievel

of DS I units 
"

Iftheprice¡e]-ationshipit]ustratedbyprice].ine

1"11,i 
I exists, optimum output is indicated by isoquant I ' since

tlre price f ine I\4t{t coincides v'ri-bh segment RS of isoquant I 
'

maximum output can theoreticaily be obtained in severaj ways.
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Process Ao pïocess B or Some combination of the two can be

used to obtain oPtimum outPut.

The price l-ine Mlvlt points out a f act which is basic to

.l-inear pro gramnring " Given a number of processes f or producing

the same output, the one most profitable pTocess will be

found" In this case, the final most profitable plan may

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

two processes. Linear programming does not permit two

processes ro combine in obtaining maximum production of a

specific output" Ûn1y two resour'Ces, nitrogen and phosphor.us,

in the processes A and B are being considered here" Many

rBsources are, of course, required to form either process A

or B. Even though processes A and B are capable of providing

the same output, other resöuIces Iequired in their fcrmation

wil-1 dictate whethe¡ process A oI process B wil-l- provide the

methocì of production in the f inal- plan "

The Resource-Product Rel-ationship

Tlre re.levant production function in linear programming

is al-so a discontinuous function with a finite number of points

rather than an infinite number of points which produce a

continuous function. Ihe cliscontinuous function can be

derived from the system of ísoquants -bhat has been discussed'

SupposethatthequantityofplrosphoruSaVailableis

l-imited to-Lhe amount 0x as measured on the vertical- axis of
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Figure 2"6. The procÌuction function of Figure 2"8 can be

derived from Figure 2"6 ivhen the amount of phosphorus is

constant and the quantity of nitrogen is variable. As is seen

frnm lhc rìianr-- +h- ----1"-f,i6n fUnDtiOn iS diSContinUOUSlrutll utlu u¿ou!dlll ullE Pruuuu

with discrete points indicating the Iequirements of nitrogen

for the produc-bion of barley, when phospho¡us is constant

at amount ÛX.

An implicit assumption of the plececìing explanation

has been the motive of maximum output. Maximum output'

however, is not equival-ent to maximum profit. Dependent on

subjective restrictions set by the farm opera-bor, such as

the number of hours he is wilting to work per d.yo the

explicit goal of any farm enterprise is to plovide maximum

return to the f ixed and var-iable f actors of production " This

can be done quite simply by converting physicaf products to

value prcducts" In the diagrams which have been used to

explain the basics of linear programming no rnajor changes

need to be made. The scale on the plocesses are changed to

measure output in monetary rather than physical terms"

I ttE Product-Product Rel-ationshiP

The discussion thus far has demonstrated the Iesoulce-

resource and resource-procluct relationships as they apply to

Iinear programming. The third concept of the traditional-

margina]-3¡slysistobeassessedforvaliditywithrespect
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to programming is the product-product re-l-ationship, The

objective here is to determine the combination of products

to return maximum profit.

The product-product principJ-e for l-inear programming

is rBpresented by a discontinuous transformation curve with

rlier:rctc nninfs_ ãq qhnrnrn i- F;-,,-- ) a ïhc analnñn¡rsU¿OUIUUU PU¿IIUÙ, Lø/@

curve for the traditional- analysis is shown in Figure 2.IO.

In determining the discontinuous curve three .resources,

used in the feeder hog and beef cow cal'F processes, are

Donsidered " Tabl- e 2 "I gives the l-evef of resources avail-ab-l-e

and the resource requirements o'F each process per unit of

production. All other resources are assumed to be non-

limiting.

Tabl-e 2"I. Use of Limited Resources in Feeder Hog and Beef
f,ow DaIf Processes

Uf the three resources considered" wheat is the most

limiting ín the procìuction of feeder hogs" Thís is indicated

by point A in Figure 2"9 " The l-evef of the f eeder lrog

Resourc
Amo u nt

tseef Cow Calf Feeder, l-i oss
Re-rri rpd¡!"r-

Per Unit
of
Production

Maximum
Production
I tt \( unfïs i

Þo-¡rì -orì

Per Unit
of
Productior

l\'l ax irnum
Production
( Units )

'¡ilh e ai

Rarl er¡

30t0 lbs 
"

40, ûú0 tl

400ü $t

LJLo fUÞo

1r rt
J! ô .l!

I5q

-U 6 trUù õ

?n? il

20" ll|

107 "

r32,

zDA 
"
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process is limited to 107 units" ïhe cow caLf process does

nnt renri re r¡rheel . theref nre i ts nrnrlrrr'ti-¡¡ is not af f ec-ceqfJ¿UUUç UJ

h' f he =rr-.i I -h..i r .i +,, ^.F +|-',: ^ reSoUICe. V,/ith 4ûr 00ú pOUndSuJ ur ru ov q¿¿quf J¿ uy u I u¡ l!Þ

of barlev available 159 units of the co\^r cal f nrncess or

I32 units of the feeder hog process can be produced. Four

thousand dol-l-ars of capital l-imits cow ca-l-f production to

I29 unitsu point D, on Figure 2"9, while feeder hog production

coul-d be expanded to 2DO units. Thereforeu the most

l-imiting resources for beef cow caff and feede¡ hog produc-

+i ñ- ^-n.i {--l --J ,,l.1-^+ ¡Êcnonii rrol rrLJU¡l dIú Udpf udJ drlLr wllEcJL, rEÐHEuurvEf,yo

The rel-evant area on which Droduction decisions must

be based is bounded bv the discontinuous transformation curve

ABCD. Any point on segment AB indicates maximum production

of feeder hogs if no units of the cow-ca-l-f proDess are

produced, Point D indicates maximum production of the beef

r--nìnr cã1f nrocpqq if nn hnns ã¡-p nrnrl ttr-ed- Given the l-imitationsÇuvv Prueuuu H*"*

on wheat, barley, and capitaJ-, BCD represents combinations

nf fhc hnn end hoof nrñnpqqeso The Combination that wil-l-ur¡u ,r":J

return maximum profit is determined by the iso-revenue line"

The iso-revenue J-ine indicates-bhe ratio of prices of the com-

peting products and defines all possible combinations of

hogs and beef which wil-1 return the same profit. In Figure

? -q - J:he i sn-revenue line MM î indicates tlrat the combinationLorg

--Ê h-^- --J ñ-', ^-l'1: ^-^J"-r'i^ fnr tnavimttm nfOfitul llugS dllu uuw-LdJr HJ-uLr LluuÅurr trEUEÐÐdry I u¿ r¡ro^r¡¡¡u¡rr f
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ìs at point B on the transformation curvea Thus production

for maximum profit requires 107 units of the feeder hog

process and 33 units of the beef cow caff processo It is

significant to note the price ratio can change considerably

before any adjustment r,vil-l be made in tlre production pIan.

In the traditionat analysis the slightest change in the price

ratio requires a change in the production plan if the

nlrir.nf ìrre nf n -.,;-.,,- ---r.'+ is to be maintained,uuJ EU UJVE U I r¡lO^JlllUlll HIU r J U

The exposition of the product-product principle has

been limited to two processes because o-F the diffículty of

representing more than tlvo processes graphicaÌly" The

mechanism of the linear program allows the number of

alternative plocesses to be very large as long as it is finite.

The various possibl-e processes aIe considered simu.l-taneously

ì n lihn nr.nr-cdrrr.e nf f i ndino that combination which wilJ-, +,,**,¡ìJ

yield maximum profit.



THAPTTR I I T

Ti-lt PRûDUCTIüN FUNCTIüNS: ANALYSIS AND RESULTS

The experimental- data on which the analysis of this
chapter is based weïe obtained from expe¡iments conducted at

't

the Idabolvden substation.- In the experiments, varying levels
of nitrogen and phosphorus were appried to plots of Parktand

barJ-ey and the yield response measured. For an expranation

nf thc cYne¡rimental desi nn qr.F *he qlrrrì rr hrr fìi I qnn -nr.ìqurry¡ | Ðuu u¡ tE o uuuJ u¿JÐut¡ ottu

?Bjarnarsono- The data were collected for a period of three

years, 1956-58 incl-usive. The 1956 da-ba were analyzed and
?the resu-l-ts reported by Gil-son and B j arnarson. " This chapter

is primarily an extension of the analysis, by Gilson and

Ujarnarson, for the years 1957 and l95B and the combined

compos ite data f or tlre three years. iühere necessarv ref erence

wil-i- be made to the aforemen'bioned studv in order to maintain

a note o'l cohesion for the three vears" Pertinen-L inFormation

f rom the Gi-lson and B j arnarson repor-b is incl-uded in

Appendix I 
"

I*5ee footnote 2, Chapter l, Page 5"
2-J"t. Gil-son and V"W. Bjarnarsone ItEffecis of Ferti-Iizer

Use on Barley in Northern Flanitobarr, _J-?.!.å[.! ql [*q-U Ec-oloJUL?1,
Vol-ume XL, No. 4, November, l95g, pp.932-94I" lt is suggested
that this report be read in conjunction with this chapter,

?
tnì ñ
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The major objective of the analysis is the eval-uation

of three possible estimatínq equations, in order to se-l-ect

i;he equation which provides the best estimate of actual barJ-ey

yields. Economic aspects of fertifize¡ use which are comp-

lementary to the eval-uation of the equations are afso

considered, Isoquants and rates of substitution between nit-

rogen and phosphorus are determined" Predicted yieJ-d response

surfaces are developed. Least cost combinations and most

profitabl-e applications of nitrogen and phosphorus are

derived from the basic equations"

The Eval-uation of the Equatr-ons

The tlrree equations to be evaluated are the quadratic

with squared terms; the quadratic witlr squale root terms; and

the Cobb-DougIas function" For pulposes of brevity the first

two equations wil-1 hereafter be re-flerred to as the quadratic

o-r¡rti nn anrì ihe qñnar-e rncìr --"-+; ^^ The characteristicssesue-v¡¡ JllE ÐLluo¿u ruuU ËLI UdLIUllo I

and general form of the three equations h,ere discussed in

' Tf
LlldP UEr I I o

The probl_ems associated with the determina-b-ion o-l'the

best estimating oI predicting equation are set out by Headyl

'rDirectlrtests are not availab-l-e for choosing
between suchrtwidely clifferentr? functions as the 5pil1-
man, Cobb-Dou g-ì-as , cross-product or squ are-root
equations. \/,Je may select, however, in terms of such
statistics as the mul-tiple coefficient of correlation
and the maqnitude of residual- variance quantities"
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Also, pfotting the derived quantities against the A

sampJ-e observations may aid in choice and sel-ection. -

The technique of mu-l-tiple regression analysis was used

to obtain coefficients of determinaiion and reeression co-

efficients for each equation fo¡ each year and the composite

data. The equations derived from the 1956 data by Gilson

and Bjarnarson are included.

L956 z

I, Quadratrc: 1=8.2 7I4+.2715N+.31-t6P- " 
D020NZ -.ootaP2+" 0006NP

ê-
2 " Square Root: Y=8. 3l-00-,1319N-.0350P+I"6590dN+t "B4D4dP+"Ì020 {NP

,. o97r-.24443" Cobb-Douglasz Y=7.55ü9N"-- -l'--

1957:

2gN2-" oo36P2+, oo37NP+o \¿Uqu!qU¿U.

; ì ?=28 " zû5r-" 00û2N- " 
r2 I 7p+. 391-3 ff+r. 6977$lp*. sra3 m

â ]ÁPç 1-7\Á
6" Cobb-Douglas: Y=I6.2370N

r-958:
'))

7 . Qu adrat ic : i=AI. 9 5 30+ . 2219N+l- . 2 I62P - "DD22Nz-. !0 Bl-Pz+, 002 2NP

B. Square Root; 1=4 o "2534-.1475N-. 6368P+" 8408ffi+g .gïz,'t-pt-" zgBIm

4 ñ=-=
l-l-, Square Root z Y=25,3g Bt_-,0946N- ,2963P-r.9946ÅN+4 " 5556 dP+,3011{NP

^ 1009 ^"215612 " Cobb-Douglas : Y=l5 " 630tN- -- - - P-

aEar.I 0. Heady, Glenn L, Johnson and Lowel-l 5 . l-lardin
/-".1 -\ Po-n,,î-F Prnrì r¡r:tiyity Relrrrnq fn 5caIe" and Fafm SiZetEuù/! l\EÐul"Æ | ¿uuuuu¿vluv0 .jl-::l: 

- -:=:e 
:::j....:t_

( Ar u 
= ; ffih'e-lãñã-s t.t 

" 
-Ó o rr 

= s;F'õsl-r r s 6 ) 
- p p . -1:-l 4 .

¿i 11?27 ?lSR
9 " Cobb-Douglas: Y=32,7990NçugL'P'-*"-

f-nmnnci*oo

3tN2-. oo4 9P2+. û024t\PJUo!¿UOU¿qU¿U.
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The coefficients of dete¡mination (Rt) and the vafues

of the t-tests for the resression coefficients for the L2

equations are shown in Tabl-e 3.l- " The F-test \^Jas used to test

the significance of the coef-Ficients of determination"

Table 3,f, Coefficients of Determination and the t-Tests
f or the Twel-ve Eouations "

Equation
Vú¿UE¡)

t-test val-ues'Fo
coefficients of

r *he rÞñrÞqqi --r ultE rEUrEÐÐJUr¡

the fol-l-owinq terms
N

p 2*
N-o¡dN

2-
P-or €P

æ
NP or {NP

1

2

3

8422+

ooÐ t "

B BI_gll

A Ê,')X+

é+

5.28+-F

"74
/ q o J,¿.j+

A (, A +--+i

2 -7 A;+

2 3Jr+ç

031(.)É

3

3

-L*+
Iô4J

-t-

4

5

6

Q,4 0 qx-

9tr9x

25x4'

!û4

" 
0 6l+l

(,

I2

7 2f1YrlÉ-

-?.34'
12 \7+"X

q ? 7+(-+

-/

/ 1-v-x
-D ø | 1" "

.L) A1'

7 "25+x

9 "22xx

1

B

q

tr/'l?lJ(

u /t tH7ç

Q ê,Q A.\L

LL
2 "D2' '

g¿-
a /ñ | |

-¿"oy

- --*L ^ ¿L

I n QA4íà-

1A ÃÉ,"^'+?

-2 ^77"*

-7\

_q qn')å+i

R Êqì+ìç

+
¿"4¿

- -õv-!-

10

1l-

I2

+¿1-ì - | ¡

" J¿T1

+¿

J-¿-?17q'

UJ

50

2

I

? Ê nx-x-

À-L+1 AA,,'

+
-2 "L9',

,4r

-3"45;ex
åJ

1 ÊR "

" / n+++r"Ðu
, -^-l-++

-J-+J-'l iSignificant at the'^icant at the¿Jr_gnfï'Significant at the
*Significant at the

*x-Significant at the

The F-test for coefficienis

i n nFï r'nnt Ir=vel-Y"-
5 rre¡ r:enJ: lertgfJ F"
?.\ nÉ¡r. ncni level-L O J H"I

1-n nFr. nent level-+ou HeÀ

-5 nc¡r r-cnt l.ve.lo ! H"*

of determination tpetnd s'ì nn i f icant
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at the one per cent level- for equations I ta 9 incl-usive and

at the five per cent l-evel fo¡ equations l-0 to I2 incl-usive"

The coefficient of dete¡mination measures the proportion of

variance in the dependent variabJ-e, yie1d, attributabl-e to

the inrì cnenrl cr-¿ .,--^.:^r.-r^^ ^ìr-'.-^^". -^r ^|..^^^f-^-,,^ \/afues
UllE ¿lluEPul¡uEllU Vd!1qU!EÐ, l¡f UIUgEll O¡lU PllUùPIIUIUÞo VC

'For equations I, 2, and 3 were taken from the Gil-son and

Bj arnarson study " 
5

Predicted yields were derived from the I2 equations"

The actual and predicted yields for each year are shown in

TabIes 3.2 and 3,5 inclusive" Ihe yield response surfaces

diagrammed in Figures 3..1- to 3.l-6 incl-usive, provide a three

dimensional view of the data containecl in Tab.l-es 3.2 to 3 " 5.

Th- or,¡f =¡e FãhîÞqentq -Fhe rli el rìr r¡Þ rÞÐHurrÐu rs!, gu * f eSpOnSe CUIVÊS fOf

aIl possible combinations of nitrogen and phosphorus within

the -l-imits of the experimenta-l- appf ications of these nutrients.

If nitrogen is he-l-d constant at 20 pounds, tnrhile phosphorus

applications are varied from D to LZt pounds, the response

curve or total product curve AB of Figure 3"2 is obtained"

Similarlyu if phosphorus is held constant at 2J pounds whil-e

nitrogen is varied the total product cuIVe CD is obtained.

1n addition to statistical rneasures, visual- comparisons

of actual- and predicted yield values vüer.e made to aid in the

selection of the best estj-mating equation" An examination of

q rUr,J. L. haf son ano v. r'ìJ
Þ; -*^ -1, Cit,uJd¿rrdrÐurr9 -:t-
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Iabl-e fu3. Actual- and Predicted Yields of BarIey, Estimated
by the Three Equations, for Varying Levels of
Nitroqen and Phosphorus - 1957"
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Tabl-e 3.4" Actual and Predicted Yields of Barley, Estimated
by the Three Equations, for Varying Levels of
|'tl'i,troqen and Phosphorus - 1958"
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ïabIe 3"5" Actual and Predícted YieÌds of Barley, Estimatecì
by the Three Equations, -For Varying Levels of
Nitroqen and Phosphorus - Domposite Data.
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the actual- data indicated that a diminishinq total- product was

present f or lrigher f eve-l-s of nitrogen and phosphorus. For

this reason, the Cobb-Douglas function was discarded as a

possible estimating equation. This function does not allow a

rì im'i n'ieh'inñ +-r-r -*--1 "^! ^nrl ma\/ nr^nrì rrr:e er¡.oneoUs estimatesu¡ilta¡t!Ðrr¿ttu uu uo¿ Pf,uuuu u attu ¡ilqJ P!uuuuE

-¿ l.--ì -L ^^^r i.:atiOn l_eVelS nf ni trnnen ar-r ^L--^L^*,'^ HOW-dU llJUll dPPA!çoUJU¡l ¿ÇVEJÐ Ur ll¿úIUUçll ollU PllUÐP¡lU¿uðo

c\/Frr- f nr nrrrn -F -r'i qnn. n-mnl ete results f ¡om theuvE!, I u! lJurPUÐEÐ u I LU¡ilPa!f Ðuttt uuillPIE L

Cobb-DougJ-as f unction are incl-uded in the analysis 
"

As noted by Gil-son and Bjarnarson, the comparative ad-

r¡antane nf eiihcr J:hF. nradratic or the sñuare root function"T-

as an estimatíng equation is very sliglrt, \,t/itlr the exception

nf thp nnmnns'i J:c rì ata - the coef f icients af determination f oreer¡rFJ

the square root equations indicate a sl-igh'tly higher degree

of correlation between \/iel-d and fertilizer nutrients than

.r^ +!.^ -,,-r*-+..ì - ^-¡,-+-i -^^ The t-test val_ues indicate theLlu Ul lE LlUdur d UJL ELluq uIUr lÐ o

quadratic function to be the better predicting equation"

Thr' ¡,FñTpssì nn coef ficients nf the ouadrati n cn¡rati nnll¡E !E9lEÐOrUrt uu

consistently tested ai a higher or as high a leve.l- of signi-

ficance as did the coefficients of the square root equation.

Actua.I yields and yiel ds predicted by the quadratic

and square root functions (Tabl-es 3"2 to 3"5) \^,ere compared

for each combination of nitrogen and phosphorus" Two

general conclusions r¡JerB drawn f rom this comparison. The

qñnãl.p rnnt p-"-r': ^- ;¡qrì the hr¡st rrì.gl d estimates forÐLl uorE ¿uu u uqLld UIU¡l PruVruEu UllE uÇÐ u Jr
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rates of phosphorus up to, and incl-uding 60 pounds of P2Û5;

for level-s in excess of 6Ü pounds the quadratic equation

provided the best estimates. Fo¡ applications of nitrogen

nc-i ther enrration slrowed a distinct advantage, although the

square roo-õ equation provided stiglrt-ì-y better estimates at

extremely low and high rates of nitrogen appfication. This

comparison indicates that the sel-ection of a pr.ediction

equation coufd be influenced by the fevefs of appfication o'F

the nutrients under investigation. For the Iange of appJ-ic-

ations in this study the visuaJ- comparison does not permít

sel-ecticn of either equation as the best estimator o-fl yield'

This conclusion was verified by a compasison of the actual-

and predicted yield response surfaces "

Ihe foregoing discussion indicates the difficulty in

sefecting either the quadratic or squar.e roo-b function as

the best estimating equation. A decision to sefect one of

these two equations must be based not only on statístical

measures but a.l-so a common-sense examination of actua.l- and

predicted yields. The selection of the quadratic equation

for predicting yieJ-ds is basecl on thres facts " The

coefficients of determination, al-though ì:etter for the squale

root equation were very close. The t-'uests \^reIe signif icantly

better for the quadratic equation" The visual comparison

of actua] and predicted yields for the two equations did not



o_L

show a distinct advantage for either equation,

The choice of the quadratic equation is made with one

important qualification" It is evident that more research

is needed in the analysis of experimental- fertilizer-yiel-d

response data" This need is apparent when yieJ-d data for the

three years are examined, Figure 3.1-7 shows that the

marginal productivity for smalf incremental- inputs of phosphorus

': ^-*^^^-r ^L^*.n'l \/ f -n- I qqÁ to 1957 and 1958, MaximumJf fLIEOÐEU ÐllOrP¿y I IUilt L)¿U

attainable yields have also greatly increased. These obser-

vations invite further research. It is suqqested that the

f ollowino mav hc nerti ncnt to such an invr=rst'i naJ:i nn:vvrr¡:J

1. Cl-imatic f actors inc-l-uding precipitation, number of
frost-free daysu length of growing sBason, and
temperature,

2" Date of seeding.

3. Preparation of the seedbed.

Such research wou"l-d require the co-operation of soi.l-

-^l ^'r --+ ^-..i -^.1--i ^+- --J -n¡ j ¡rrl .t.rr¡=l or:onomists.dl lLl Pl-dl I L ÐuaEl I LaÞ ub 9 dr lu d9r ruu¿ uu! or EL

Rates of Substitution between Nitrogen and Phosphorue In

P¡oÊuç-inq Specific Yields

Combinations of nitrogen and plrosphorus to produce
I

qnpr-ìf icr-ì r¡'ic'l.ds are shown in Tabl-es 3"6 to 3"16 incl-usive""uPee

Th- ; --^"--&¡ r¡hì nh rnrp¡'¡1 n'l otted f rom the data in these Tab-l-esI llE JÐuqu6l¡uÐ wl lJUl I wE!E H¿l

a
'Eqrations for deterrnining isoquants are presented in

Apoendix I I 
"
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are il-l-ustrated in Fiqures 3"18 to 3"28 inclusive" The tabl-e

and fígure for the 1956 quadratic equation, as derived by

Gilson and Bjarnarsone are incl-uded in Appendix I"

Complete resul-ts for all- equations and years have been

ca-l-cul-ated " Discussion wii-l- be based on the quadratic equatíon,

!{here necessarv " ref erence wi-l-I af so be made to the other

equations,

Combinations of nitrogen and phosphorus in producing

srìenifi ed vields have not been cafculated for all rates of* J *--

n'il¡nnen- fln'lrr rcler¡ant r:nmbinations which occur within theo v¡ 
'JJ

boundaries of the rídqe-l-ines have been determined, lrlithin

#he njrl¡el jneq rFnlFqenlcrl h', ¡--h-¡ lines aìn the finrDy oasneo rl-f,- -tYJIes 
'

substitution between nitrogen and phosphorus is possibl-e.

0utside the ridgelines application of both nutrients must be

increased in order to maintain production at a specified yield.

The area outside the ridgelines is, therefore, an irrationaf

area of application. Accordingly, margina-l- rates of

substitution have been calculated only for combinatíons of

niirnnr-n enrl nhnqnhnrrs r¡r'ithin thn rirì nclines.TllIU!uuEll orru P¡¡uÐPrru!ur vv*srrJrl

Columns 4 and 5 of Table 3"6 indicate that 60 bushel-s

nf har'ì c\/ nen ho nrn¡ì rrned hr¡ qerreral nnmhinations of nitrogenu I uq!¿uJ 9u¡¡

and phosphorus o This is a.l-so il-lustrated in Figure 3.18.

-rEquations for determining marginal rates of substitution
are presented in APPendix II.
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Forty pounds of nitrogen and 4j-"47 pounds of phosphorus

nrn¡l rrne a iiiel-d of 60 bushels. If nitrogen is increased to
Prusueu

6t pounds, phosphorus can be reduced to 2a.92 pounds and

yíe1d maintained at 6D bushe.l-s " A f uriher increase in nitrogen

to Bû pounds reduces the phosphorus Iequirements for 60

bushel-s of barIeY to B. BÜ Pounds "

col_umns i- and 2 0f Tabl-e 3 " 7 il-l-ustrate irrationaJ-

applications of nitrogen and phosphorus" No nitrogen and

18,36 pounds of phosphorus will produce 60 bushefs of barley"

Sixty bushel-s may afso be produced by combining 4t pounds of

nitrcgen and II,43 pounds of phosphorus" If the nitrogen

appfication is increased to 6D pounds, an increase in

phosphorus is also necessary for yield to be maintained at

60 bushefs. lln the 60 bushel iscquant shown in Figure 3"19

the combination of 6D pounds of nitrogen and 72"38 pounds of

phosphorus ties outside the bouncìaries of the uppel ridge-

line, Such an application is theref ore irrationa'l '

Margina].ratesofsubstitutionofphosphorUsfor

nitrogen are given in col-umns 3, 6, and 9 of Tabl-es 3'6 to

3.l6.Ihedecreaseinphosphorusapplicationasnitrogen

Ievel-s are increased inclicates a decr'easing marginal rate of

substitutionofphosphorusfornitrogen,folumn3ofTable

3,6 shows that I pounci of nitrogen wil-l replac e 8 '14 pounds

of phosphorus when no nitrogen and 6L"85 pounds of phosphorus
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are combined to produce 4ü bushe-l-s of barley" If 7.O pounds

of nitrogen and 2û"38 pounds of plrosphorus are combined,

nnr, nrìrtnd nf nitrOcren Wil-l- -on l --o n q? n^"-r^ -r -L-^:hOf US oullE PUUllu ut t.----J-.. IEPJcIUE Ja)L PUUlluÐ ul Prluðl

flne nnrrrìrì nf nì*r-nnen r^ri l l renl ar-c nnl ri n- i5 nnttnrìq nfurru HUurtu rlru!ugEl¡ vvfr¿ urr¿J uo!!

nhnqnhnrrq r^rhpn ûn nnttnrì s nf n'i J-rnncn anrì 2 -\ nnttndÊ nf
PlluÐPllu!uÐ vvl¡sll etu HUultud ur rt¿uruvurt 4ov

phosphorus are combined in the production of 4O bushels of

Ðar_Leyo

The results derived by the use of the fobb-Douglas

function require expl-anation. Since the ridgel-ines coincide

with the nitrogen and phosphorus axes a broader range of

combinations of nitrogen and phospholUs is obtained. This

is a technicaf characteristic of the Cobb-Douglas function

and does not give it any advantage in the analysis of yield

Iesponse o

The importance of determining marginal rates of

substitution is evi-dent when least cost combinations of

^i +----^ --J nhnqnhnrrrq e'r.c CalCUf ated"ll¿r,!u9Erl qrru PrruÐHrru!uù oru

LËdÞ L LUÐ U Comb in at io n s

Least cost combinations of nutrients have a pr.ac'bical

use for the farmer makinq decisions relating to fertil-izer

useq For any given yield it is desirable to know what

combination of nutrients wil--l- provide that yield at the least

cost" In the ideal situation the farmer will- want the com-
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bination of nutrients which witr provide the expected yield

at the J-owest cost o

ïhe least cost combination of nitrogen and phosphorus

in OrodUcíno ¡ -ivo- r¿.ioì.t iS detefmined hv enlatinn l-l-*,,V ü VaVËil yJËru JS UetrefmJ_net] -y ËLludu¿trg r,rlB

*^--; r-1 *-r^ of substitutinn nf nhnsnhnr,,_ _^À *.,.r_^^.iltdrg-Ltrd_L JdLE ut uuusEl-trut_LL,, r.,__r,,_-us anu nftloqgn
o

with the inverse price ratio of these nutrients""

The general function for expressing least cost is
P^,

M.R,S.P-0-forN=*=+¿ 3 0l\ -P

Least cost combinations were cal-culated for al--l- equations for
+,.,- ^-.ì ^É î1+ios o Ihe two price ratios erê pv¿euo ,N 

"I2I2
%"=;¡EZû-=-L'4uYr

Ð

and 'N _ .0860 _ 7í-ta4n - r-ì, ø t¿/uø
TD o L.LL

Least cost combination isocl-ines derived for the two price

ratios are shown f or al-] equations in Figures 3 " -l-B to 3 
" 

2B o

These figures also show the ratios in which three popular

commercial f ertil-izers 1l--4 B-û, L6-ZO-D , and 21-I4-O are
o

availabJ-e"' For the quadratic equation, an examination of

the figures shows that the feast cost lines coincide with the

commercial fertilízex ratio l-ines only at discrete points"

"Equations for calculating least cost combinations are
hrÞcon*orl in Annon-liw TT
PrEÞEllUÇu ¿ll nHPEllu¡^ ¿ I o

o
'The commercial- fertilizer formul-as are interpreted

as f ol-lows, Using 11-48-ü as an example, the f ertil-izer
contains l1 peï cent available nitrogen, 48 per cent avail-able
nhnc-hn¡,,c anÀ --+--hPllUùPt lu! UÐ t et lU ¡ lU PU LgÐl I o
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For the square root equation there are even fewer points of

coincidence "

Figure 3.1-B is derived from the 1957 quadratic equation,

The isoc-l-ine l'1N determines the least cost combinat'i ons of

nit¡nnen anrì nhosphorUS When Pn, = L2,12 cents peI pound andH,,_"r I\ _

Pp = 8"60 cents peI pound" The isocline PN determines l-east

cost combinations of nitrogen and phosphorus when Pn, = 8"60
l\l

r-r.n'hq npr nnnnd and PÞ = 12"12 cents per pound. Thegl'-

fertil-izers lÌ-48-0, L6-2O-A, and 27'I4-t, axe represented

by vectors DA, û8, and 0C, respectively. Examination of

Fiqure 3.18 shows that 1l--48-0 provides l-east cost combination

nf ni trnncn anl -h---h--rre ^! --l ,, --int o D, When Pn, iSuf ttJU!uvEtr qrlu PlluÞPlluILl5 du ullfy ullE HUrllug u9 wrrerr t,u

-l-2 " 
l-2 cents peI pound. The L6-2A-A f ertíl-izer p¡'ovides l east

cost at point E under the assumed price ratio" The 27-74-t

f r¡rJ:'i 'l ì zcr annroaches least cost at the point F when Pn, is"rr** , l!

8"60 cents per pound'

Since the actual prices of nitrogen and phosphorus

approach 12"12 and 8,6Ü cents, Iespectívely, the isocline |t1N

is most accBptable for practical considerations 
"

The interpretation of Figure 3 
" 
l-B may be appl-ied to the

q¡rr-'-ccflinn Fic,,--- ? ro r-n 3.28"J --lU!EÐ 
r oL/ uu

Most Prnf i lehl c Annlication of Nf-Lf,og_e-n and Plrosphorus

If the prices of nitrogen, pl-losphorus, and barJ-ey are
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assumed e the most prof itabr-e reve-l-s of application of the
nutri-ents can be determined for each equation for each.vearÐ

The fol-l-owing prices are assumed: p* = IZ"LZ cents per pound;

Pp = B,6D cents per pound, and barJ_ey = 93 cents per bushel,
ln o¡der to determine most profitab-r-e appfications the

predicting equation is differentiated with respect to nitrosen
and phosphorus. Each equation is equated with the corres-
ponding ratio of the price of the nutrient divided bv the
nrìne nf h=-l-,, ]-0__-_.3! o

Tabre 3"17 shows the m'st profitabr-e appfications of
nitrogen and phosphorus for the 3 years and the composite

data, derived by the quadratic equation. preclicted yieJ_ds

from tlrese applications are al-so incr-uded in Tabl-e 3.J_7.

Tabi-e 3 
" 
f Z' Most Prof itabl-e Applications of Nitroqen and

Phosphorus and Predicted yieJ_ds, deriùed by the
trarì r=*in F-¡¡=*'-.eseJl-onô

N (Ibs) Pz0s (1bs )
AY (bus" )

10qÁ

1q57

'I OqR

l-nmnnci*o

AR ?

I22 "t
OIOU

BB.2

r22.7

77 ,6

ì nn 'r

1n? 7

-71 ar

No specific concl-usions can be drawn from the cìata in Tabl-e

10_--Equations for determining most
are pxesented in Appendix I I 

"

profitabl-e appf ications
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3'17. The optimum rates of application are dependent on rne

prices of the nutrients and barley. changes in prices woul_d

^h---^ +l-"^ *^¡-È ---+' j +-h1 I ; ^-+.; -^ ^f ^.i +-^--- ^^rL¡ rdrrgE uilE ilru5 L pIU | -L rau-Le app_Ll_carl_on ol nJ_rrogen and

phosphorus" Ideally, the rel-ationship of nutrient cost and

product price is an important consideration in determining

raies of application. Since fertilízer prices remain

re-l-atively constant, conside¡ation could conceivably be given

to such a relatíonship in practica-l- f ertil-izer recommendations,

haqoel nn *t--rr-i -^ n¡n-lr r-{v-¿Jrt¡g ptuuuuL lJIl_CeSo

Tab-l-e 3 
" 
l-8. Most Prof itabf e Applications of Nitrogen and

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

¡ (tbs) Pz0s (l-bs )
A
Y (bus")

I q57

I q5R

r-,-^^- -'r-^uurilPUÞr uE

24 .6
qn o

32"5

79 "t

RA Ê,

J-J o J

JUèJ

oo 7//61

1l q

93 "2
7)l

Table 3"19" Most Profitabl-e Applications of Nitrogen and
Phosphorus and Precìicted YieIds, derived by the
Dobb-Dnuglas Equation,

N (1bs) Pz0s ( lbs ) Y (bus" )

I qqÁ

I q57

l NEOITJLJ

f---n-c i'l-o

24,O

ll-4. 5

3l-,4

qA A

Rq )

IOOOJ

29r"4

?N P

BB.B

r24 "g

7D "2
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In 1957, a yield of 100.1 bushel-s was obtained for

appfications of I22,A pounds of nitrogen and I22"7 pounds of

phosphorus. In f95B 61"û pounds of nitrogen and 77.6 pounds

nf nhnsnhnrrrs nrnrì rrnerì a vield of l-03.7 bushels."|-*
TabÌes 3.1-B and 3,19 show results obtained with the

square root and Cobb-Douglas functions respectively, Estimates

nh-1.;r'i ned hv the qñnãT'F: rnnt +'ì ^^ ncner^al I rr I ntnrBI' than-J -'lE ÞqucJ-E IUU U ELlUd U¿Ull éLÚ UE¡lE!o¿¿y ¿uWt

estimates obtained by the quadraiic equaticn" The erratic

estimates of the Cobb-Douglas function dr: not permit any

concl-usions to be drawn for this equation.



THAPTER ]V

ÏHE LINTAR PROGRAYiI''IlNG ANALYSIS

The objective of the l-inear programming analysis is
the eval-uation of commercial- fertilizer as a competitive
input in the fa¡m business" The chapter is considered in
+h--- n-r+,- D--+ T ^-^-^-Enree parrss f-Err I presents the f¡amework of the analysis,
In Part II the resul-ts of the anarysis with initial operating

capital are presented. Part III presents the resul_ts of the

analysis with total- operating capitaJ-, These terms are

fully explained in Part I 
"

PART T - PROCTDUREs

There are severa-l- distinct s-beps necessary in the

development of the framework for tlre linea¡ programming

ana-ì-ysis " Ihe procedures are outl-ined as f ol-,Iows c

l- " 5e-l-ection of tlre base f arm.

2. Description of the base farm.

3. Determination of availabl_e resources.

4 " Selection of processes or enterprises to be
considered in -Lhe l_inear programming analysis"

5, Ca-l-culation of input-output coef f icients.

6" Description of the programs"

Se-l-ection of the Base Farm

The choice of the case study methocl necessitated the
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sefection of a farm operation on which to base the analysis"

There aIe two accepted methods of determining the base farm"

The first is the devel-opment of a hypothetical- farm model,

and the second is the sefection of an existing farm unit on
't

which to base the case study"- An existing farm unit was

sel-ected f or the linear programming anaJ-ysis.

Description of the Base Farm

The base farm sefected is -l-ocated on 0sborne cJ-ay soil

in Central Manito'ou"2 Ihe f arm \^Jas chosen f or severaf reasons '

0sborne clay soil has been considered one of the problem

soil-s of liianitoba" The ïecent trend in thought is that its

procluctive Dapacity has been underestimated. Very few studies

of an economic nature have been done on the 0sborne cJ-ay

soil_. The Iand on the base f arm is cl-assed as I I Idt l-and 
"

This fl-at tancl is subject to water-Iogging. The suI'face

run-off and internal percolation of I^JateI is s-l-ow. Ïhe l-and

is fairì_y productive with good management plactices.

The farrn consists of 480 acres of -l-and of which 470

acres are arabl-e, The farm operator owns 32O acles and rents

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

fs*r R"K, Eyvindson,rtfconomic Aspects of Farm 0rganization
on Red River clayft" (unpubl-ished i\iasterrs thesis, Ïhe
University of Mañitcba, urlinnipeg, 1961), pp" 4J-4I, for ã

discussion of the sel-ection of a base farm.

ZThu owner o'F the base f arm is a member of the
Carman District Farm Business Association"
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definite rotation is folIowed, The use o1 fertil-izer has

heen nrarì ual I r¡ íncreaseci over the past severa.l years on

r:ereal nrain crnnq - Presen+ ^----'i -- ^r rns incJ-ucìe the prod-J-*-.. J!uHÐo | !aJÞr¡u uruPP¿ll9 Hac

uction of wheat, oatso flax, and forage. 3arley is not gr.own

on this farm"

The operator is establ_ishing a purebred herd of B¡own

Svliss dairy cattf e, /\t tlre pr esent time cream is sol-d. The

herd síze is not J-arge enough to justify a fl-uid milk

contract" For p1'ogramming pulposes the assumption is made

that a contract for fl-uid mifl< could be obtained. The farm

nnr.r.atinn includes a swine enterprise in which market hogs

are raised from birth" Poultry are kept for on -farm

,,mnrinn A smalf number of steers and young calves areuu¡ lÐu¡¡ìH urul | ê

fattened out and sol-d each Yearo

Buil-dinq sÐaDe f or f ivestock is .l-imited. If the

â-j-ri ¡=*ile enternriqc r:nnt.;h',-ñ 't-ñ ãvn=FJ -^-ô+-',^+iOn Of--,,tllluljb uu Ú,\Pdllut LUllÙu!uçu

a dairv barn wi-l-1 be necess arY 'J -** ' '

The present farm organization includes a compJ-ete

ccmplement of machinery, If the dairy fl-uid milk oI beef

cow cal-f enterprise is included in the optimum plan, the

nrrrnh¡se of f¡rane lrarr¡nstinn mânhinerrr wil--I be necessary"
!JuIUrrquu ' rlsY

This purchase is necessary since zelo grazing woul-d be used

f or orovidinq ^-¡-l- r,¡- t] -- +he truo cattl-e enterprises. If
T-- - ----, J PdÞ LUrE I u! u

these two enterprises do not enteï the optimum plan the

purchase of additional_ equipment wil-l- not be necessaI.y.
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At the present time very l-ittl_e j abor is hired by the

flarm operator. The operator does not wish to expand his

business to the point where hi¡ed labo¡ is requireci on a

continuous basis.

Determination of Resource Restrictions
,.ir/hen the base farm is selected it is bhen necessarv

to determine the suppfy of resources available for production.

\,Vhere practicable, resources are maintained at present f arm

level-s fo¡ this studV"

The acreage of arable l-and is maintained at 47J acres

fnr I ìne=r nrrr-Jgrammfng.

For l-inear programming afÌ l-abor is provided by the

f arm operator, Labo¡ is divided into spring, summeï, f aJ-J-,

and winter l-abor in divisions determined by the farm operator"

the division is as f ol-l-ows:

Spring Labor tvlay l-st June l5tlr
Summer Labor June 16th - August 15th
Fal-l- Labor August 16th ûctober 3tst
\dinter Labor November l-st April 3 tth .

There is no definite restriction placed on dairy

cattle buil-ding space. Capital requirements for the dairy

catt-l-e enterprise incl-ude the variab-l-e costs of the construc-

tion of a dairy barn, Space for beef and swine enterprises

is divided into rest of year space and winter space,

There are two rnethods of t¡eating op erating capitaJ-
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in l-inear programming " In Lhe f írst method tlre l-evel- of

capital defined as iniiial- available operating capital is

determined at the start of the year. As processes produce

nrrfnrt. r:ash srrrnlrses ma\/ be re-investecì in the farm business.

T-+-l --hi+-l ownenrì iÈrrre -ìr
r u uda uqp¿ uq¿ *,1 any one yeal may then exceed the

-l-eve-l- of initial- operating capital"

In the second method initial- operating capital and

+^+-l ---;+-l p:<nÊnrlitrrrc ãre aSsumed to be identical. AtUU Ud¿ !CTJAUOI E^PEIIUIUU!9

the hcn j nni no n'F f hr" \/pãr- the total amoUnt of OpelatingurrE uEg¿rr¡¡rrrY JUu4I

--^; J--'Ì -',-i l -h'l - fnr ÞvhÞn.ì i'l:rrre thrnunh-"+ +l--^ iS detef-capa];al avalraDJ-e TOI eXpenU*---- lJ"uuL LrrE yÚdr I

minecì. In this case, Ieceipts flom farm productíon are Ie-

invested in the farm business onl-y to bhe limit of the availabl-e

capitat determined at the beginning of the year.

The amount of initia-l- operating capital- is varied

f rom $|2500 to $.L!,00!, in increments c¡f i$25CIÛ. Total operating

capital is varied from $sc0n to i$20r000 in increments of

5iô2sú0.

Tabl-e 4.L shows the fevel at which the various resources

are avail-able.

Tabl- e 4.I: Resouïce Restri:ctions f or Li@.

Resaurce

Land

Ç--i n- I ¡hnn

Summer Labor

Restriction

47O acres

480 hours

67 6 hours
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TqÞ1e 4._I,e Resource Restrictions for Lin".t Itoqlurrjng" (ronitcj).

Restriction

792 hours

I¿Ô ( NOUTS

ì /lnn f :gtJlUU ÐLlUOrE I q

I ¿ llll qñrrarrã t eet

In-nnn dnIIars maximum

2û o Dû0 doll-ars maximum

5el-ection of Enterprises

There are three types of enterprises in this study,

Ther¡ ãrp - e - r-r'nn r.nt¡ti nns h. 1 i r¡esl-.nr'k nr.ndlrr:tì nn " ancìf ¡rÞJ aLOt qo u¿er¡ut gô

rì- brrvinn and sellinn ar:tìi¡ities"

?
Crop Rotatiqns" Nine basic crop rotations were developed"-

Each rotation is f erti-l-ized at a zero, Iow, medium r and high

rate of appfication.4 Therefore, there are 36 possible

rotation processes fo¡ consideration in the l-inear p.rogramming

analysis. The distinguishing characteristics of each
E

rotation are described brieflv.'

'Th" crop rotations, rates of fertil-izer appfication,
and expected yields used in tlris study \^/ere developed by Dr'
R,A" Hedl-in, Dr. R.J.5oper, and 4.0. RicìIey, Department of
En'i I 5r-'ienre- llnir¡r¡rsìtv nf ftlanitoba.JUIJ JU¿UI I9U,

A-Lol^r, medium, and high l-evels are rel-ative terms
betv,'een crops. A medium rate of application f or one crop
could be a high level- for another crop.

tr
'5ee Tabfe III.I, Appendix III, for a cìetail-ed descrip-

tion of each rotation plocess, Tabl-e i I I . J- shovus the rate and
l-evel- of f ertil-ization and the expected yieJ-ds f or each rotation 

"

Fal-f Labor

idinter Labor

Rest o'l' Year Space

lnfi n*o¡ Çn¡ne

T-jr:-l r--ir--Ìfr I tr uf,dr LdPJ t,d

I u t df r,clP¿ ud¿
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Rotaticn 1: A 4 year ¡otation of fl-ax, wheato oats

^^--.ì^.r -^r ^1-oveI failow.bËuuEu9 o¡lu Ll

Rotation 2z A 3 year rotation of wheat, oats seedecì,

and clover f all-ow 
"

Rotation 3; A I0 year rotation of wheat, oats seeded,

f¡r=rc fnranc- fnrane (bro''^-\ L*--''t-'l faflow, flax,t v¿s:,et e \e4-t\Ëll¡i, UIEsAIllu

,.l.^-+ --+^ -or.rl erì - and r:l oVer f al_Ior,v,t^/l lËd tJ, ucl uJ ÞÞEuuu t q¡ tu

Rotation 4 z A 9 yeaï rotation of r¡uheat, oats seeded e

f orage, f orage, f orage (broken ) , breal<ing f al-i-ow, wheat,

npts scedcd - and clover f al-i-ow"

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

cfover fal.l-cw"

Rotation 6t A 1Ü year roiation of wlreat, oats seeded,

forage, forage, forageu forage (broken)o breaking fallowo

wheat, oats seeded, and clover falfow.

Rotation 7t A 5 year rotation of wheat, oats seeded,

f orage, f orage (broken ) , and breaking f a'l-1ow"

Rotabion B: A 6 year rotation of wheat, oats seeded,

f orage, f orage, f orage ( broken ) , and breaking f a'L'l-ow"

Rotation 9z A 5 year rotation of wheat seedecì, forage,

forage, forage ( broken ) , and breaking fal-fow'

Livestocl< EnteËIlrises-' There ale two beef production enter-

nr-i qcq rl cr¡el ooed f or consideration in the analysis. These
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are a coì¡J-calf enterprise and a yearling steer enterprise.

Input-output coefficients for the cow-cal-f enterprise include

feed, labor, ancl capital requirements for the mature cow, a

rr=n j ar:cment he'i f er- anrl the stocker ca-l-ves, Stocker cal-ves¿ uP4

are sol-d at 7 months of agÊ weighing approximately 450 pounds,

Revenue in this enterprise is obtained from the marketing

of stocker cafves and the salvage cowo Arti'Ficial- insemin-

ation is used to assure a good quality breeding stock.

The yearling steer enterprise consists of the purchase

of steers at 7l-ü pounds and saf e at l-Ûl-0 pounds. This

¡.nternrisp rpnrrircs nnlrr rnri¡¡"t l-abor.

A dairy fluid milk enterprise is incl-uded in the

analysis. Coef'Ficients for this enterprise incfude requirements

for the mature cow, a replacement heífer, and veal calves.

fìal rrnq nn.l kent f nr renl arement nrrrnnqras a¡'e marketed aSUG¿VEO IIUU ¡\UP

veal-ers at 175 pounds " Revenue is ob'l,ained f rom the sale of

f 'l r,'i rì m'i'l L *hc sal rr;rnc cfl\nr =n.l \róãl n=l ygg o Af tif j Cial-I ruru t u¡ ru

insemination is used for breedinq.

Tlrere are two f eeder market hog enterprises. They

are winter hogs and rest of year hogs" bJinter hogs require

onl y wj-nte¡ -l-abor; rest of year hogs require spring, summer,

and faIl labor. For these processes, weanling Pigs are

purchased at 2D pouncìs and fed to a market weight of 190

pclunds.
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Rrrrri nn =nrì 9el l-i nn Fn*ernri qeq The hrrtri nñ anrì qel I i nruuyJrl!..1 crrru Jljr--,,r

enterprises are incl-uded to permit the purchase o'f, production

resources or tlre marl<eting of surpl-us pl.imary products.

Setling enterprises aïe incl-uded for wheat, oats, fIax, and

huy, lhese products can be sol-d or fed to -l-ivestocko Buying

enterprises are included for wheat, oatsu barley, ancì huy,

Sinr:e harlcr¡ 'ie nn* nrn¡l rrrcrì nn th¡= ferm- the incl_usion of

ãn\/ lirreq*nnk 'in ihe nnlimrrm nlanq r^r'ill noro--.i+=+- +h-ortJ f,JVLÐUUÇr\ J¡t UttO UPUr¡[Uìil P¿OrtO ùù!¿J rtEUEÞðfUOLE L¡lL

h--- -f l-rrrl orrPUr Lr rdÞE u I uo¿ ¿EJ o

lnput-0utput Loefficients

CoeFficients are required for each pl:ocess or enter-

--j-^ " | --.r 1-t-^.^ -^..1 ^¡nita'l l^Fñ|ìrcments aIe Ca-LCulatedPIrÞEo LC¡lu, lguUl t ol¡u LoPrUqr !EL-{ur!u

for aÌl- rotations. 0utput coefficients for vúheat, oats, flax,

and h-y production are necessary, These are derived from

Tabl-e III.I-, Appendix III. Labor, feed' and operating capital

requirements for l-ivestock are cal-cul-a-l,ed. Prices for -l-ive-

^r^^t' ^,,+'-,'.¡- rnrì f he nr ain oroducts must also be deternined,Þ truL^ uu uPu u o¡tu ur¡s 9ror¡t I

The coefficients used in -bhis study are presented in Tabl-e

III "2, Appencìix I I i.

a."Department of Agriculturaf Economics, University of
Mani-boba, tfFarm [ianagement Handbookil, (Unpub-]-ished). This
lrandbool< was the source of most coef f icients. In addi-bion o

much assistance was given by various staff members of the
[-t enarl-.mr=nJ-s nf 5oi]- Science and AnimaI Science, University of
l'4ani-Loba "
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fleenrinf inn nf ll---¡ãmc

Tni*ial l-lner¡*ìnn l-:n'i*=1. A tobal- of Forty programs were

computed at two yield l-evel-s. Tabl-e I i I " I shows the original-

yields " Reduced yields \dere cðl-cu-l-ated f rom the original- yíel-ds

in the f ol-lowing manner, A1-l- wheat, oats, and f l-ax yields

of Tabl-e lII.l- r/úere reduced by 10 per cerìt. All forage yields

\^Jere reduced by 2D per cent" Ihe levefs of fertilization

shown in Tabi-e ï I I " I were hel-d constant f or both the oriqinal-

and reduced yields. Tr,venty programs \^/ere computed -For each

yíeId l-eve-1. In addition, tlre -l-eve.l-s of initial- operating

capital and f ertilizer cost \^iere va¡ied. The cost of f ertil-izer
i-^*^^-^-r in increnents nf 2n np¡ reni *n IÊn npr nFnrWdð IllLIEdÞEU Ill IllUIEl;lËllUÞ Ul LU jJE¿ LE¡lUt UU IULi lJCr uur¡u

of the aDtuaf cost, In Tabl- e 4 "2a the actual f e¡til-izer

cost is indicated bv the index l-¡ü" The fertilizer cost

r^rh.inh is 2n np¡ ¡en* nro=*e¡ than actUal cOSt iS inci iCa.leeì hvtr"-

the index LZD" Simílar-l-y for the index nun-ìbers of l-4t, l-60,

and -l-Bû. The original yield -l-evel is represented by the index

100 in TabIe 4 "2a " The index B0-90 indica-bes reduced .yields

in Tabl-e 4 "2b "

Col-umns l-, 2, and 3 o'F Tables 4.7a and 4"2b show tlre

ìdnntifrrinn r:haracteristics nf p.ar-h nrnñr,-.J*..ìJ -"alacïeIl_s];acs ¡*-y*dl'lìo

Total 0perating Capital: The same generaJ- procedures were

followed in computing programs with tota-L operating capital.

Ton nnññfãme r^r--v "rere computed at tlre two yield fevefs with total-

oneratino canital- variab-l-e and fertilizer cost constant-*r-

at the actua-l- l-evel-" The resufts of the programs are shown
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in Tabl-e 4.5.

FART I I - RESULIS PRûGRAI\i5 tt-llLlPUTtD 'JJITH INITIAL

ÜPTRATJNG IAF]TAL

The objective o'F the l-inear programming analysis is an

attempt to evaluate the abiJ-ity of commercial- fertilizer to

compete for initial availabl-e operating capi-bal with other

production resources in tire farm business" Io this end, the

level- of fertilizer use is examined in situations where

v'iel ds- ìnitial ^^^';+-1 --i f ertilizer cost are varied.Jr/rE¿uÈ, !rr¿urdJ UdHJLúJt úllL

The specific situations are outl-ined bel-ow"

1. The leve-l-s of initial capital varied f rom a non-

limiting l-evel- to several limitinq.level-s and the effect on

fertil-izer use determined. The lrypotlresis is advanced that

as the Ievel- of availabl-e operating capitaf is lowered, the

use of fertil-izer will be decreased. This wil-l- provide an

indication of the competitive ability of fertíIi.zer:. Ïlre

-ç' €--+ -f 1¡5¡1¡ì ^- ^-^; +-l ..i S COnSiCì ereCl f or orioinal_ anCjL:l luLt ul vdlyrllg uclJruef, rè uul¡ù¿uÞruu ru

decreased yieJ-ds 
"

2. The cost of f ertil-izer

are in incrernents of 2t per cent,

level of use wil-I be decreased as

eration is aiven to the effect of

r¡i ol ¡ì 'l ærrel c

is increased. Cost increases

It is hypothesized tl¡at

cost is increased" Consid-

increasing cost, fol both
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The interpretation of the analysis may be cl-arified by

---'r-,--+.iñn of Tables 4.2a and 4"2b, These tables incl-udedtt É^Padttq urul

al-1 the infcrmation relevant to the discussion of i;he linear

Droorammino r.e-,,'r +- p----ams 1 to 2t (ta¡t e 4 "2a) werer--J-_......_. f _ jÐuru¡o I rugr

computed for original- (100) yields with capitaJ- and fertilizer

cost variabre. Programs 2r to 4t (Tabte 4'2b) w=r= computed

f or decreased (80-9¡ ) yields, with capita-ì- and f ertil-izer

cost variable 
"

f,ol-umns l-, 2, and 3 of Tables 4"24 and 4.2b indicate

the Ievel_s of initial capital, yielcls, and îertilizer cost,

îêcno-*.i r¡el rr +'-- --^h nF-ñ-LvuY TOr eacn plogram"

folumn 4 shows the profit of the optimum (most profit-

-hl - I ñ1 -ñ nf ---h h1-ñh-,n The nrnf i t determined in l-ineardUaË,/ PIdll Ul EúUll Prugrolllo I r¡u

programming Iepïesents the IetuIn to fixed costs of operation'

In order to determinerrnetrt profit al-l- fixed costs woul-d

have to be subtracted from the figure given in col-umn 4"

Determination ofrrnetrrprofit is not necessar'y for the pulposes

of this thesis.

column 5 indicates the l_evel at which rotations aIe

'Fertilized in the optimum plans, The following designations
.1apply:

tr - hi-h I-ysl of fertil-izer applicationl? o lr¿u¡l !E

F ) - a medium fevef of fertil-izer application

1-
I dU¿Ç

of fertilizer
fert íIj-zation.

III.I- shows the rate oF ferti-J-ízation, the analysis
,,---l ---l *l¡o e>¿ncrtc.fl yield for each feVef OfuÞt:U 9 dllu ul lE E^PEU uuu
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F, a low level- of fertilizer appfication
-L

F- a zero.l-evel- of appfication
r\r^ ^^+i-,'* ^l -nq r¡/prF rìnmn¡ted fof leSS than A mediUm l_eVel¡\u up urlluilr P!q¡¡Õ wE! E uur¡rHu i

-f ^^*1-:^^+-:-^U I dUUf,JUO UJUI | ô

Productive processas or enterprises which appear in

+h- ---F -i -r ¡m n I =nc 
-Fnr o=nh ruì!E u¡, ur,,ru,rr pIOglam aIe pf esented in COlUmnS

6 to l-5. Enterprises such as yearling steers which did not

appear in any final- pJ-an are omitted from Tabfes 4"2a and 4"2b.

Col-umns 16 to 2t inc-l-ude a.l-l resources which were

n¡oqon* a* qrrrnllrq lerri=lq ìn +h- nn*ìr¡rrm nlenq- Re.snllr*,1 ut¡v uH urr¡¡ut¡¡ -*'CeS,

qrnh es j and - which were l-imitino in all- nl ans arp nmi tted-uu¡r I vv¡¡le

f rom the Tabl-es "

The understanding of Iabl-es 4"2a and 4.2b may be

frrrfhpr q'imnlìfied brr disr:rtsqinn thr?'r'Ês¡rlie n'Ê F qn,=r'ific
I u! ur rur u4rr¡P¿¿ I JEU uJruuOU!l lV

programo Program B is selected for this program. In Program

B, initial- capital is l-imited to i$S0¡O ' origina-ì- yields are

assumed, ancÌ expenditure for fertil-izer is 14Ü per cent of

actual- cost, The profit to the fixed costs is Í.|8048.57'

Ro'bation 2 ís f ert íItzed at a hiqh l-evef and rotation 9 at a

medium l-evel-. The optimum pl-an specif ies 37Û" 3B acres of

Rotation 2 and 99"62 acres of Rotation 9" All available land

has been employed in production in the final plan"

Column B indicates that the optimum pJ-an spEcifies the

procìuction of 3.61 units of the dai::y f l-uid milk enterprise.

ûne of the Iestrictions on this pIOCess ì^/as that at.l-east 24
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units must be specif ieci in the optimum p1an. Ûthetwise, l'or

practical- considerations the dairy fluid mi-Ik plocess would be

discarded if Program B was to be imptemented on the fa¡m.

The op-bimum plan specifies the production of 93 "52

winter hogs and 2I2.12 rest of year hogs"

columns 1l- , 12, and l-3 indicate surpluses of rnrheat, oats o

and hay. The aptimum plan incl-udes the sal-e of 4LI9 "24

I¡ushef s o'F wheat , 44II "94 bushels of oats, and I23.04 tons of

hay" The purchase o-F 2O42,12 bushel-s of barley is necessary.

For this analysis oa'bs and barleV are not substitutable

in f eecl rations " I f l-ivestocl< rations require barley it must

be purchasecì since no barley is produced on the farm.

In the optimum plan of Program B, al] avail-abIe spring

and summeï .l-abor is used. The f aII ancl winter seäsons provicì e

surplus labor. There are 2I3"65 hours of fal-t fabor and

666.25 hours of winter labor idl-e in the optimum plan " Wir,'ter

space is a-l-so availabl-e at a non-limiting level. A maximum

of 2L2,L2 winter hogs could be produced with the l-4ÜD square

f eet of avai.l-abl-e winter space. since only 94 hogs aIe prod-

uced, there is a surplus of 182"17 square feei of winter spaceo

col-umn 2L incìicates that initial capital is a lim'i ting

resource aì; the $r55Û00 l-evel.

The results are presented in 4 sect-i ons '

1" General observations,

ïÈrorr iré o
¡rrÞJ

2 " The change in f erti.l-izer use as initial capital
is decreased, fol the two yieJ-d Ievefs"

3 " The change in f ertilizer use as f erti-l-izer cost
is :'-ncreased, f or truo yield 'l-evels '
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rs for Programs I to 2D, Computed

Productive Processes in Dptimurn Pl_an Surpl-us Resources in ûptimum Pl-an
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Ĵ

r'3
F'3
r,2

F'2

F
'1 J

F
J

F'.)
L

¡a

-F,2

37t.38

370,38

?-7n ?trv ¡ uôeu

17n ?Rg'Uâ9U

99.62

qa Á2

99 ,62

99 "62
F5 Aq

J " OJ

3. 6J-

J"OI

30.48

l q aÉ,

2I2.1.2

2r2 "r2

2r2 , 12

2r2 "12

2I2 . 12

Ai /ñ
-IJUU ô J¿

4r73,72

4158.97

4038.79

4û93 "52

4685.58

4733.77

478r"61

?ç7-7 )O

a7a7 '1 A¿ | r I ê ¿+

L25 "J4
i 2q nA

IZ5,Û4

1)\ nA

l-06"38

1644,OA

r573,16

t-503 
" 

g4

'ì,4 qo on¿- r t 6 t v

I43B " 44 JJÓÕO

a-/ | t ht

/-
/ | t hl

2r3 .65

) | 1 ¡ì5

CIJ ó SJ

784.45

BÛ5"28

826 
" 

DÛ

839"07

870.84

I l a9 C?

1272 "L9

laAq-ìn

1391,10

l_40ü " l0

0

û

0

0

0

8827.2?

8436,99

8049 
" 57

7B¡5.00

7567,68

J

-ll
J

c-
t1

J

tr'2
r

tr'3
tr

J

F
¿

F'2

tr¡-
a

370"38

a-7at ? R

a7n 1eUIUôJU

370. 3B

370"38

99 "62

99 "62

99 ,62

99,62

J"ÐI

J ô OJ-

J. OI

JJJOUU

1 nA (,Cl

86.68

7a -7A

2r2 "L2

2r2 "L2

2r2.12

2L2 " 12

2r2 "12

4128.78

4L33 "14

4rr9 "24
?OO R 7O

4002,2r

4315 " B6

4364.27

44rI "9 4

32û8.15

3237 .24

12q nA

1)q ¡A

r25,D4

I25 "D4

r25.D4

2182.80

2rr7 "12

2D42,72

I99B.BB

i aqq on&¿a¿ôJa

2L3 " 65

/-zrJ"bf,

ar
LLJoUJ

/-2 | t hl

a-/ I t hl

624 ,69

645 .86

666 "25

619 "64

692 "OD

bJo " f u

7no n?

7n, 7-7

827.9r

a7 a A'1

0

0

0

0

ü

9317 "32

8927 "34

8539 " 67

8295 "12
Ãnq7 AqUUJ ¡ òIJ

F
J

F'3
F'3
F'1 L

E-lt

F''3
tr

F,)

F,2

F'2

?7n ?Ê

a7a ?RV ¡ UO UU

'7-74 1AJIUoJU

a7n ?Ê

?7n ?R

99 ,62

qq É,)

oo A')

JOOI

J. OI

3,61

J " D.L

2nn an

I AO -7A

171 7A

1ÁA AO

2r2 . r2

2L2 "12

2r2 "12

2L2 "12

2r2 "12

4û88.64

4093"85

4J7g,rO

3958,92

-ñ a-1q ñ / I I

3946"68

?oo/1 aÉ.J))+6VU

4042 "77
-ñañ 1ñ

-ñ/- ña¿oD I . úJ

12q nA

I ?q n/\+LJOU-

1)q nA

'l ?q nA

r25.O4

272r "tO

265û.7 6

258O..94

2536 "89

2494,48

-a a ar

/-) | -t hì

-a a /-/ | 1 ñt

¿l_J"bJ

/-/ | 1 ñì

A(.A O't+n-r o )L

/atr -7ç
c¡uJ Ê | J

cnÁ A7

q] O qA

¿¿L o L-

74"D8

L47 "43

22D "35

3l-l_ " 05

0

0

0

D

t

9381"86

L't¡'ìt 5H
' 

¡JJJ ê ¿9

R7?'ì A)U ¡ J¿ ö -4

n\?-/ 1 Á

8328.40

F'3
F'3
F'3
tr

tr

F'
J

F'3
r

L

tr,2

tr

37û"38

370. 3B

'7'7a ?O¡ I Uo JU

1.'7n 1aJIU.JU

370"38

QA Á2

qct Ã2

a0 (,2

99"62

J 6 O-L

J, or

3. 6l_

J " E-L

2L2 
" 
12

?1) 12

1L¿ 
" t¿

¿I¿ O I¿

1!¿ " L¿

2r2 " L2

2L2 "r2
2r2 "r2
2r2 "r2
2L2 "r2

4083 " 3B

4DB3 " 62

4D63 .7A

3940.01-

3940 
" 0l-

3898.01

3Bg1 ,17

3897 "77

2663 " 4n

) (, í,a An

r25.J4

12q nA

r25 "t4
r25,04

r25 "A4

)7a1 0A4 t /Lo ta

27q1 0/1

27A1 AA

2-7A1 A/lLt/¿o2a

)7A1 AA¿ | /+ê J-

/ | t hl

/r? | t hl

?1? Á\

a-/ | t hì

a-
LL¿ o U J

443 "87

443 .81

443 . 87

443 "81

443.sl

2r10 " 68

LB44 .4D

1520 "25

1315 " 95

LILT "22



Table 4"2a2 ûptimum Pl-ans for Programs I to 2D, Computed
UJith 0riq i ¡31 Yiel-ds 

"

Proqram fharacteristics Productive Processes in Dptimun Pl-an Çrrrnl trq Resources i* fl-t-;-,,*
-Ll I ul,J Lrlllulrl PIan

Pro-
gram
Nou

I

1n it i al-
ÞqPr uc¿

2

Yietd
Lev el-

3

E-^-+I E! U

Cost

4

Profit

5

Fo-*

LEV E¿

PÞ
¿>

67

Rotations
ot)tr2 ',qAcles Acfes

B

Dairy
Fluid
Milk
( Units )

9
'rdinter
l-l o gs
( head )

l_0
Rest of
v^-* t.r ^^rEo! rrug

(head)

1ì

J EA¿
l^tL.- ^J.UUIIEdL

\ IJUS /

T2
5el-I
n^J--Ud UÐ

(Bus)

t_3
JEI¿

Flay
t tons l

I4
f],,.,uuy
Fì=- l otr

\ Ðus l

l_5
Buy
Hay
t lons,¡

ID
SurpIus
Çnri nn

Labor
(Hrs)

I1
SurpJ-us
5 umme r
Labor

(Hrs )

l-B
5urplus
I OIf,

Labor
(Hrs)

I9
Çrr¡n-lttq

\dinter
Labor

( l-lrs )

.t_

2

3

4

5

2500

tt

9l

il

ìt

r nnIUU

?1

tl

n

fl

100

L2J

140

J.DU

180

ra
UJJ I éJU

-7O/t7 qR
t Ja I Þ ¿v

'7EEn nf
I JJt 6 iL

^/I JJJ o JU

-7n(.F. -7A
I UUU 6 | U

F'3
tr'3
r'3
r'2
F-,2

r
J

tr'3
F'a

r'2
F,2

JIUoJU

37û. 3B

J JUOJU

oo É,2

oa (,)

oo Á2

oq É,)

aq Àc:

3.61-

J " OI

?Á1

?n ÀA

P, ?)

| 1l

2r2.).2

212 "12

2L2.L2

2L2 "12

2r2.L2

4168.51

4r7 3 .72

ltl-sB "97

4038 "'19

4t93,52

4685.58

4733 "77

478r"67

1ì / / /9

3197 ,34

1)q ìA

1)\ nA

r25 "û4

L25.O4

106, 3 8

1644,30
a/

JJ / J " I Ð

1503.94

I /t qa qn

r43B " 44 Jt-.oo

¿JJ ê UJ

/-) | t hì

/-) | a ñlLI! Ö U!

/f/ | 1 irì

LLJ"+J

784"45

805"28

B26"DC

R?q n7

870, B4

6

1

B

Tì

10

5 000

1l

It

It

It

l-00

t?

It

tt

9t

l_00

L20

r_4 0

-LOU

180

8827 "22

8436,99

8049. s7

7805 " 00

7567 "68

F'3
F'3
r'3
r'2
-r.

tr'?

F
J

r
L

tr

tr

17n ?AJIUoJU

stu€ve

?7n ?Pu I a ø rs

?-7n ?R

a-7n ?aJIU6JU

99 "62

99 "62

99 .62

99,62

99 "62

3.61

JôOJ-

3,61

J " DJ.

rlf,oÐo

-t nA Ácì

na c..)
7 J O JL

86.68

7a 7A

2I2 "12

2L2 "12

2r2.L2

2L2 "r2
2L2 "r2

4I2B "78

4133 "74

4rr9 "24

3ggB,19

40t2.2r

4315 " B6

4364.27

44rI"94

32U8"15

3237 "24

L25 "D4

r25 "J4

l_25"04

125.04

L25 "O4

t1À) Rn

2LL2 "12

2042 "12

] qAR ÊJ¡

l nEE nn

aÍll_J"oJ

r-
¿lJ"ÐJ

a-/ | t ht

/-
L!JôUJ

D¿4." a2

645 "86

666 "25

619,64

692 "AO

11

L2

13

L4

15

7s00

rt

It

tt

¡t

lnn

It

tf

ll

r_00

120

r-4 0

l6 rl

180

q I | / 1)

8927 "34
aa

8295 "12
ãnq7 A\
UUJ I O-J

F'3
tr

J

tr'3
r'a

L

F

-tr

tr
{

r,.)
L

tr
a

F

J¡U6UU

l ttl lH
JIUOJU

2-7n ?nUI9OgU

aln ?RJ I !J O UU

17n ?AUIU6UU

99 .62

99 "62

99 ,62

99.62

3 
" 
6l

J o Ol_

3.61

?nn an
Lsa 6 / u

I Rc) 7R

I I Uô | u

1-7 1 7Á+t¿o¡u

1ÁA Aq

?I2 " I2

2L2.12

2r2"L2.

2L2;LZ

2L2.12

4088.64

4Dg3.B5

4379.rt

3958,92

?aÁ) 1 I

3946"68

3994 "86

4042 "77

2838"38

2867.A3

125.04

l_25"04

12ç n/I
J4UôU-

I25,J4

L25.O4

212L.Dt

-/r- -a¿NJU" ID

2540.9 4

2536.89

249 4 .48

/r
A¿U ô UJ

a-
¿IJ " ÐJ

a-/ | t ht

/r2 | A ñ-

/-
/ | t hl

A(,t a'l

/ìaq -71
¿f UJ o I J

506 ,47

5 I U \/lJLJ õ Ja

-^
J¿L ø ¿-

ia
-LD

¿l

l-B

tLt

2A

'r n nnn+u 9 euu

f9

ll

Ìl

ft

1û0

ît

lf

tt

il

10û

r20

140

16ü

r_80

93Bl.B6

9ü55"58

p7?1 A2u I ur è -L

8521.L6

8328"40

tr'3
F

Ĵ
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the rel-ationship between the extent
and the fevefs at which specific

resent in the optimum pl-ans 
"

Section -l- Generaf 0bservations

0nly two of the nine basic rotations entered the optimum

pJ-ans. Rotation 2, a 3 year sequence of wheat, oats seeded,

and claver f al--l-owe was the dominant rotation. It appeared in

aI] optimum plans. Rotation 9, a 5 year rotation of wheat

qecrì ed- fnrene. -Fnrane 'Ênran'= (hrnkcn)- anrì hreakinn fal-l-owÐEEuEu, I u!qVU9 | UroVLt rurqYU \uru¡\u¡rl,

r¡rpÇ nrcse.nl-. .i n - 1 I ñrññF=mÕ ÞvrÞñ* PrnñrãmS 2I tO 35 inCl-USiVe.trydÞ P!EÐErr u Jrl dlr Pruu!q¡¡lÐ EALEH u | !u5!o

Both swine production enterprises \^,ere sPecified in

the optimum pIans, Rest of year hog production was at the

maximum level- f or all- pJ-ans " The dairy -Fl-uid mil-k enterprise

appeared in al-l optimum plans at a very lotnl levef . I n prac-

l-in.=l annl'ir:ati^^^ rr-;- woul-d be cl iscarded.uruqJ alJPrf uu u¿ullÞ ullrÙ Plut

Resources which limited further expansion in Programs

1 to 2A h/ere initial- capital , land, spring labor, summer

labor, and rest of year hog spaDe. Capital, l-and, spring

l-abor, and Iest of yeal space vJer'e limi'ting Iesoulces in the

nr-nrrrams rnlith rr.rì rt¡c'rì rlielrì go

Section 2 - The Effect of Decreasrnq T^.: ! j -t tr-'-j r;alfrrrurdr 9slll*l---

fertilizer use, forTabl e 4 "3 shows the l-evel- of

oUndur di-Fferent assumptions, different rotations could
have appeared in the optimum plans. The f ac-b that onl-y rotations
2 and 9 were significant must be considered only within the
limita-bions of the input-output coefficients of this analysis.
Changes in input-output coefficients and assumptions could al-ter
the type of rotations which woufd appear in the optimum plans'
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Iable 4 " 3 c Use of Fertii-izer ReJ-ated to Levef of Initia-I
Capital ancì Varying Fertilizer Cost, with
ûriqinal Yiel-ds.

'^-R- denotes rotation 2
z

-x-*R- denotes rotation 9
Y

*10¡ denotes actual fertilize¡ cost

Tabl_e 4 "4 z Use of Fertilizer Re.l-ated to Leve.l- of I nitial
Iapital and Varying Ferti]izer Cos'c, with
Reduced Yiei-ds "
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of use remains Donstant as initiar capitar is decreased from

$i;ln,ll0 to $2, 500, 0nJ-y if the rate of apprication changed

within any one col-umn woul-d a response to climinishing fevel_s

of initial capitat be indicatecl.

Iable 4.4 shows the level- of f ertil_izer use. f or
dec¡eased yields, when capita-r is decreased. The same

concJ-usion is reached as for the originar- yierds.
The fol-lowing direct ancl indirect conclusions are made"

f . iJithin the range of initial capital considered in
this study, the level of fertirizer application is not
af f ected by dec¡eases in the l-evel of initial_ avai l-abl_e

operaiing capital.

2 " Tlre f oll-owing inf erence is drawn f ¡om the above

concl-usion" Since the level- of use is not affected bv initiaÌ
capital changes, fertij-izer exhibits a hiqhlv comÞetitive
ability to compete for ca¡:itar rvith o-Lher inputs for the
initial- operating capital-.

Prudence must be exercised in attempting any

ññmñ¡Ê}-rÞÊ-j,, -l -: -^ri -.cemprenensfvB u-rrErclrJ-/-.lLruns from the above conclusions.
In the strictest sense the concrusions can be applied onÌy

to the base farm. since the base farm is assumed typical_ of

the area it is pernissibl-e to make generaJ_ statements about

the ef'Fect of varying capital_ on fertil_izer use.

Section 3 - The Ef-le-L! q fl Increasinq Fert írizer cost

The data presented in Tab-l-es 4 "3 and 4 "4 is used in
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evaluating the effect of an increase in feriil-izer cost on

the I evel_ of f e¡.{:i I-i zer =nnlications.
\'/ith original yields, the J-ever of fertilizer use slrows

no response to increased ferti-Lizer cost until- the fertifrzer
cost has been increased to I4t per cent of actual-, A

fe¡til-ízer cost of l-40 per ceni of actual reduces the ouantitv
used on Rotation 9 to a rnedium leve.L. With a f urther increase

in fe¡tilize¡ cost, both Rotations 2 and 9 are fertilized at

the medium level-. No further decreases in use occur, withín
tlre cost range consiclered in the siudy,

The same general pat-bern is fo_l_lowed with recluced

yields. The f ertil-izer cost l-evel at which apÞl-ication is
reauced is decreased from the r4D per cent level to the I2o

per cent l-evel " At actual- costs u both roi;ations are

fe¡tilized at the high level-. At the LzD per cent cost revel,
Rotation 2 receives a higlr application whi.l-e the app.tication

on Rotation 9 is reduced to the medium l_evel. Appl-icati_on

remains at the medíum l-evel for Rotation 2 for aIl- succeedinq

increases in fertil-izer cost. Rotatinn 9 does not aÐÐear

in tlre optimum pÌan -l'or l-evel-s of få2, S00 u $lS, l¡0, and lf 7, S¡¡

o'F capital 
"

ïhe conc-l-usions of the above analysis are as f ol__l-ows.

l- " Fertil-izer use is af f ected only rr;l-ren rel_ativeJ-y

greai increases take place in the cost of fertil-ízer. Fert-
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il-ize¡ prices have general-ì-y been l-owe¡ed over the past few

years, Large increases in prices aïe very unrikety" There-

fore, for practical considerations, the chanqe in fertil_izer
costs wil l- not af f ect the .leve-l of use of f ert ì lizer.

2" A reduction in yields increases the sensitivitv
of fertilizer use to increases in fertilízer cost, If vierds
hJere severery depressed, a slight increase in cost may

reduce fertirizer use. The rate of apprication remained

Donstant whii-e yields weïe reduced" This is equivarent to
a diministiing response to fertil-izer" Thereforeo the l_ower

the response of yieJ-d to f ertil-izcr appj-ication, the greater
wil-l- be the sensitivity of 'l"ertiLizer use to f ertil-izer cost.

Section 4 - Fertii-iz_pr Use and Processes in the Optimum fluIS.
A comparison of fertil-izer l-eve-l-s and specific enrer-

prises in the various optimum plans provide further estirnates

of the competitive abi-ì-ity of f ert il-izer. The comparison

to be considered is as f ol-l-ows. The chanqes in the leve-l-s

of enterprises are rel-ated to the -l,evel- of fertifizer" Ihe

fertilizer cost is variecj and initial- capital and yierd l_eve-l-s

hel-d constant" The winter hog and rest of year hog processes

are se-l-ected f or comparison with the l-evel- of f ertil_izer use,

ïhe cptimum plans of Programs 6 ta lû (Tabl-e 4"Za)

are used f or this comparison. I nitiai- capita-l- is f ixed at
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ftrS0¡l and yields are constant at the original (10û) level-.

As fertifizer cost is inc¡eased, the amount of capital

avai-Iai:l6 for expenditure on processes is decreased if the

fertifizer use remains unchanged. In Program 6, fertil-ization

is at the high level- for both rotations. Production of

winter hogs is 1-l-5.68 head. vilhen fertil-izer cost is increased

to the rz] level, fertil-ization remains unchanqed and Þroduc-

tion of winter hogs is reduced to LD4.69 head. Further

increases in fertil-ízer cost are accompanied by corresponding

decreases in the production of winter hoqs" This is true

a-l-so at the l-80 cost l-evel- where ferti-lization on both

rotations is reduced to the medium (r2) level-. The concrusion

is d¡awn that the marginal- return on initiaf capitaJ- is

greater for fertil-izer than the winter hog process" ûnly

when initial- capital is non-restrictive ( Prograrns i-6 to 2I)

are winter hogs produceC at the maximum J-evel- of 2I2.I2 hogs,

A comparison of ferti-lizer use ancì the rest of .year

hogs process shows a different relationship" At the limi-bing

l-evel of t}5000 of initiai- capitalo rest of year hog product-

ion remains at the maximum l-evel- of Þroduction as fertilizer

cost is increased. This indicates that the marqinal-

nrnflr¡riirrì-l-rl ñ'F --^;+-1 ì- qreafer fnr fhe roq* nf \/o-r l----pruuuLUrvruJ ur udpf,UüJ rö UrEauEr lur urtú ¿Eou ut yEsJ_ t¡Ugb

process than for fertil-izer.

Section 2 considered the effect o'F diminishinq initial
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capital on the use of fertil_izer" A ciecrease in initia-l

capital praduces an effect similar to an inctease in

f ertil-ize¡ cost. An initial- capital Level- of $l-0 
' 
0Û0 permits

the maximum production of u;inter hogs at 2I2"12. ldith

fertifizer cost constant at the actual- cost level, a reduction

in initial capital to !$2500u decreases winter hog procìuction

to 30.48 head 
"

The results of the analysis show that fertil-izer is

h.i nhl r¡ nnmnetitive with other inputs f or initial- capital in
"-Y"*J

the farm business" [Jecreases in initial capital did not

af f ect f ertitizer use . Extremely great increas es in f erti-l--

ízex cost reduced the fevef of use of fertil-izer. For

practical_ purposes, this reduction is not significant" A

comparison of fertilizer use and process levels in the

optimum plans indicated, (1) the marginal return is greater

to ferti.l-izer than to winter hogs, (2) the marginal return

is l-ess to f ertiJ-izer than to rest of yeal hogs, when initial-

capita-l- is limitecl"

PART ] I ] RË5ULTS PROGRAi."l5 [OI\iPUTED !"J] TH TOTAL

OPTRATING CAPITAL

In Part I I I, the level- of f ertil- j-zer use is ref ated

to changes in yields and total- availabl-e operating capital"

Finhf nroûrams ,,+--ì fnr nrrnnqFs of studying this
-*5" J- -,"J tryËIE LUlllPU UEU ¡ u! H"-f',
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relationship, Two programs were computed for extremeJ-y

limited and non-l-imited tota] capitaJ-" The optimum plans

fnr fhe nrnñramS a1'e ShoWn in Tabl-e 4.5"

The resu-l-ts of Programs 4I to 5D are presented in

three sections "

Section

-I " Pro grams 4I and 50,

2o ïhe change in fertilizer use as totaJ- capitaÌ is
decreased, f or the 'Lwo yield leve-l-s.

3. An examinaiion of tire rel-a-tionslrip between the
extent of flertil-izer use and tlre levefs at which
cnÊnifin en{o-n-i-o- nreqeni ìn fhe nn*imtlmÐpuurr ¿u ETTLEIPIaÐEÐ oIE IJIEÐçt¡u ¿tl urtE uHu¿liluìrl

Plans'

1 - Proqrams 4I and 50"

Þ------ A1 ,'+,-J '.,ì+l- ^-;-iñ-l ',i-'1 ¡ -ì ';i5nnnI IUgIdlll +¿ WdÞ LUlllPU UEU WJ Ull UrrUf ll(1f yf E¿uÞ dllu +JUUU

+^+-'t --^ì+-r The nnt-i mllnr olan of Proorrm A1 qnFrr.'ifìeSUUUdJ UdPTUC¿ô | lru uPUrllrul¡l P¿u't u¡ ¡ !u5roll¡ 1¿ ðPEU¿lI(

453"f4 acres of Rotati-on 7 fe¡tilized at the medium level,

Theref ore, .l-6. B5 acres of land are l-ef t icì1e. Under the

assumptions of this program fertifizer shows a marginal produc-

tivity greater than the dairy'Fluid milk, rest of year hog,

and winter hog enterprises" This is indicated by the absence

of these enterprises at the medium fevef of application. For

h---+.i--t --^'l in=-l-jnnc Èhe m¡-* ---fi {-óhl Þ nl =n '.rjilr \placÏr-car appf mosÏ pror J-1;aL*, F*.-'. Jery

l-imited total capital, is a straight grain farm operation.

the optimum pJ-an of Program 50u computed with non-

l-imited total capital, is the same as the optimum plan of

Program 16" Both programs were computed with original yields,
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actuaf fertilizer cost and non-l-imited operating capital"

Section2-TheEff ect_ of Decreasinq ïotal- Capital

As nre\/inrrsl v stated" P.nflrâm 5n r¡r-- ---- !-r ith at ¡uu!oilr v\i dÞ UUll¡jJU UEU W-

non-limited capital -level of t¡20,000, Rotations 2 and 9 were

'flert ilized at the high 1eve1. As capitaJ- tdas decreased to

lif 5, ûú0, a limiting f evel-, with originaJ- yields no change

in fertil-izer aÞpl-icaiion occured, Successive decreases in

availabl-e total- capita-l- did not e-Ff ect f ertil-izer use. r',iith

nri ni nal vi el d -^'; +-r '^''st be reduced to the ]þ75üû Ieve'lur rgrl rqr J rLruÞ t LqP! UGJ ¡l¡ui

bef ore the l-evel- of f ert i Iízer is reduced to the medium l-evel

f or botlr rotations,

For reduced yields, tlre f evel- of f ertilizer appf ication

remains constant at ihe medium l-evel- of appfication for al--I

levef s o'F total capital, l,r/hen yields are reduced a shif t

to Rotation 2 ai-so occured. Rota-bion 2 ís a non-forage

rotation, Rotation 9 is a forage rotation' The shift to

Rntaiinn ?- tnrhr¡n riields are rcd'¡ncd- is nrnhahlrr dttr: irl thef\uuuuru¡¡ L9 vur¡E¡¡ ¿ç'sqeeut r¿vu

fact that forage yields were reduced by a greater percentage

than were the grain yields.

Total capital ef'Fects the l-evel- of ferti-Iizer use only

when capit al- is at very limiting l-evels. At any -l-eveÌ of

capital grea';er than {ii10,DDD fertifizer is applied at the

high -l-eve-l-. Increases in tota-I capi'ba1 permit increased

production of both lrog enterprises, as i ndicated in Iab-l-e 4.5.
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Section 3 - Ferti-Lizer Use and P-roçesses in the 0ptimum Pl,an,

Progranrs 44 and 45 arB used to study the ¡elationship

between f ertilizer use and processes in the opti murn pJ-ans.

In Program 44 with ïi10,0üû o'Ê total- capital and original- yieJ-ds,

81. Bü rest of year market hogs are specified in the optimum

nlan- Fertiiization is at the h'inh letrel 1',h-- \,;-l.r
Paot¡o I EI urrr¿úu¿utt ¿Ð ou ur¡G rr!g¡r ¿EVE¿ô vurlEtt yagau¡ dIE

reduced (Program 45) fertiLization is decreased to a medium

l-evel- whil-e outpu-b of rest of year hogs ís increased to

I59 "2ü head " The conclusion is drawn tlrat when vields are

ro¡l ,rnerl *ho m=--ìn=l n-nel ,'¡lir¡ì*r¡ nf raqf nf \/ê¡r hn--!EUUUEU, urlE ll¡OrVrllO¿ PrUuUUUrv¿þy U' !EoU Ul JEOr rlUUÈ

exceeds the margina-l- productivity of f ertil-izer" ïhere-l'ore,

capital is j-nvested in the rest of year hog enterprise and

fertilízer use reduced. The rest of ihe programs may be

intcrnreted in a similar manner,

The resul-'Ls of Proorams 4I to 5D can be summarized as

f o1-l-ows "

l-. The use o'fl f erti-lizer is af f ected by very limiting
-l-evef s of total- avai-l-abl-e operatíng capital 

"

2" Under extremely Iimiting (,1üS0nl) total- capital the
marginal retu¡n to fertil-izer is greater than to
the livestocl< enterprises.

3. !t/hen yields are reduced the rnarginal return to
fertilizer is reduced, This indicates that in the
---^r-.:--r -.i+,,-+i-^ +t-.- ah.i I.iJ:rr nf fcrtil-izer iOPTdULIUO! ÐJUUqUrUllg U¡rE OUrr!UJ ur I L

nnmnete r^ri th nf her nrnri unti rrn ì nnrts For total- P-
¡=ni*=l io -r- l^--! ---..'l-iallr¡ rl eferminprì hr¡ fheLeP¿UoIt ro dU f ËdÐ L Por u¿uJrJ rr¡r&¡lçu uJ UllE

yield response to fertilízer applications.
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t0NCLUS I0NS AND RtC¡MMtND,¿rT I üNS

Conc-l-usions

Trrto ma j or concl-usions have resul_ted f rom the consid-

eration of several of bhe econornic aspects of fertil-ízer usBo

The quaciratic function with squared terms \^Jas sefected

as the best estimator of the fertilizer yield response

rel-ationship " The study by Gil-son and B j arnarson al-so

resulted in the se-Iection of the quadratic function as the

best estimating equation. Substitution rates, l-east cost

combinations, and ihe most profitable appfications o-F

nitrogen and phosphorus were considered on the basis of the

quadratic equation.

The Iinear programnring resu-l-ts indicated a Iotv

sensitivity of fertilizer use to level of initial- capitat

and increases in f ertilizer cost. Dec¡eases in r¡iel-ds

slight j-y increased the sensi bivity of f erti-Iizer usB to

initral capital changes and increases in fertifizer cost.

lJec¡eases in l-evel- of initial- capi bal did not change ihe l-eve-l-

of use of fertil-izer. Larqe increases in fertil-izer costr

reduced f er-bil-izer use f rom lrigl-i to medium levels " Such

a decrease is nc¡t significant in view of practicaf experience.

T^ !t.^ -^-r f .?rnr \/Friq].q. f r.rf i I i zer nl- j r:ns r--^,,^ r-^-^-^-c
If f UllE PdÞ U I EvV yEãIÞ t I c! LIJLLUL P!¿uEJ llüVE uEuIEdÐE(
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ratherbhan increased " rhe winte¡ hog process indicated a

l-ower marginal ¡eturn to initial- capital than did ferti-l_izer.

Fertil-izer shornred a lower marginal return to initiaj_

capital tlran did the rest of year hogs process. Ihe over-all
concl-usion of the above resul-ts was tha b f ertil_izer is

híghly competitive with other production inputs for avail-able

initia-l- capitaJ- in the f arm business.

Extreme reductions in total- operating capitaJ_ were

required bef ore f ertil-izer use was reduced, !f ith l-imited
+-+-l ^-^':r-r anrl rcdrtned t¡-iel rì s- 'l:hp mar'n'ìn:l nrnrl rrn'l-irri*r¡uu usI uoPJ udI ot¡u ¿EuuLEu J_-**- ¡ ,,,u_ J T'__

of fe¡til-izer is reduced in comparison to the marginal

productivity of the rest of year hog process.

Recommendations

ïhe da'ba used for deternrining the best estimatíng

equation was obtained from experj-ments conducted at the

',n/abowden substation in northern [vì anitoba " Comparab-]-e data

are not availab-Ie for ihe southern regions of the province.

Similar analysis based on data from the southern regions

wnulrì bc \/Pr\/ val-uabl-e

The functions employed in determining the best

estimating equation incl-uded only tr',ro of the many possible

variabl-es wh'i ch may inf -l-uence yielcì anci response to

ro¡*i l'; --- -^rlication" Future siuclies shnnleì nir¡e ¡¡¡oi-ì -"|J|J-ruuurutto I uuu¿E ÐuuurEÐ Ðr¡uuJu rJJVE uuttÞ¿u-

eration to other va¡iabl-es such as rainfaLl, temperature,
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f rost-f ¡ee period, and the length of the gror^ring season, It

is hypothes ízed that such independent variabl-es cou-lcì account

f nr thn rhan¡e in the basic shane nf tlre nrodrrr:ti nn f rrnctionHruq t¡ tu¡

from 1956 to l95B (Figure 3"17),

ïhe linear programming analysis of this thesis has

nrn\/irl e,l a nrcl'i m'i nar\/ p\/Fìluation o'f the ah'iIifr¡ nf f-r'Li-l-izerIU

tn r:nrnncte f nr availabl-e inì f i a'l nnerpf i n- ^--'ì L-r "ì'huu LUiltpE uu I utr Evq!¿ouJE 1¡tr !Jqr upEId u!tt5 uúpJ LdJ vvr L,

nther nr^nrl rtr-t'ir¡e innrr'lq ìn tlre farm business- .An nh'i cctiveÉ 'r¡r 
uuJU

of any similar future research shou-l-d be the re'Finement

and expansion of specific proDedu¡es for ana-Lysing fe¡tilizer

lqp- flhanneç in rìrnr-edrrre.s r.rnrrlri normii qnÊ-if ie -ñmñarisonsUPUU uuilrFr

to be made betlveen f ertif izer and othe¡ inputs " tJnJ-y

'i nrj i ren* rnmnarisonS o-F this natUre are possible in this- "',,f

thesis,

The validity of any l-inear prograrnminq anal-ysis is

rJ enr.nrl ent nn the denrpe nf reliehìli*rr nf +lr- ;^^"+ ^"+nrr+uulJurruurru urr u¡¡E UE9IçE Ur rÞr¿Éurrruy u¡ LllE lllPUU-uuupuu

coefficients" Such coefficients must be subiect to constant

revision. The gDal- o-F the rEsBarcher shoufd be to ob'Lain

the best coefficients avai-l-ab-l-e" This goal requires 'bhe

close cooperation of the agricultura-I economist, physical

scientist, and bio-l-ogical scientist.
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APFEND]X I

Table I"t" Dombinations of N and P205 to Produce Two
Given YieÌds of BarIey and Marginal Replacernent
Rates of N and P2û5,

This tab-l-e is taken f rom:

J.t. Gi-Lson and V"\,J" Bjarnarson, rrEf-Fects of Fe¡til-izer
Use on Barley in Nor-l-hern lvl anitobart, Journal- of Farg f conqm_ics,
Vol-ume XL, No. 4., fJovember, 1958, Page 936,

2D Bus" Barle 3n Bus. Barle

tl..^LUÐ o
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I l--LUù ó

,l"J
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of PZûS for N (Lbs.
D-n- ..-.-r -^-r by Ì, ¿u3 !EP!suEu
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^, \Ih t\tt

ol\
Lbs.
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I h-LUÕ o
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JDAr \ U¡
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Figure I"l: Cmbinations of Nitrogen and Fhosphorus to produce Speeifled
Bar1ey Yields, Derived by the Quadratlc Equatlon, L956"

NTTE: This f igure is cìerived f rom: J " C. Gilson and V.'ìr'J"
Bjarnars¡n" rlEffects of Fertilízer Use ûn Barley in
Northe¡n Planitobarr, Journal-. qf Farr¡ Eco_nomiçs, Volume
XL, No. 4, November, 1958, Page 937"
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ESUATIüNS FûR DITERM]NrNG rsDQUAf\]TS

TL- ,1 ,.-.r-^r-.: ^ Func-tionI rrE r{uÕurd u¿u

Cirron fhÉ ñônêrã1 6-',-+;-^u¿vEtt urrE vE¡¡E¿qa EL-luouJU¡tt

,\?2
Y = a + bll\l {- bzP + b:N- + b¿P- -r- b5l\P,

\¡Jith N varied f rorn 0 to LZJ pounds:

- -(b- + l:-N) +{ (b" + b"N)' - 4b¿ (brN + b3N' + a - Y)r = ¿ 3 _ - s ¿ _ I
2ba

The Scluare Root Function

Êirren thÞ ñÊnÞrãl onrr=*i¡n

(b¿ + bsffi) I
Tí

:-,I
Jå

ñ
åJ

Dobb

nth

ïlr e

Giv

idi'b

Þ-

,a rr

^-,,-r.:-'. V - aNEquÕu!uttt ¡ -

n +- 12n n-' r-¡ gig .U UU
-T1ãï-
- EÞ.nr

B

åJ

bnpP
Et¡

ht
ffi
ä

Iñ-
ü
g

t
L

b
aNn

1= a + brN + bzP + urffi+ u,, F+ bs$iF,

rdith N varied frorn 0 to I2A pounds:

(ba + bsqrT)
æ- 4b^l b,l\ + b-sl\ + a -¿--LJ

^L^L n^,,-ì ^-uuu-uuuLlIdÞ Function

lhe nenera'l

N varied from

Y
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EQUATTONS FCIIì MARG]NAL RATES OF SUBSTITUTIÛN

The Quadratic Function

Given the general equat:Lon,
,\-1

Y - a + bfN + bZP + b3N' + OOp' + b5Np,

from which combinations of hl ancl pzos to produce specific
yields are obtained; ihe t'4.R.5" Pzt= for N, for each spec:'-fic

yield is calcul-ated by the fol-l-owing equation.

b, + 2b^N + b_p
f\'ì O q D ñ -c^- n' I J ¡,¡o¡\oJ. ,Z"S ¡UI l\l = 

m

The 5quare Root Function

Given tlre general- equation,

Ŷ - a + brN + brp + br{ff+ ooffi+ b=dN*p,

f¡om which combinations of N and P2ûq to produce specific
yields are obtaíned; the M, R.5, orJ= for N, 'For each specif ic
yield is calculated by the folJ_owing equation.

M.R"5" PZûS for N -
{r rzuidT + b¡ + bsdtr)

{I- tzbrF + bq + bs{rÍ')

The Cobb-DouqJ-as Function

^b-b^Given the general equation, Y - aN " P ,, from which cornbina-bions

of N and P"ûq to produce specific yields are obtained;13

the l"/l "R.5. P.0- for N for eanh snFnifìn ',ield is cal-cul-ated-'2-b -- r
l¡t¡ +h- f-ll-'-'';^^ --,,-+.:--u¡¡E I uJruwJttu ELlud LJ_utto

bP
l'1"R"5. P-ü- for N - -+¿ 3 irpt\
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ETJUAT]ON5 FOR LEAST COST CÛMBINAT]DNS

Ihe Quadratic Function

llirro- *ho ñÞnorã'l o-'r=*inn
" Y"

/\)2
Y - a + bfN + bZP + b¡N- + b¿P- + bSNP,

with N varied from 0 to I2A pounds and f equal the ratio

nf *he nrineq ^f -ì't-----n --J ^l-.-^^r---,,-/t*1.ur urrE p!ruuÐ oT naTIOgen and pnOSpnOIU=[ p_ /,YP/
p-

bl cbz + ti (zn, DbS )

21la h
4f,

The Square Root Function

liir¡e- *hê ñÞnÞrãl enrra*inn

/\
Y = a .r- b,N -? b-P + b.ffi + b,F + b.m,

I¿J4J

rvith N varied from 0'bo IZD pounds and f equal the ratio

-f tho nrineq nf nìlLnnnen =nrì nhnqnhnrr,./\\.Ul LllË PIJLEÐ ur rr!uIUVurr orlu P¡luÐPrru!u-[ p^lr.

-[ bs -4b- ( -[b,f¿l
:Cb-N ):l

)11
f,

The Cobb-Douql-as Function

fìirren thc neneral enttaJ:inn- Y = aN n
" v"

with N varied from 0 to IzD pounds:

l-pu | ^,
-Þl\

NHnr

A bpP
t9

"N
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EQUATIüNs F0R MûsT pR0FITABLE AppLICATItNS

The Quad¡atic Function

Ci rren *l¡Þ ñÊñêrâ l enr'-ii n-
"Y"u4U¡.'

A22
Y - a -¡-,b.N Jr b-P + b-N- rL b,P- Jr b-NP,t¿J4:

the most profitab-l-e appÌication is found by a simu-l-taneous

solution of the 'Fol-l-or.;ing equations;
p

dY 'NI
n¿/ñNl*hP--i

ot\ l- J : tB

rì Y Pp
:!h+)àP¿hNl -i-dr ¿ 4 ! tr-

E

r^,hpro F onr¡=lq fho n¡ine n€ l'.--lor¡w¡¡E!- r 
B 

Er-.{udf,Þ ur¡u P!aLË u I uorf,Ey o

Thc Snrrarr'¡ Rnnt Function

lli rron J-ho nene¡¡l e-rr=ti nrrurvr |,

Ŷ - a + brN + bzP + ur$ffi + bofrF+ bsmP,

the most profitabi-e application is found by a simul-taneous

sol-ution of the f o-l-Lowing equations:

dY b- b-dF- P^,î = b- + J -l- 5- l\dl\f=ã-
^F2$N 2{N 'B

rlY h h fRtr P!l h + "A. + "5vtnP
ol\ = ìî-

2&P 2{P ',B

-rr-^ r-^LL ^^,,^r_as FunctionI rrE lru-uuuuJ

Á D.D.
Êìrren fhÊ ñÞnÊrãl enrraiinn Y -Nl " p t-
UrVE¡t UllE 9Etlú!g¿ ELIUeUTU¡19 | 

- 
ql! t 9

the most profitable application is found by a simul-taneous



LIl

sol-ution of the f o-I-Iowing equations:
hhp

dr n - -L - D t\ã n i\i P
ot\ ì-r t- -D

hhp
oT n - p - _L l-

ãñl\tl!

cli\ P rrr
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APPTND IX TV

A NDTE ON ]LL-CCIND]T]ONED DATA

IN L]NIAR PRDGRAPIMTNG

A situation known as i-l--l--conditicned data may ari-se

in l-inear programming" if this situation occurs irrational-
resul-ts axe obtained. Tlre input-output coef f icients of
Table I I I " 2 may be used tc ij--l-ustrate this il_ j--conditioning.

The input-output coefficients range in size from o.zs6

hours o'fl win-ber -l-abor f o¡ Rotation 9 to l-9,0 39 "7BZ pouncls

of hay equivarent for the dairy fluicl mil_l< enterprise. under

certain conditions the computer is unable to handl_e co-

efficients of such a wide range. In order to avoid probfems

associated with il-l-conditioning it is advisabl-e to sca-l-e

al-1 input-output coefficients before programming is
trommenced" For best computer operation alt coefficients
shoul-d be l-ess than 2o.n" coeFficients of less ,bhan l_0"0

are more preferable. Row scaring and column scal_ing are

used. In row scaling a-l-l coefficients in a singre row of
Table Ill"2 aïe divided by a constant" The constant shoul_d

b¡= Iarne pnnrrnh *n ¡orì rr-o +¿q¿vu E,ruuv,, ¿EuuuE "he largest coefficient in tne row

to less than 2t. Column scaling requires that alI coefficients
in one co-l-umn be divided by a con stant " r-¡/hen col-umn scaling
is used, the results must be .re-scared to obtain the proper
I etiel q nf nrñ-ÞqeôeP+ se




