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ABSTRACT

In this sËudy, South-Central Manitoba was described as Ëhe area

comprised of Èhe munieipaliËies of Morrís, Roland, Thompson and Dufferin,

where boËh the soil and climatÍc facËors are favourable for grain corn

production. The purpose of the study üras to invesËígate how grain corn

competes wÍËh other crops in Èhe cont.ext of maximÍzing farn income. The

concepÈual and computaËional tool enployed by Ëhe study was línear

progranming.

A case farm was selected for the study. The case farm was an

established crop producing unit, wiÈh Èhe necessary complement of

roTi/-crop machinery for corn productíon. By studying the set of

available resources on the case farm ín L97L, a detailed analysis of

the optimr:m combination of enterprises ÌIas performed.

The results obtained show Èhat grain corn compeËed wíth other

crops and significantly contribuÈed to maximizaËion of farm income at

a price of $l-.60 per bushel- for eorn. At prices below $1.60 but, above

$1.10 per bushel for corn, grain corn Ìras found to be profiËable in the

croppíng progrâm. But, at a price of $1.10 and below, per bushel for

corn it was found Ëhat grain corn üras no longer profÍtable and should

noË be included in the croppÍng program. Grain corn provided an

alternative crop for non-quota production of both cash and feed crops.

The extenË to which grain corn could be íncluded in any cropping program

was limited by the available supply of labor during Ëhe criËical

plantÍng períod.
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CHAPTER I

INTRODUCTION

1. PATTERN OF CROP PRODUCTION IN SOUTH-CEI\ITRAI }.'IANITOBA

For the purpose of this study South-Centrai ManiËoba was

identifíed as the area comprÍsing Ëhe municÍpalities of Morris, Roland,

Thompson and Dufferin. The farms in the area produce a varieËy of crops

and livestock. Anong Ëhe rnajor crops groÌüll are wheat, oats, barley'

rye and flaxseed as evidenced by Table I, while the livesÈock raísed

are cattle, sheep, pigs and poulËry as presented in Ëhe Appendíx,

Table 4.5.

observing Table I, it ís noËed Èhat in 1956 nore aeres hTere

utíLized for wheat production than for any other crop, followed by oaËs'

flaxseed, barley, hay and fodder crops and a snall acreage Ín rye.

This paËtern of cropland utilization carried through Lg6]., except for

the addítion of a small acreage in rapeseed, by 1966 the paËtern

changed slíghtly wiLh oil seeds occupying a larger acreage than the

coarse grains.

Between the períod 1956 and 1961, wheat acreage in Ëhe area

increased by 18.8 per cenË, oaËs by 24.5 per cent, fl-axseed by 7.5

per cent whereas there Iâtas a downward trend in the acreage of barley

and rye wÍth a decrease of 85.7 pet cent and 35.1 per cent resPectíveJ-y,

as evidenced by Table II. Also, between 1961 and 1966 the acreages in

wheat and oats continued Èo increase but, at a decreasing rate' thaË is,

2.9 per cent and 9.8 per cent, respectively. AlËhough there hlas an



Munici-
Year pality tr'Iheat

1956 Morrls

Rolånd

Thompson

DUrrerl_n

Total

l-961 Morrís

Roland

Thompson

Dufferin
ToËal

L966 Morrfs

Roland

Thompson

Dufferln
Total

TABLE I

CROP ACREAGES IN SOUTH CENTRAL MANTTOBA L956-L966*

62.92L 37,881

23 ,900 30,909

24,57L L6,454

30,823 40,643

L42,2L5 L?5,887

.74,76L iO,tS4
28,852 L2,792

29,064 L3,702

36, 3.03 32,365

1.68,980 9.5.,-053

74,106 34,A67

30,340 lt ,156

30,063 L3,02L

39,453 27,48L

173,962 85,725

0aÈs Barley

20,323 330

L6,265 599

LL,352 740

'.. L r5Z4

59,524 3.193

4,033 265

663 70

L,7 45 55 3

2:;035 1,184

8,476_ 2,07?

L4,4L5 119

5,222 55

5,618 465

6,975 886

32,230 r,525

Rye
Flax
Seed

-- acres --
33,202 2,r43
28,423 2,ogg

5,856 595

L7,695 2,899

,85,176 7 r736

39,457 2,g46

22,388 864

8r2}g 2,43Q

2L,547 6,L48

e1,601 J¿_99.9.

53,203 2,445

27,056 556

L3,202 L,335

35,894 -4,4L8-
L}g,355 8,754

Mixed
Graíns

Tame
Hay

*Source: L956, L961 and 1966 Census of Canada Agriculture, ManiËoba.

Rape
Seed

6,320

5,073

3,588

14,584

29,565

L5,306 300

3,067 245

5,248 L45

L2,393 283

36,011 973

LB,705 2,498

L,906 I,225
4,674 508

12,664 6,475

,37 ,949 10,706

Corn
for

Ensí1age

Other
Fodder
Crops Potatoes

l_63

649

578

r,622

3,012

259

9s9

938

2,794

4,95O

Lt_3

432

787

2,L52

3,484

724

979

284

L,92r,

3,90.8

663

L73

829

B0-1

2,466

81

L29

l-r6

897.

11 133

52

607

4L

. 424

LrL24

30

46

32

1,lLl
L,2L9

25

I
18

L,209

L,26L



TABLE II

PERCENTAGE CHANGE IN CROP ACREAGE IN SOUTH-

CENTRAI }'IANITOBA BETTüEEN 1956 AND 1961
AND BETWEEN 196]- AND 1966

Crops l-956-1961- 196l-L966

tlheat

Oats

Barley

Rye

Flaxseed

Míxed Graíns

Tame Hay

Rapeseed

Corn for ensilage

Other fodder croPs

PoËatoes

Per cent

1_8. I

24.5

-85. 7

-35.1

7.5

60. 1

2t.8

@

64.3

-36.9

L2.2

2.9

9.8

280. 0

-26.4

4L.2

-29.3

5.4

l-000. 3

-29.6

-54. 1

3.4

íncrease of 280 per cent in barley acreage' beËween 1961 and 1966' the

L966 barLey acreage rÂIas less than the 1956 acreage (32r23O acres of

barl-ey in L966 as against 59,524 acres of barley ín 1956); the big

increase was due Ëo the 1ow acreage seeded to barley in 1961' Flaxseed

also enjoyed an increase of 4L.2 per cenË and rapeseed increased fron

973 acres to 10,706.

TableIIIispresenËedtoshowthepercentageoftotal

cultívaËed acreage al-loted to each of the major crops groT^tII ín L966' It



Munici-
pality

TABLE III

1966 CROP DISTRIBUTION AS PI'RCENTAGE OF CIILTIVATED
ACRES IN SOUTH-CENTRÀL MANITOBA

Morris

RoLand

Thompson

DufferÍn

l'lheat 0ats

37.09

38.85

43.47

28.5

Barley

17.05

L4.29

18. 65

19.85

Rye

7 ,22

6.69

8.05

5.04

Flax
Seed

0.06

0.07

o.67

0.64

MÍxed Tame
Graíns Hay

---- per cent ----

26..63 L.22 9.36

34.65 0. 7J. 2,44

18.91 1,91 6,7

25.93 3. 19 9 . 15

Rape
Seed

Corn Other
for Todder
Ensilage Crops

1,25

L.57

0.73

4.68

0.06

0.5s

1.13

I .55

Potatoes

0. 04

0.17

0.17

0. 58

0.01

0.01

0.03

0. 87
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is noted thaË wheat occupied the most acreage, followed by fJ-axseed,

oats, barley, rapeseed and rye excluding hay and fodder crops. The

production patLern in the area has noÈ changed very much over the

years, buÈ farmers have conÈinuously varied the acreage pl-anted to Ëhe

various crops ín order Lo adjust their production to changes in market

denand, price fl-uctuations and changes in governnent policies.

Also, farmers in Ëhe past few years in an att.enpË to stabilize

income - especíall-y when faced wÍÈh the above menÈioned changes in

government policies and fluctuaËions in market prÍces - have dírected

their atËention Ëor^rard raÍsÍng livestock, growing special crops such

as rapeseed, sunflolirers, Peas, buckwheat, graín corn and vegetable croPs'

The establishment of the dístillery at Gím1i created a demand for grain

corn and as a resulË some farmers in South-Central Manitoba, where the

climaËic conditions are suiËable for grain corn productíon have availed

themselves of Èhis ner^r markeË opPortuniËy.

11. THE NATT]RE AND SCOPE OF THE PROBLEM

It ís generall-y assumed Ëhat a farm managerrs economÍc objectíve

is to use Ëhe resources of land, labour and capíÈal aË his disposal to

produce the largest profit. This means thaÈ Ëhe Tesources must be

efficÍenËly allocated inËo the combÍnaÈion of different eriterpríses

thaË r¡ii11 achieve the objective.

Many farmers especially those growing grains have been faced

wíth the probl-ems of surplus production and quota resËrictÍons on

deliveries rnrhich have forced them to search for alternaÈíve crops in



order to fu1ly utilize their resources and mainÈain Ëheir neË income

positíon.

The producËion of grain corn offers an opporËuníty to produce

a non-quoÈa crop with a ready markeË at the Gím1i distillery. The

avaÍlable market statísËics for Ëhe Gimli operaËion estimaËes an annual

requirement of 1.2 nillion bushels of grain corn. Manitoba supplied

0.235 nillion bushels of this demand in 1971. This shows thaË there is

tremendous scope for expansion of grain corn production in Manitoba if

Manítoba farners are to capËure Ëhe greater ParL of Ëhis home market.

The feasibí1-íty of grain corn production in Manitoba has been

studied by the Manitoba Corn Co¡nmittee and some of their observations

are as follows:

the use of improved hybríds, adequate use of fertilizer,
higher plant populations per acre and the economical use of
herbicídes have contributed to reducing the risks and increasing
yields. Improvenerits in machinery have, in effect revolutionized
methods of growing, harvesting and subsequent handling of the
crop, greaxLy improving the Èimeliness of operations and
reducing" the labour costs ínvol-ved ín producing crops of good
qualiËy. r

Gíven thaË Ëhe Corn CommitÈee have said that graÍn corrl

production ËechnÍque has vastly improved, then the general problem is Ëo

find the competitive nature of grain corn to other crops in Èhe use of

farm resources and the consequent effectron Ëhe farmerts net íncome.

In the light of the above, our specific interesË will be direcLed to

South-CenÈral parË of ManiËoba, where 1ocal soil and climatic condítíons

kanÍtoba
No. 428), p. 1.

Corn CommitËee, Fíeld Corn in Manitoba (Publication



are favourable for the production of grain corn thaË meets the quality

criÈeria of the Ginli market - thaË is:

1. minimum bushel weight of 56 pounds;

2. minimr:m grade of number 2;

3. maximum of l-4 Per cenË moisËure;

4. must rioË be dried with oÍ1; and

5. corn must be free of any foreign or noxious odours.

]-11. OBJECTIVES

The study is íntended Ëo provide a planníng guide Èo a crop

producer who wants to include grain corn production in his cropping

program.

The presenË characËerisÈics of the crop indusÈfy indícate a

need for information on how linited farm resources can be more efficiently

organízed to produce a combination of enterprises that r^Iill maximize

farm net íncome and improve the cash flow position of the farm business.

The major parË of the sËudy is devoted Lo a case farm, which is

an already established crop farm, with the necessary complemenË of

ro\¡/-crop maehinery and equipnenË for eorn production. The case farm

also has a large investmenË in both fixed and operating capíta1. The

objectives rÀ7ith regard Ëo the study are as follows:

1. Ëo deËermine Ëhe opt.imum combination of the various crops

gror¡rn wiÈh Èhe available Tesources on the case farm in

Lg7L, with a view Ëo determine how best to organize the

farm business and at the same tíme examine how grain corn

competes with other crops;



2.

3.

4.

8

to observe how an increase in the cost of drying corn

adds to corn production cosÈs and affects Ëhe opËimum

solution in 1;

to determine the effect of varying Èhe quantity of grain

corn marketed Ëhrough Ginlí on the optima obtained in l- and

2, thereby determining how grain corn competes hTith the

other crops when price and quality are varied;

to examine the optimum solution in 2 when a portion of the

grain corn crop fails to meeÈ the qualiËy standards set. by

the Gfuo1i plant, whíle at Ëhe same time the feed industry

does not provide an alternate market; and

Ëo perform a sensítiviËy analysis on l-.

lV. DESIGNATION OF IIYPOTHESES

5.

examined and co4rpared with facÈs thaË can be ascertained
by observation.2

The first step tor^rards tackling a research program should be the

formulation of the problem in as definíte or specifíc terms as possíble,

that is, a working or test hypothesis.3

Generally a good hypothesis reflects onets experience, as well

A hypothesis may be defined as

A staËement is functioning
as a preníse, in order that its

follows:

as a hypothesis if iË is taken
logical consequences can be

"Foundations of Philosophy Seriestt (New York:
p. 77.

2w. salmon, Logic,
Prentice-Hall, inc., 1963),

3w.

Crofts inc.
Gee, Social Science Research Methods,
1950), p. L94.

(Appleton-Century-



as oners creaËivs imagination, coupled \.üiÈh known facts. In the light

of the above, the initial hypotheses may be designated thus:

1. with good market opporËunitíes and optimum physícal

condítions, grain corn can compete with the other

convenËional crops;

2. if grain corn is able Èo compet.e with the other crops,

then it can play a significant role in maximízíng farm

íncome; and

3. the anount of labour availabl-e at planting tíure limits

the number of acres of corn that can be included in any

cropping program.

V. METHODOLOGY

The concepËual and compuÈational tool used in this study was

1ínear programming. The sËaÈic or conventional model was used Ëo

determine the optinrm combination of enterprises ÈhaË would maximize

Ëhe income of the farmer, subject to certain restraints.

The linear programtring method is particularly suited to this

study because:

f. it allows us to símulate Ëhe planning environment

of the case farm; and

2. it further helps us to determine a single optimr:n

plan given Ëhe set of resources presenË on Èhe case farm.

Hence it provides an orientation on how the farm busíness

should be organized over ËÍme.
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The procedure followed Ín this study was to select a case farm,

where grain corn Íras one of Ëhe enterprises and to identífy the available

resources and other planning resËraints. Both input and outpuË

coeffÍcíents ïIere calculaËed for the various enËerprises on the case

farm from Ëhe farm record and accounts and oËher sources. The costs as

well as the reËurns for Ëhe differenË enËerprÍses tlere compuÈed' The

linear prograuming Ëechnique Iüas then appl-ied in order to determíne

the opËimr:m combination of enterprises.

Vl. THE CASE METIIOD

The case method was used in this study because data were more

readíly avail-abl-e and Ëime constraints did noË permit a study to be

made of a1-1 grain corn producers rior a represenLaËive sample to be taken.

In this respect, an accuraËe case study is ttalways a true record of

what occurs, whi[e staËisËical general-Ízation (fron a sample population)

except in Ëhose Ínstances, rühen all included cases are idenÈífied' is

only an absËract approximaËion."4 IË should be noted that while

justifying the case method approach for the purpose of this study' both

Ëhe case and Ëhe statistÍcal methods are interdePendenË and conplenentary.

The establíshed praetice in a case sÈudy approach is Èo select

a case farrn (in this study, a large farm, where crop producËion was Èhe

sole business) and perform a detailed analysis, ensuring that doubÈful

fact.s are noË allowed Ëo go unchal-lenged.

4G.., op. ciË., p. 233.
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!,Ihile any conclusions reached by this study will be, in the

main, peculiar to the case farm, however, Ëhey may be applicable to

oËher farms with similar objecËives. The conclusions can serve as a

source of information to oÈher farmers of similar inËerest' but

substantial modification and careful judgment may be necessary in order

to be able Ëo apply Ëhe information beyond the case farm.

v11. SOrL AND CLTMATTC CIIAÌ+CTERTSTTCS
OF THE STUDY AREA)

The study area is located in SouËh-Central Manitoba. The major

soil associations are: AlËona, AlmasiPPi, Red River, Morden, Gretna

and Sperling. Each of these soil assocíations have a smooth, leve1

to slightly undulatíng topography. The major difference between the

dífferenË soíl groupings lies in Ëhe texture. Although A1Ëona, Morden

and Red River can be classified as well drained soil-s, YeÈ Morris and

Osborne associaËes of the Red River associaËion are poorly drained.

The different soil associaËions can furÈher be broken down inËo

light sandy loams, fíne 1oams, si1Ëy clay and heavy Ëextured clay. This

study is naínly interested in the soil groups which fa1l between the

lÍght sandy loams and cJ-ay loams because they are best suiËed to grain

corn producÈion within the area. The Ëota1 acreage envisaged

5.r. u. 811ís and lfrn. H. ShaËer, Report of Reconnaissance Soil
Survey of South-CenLrâl ManiËóba, (!üinnipeg, Manitoba DeparËment of
Agrículture, L943)r pp. 1'49,
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as a result of this classification rüere as follows:

Altona light sandy loams 641515 acres

Altona fine loams 50,996 acres

MyrËle êlay 40,477 acres

Morden sÍlty clay 26,838 acres

Total 182,826 acres

The average annual precipítation is 1-8.35 ínches wíth most of the

precípitation falling between the months of April_ to November. The

mean ËemPerature during the months of April to October is above freezing

and on the average is 56.81oF (degree Fahrenheit).

The soil and climatic characteristÍc of Èhe area have been

uËilized to produce a greaË variety of crops. rf grain corn production

is competitive wiËh other crops then we coul-d anticipate a substantial

expansion in acreage planted to corn especíal-ly if the producË can be

marketed at prenirrm prices Ëo the GinLí distillery.



CHAPTER II

PHYSICAI FACTORS AFFECTING
CORN PRODUCTION IN MANITOBA

The production of corn is noÈ a neür activity in Manitoba.

Hístorical records show Ëhat corn has been grown for at leasÈ 50 years.

The acreage has, however, varied considerably fron a few hundred acres

in the early years (7920-!930) to about l0o,00o acres aÈ the present

tíme. Although the greater portion of corn produced was used. for

silage' yet grain corn r^ras not compleÈe1-y neglected. BeËween 1950 and

1965 the grain corn acreage varied between 31300 acres to 30,000 acres.l

The Manitoba Corn Committee described the corn variet.íes first
gro!ün in ManiÈoba in the following way:

The first corn groürn íncluded early varieties of the
flint and dent types. The early flint varieties, Gehu,
Quebec 28, Gaspe, Howesr Alberta, Longfellow, Falconer and
others, ürere leafy and had fine stalks with the ears borne
very close to the ground. They were low yielding and not
suited to mechanÍcal harvesËing. North-trIesËern Dent, Minnesota
13 and Golden Glow, popular varieties of early denËs, ürere
Ëaller growing than the flints and somewhat later maturing.
They bore their ears high enough to make mechanÍcal harvesting
feasible, buË were subject Èo lodging, uneven maturity and
low grain yields.¿

Agronomie research has developed earlier maËuring hybrids which have

been found suitable Ëo Manitoba conditions. They are generally hígh

yíeldíng with desirable qualities and will mature in all years exceÞË

hanitoba Corn Committee, op. cit., p. l.

2rui¿.
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when Ëhe growing season (May-October) is v"ty 
"oo1.3

This study ís particularly interesÈed in Èhe economics of graÍn

corn producÈíon, despÍte the fact. Ëhat corn can be grourn for silage

purposes. This chapËer will review the physical- fact,ors affecËing

grain corn production in Manitoba and also examine the production

practices ernployed by the case farm selected for this study. -Emphasis

will be focused on those physical factors that are imporÈanË if the

productíon of graín corn is to meet Èhe specífied conditions of the

Ginli market. The Ginli market is defined as the Giurl-i dístillery

which uses graín corn as an inpuË factor in Èhe producËion of grain

alcoho1.

Clfinate Soils and Fertilízer

Corn ís a Ìüarn season crop, requíring a relatively high

temperature for opËimum growËh. IÈ has been found that the most

importanË factor límiting the producÈion of corn in Manitoba is

temperature¡ Generally, moisture and sunshine are adequate.

If early maturing hybrids are planted, the minimum frosË-free

period for graín corn producËion is 110 days. The most ímportant

facËor during Ëhe growing season is temperaËure. Temperature affecËs

the length of Ëhe period necessary for maturity. The Manitoba Corn

Conrmittee has classÍfied areas suitable for grain corn producËion on

the basis of accumulation of Èhe heat units - in degree days - above

Ëhe minímun'temperature required for germination and growËh, which is

50of . In sr:mming up therefore a minimum of at l-east 2,200 corn heaË

3rti¿.
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units in degree days is required to produce a good crop of grain.orrr.4

From the attached heaÈ unit map in Figure 1, we find that the

area to whích attenËion ís directed in Ëhis study - Carman, Morris,

Morden and Altona have on Ëhe average a corn heaË unit of. 2r40O during

Ëhe growing season. Hence in this area one of the necessary physical

condit.ions for optimum grain corn production is satisfíed.

Although climate has been identified and descríbed as one of

the najor factors in grain corn produetion in Manitoba, yet the

importance of soíls cannot be overlooked. A good soil reconmended for

corn production should be porous and friable, with a good supply of

organic matter. Such a soil can hold moísture without. becoming

waterlogged. Hence soil suíËable for grain corn production in Manitoba

would be one having a sandy loam texture. Grain corrì. can be grown

satisfactorily on clay soí1s with good internal aeration, good surface

drainage, and adequat,e fertilizer, buË the big problen is accessibility

during periods of excess rainfall, for the purpose of cultural weed

control. Regardless of texture or Ëhe climaÈic zone, grain corn

productÍon ís not recommended for eiÈher poorly drained or sa1íne soi1s.5

Apart from the two factors so far dealt with, profitable corn

producËion may be prohÍbited by 1ow levels of fertílíty. Generally, corn

is planted on stubble land and responds well to fertilízer. The best

L'Ibid. r p. 2.

SManitoba Agronomists Conference, 1972 Fíeld Crop Reconnendations
for Manitoba, (!üinnipeg: M.D.A., Publication Branch, 1972), pp. J-9-20,
ManiËoba Corn Counittee, op. cít.¡ p. 4 and Harol-d D. Hughes and Edwin
R. Henson, Corn Production (New York: The Macmillan Co., 1965), pp. 2L9-227.
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method of determining Ëhe anounÈ of fertíIízer input necessary for corn

productíon is by soil testing, whereby Èhe actual amount of nitrogen'

phosphorous and potash needed are estímaËed.

For a general fertil-izer reconmendaLion see Table IV below

where the requirements for each type of soil are specifíed.

TABLE TV

GENERAI FERTILIZER RECOMMENDATION FOR CORN

TO BE GROI,JN ON STUBBLE.LAND OR

GRASS BREAKINGO

Soil type Nirrogen(N) Phosphate(P205) potash(KrO)

Sands - Sandy Loams 40-60

Loams - Clays 40-60

pounds per acre

20-30

20-30

25-35

0

The practice on the case farm was to use 100 pounds of nítrogen,

50-60 pounds of phosphorous and 15-20 pounds of potash per acre. The

method of application was sidebanding the phosphorous, potash and

10-l-5 pounds of nitrogen with the seed. The remaining nitrogen ín the

forn of anhydrous arnmonía was ploughed in or applíed before or aft.er

seedíng.

Hybrid SelecÈion and the Place
of Corn in Ëhe Rotation

Many corn hybrids are sold in Canada buÈ only a few may

6Manitoba AgronomisË Conference, ibid., p. 20.
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be adapted Ëo any one area or regÍon. The main criterion for selecting

a hybrid for Manítoba conditions should be early maturíty so as to avoid

the possibílity of damage by early fall frosts.

In view of the fact that no hybrid is going to excel in all of

the desired characterisËics, a groürer should carefully select those

hybrids that are parËícularly suited to local- conditions. In this

respect, it may be suggested that tü/o or more hybrids may be grown on

a small experimental scale to ËesÈ their performance. 0n the basis of

ËheÍr performance a preference list should be established. Such a list

must be constanËly reviewed as new hybrids are developed and produced.

Table V is a list of corn varieties arranged Ín order of

maËurity as índicated by moisture conÈenÈ aÈ harvesË time. The hybrids

groÌrn on the case farm were Pride 116, Trojan M.70' Northrup King

PX 41-7 and two varieÈies of StewarË, 2300 and 2408. The advanËage of

growing several varieties was Ëhat these hybrids have staggered naturity

daËes, thereby ensuring thaË harvesting hras spread over a period of

time and also reducing the risk of a toËa1 loss, due Èo early fa1l frost.

The place of corn in the rotation is very flexible. IË can be

planted aÈ any place in the roüation, provided thaË adequate fertíLizex

is used and weeds are controlled. Corn can be used to replace fall-ow in

a three or four year rotation, with small grains sËi1l performing as

well afËer corn as Ëhey normally do after fallow. The other advanLages

of replacing fallow with corn are:

1. wind erosíon conÈroI;

2. snor^r reËenËion; and

3. replacement of fallow by a cash crop.
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TABLE V

Performance of
Morden, trlinnípeg and

Corn Hybríds
Brandon ]]gTO-7L7

Varíety

Days
to 507"
sílk

Root Test
1odg. weight
(1-s) (lbs. )

Mois- Tons Total
Bus./ ture dry natËer plants
acre Z per acre mois. "/.

Recommended for

Morden 88

Morden 67

I{orden 7G*

Pride R102*'

Troj an 1,f70*

United 106

Ster¿art 3309

Ste\^/art, 24OB*

Davson M4O5*

Dekalb 007

Pride 116

Pride R101

Stewart 2605

Warwick SL209

N. Kíng Px4I7

grain and

653
663
672
68 1

65 1

692
682
67 1

68 1

702
67 1

70 1

702
703
691

silage

64

66

6B

66

64

64

63

62

63

62

59

62

64

6o

60

63

62

60

60

6L

7I
86

s4

92

92

98

85

99

:106

93

93

90

84

86

95

20

22

22

23

23
., /,

25

26

26

26

26

26

26

26

28

58

62

4.49

4.60

:

:

5.06

5. 10

5.23

5.20

5.43

Ratings 1-5; 1

*Recommended for the

is besË, 5 poorest.

first time ín L972.

/ManiLoba AgronomisËs Conference, 1972 Field Crop Recommendations for
Manitoba, (Winnipeg: M.D.A., Publication Branclh, L972), p. L9.
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Corn is compatible with mosË croPs Ín a rotatíon with the

excepËion of barley. Corn and barley are susceptible to Èhe same ËyPes

of disease, therefore they should be separated in the rotaËion.8

Planting Practices9

Soí1 tenperatures above 50oF are required for corn Ëo germinaËe

and this temperaËure does not generally occur until about May 15 ín

Manj-toba. Hence, Ëhe recommended oPtímum time for planting corn is

between May 15 and May 25. It is always advisabl-e Lo plant early

because the risk of fall frosË increases for each additional day delay

in planting after May 25. Earlíer plantings do produce excellent results

if weed control can be mainÈained. The general practice on the case

farm was to plant during the first week in May.

Depth of seeding is a planting practice thaË affects the speed

at which the seed corrr germinates. Seed corn should be placed in close

coriËacË with warm moist soil. This a1lor¡s for early energence and also

serves as an insurance against soil born diseases, insecËs and encrusËed

soil. IË is suggesËed that Ëhe seed should be well covered for a good

proËection against rodents, birds and surface drying. The general

recommendation is for a seeding depth of between one and two inches'

(the case farm seeded at a depth of one and one hal-f inches), depending

a
"Manítoba

q-Manitoba

Conferencer íbid.,

Corn Committee, op. ciË., p. 3.

Corn Committee, op. ciÈ., pp. 6-8; Manitoba Agronomist
p. 20 and Hughes and llensonr oP. cit., PP. 225'229.
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on soil moisÈure conËenË.

Seeding rates are another important practice t.o consider. The

r^rater holding capaciËy of Ëhe soil and Èhe amount of fertíIízer being
-':-i applied are tr^ro prime facËors in determinÍng Ëhe seeding rate. A

general recommendation is for a popul-aÈion of between 18,000 and

30r000 plants per acre. The higher rates in this range are recommended

for soils rüith good structure and high r^rater holding capacity, while the

lor^rer rates wíll be found adequate for soils with less favourable

physical properÈies (structure and hrater holding capacity). The fertilizer

applied musË also reflecË the populatÍon desired (higher population

requires a greaËer amount of fertilizer than a 1ow population).

Iùe have so far dealt wiÈh Ëhe seeding time, seedíng depÈh and

r Èhe seeding rate, noüI r^re should examine Èhe different methods of

plantíng corn. Three meËhods of planting corn have been examined ín

Manitoba, Ëhey are:

1. check row planting;

, 2. drilling; and

3. hill dropping.

fn experiments carríed out at Morden, Brandon and Ì'Iinnipeg, it was

found that drilling wíth a corn planter at uniform spaeíng gave the

highesË yields per acre, followed by hili- dropping, while check row

. planÈíng gave the lowest yiel-ds.lO In the lighÈ of the above, the

recommended practíce for planting corn j-s drilling wj-th a corn planËer

lOu"rlÍtoba Corn CornmitËee, op. cit., p. 7
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at, uníform spacing. Corn planters are essential equipmenË in order to do

a good plantíng job. They are generally equipped with a fertilizer

aËtachment which places the fertilAzer in a band just slightly below and

Ëo the side of Ëhe seed. The corn planters are availabl-e in two-row'

four-row, six-row and eíght-roI,rr tyPes and Ëhe grower Ís left with an

ample choice.

!üeed Diseases and rnsect, Contro1l1

In view of the facË Èhat weeds reduce yield more Ëhan any other

factor under the farmerrs control, an efficient weed control program is

essential for successful corn producËion. Iühen the r¿eeds are just

gerninaËíng and are thread-l-íke in form (esPecially when the corn is

abouÈ six inches tall), the mosË effecËive implemenËs for weed

destrucËÍon are (Í) the spike-Èooth harrow' (ii) the fÍnger weeder and

(iií) the rotary hoe. tr{hen the corn reaches a height over six inches'

a ïor¡r culËívator should be used. It should be noLed however that excess

cultivation of corn (more than necessary) for weed control purposes

usually leads Ëo a decrease in yield. Chemical- weed killers may also

be used for the purpose of controlling weeds. The following cheuricals

may be found useful, 2r4-D amine, Avadex, MCPA, Antracine and Dicambe *

2,4-D * Mecroprop (Banvel 3 or kil-mor). TreaÈmenË wítl7 2r4-D, MCPA or

Banvel after Lhe energence of weeds will control Ëhe broad-leaved weeds

successfully, while Avadex and AËracine * oil are very effecËíve for

the conËrol of wild oats and green foxtail.

thaoitota Corn CommiËtee, ibid. r PP. 8-11, Manitoba Agronomist
Conference, ibíd., p. 2L and }lughes and Henson, ibid.r PP. 229-234.
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The case fa:m uses Atracine * oil- and Banvel for band spraying

weeds. This operation is performed twice followed by a row cultivator

Ëo control weeds beËween the rows.

The most dreaded disease of corn in Manitoba is stalk rot.

It may cause an economic loss, because the dÍsease weakens the plant,

Ëhereby causÍng iË to break over, before harvesting. The causal agent

responsible for the disease is soil borne and therefore present in most

soils. It is however prevalent during periods of severe st,ress caused

by drought and prol-onged cool weather. The mosË effective control is

Ëo planË resisËant hybrids.

The only ínsect infecËion of note Ís the European Corn Borer.

Generally speaking they are prevalent. during most of the growing

season. They nay be controlled by spraying insecticides líke Sevin, but

iË has been found Ëhat during most seasons the cost of spraying may be

higher than the losses suffered as a result of Lhe corn borer. The

damage is always in the form of weakening the stalk and causing ít Ëo

break over.

HarvesËing and sÈorage of Grain Cornl2

trühen the moisture content of Ëhe field corn is about 35 per cenË

iË is fit for harvesting. But for the purpose of picking and shellíng

or straight combiníng, where artificial drying is required for safe

sËorage of Ëhe grain, a moísture conterit of about 30 per cent is

advísable at harvesting time. HÖwever, in terms of harvesËing efficíency,

l2Manitoba Corn Co¡nmiËtee' íbid., PP. 10-11 and Hughers and
Henson, op. cit., pp. 23L'234.
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a 1oürer moisture content of about 25-27 Der cenÈ is necessarv.

A nt¡mber of facËors are Èaken into consideration in order to

select appropriaËe machinery for harvesting corn. They are:

1. amount of corn to harvesË;

2. available farm machinery;

3. avaílable storage and drying facilitíes and

4. other crops planted on the farm which could lead Ëo

efficienË use of harvestíng, drying and storage faciliËies.

If the corn acreage is less Ëhan 30 acres, an economic harvesting

method is cusËom hiring. If however Ëhe corn acreage is more than 30

acres, then the operaÈor may consider sel-ecting from the four dÍfferenË

types of machines enumerated belornr for the purpose of pickÍng and

shellíng corn:

L. a two-rol,r mounted picker with a trailing sheller;

2. self propelled picker sheller. This is quiÈe efficíenL

and economical as iË harvests Ëhe crop ü¡iËh ninimum loss.

The disadvantage is that iÈ is only suíted to grain corn

and noË to any oËher crop. Hence its purchase Ís only

jusËífíed when the corn acreage is large;

3. self propelled combine equipped \,¡ith a thro-rohr or four'ro\^I

corn header. This is nore economícal- especially for grain

gror^rers, as iË can be used for corn harvesting as well as

other graíns; and

4. self-propelled combíne equipped with sunflower stripper.

This can do a speedy job on Ëhe field but losses are

greaËer than in (3) above
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The ideal combine speed shoul-d be beËween tü/o and one quarter

to tl,ro and one half níles per hour. Proper speed of Ërave1 ËogeËher

with appropríaËe eylinder adjusËment are necessary for efficient

conbinÍng.

Since Ëhe Gimli distillery requires Èhat the moisture conËent

of Ëhe grain corn be reduced to about 14 per cent for the purpose of

safe storage, afËer harvest drying of corn is essential-. Two drying

methods have been used with success in Manitoba (a) naÈural aír and

(b) heated aÍr. Heated air is recommended to any farmer conËemPlatíng

a rleür drying seL up because iË is Ëhe most practical.

The case farm begins harvesting around October 1, when kernel

moisture is about 25 per cenË. Before drying, the graín is cleaned Ëo

remove cracked kernels and dust in order to upgrade the quality and to

improve the efficiency of dryíng. The drying is done at 140oF, after

which the corn is allowed five or six hours to cooI.

tr'Ie have established and discussed Ëhe agronomic factors

affecting grain corn productíon in ManíËoba. BuÈ crop farmers usually

diversify production so as to ínsure against possibl-e hazarð.s

associated wíth a mono-cropping program. In view of this we shall now

direct our atËention to economic theory of production as iË relates Lo

the optimum combination of enËerprises.



CHAPTER III

OPTN,IT]M COMBINATION OF ENTERPRISES

The economÍ.c aspects of crop production and/or livestock

production have always been important considerations in the maximizaËion

of farmerrs returns. In this respect., a thorough economic analysis of

the capital, labor, land, management and other resources at a farmerts

command, with a viel^7 to arriving at an economic balance ín productíon

activitíes rn¡ill be a fruitful exercise for a farmer. A brief consider-

ation of the production theory wÍll suggest how enterprises may be

combined ín order t.o maxímize profiÈ.

The procedure in thís Chapter is fírst Ëo review Èhe concept of

marginality and how Ít relat.es to production Ëheory and enterpríse

combination. The second part will present and evaluate Ëüro approaches

that may be used in solvíng the problem of enterprise combination.

1. THEORETICAI FRAMEI,ÍORK

In an aËËempË Ëo simplify the analysis of producËion and

enterprise combinaËion, we shall assume Èhe followi-ng condiËíons:

1. production is Ëimeless (static); and

2. we have perfect knowledge

The above assumptions appear t,o avoid the compLex and difficult

problens of choice and decision making in real life, yet the solutions

obËained should uphold whether decisions are made under condj-tions of

cerËaínty or not.
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There are three basic decisions that must be coordínated in

order to determíne the ootimum combinaÈion of enterprises:

1. factor-producË or input-output re1-ationships

(Ëhe amounË of product Ëo produce);

2. factor-facËor relationships (the combinatíon

of facËors to use); and

3. producË-product relaËionships (optimum

combínaËion of enterprises).

The first two steps are necessary to arrive at the last

decisíon (optinum combination of enterprises).

Factor-ProducË or Input-Output Rela

In order to focus our attention on the essenÈial principles

involved ín this decision making, the fol-lowing assumptions will be made:

1. there ís only one variable inpuÈ;

2. all other inputs necessary for productíon are

considered fixed; and

3. inputs may be combined in various proporÈÍons Ëo

produce only one conrmodity (in this case corn).

Let us consider a case, whereby corn is produced. tr{e may

represenË the producËion funct.ion as:

y = f(xrlxrrxa,.....xr)rl¿'J-n
where Y = yÍeld of corn

Xt = fertilizer

XZ = labor

*3 = capiÈal
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X¿ = land

XS = manageroent

X6 = weather

X7 - 
"o 

= other fixed ínputs

The interpretatÍon of the funcÈion is that corn output depends on the

amount of fertilizer applied, when labor, eapital, l-and, managemenÈ and

weather are held constant. This relationship is expressed in FÍgure 2.

The total- output or producÈÍon is represented as the ËoÈal

physical product (TPP). The marginal physical- produet (Ipp) which is

the additíon to the Ëotal product atËrÍbutable to the addition of one

unit of Ëhe variable input to a gÍven amount of the fíxed inpuÈ, may be

estímated from the graph. The marginal physical product corresponding

to any poínt on the total physical product curve shown is given by the

slope of the tangent Ëo Èhe curve at that point. Another method of

determining the MPP is to take the partial derivative of the production

function.

There are three stages of producËion as shown in Figure 2. The

firsÈ stage represents where

MPP >APP (average physical product) and

E- (elasËicity of production) > 1p

The second stage Ís where

MPP< APP and

o: EP.å¿1'

while the third stage represerits where

MPP< 0, APP> 0 and

E <0
p



FIGURE 2

INPI]T-OUTPUT RELATIONSIüP

(Fertllizer/Labor, Capíta1, Land, Management, I.leather ......)
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In Ëerms of Ëechnícal efficiency, we find Ëhat stages 1 and 111

are irrational, (because in stage 1 we have increasing average returns

Ëo Ëhe variable input which in Èurn are åssociated with negative

marginal reËuTns Èo the fixed ínput and stage 111 is Èhe range of

negative marginal physical product or declining total product), while

the only raÈional area is sËage 11 (where marginal physical product is

less than average physical product). Hence a rational producer would

never operate in stage 1. Even, if market. conditions dÍcÈate such a

small 1evel of production, then this wil1 be achieved by reducing the

amount of fixed ÍnpuË. Stage 111 is completely ruled out because MPP is

negative. Production should only occur in sÈage 11.

A firn practising Ëhe relationship so far specified ís maximi-zing

its output wíËh a given 1eve1 of input or put in anoËher T¡Iay, the firm

produces a given level of output with a miniuum amount of ínpuË. In

order to reatíze economic effíciency the firm has to relate production

to Èhe price of corn and the cosË of fertilizer. Therefore the

operaÈor will continue to produee, if the additional value of corn is

g:reater than Ëhe additional cost of f ertíl-izer. Ì'Ihen

1wPlorr, = Pricer"rtlríze1 ot wP"otn = 1 then the most profitable
tt*%"railizer

amounË of corn ís produced.

From Figute 2, r'üe may represent the uaximum poínt of production

by drawing a price líne having the slope of príce of fertílízer to the
price of corn

\wP = Marginal Value Product



31

toËa1 physical producÈ curve, where the price l-íne is Èangent to Ëhe

curve, the maxÍmum level of production is obtained and this ís

represented by point P in Fígure 2.

Factor-Factor RelaËionships (the conbínation
of factors Ëo use)

One of the chief feaËures of production under conditions of

variable proportions is that different. combinatÍons of inputs can

produce a given level of ouËput.

A producËion functíon involving two variable facËors can be

represented as foll-ows:

Y = f(x1, *,l*r,.....Xr,)
where Y = ouËpuË

X, and XZ = varíable inpuËs

X3......Xn = fíxed inpuËs

This function staËes thaË Y output depends on the variable inPuts

X, and X, when X3......Xn are held constant.

Figure 3 illustraËes the production isoquants representing the

above factor-factor relationship. An isoquant is a curve in input sPace

representing equal amount of output produced by various combinatíons of

the two variable inputs.

The 20 uniË isoquanË, for example shows all the possible

combínaËions of X, and X2 that wiJ-l produce 20 units of Y.

The marginal rate of subsËiËutíon (ìßS) refers to the amount by

which one resource or input is decreased as another input is increased

by one unÍt on a given isoquant. IË is Èhe slope of the isoquant. curve

aË any partícular poínt. The MRS beËween two factors (WS*-for xr) ís
^1
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FIGURN 3

TTIE 'ÀCTOR.FÀCTOB RELÀTIONSIIÏP

x2

Price raËio
or isocost ($100)

30 units

20 uni-ts

10 ünits
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Ëhe raËio of their marginal physical producÈs (IæP_- /IPP-_ ).*1 *2

Inputs as well as outpuËs have speeÍfic markeË prices,

therefore for an operaËor to deËermíne his input combination, he must

pay heed to the relative input prices if he is to minimize Èhe cost of

producíng a given level of ouËput or maximize output for a given level

of cosË.

Let us assume that 1íne LM in Figure 3 represents a total

outlay or a ËoLal cosÈ of $100. LM Ís called Ëhe isocost line, because

it represents all the combínations of X, and X, Èhat have equal ËoÈal

cost. The $100 may be spent on Xr, Ëhen we buy OM units, íf spenË on

X, then OL units are purchased or if spent on both, Ëhen any

combÍnation of the two resources may be purchased. The slope of LM is

equal to the (negatíve) ratío of the price per uniË of X, to the price

per unit of Xr.

The Ëhree differenÈ isoquants in Figure 3 represent various

levels of ouËpuË í.e. 10, 20 and 30 units, respectively. Fírst consider

Ëhe 30 unit ísoquant, Ëhis 1evel of ouËpuË is not obËainable because

the available ínpuË combinaËions liuriÈ us to those tying on or below

the isocost curve LM.

The producer may operat,e on points such as A and B (on 10 uniÈ

isoquanË). However ouËput can be expanded to 20 unit isoquanÈ wiËhout

incurríng any additional- cost, excepË for Ëhe selecÈíon of an appropriate

input combination. Point N, where the 20 unit isoquant is just tangenÈ

to Ëhe ísocost curve is the opËimtur point, because this is the point

where we maximize tl:re output for Èhe given l-evel of cost.

The same soluËion may be arrived at by differentíating the
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cost function Ëo obtain the slope of the isocost line. This Ís then

equated Ëo MRS.

MPP Price of x^ orX^=¿
-------: Price oi x,MPP I*1

MPP MPP*2=*l
Price of x, Price of x,

In a more generalised way, Èhe leasË cost combínation for the k th

variable is:

MPP MPP
X"=Xa=.

.LL
Xr-

PPP*1 *2 *k

If resources are unlimited (non restrictÍng) then Ëhe general

procedure, concerning the optímum producËion is to expand producËion

until:

MVP MVP MVP*1 = *2 E ..... = Xk = r
PPP*1 *2 *k

In the case of liniËed resources we produce until:

MVP MVP MVP*1 = *2= ..... E *k
PP*1 *2 P*k

Ëhat is we contínue to produce unËil MVP is equal for all available
P

resources or r^7e stop production before Ëhe point Ís reached where

l"fVP = Price.

Product-Product RelationShips (optimum

tr'le have so far restricted our discussion Ëo Ëhe production of
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one output, both under the factor-outpuË relaËionships and fact.or-facLor

relationships. It will be necessaty at Èhis sËage Ëo look at the

decísion making princíple applicable to Ëhe production of more than one

product.

For the purpose of our discussion, let us assume that two

products Corn and ÌüheaË are to be produced, (the same explanation

stands for a multi-producË firn), wiËh a given seÈ of resources. Each

of the two products has iËs own production funcÈion which may be

represenËed thus:

í. Y1 = f(X1, X2, . Xo)

Íi. Y2 = f(X1, X2, . *rr)

where Y, = yield of corn

and Y, = yield of wheat

X,....X_ = given seÈ of resources.
IN

If Ëhe market. prices of the given set of resources are available'

then uËilizing Èhe concepts discussed under factor-factor relationships'

Ëhe inpuËs will be combined in their leasË cost combinatíon, Ëhat is

MPP MPP MPP*1 = *2= ......'E *r,
Þ--PP*l *z *r,

Let us noÌr Ëurn Ëo FÍgure 4. If all the available resources are

used for the producËíon of corn, then OM units of corn are produced, or

OL units of wheaË are produced if all Ëhe resources are devoted to wheat

producÈion. The production possibility curve, LM represenËs Ëhe

different combínations of corn and wheat that may be produced with Ëhe

avaí1ab1e seË of resources. The producËion possÍbÍliËy curve is also
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FTGURE 4

PRODUCT-PRODUCT RELATIONSHIP

Revenue 11ne

oducËíon
Possibility
Curve
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referred to as Ëhe transformaËion, íso-resource or iso-cost curve'

because iË indicates the use of a consÈarit amounÈ of resource aÈ a

consËant cost for any one planning Period.

Two enÈerprises or activiÈies are generall-y said to be

competiÈive in Ëhe use of resouïces, if an increase in Èhe ouËput of

one can only be achieved through a sacrifice in the output of the other'

In effect, I,üe may say that one ouËput is Èransformed Èo the other as

resources shift backwards and forwards. This nay be represenÈed as:

Yt = f (x1, x2r...... xrr, Yr) or

Y. = f (Y.) and
I¿

Y2 = f(Xl, X2r...... Xn, Yl)

If the expansion of a competing acËivity is found desirable

(líke íncreasing Ëhe production of corn), this wíll only be possible

if we reduce Ëhe producËion of wheat or vice versa.

The core of decÍsion-making in enterprise combination is how

to maximize the returns from gíven resources. In other words, our main

concern is to determine an optimum combination of enterprises or

acÈívities in order to attain maximum profiU, cognizanË of the linited

resources, which is represented by the produetion possibility curve or

iso-cost curve in Figure 4.

The ratio of príces between the two comnodities represents the

slope of the Íso-revenue curve. In Fígure 4, the poinË of maximum

profit, which represents Ëhe optimum enterprise combination is shown

by point N where the highesË Íso-revenue line is just ËangenË to the

production possibility curve. Thís means that wiÈh the given set of

resources the opËimum combinaËion of enËerprises is achieved by
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producing OA uníts of wheat and OB units of corn.

approach, üre may furËher represent the equilibrr-m

enterprise combination as :

*1 '"*"

11. SELECTION OF AN ANATYTICAI TOOL
SOLVING THE OPTIMTIM COMBINATION

ENTER?RTSES

Using the calculus

conditíon of

MPP Price of corncorn=Þffit
MPP .

T^rheat

For a general case, consider a siËuation where there are YO

enterprises and the enterpríses are combined according to the least

cost combination, then

FOR
OF

trrr*t(xt. .x")11 = ,",.MPP(xr...x")v2 E o....= tru. p(xt...x")v¡

*1"'*" *1 " '*"

There are quite a number of analyËical tool-s that can be used Èo

sol-ve the problem of opËimum combination of enterprises, but for the

purpose of thís thesis, we sha1l only review and evaluaÈe trnro of them.

Before doing so, let us dígress a biË to consíder the role of managemenÈ

under conditions of uncertaÍnty, which will help us select Ëhe mosË

efficíent tool for analysing our objective.

The Firm and its ManagemenË

The pattern of Ëhe society is such that the control of resource

allocatÍon for purposes of agricultural production has been vested j-n

Lhe hands of individual- farn managers. The fundanental role of managenent

Ëherefore are:

1. to formulate expectations of the conditíons
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Èhat may likely prevail- in the future. This is a

necessary pre-requisiËe before productíon goal-s are

finalízed. The condÍtion must consider fuÈure prices,

availability of markets, yield of the various crops to

be grown and the cost of producing each crop;

2. a plan of productíon must be fornulaÈed on the basis of

(1), whích is logical and consj-stent rn7Íth expectations;

3. the production plan so formulated musË be put inËo acËion;

and 4. Ëhe manager must accept Ëhe economic consequences of

his olan.

The returr, ,o *"rr"gemenË for correct anÈicipation of Ëhe future and well

formed plans are preniums Ín io"ote.1

Our main task ís to select an analytical tool that will be

effecËive ín solving Ëhe second role of managemenË to which príority

is attached in thís studv.

The Farn Budgeting Method

A farm budget Ís a plannÍng Ëoo1 whÍch allows us to compare Ëhe

different crops and lívestock that can be produced on the farm and

further aids us to arrÍve aË a deci-sion on which of the alternaËíves Ís

mosË profítable.

In seËting up a budget or plan r,,re set down the prospecËive
acres of each crop and the number of each livesËock; we evaluate
farming practices and estimate the yield and producËion; Íncome

lrui¿.r 
pp . 465-467.
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and costs are computed and finally an estimate of neË farm
income ís made. If we make up Èhe budgets for several systens,
we predict which one will be most profitable. Every good
busíness man makes up g pJ-an of this sort; he budgets his use
of capital and labour.¿

It is clear that Ëhe nain objectíve of budgeting is "Ëo compare

alternaÈive plans for the use and combination of farm and non-farm

resources for prospective profit"3 The budget generally considers Èïiro

or more plans for organizing the farm resources. A comparison of the

riet reËurns from each plan is made and Ëhe plan that yields the hígher

net return in view of our objectives is chosen.

However, in practíce Èhe budgeting approach soon becomes

ímpracticable under Ëhe weight of compuÈations, especially when the

alternatives are many. Budgeting general-ly consíders too few alternatives

wiËhout aËËempting to exhaust all the possible alt,ernatives. As a resulÈ,

Ëhere are some doubÈs as to wheËher the optímr:nr plan arrived at by

usíng Ëhis nethod, actually promotes the aËËainment of our seËs of

obJecÈiv.es effecÈively. Ilence the farn budget has been largely

restricÈed to analysing the farn business, 'ûúhere the alternatives are

stricËly líniËed.

It should be not.ed that all Ëhe above short comings are not

builÈ-in weaknesses in Ëhe budgeting technique, buË Ëhey arise due Ëo

short cuË meËhods, Èhat users of the tool ofËen Èake in an attenPË to

)_tg'ar1-. o. Heady and H. L. Jensen, Farm ManagenenF Econg+ics,
(Engl-ewood Cliffs, New Jersey: PrenLice-Ha1-l, inc', l-961), P' 91'

3Faculty of AgrÍculture and Home Economics, The UnÍversity of
Manítob4, Princíples ánd Practices of Commercial Farning, (!üinnipeg: The

Public Press Ltd. , l-965), P. 357.
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side track the fantastic amount of computational work involved when

many alÈernatives have to be considered.

Linear Progranming

Linear programing developed as a result of applÍeation of a

parËicular nathematical- procedure based on linear relaÈionship and

linear inequalit.ies to choice problens. The term linear, however is by

no means restrictíve excepË thaË it arises, as a result of:

f. input-output eoefficíents, which are assumed constant; and

2. resource prices or producË prices are also assurned consÈariË,

that is, prices do noË change with volune of output.

The term inequaliËy follows from the fact Èhat we wish to come up with

a plan that

1. does not requi-re using up all the available resources; and

2. assures us that Ëhe amounË of any acËivity or commodiËy

produced is noË at a negaËive 1eve1.4

In actual fact, linear progranming is a maÈhenatical meËhod of

Þuégeting, it is frequenËly used to replace the budgeting method,

whenever it allows computatíon aË lor,rer cost and wíth less t,ime.

The biggest advantage of linear progranming Ís thât it employs

the use of an electronic computer to compare all possible plans and

alternaËives Ín arriving aË an optimum solution that effecËively

satisfíeS our objecÈive function.5

4t^rl O. Heady and !üilfred Candler, Linear Progranming Methods,
(Ames, Iowa: The Iowa State University Press, 1969), p. 5

5A lírr""t progran¡ming problem may be expressed as:
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Linear Programmíng technique can be applied to any problen that

has the following three quantÍtative componenÈs:

1. an objective;

2. alternaËive methods or processes; and

3. resource or any oËher restrictions.

In view of the facË that the problems envisaged by this study

lia¡re the above three quantitaÈive componenÈs, that is;

1. maximize neË income;

2. different crop production actívities; and

3. linÍted capital, labor, land, et cetera;

, optímize F(x) or r =jèl.j*j. ... ... (1)

Subject to: :Ëf"r:*: 
. d, for i = 1 , m.. ...... (2)

n
..X.ê_.,x. = d- for í = 1. ...., 1.... ....(3)
J=r aJ J r-

ft
,8,å,,x. ? d, for Í = 1.re¡jr...., k.... ....(4)
J=Il-JJ+. l-

and xj ¿ 0 for j = f.. ..., n. .. (5)

'Eqtiation (1) represents Èhe objective funcËion which is either
being maximized or minimízed; equations (2), (3) and (4) represent
m+l+k, strucÈural constraínÉs, each having n number of varíables or in
a more familiar Ëerm, they are the resource restraínt í.e., di is the
ãmount of resources available, which are used by the activitíês x¡ in
a1{ amounts per unit ouËput. Equation (5) is included so as to eñ.sure
thãt no activíty enters the optimum solutíon at a negative level.

For a more detailed understandÍng of Linear Progranming
procedure, the following references are recommended:

Raymond R. Beneke and Ronald Winterboer, @
Applications to Farm Planning, (Iowa: The lowa StaËe University
Press, L97L).

Heady and Candler, loc. cÍË.
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also in vieur of Ëhe ease by which the computational problem can be

handled, iË ís fel-t that linear programning wíJ-l be most appropriate

for the study in questíon having in mind, however' that l-inear

progranming is only a tool and can produce no betËer result than the

quality of the inpuË-outpuÈ data fed into the program.

Having selected Línear progranming as Lhe analytical Ëool for

this study, 1et us nor¡r relate it Ëo conventional economic concepts.

From the on set, let us remind ourselves Ëhat Èhe approach taken by

marginal analysis is Ëo sol-ve the problem of optímum eombination of

enterprises by using a contÍnuous functíon, whereas linear progranming

arríves at the same soluti-on making use of a discontinuous function.

As an example, in marginal analysis the isoquant manífests a continuousl-y

changi-ng slope along Ëhe curve (changing MRS) ' whereas in linear

progranning the isoquant exhibits straighË 1-ine segrnents lÍnking

disconËinuous poinËs together. The points are various levels of a

process where the same leve1 of ouËpuË are obÈained.

The Ëerm process is more or less used Ëo comioÈe the same

meaning as actívity, except that acÈivity is someÈimes used to indicaËe

the conrmodíty beíng produced. A process refers to the method used jr:

in convert.ing resources into a commodity. As a natter of fact, tl¡Io

processes are said Ëo be the same if they use the same resources ín the

same proportions. For insÈance, producing corn oTl a field with 20 pounds

Chaiho Kim, Introduction Ëo Línear Programnfngr,. (New York:
Ilolt, Rínehart and trùinsËon, ínc., 1971).
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of phosphorous per acre ís a different Process than producing corn on

anoËher field wíth 50 pounds of phosphorous per acre' despíte Ëhe facÈ

thaË all other ïesources night be honogeneous both in quanËíty and

6qualr-Ey.

Figure 5 shows vector lines being used Ëo illustrate processes

in linear programming. Each differenË point along a vector represents

a different level of outpuÈ produced by the same Process aÈ constant

reËurns to scale. The choíce indicator Ín this case líke the margínal

analysis is the iso-cost line. In order Ëo select the best process for

the purpose of productíon or Ëhe best combination of enterprises, the

poinË at which the iso-cost line is jusË tangent to Ëhe isoquanË curve

represents the opËimr-ur Point.

Figure 6 represents the producËÍon possibilÍty curve. The

different iso-resources shown in the diagram indicate Ëhe amount of

productíon possible from each of Ëhese resources. By superímposing

the different iso-resources on one another in the graph, r¿e are able

to trace the production possibílity frontier facing a fírm whÍch has

at its command the specified resources, that is, abcd is the producËion

possÍbility frontíer. ProducËion cannoË possibly take place at any

oËher poinÈs beyond abed, because eíther one or more of the resources

are unavailable. In order to arrive at Ëhe point of opÈimum

combínation of enËerpríses, the price ratio is the deËermining factor

as in marginal analysis. llherever iÈ is Ëangent to the production

6H""dy and Candler' op. cit. r PP. 11-14.
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possÍbílity frontier (abcd) we have the opÈímum combinaËion of

enterprises.

In conclusion, the discontínuous function in linear programming

approaches the conËínuous function in marginal analysís as more and

more processes are used for productíon purposes.



CHAPTER IV

TITE ANALYTICAI MODEL

The naÍn obj ective of this study \,las Èo develop a program of

optimum eombination of enÈerprises for a firn and detentine how grain

corn competes with the other conventional crops under various specífied

condiËions Ín the contexË of profit maximization. Since a direct

nanipulation of an actual fírm was ímpossible, a mathenatical model was.

built to represenË Ëhe firm upon which the necessary manipulations were

performed. In this chapËer r^re sha1l first take a look at Ëhe characteris-

tics of the case farm, secondly we shal1 exâmirle Ëhe activiËies and

resËraints employed in the analytical model Èo approximate reality wíÈh Ëhe

underlying assumptions and 1asÈly we shall discuss the progran sd;Ër¡râü:i:oms

as they relate to the case model in achieving our seËs of objectives.

1. THE CASE FARM

The case farn is a conmercial crop production uniÈ located on

two differenÈ soil associaËions comprised of 2r880 cultívated acres.

The Myrtle clay associate of the Red River soil associaËion consËituËes

the predominant soil type forming about 70 per cent of Ëhe total

cultivaËed acreage followed by the fine sandy loams of Ëhe Altona soil

association aË 20 per cent, while the Osborne clay assocíaÈe of the Red

River associatíon accounts for Èhe remaíning Ëen per cent. The texture

of the soil varies from fíne sandy loams to clay and thís range of light

to heawy soil perniËs a wíde gelecËion of crops Ëo be grown.
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At present the case farm is sole1y engaged in Èhe production

of crops. Table VI illusËrates Ëhe kínd of crops produced and per acre

yields in 1971.

Continuous cropping without surmer fallow is an established

practíce on the case farm and all acres are cropped each year.

Recommended fertilizer pracËices based on soil testing are followed.

The only crop produced on contract is sunflorlrers, the other crops are

markeÈed through Èhe Canadian trfheat Board, the feed industry or Èhe

TABLE VI

KIND OF CROP GROI,üN AND MARKETABLE
YIELD ON CASE FARM, l-971

Crop Acreage Marketable yield
Per acre

trüheat

Oat.s

Barley

Sunflowers

Flaxseed

Corn

Rapeseed

Rye

Total acreage

acres

400

50

545

460

350

688

L87

200

2,880

bushels

35

80

69

953 pounds

not available

59

30

60
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Gínli distillery. Seeding cornmences in early spring and is usually

compleËed by mid-June. The field operations are fulI-y mechanized

and a general line of poürer and tí11age equipment ís used for the

production of all crops. Special equipmenË is required for planting,

row cultivatÍng and harvesting the corn and sunf l-o\^rer crops.

InLensive uechanization has greatly reduced the labor

requirernenËs for each of Ëhe crops. Hourly labor requirements on a per

acre basis are 1ísted ín Table VII. The labor sÈaÈíst,ics in Table VII

include, time spent aË tillage, harrowing, seeding, fertilizíng, spraying,

TABLE VII

HOURLY LABOR REQUIREMENTS PER ACRE
FOR EACH KIND OF CROP

Crop Hourly Labor
Requirement

ltrheat

Oats

Barley

Sunflowers

Fl-axseed

Corn

Rapeseed

Rye

man-hours per acre

2.94

2.94

2.94

3.54

2.94

3.44

2.94

2.94
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roür crop cultivating (for sunflornrers and corn only), harvesting and

the operatorrs supervisory labor. An hourly operational break down of

the labor requirements on a per acre basis appears in Ëhe Appendix,

Table 4.1.

11. SPECIFICATION OF THE CASE MODEL

Línear prograrming hras used as the computational tool in this

study. The basic linear programming assumptions of additivity, finiteness,

linearíty, divisíbílity and single-value expecËations ürere made. IÈ

was further assumed that profit maximizaÈion was the objective function

of the firn.

The basíc model used the complement of boËh owned and hired

resources present on the case farm. The initial set of production

act.ivíËies used in Ëhe program were based on Èhe current. cropping

practices on the case farm. By ínËroducing anoËher corn producËion

activíty, all-owÍng the cost of corn production to íncrease due to excess

moisture removal from the corn and also varying the differenË percenÈage

of corn that could be sold to the Ginli distillery, the progran

generated a pattern of optimrm combinatíon of enËerprises that formed

the basís for recommendations regarding an Íncrease ín Èhe corn acreage.

Activities Enployed

The case model is a mathenatical simulaÈion of Èhe case farm,

hence the activities, restricËions, resources and price levels employed

ín the program were those applicable to Ëhe case farm. The activities

employed by the program are listed in Table VIII.
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TABLE VIII

LIST OF ACTIVITIES EMPLOYED IN THE MODEL

Number ActivÍ-ty UnÍÈ value in
dollars

1

2

3

4

5

6

7

8

9

10

11

L2

13

t4

15

L6

t7

18

L9

20

2L

Corn 1

Corn 11

OaËs

Barley

Rye

trüheat

SunfLowers

Flaxseed

Rapeseed

Sell Oats on quoÈa

Sell Barley on quota

Sell Rye on quota

SelI F'lla¡<seed qoltLEuo ta

Sell Rapeseed on quota

Sell l¡Iheat on quota

Sell trüheat for feed

Sell Oats for feed

Sel1 Barley for feed

Sell Corn for feed

Sell Sunflowers

Se11 1002 Corn ro GirnlÍ

acre

acre

acre

acre

acre

acre

acre

acre

acre

bushel

bushel

bushel

bushel

bushel

bushel

bushel

bushel

bushel

bushel

pounds

bushel

-46.37

-50.58

-22.73

-2L.75

-22.38

-21. 98

-27.L4

-18. 14

-L9.44

0.629

0.882

L.042

2.873

2,239

1.64

L.07

o.52

0.73

1.30

0.0s2

1.60
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TABLE VIII (continued)

Number ActivÍty UniË c.
J

value in
dollars

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4L

42

43

Sell 80% Corn ro Gimli

Sel1 502 Corn to Ginli

Sell 302 Corn to cimli

Sell 0Z Corn to Ginli

Rent Owned Land

RenË Land

Borrow Personal Savings

Borrow Capital

Hire Tíllage Labor

Hire Harrowing Labor

HÍre Seeding Labor

Hire FertiLizer Labor

Híre Spraying Labor

Ilire CultivatÍ.ng Labor

Hire Harvesting Labor

Sell Ginli reject Corn

Oats quota transfer

Barley quota transfer

Rye quota transfer

trIheat quoËa transfer

F¿laxseed quota transfer

Rapeseed quota Ëransfer

bushel

bushel

bushel

bushel

acres

acres

do11ar

dol-1ar

man-hour

man-hour

man-hour

man-hour

man-hour

man-hour

man-hour

bushel

bushel

bushel

bushel

bushel

bushel

bushel

1. 28

0. 80

0.48

0.00

-9.00

-9.00

-0.05

-0. 085

-1.50

-1.50

-1.50

-1.50

-1.50

-1.50

-1. 50

1. 30

0.00

0.00

0.00

0.00

0. 00

0.00

:..riÈ
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Crop activiti.es. (1---9). The case model Íncluded six

conventional crop alËernatives, two corn activities and one sunflorÀters

activity. Each of the crops were ferÈilízed at recommended levels.

All field operations \åIere mechanized from ploughing through harvestíng.

The conventional crops qrere marketed through the Canadian tr{heat Board

or Ëo Ëhe feed industry; sunflowers ürere gro\¡rn on contract while corn

was eiËher sold Ëo Ëhe Gímli distillery or to the feed industry.

The differerit crop activiËies enployed by Ëhe model reflected

Ëhe actual practíce followed on the case farm except for Corn activity 11

which served as an alternaËive process for producing corn, this assumed

ferÈilizer requirements Ëo achíeve a targeÈ yield which were estimaÈed by

the Provincial Soil Testing Laboratory at the University of Manitoba.

The cosÈ of productíon of all the different crop actíviËies

carried a negative c. value in Ëhe program. They were extracted from

the available records on the case farm and consísted of both variable

and fixed costs (depreciation on buildíngs, machinery and equípment at

a nine per cenË raÈe, opport,uniËy cost on investment on buíldings,

machinery and equipment at eight per cent and land tax of $2 per acre).

Corn production 11 carríed an additional variable cost above Ëhat of

corn production 1 due Ëo the additíonal fertilizer usage and the cost

of drying the extra L7.76 bushels yield per acre. The break down of

the 'cost of product,ion for each of the crop acËívities ís found ín the

Appendix, Table 4.2.

ExpecËed yíelds for the various crops are shown in Table IX.

A Table showing hor¿ the average yields were derived is found in the

AppendÍx, Table 4.3.
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TABLE

EXPECTED YIELDS OF

IX

CROP ACTIVITIES

Crop
ExpecÈed Marketable

Yield

Corn l-

Corn 11

OaËs

Barley

Rye

trüheat

Sunflowers

Flaxseed

Rapeseed

bushels

58

70:t

70

55

4s

28

953 pounds

t_3

23

Source:

YÍelds are averages for Ëhe case
through L97L. (See Appendix, Table 4.3)

*EstÍmated Ëarget yield supplied
Laboratory.

farm over the period 1968

by Províncial Soil Testing

Sell-ing activities . (LO--25 land 37). For the purpose of this

sËudy Ít was assumed ËhaË all crops produced could be so1d, (an

exceptíon is dÍscussed later). All c. values attached to the sellíng

activíËÍes carried a positive sígn. The selling acËivíties as used by

the model were classifíed under five main headings:

1. Quota selling activiËies: (10--15). All the conventional
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grains could be markeÈed through the CanadÍan trüheaË Board

on quota. (Îhe quota restricËion will be discussed under

the seË of restrainÈs employed by the model). The c. values

used were averages calculated over a perÍod of ten years

1960-1970 from the Manitoba Agricultuxe L97O Year Book;

Feed selling activities: (17--i-9). trIheat, oats, barley

and corn had an alternative marketing outlet through Ëhe

feed industry. The c. values used r,rere coIlecÈed from the

feed indusÈry over a period of L969 through 1971 and the

average was Èaken;

ConËract sellíng actívity: (20). Sunflowers rùere Ëhe only

crop sold on a contract. basis. The c. value was obtained

as in 1;

cÍnli selling activities: (2L--25). The Ginli distillery

requires corn as an input factor ín the distillation of grain

aI-cohol, hence Ginl-í pays a premiun price for good quality

graÍn corn. For the purpose of a meaningful analysis, ít

rìras assumed that various arBounts of corn could be sold Ëo

Gírili varyíng fron 100 per cent of the crop to zero per cenË.

The c, val-ue of $1.60 was the average price paíd by Gímli
J

over the period L969-797I. For the 100 per cent sale to

Ginli the c. value was $1.60, but the other percent,ages
J

showed various lesser amounts of c. values. For example, let

us consÍder Ëhe case r¿here 80 per cent of the crop is accepËed

aË GinlÍ. Total revenue may be calculated in either of

thTo rrays: (i) take 80 per cent of the c. value ($1.28) and

a1low 100 per cent sale as specified in our program or' (íi)

3.
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allorÀr a c. value of $1.60 and sell 80 Per cent of production.
J

5. Gimli reject corn selling activiËy: (37). In view of our

assumptions that everything produced musË be sold' corn

rejected by Giurli vlas marketed through the feed indusÈry at

a c, value of $1.30 per bushel.
J

Land acÈivities. (26' 27). For the purPose of this study an

opportunity cost of $11 per acre was charged for the operatorrs owned

land. The opportunity cost is equivalent to the cost of rentíng l-and

in the atea. A RenË Ovmed Land activity was designed to achieve this

objective. The c. value Il7as a negat.ive $9, the oËher $2 required to

make up the $11 rent T^ras included in the fixed cost of each of the

different crops produced as land Ëax. The same result could be achíeved

by decreasing Ëhe cost of producing each crop acËiviÈy by $2 and increa-

sing the c. value on RenË Owned Land to $l-1.
J

Another activity Rent Land was included in the program to allow

for renting more land under Ëhe sarne assumptions described above.

Operatíng cppital activiËies. (28, 29). The program íncluded

an activity entiËled borrow personal savings in order to al1ow Ëhe use

of the operatorts oürrt capital in defraying some of the operating

expenses. This acËiviËy was charged with an interest rate of five per

cent whÍch represented Ëhe average shorÈ term opPortunity cosË of using

the capítal in a non-farm use. In Ëhis case it vlas assumed that the

capital must be a working capital so it cannot earn an opportunity cost

higher than a personal savings account in a conrmercial bank. The

personal capital was further augmented by a borrow capital activiËy.
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This allowed the farm operaËor access

specified liniË with an interesË rate

credit facilities up to a

eight and one half per cent.

to

of

Hire labor activities. (30--36). Most of Ëhe labor used was

hired and seven acËivities provided for the purchase of labor services

on an operational basís (Hire Tillage Labor Hire HarvesËing Labor).

The operator functioned in a dual capacÍty both as a supervisor and also

as a worker. The operatorfs labor vras noÈ charged any cosË. The dífferent

labor purchasing acËiviËíes carried a negative c. value of $1.50 whÍch

was the hourly Ìrrage rate prevailing on the case farm ín 1971.

Transfer acËívities. (38---43). These hrere quoËa transfer

activíties and as such carríed no c. values. They were included in the

program so as to be able to derive lo io¿i""tion on how best to allocaÈe

Canadian trfheat Board delivery quotas so as Ëo derive a maximum benefit

(further explanaËÍon wíll come under program restraÍnts).

Restraints UtilÍzed. in the Model

The levels aË which the above described activities may enÈer Èhe

optímum soluËion are limited by the Ëype of restraints ímposed in the

program. These rirere:

resource restrainËs - which were quantitaËive limits on

the avaílabílity of resources;

insËiËutional restraints - which were in the form of quota

purchases of grain crops;

subjectíve restralnts - which expressed the desire of Èhe

farm operator to hedge against risks and uqtc,er'ÈaÍntiesr

by diversificatíon.

1.

2.

3.
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The different Ëypes of restraints used by the case model are

listed in Table X.

TABLE X

LIST OF RESTRAINTS UTILIZED IN TTIE MODEL

Nrmber TíT1E Unit resÈraint
level (bi)

1

2

3

4

5

6

7

8

9

10

11

T2

13

L4

15

16

L7

18

Owned land

Land

$êna land limit

Personal savíngs

Operating capital

Borrowing linit on capiüal

Total labor supply

Tíllage labor supply

Harrow labor supply

Seedíng labor supply

Fertilizing labor supply

SprayÍng labor supply

Row Crop Cultivating
labor supply

Harvest labor supply

Operator I s Supervising

Maximum Harrow labor supply

Maximum seedíng labor supply

Maximqm corn seeding
labor suppl.y

acre

acre

acre

do11ar

dol1ar

do11ar

man-hour

man-hour

man-hour

man-hour

man-hour

man-hour

man-hour

man-hour

man-hour

man-hour

rnan-hour

man-hour

1, 940

0

1,040

54,530

0

L72,782

0

0

228

234

0

114

372

282

351

772

1,560

264
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TABLE X (continued)

Number Tirle Unit resËraint
leve1 (br)

T9

20

2L

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Corn supply

Oats supply

Barley supply

Rye supply

trüheat supply

Sunflowers supply

Flaxseed supply

Rapeseed supply

Ginli reject corn supply

Assignable acres

oaËs quota supply

Barley guoËa supply

Rye quota supply

tr{heat quoËa supply

Flaxseed quota supply

Rapeseed quota supply

Corn production maxÍmum l-imit

Oats production maximum linit

Barley producËion maximum
1ínít

Rye producËion maxÍmum linit

!üheat producËion maxim¡:n
limit

bushel

bushel

bushel

bushel

bushel

pounds

bushel

bushel

bushel

bushel

bushel

bushel

bushel

bushel

bushel

bushel

acres

acres

acres

acres

acres

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1,000

50

1,000

200

1,000

38

39
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Number Title

40 Sunflowers producËion acres 500
maximum liniË

4I Flaxseed product,íon acres 11000
maximum linít

42 Rapeseed production acres 160
maximum límiË

43 Corn productíon minimum acres 200
limit

, 4o iïi;i-tii*T;"'" acres 2oo

45 trüheat production acres 200
minímr:¡n limít

46 Sunflowers production acres 100
minímum limít

47 Flaxseed production acres 2OO

minimr¡m limit

Land restraÍnts. (1---3). The case model íncluded three

land restraints. The fírst, owned land represenËed Ëhe lÍnit of the

land or,med by the farm operaËor (1840 acres). The second allowed for

eiËher owned l-and or rented land t.o be used by the program for

producËion purposes. The Èhírd l-and restriction placed a ceiling on

the auount of land thaË could be renËed through renËa1 activitíes

and the linít of 1040 acres reflected the subjecËive restraínt placed

on rented land as expressed by the manager.

restraintsunlE 1evel (br)
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Capitál restraints. (4---6). Three restraints r^rere used to

limit the amounË and utÍlization of operating capi-tar. The first

restraínt allowed the program Ëo use operatorrs personal savings up to

a linit of $54,530. The second which was the operating capital

resËraÍnt was fixed ax a zeto level and actually supplied the operating

capítal for the program whích was drawn from eíther personal savings or

borrowed capítaL. The third and Ëhe last capital restraint was the

borrowing l-init on capÍtal. To arrive at thís 1inít, iË was assumed that

Ëhe farner could borrow up to 40 per cent of hÍs equÍty in the farm

busÍness.

Labor rêstraints. (7---18). The program uËilízed seven

restrainËs to limit the labor supply for each of the differenË operaÈíons

on the fields from which the different crop activíties night draw. The

total labor supply restraint puË at zero 1eve1, only performed a

counting role - that, is - it all_owed the prograÍTmer to keep track of the

total labor used by the program. Three more restraints placed maximum

linits on the supply of l-abor for harrowing, seeding and corn planting.

The latter restraÍnt.s \4lere necessary because the operaËíons were carrÍed.

out on Ëhe case farm when the avaíl-able labor suppl-y r¿as fíxed. The

assumpËion used in the calculatÍon of available man-hours for anv

PartÍcular operatíon hras 26 working days in a month and 12 man-hours per

working day.

Crop supply restraints. (19---27). Nine restraints represented

the crop supply restraint,s. These restraints ürere put at zero level- buË

whenever an acre of a specÍfic crop was culËivated, the program added
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the specifíed yield per acre of ËhaË erop to the relevant crop supply

restrainË. The selling activities then drew a unit at a time from the

crop supply restraint. The Ginli corn reject supply restraínt hras

designed to take care of all the rejects from the Ginli market from

which the activity, sell Ginlí reject could draw a unít at a Ëime.

Quota resËrainËs. (28---34). Six resüraints were used j-n the

program to represent institutional Testraints on marketing conventional

grain crops. The quota restraÍnts l-inited Ëhe amount of each conventional

grain crop that might be deLivered to the elevator. The basic specj-fied

acreage quota ín thís exercíse assumed a 12 bushel quota for oats,

40 bushel quoÈa for barley, 30 bushel quota for rye, 8 bushel quota

for wheat, 15 bushel quota for flaxseed and a 12 bushel quota for
1rapeseed.- The assígnable acres restraint was íncluded so as to allow

Ëhe faru operator to assign acreage of both quoÈa and non-quot,a crops

for Canadian l,Iheat Board delíveries. In order Èo maximize the quota

delivery, acreage transfer acÈívities beËween quoËa and non-quoËa crops

were employed in the program.

Crop production maximum resËrainÈs. (35---42). Eíght restraints

provided the quant,iËative maxÍmum production liniË placed on each of the

crop activity. These reflected the subjective restraint expressed by

the manager.

Ltglt Canadian trü'heat Board quotas were used on the assumption
that they represent,ed currenÈ trends in grain deliveries.
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Crop production minimtm restraints. (43---47). The program

uËilized five minimun crop producËion resËraints to express the desire

of management to hedge against possible weather hazards and uncertainties.

These restraints ensured that, at least Èhe minimum specified acreage

was forced inÈo the program to satisfy the problem of diversificaËion'

despite Ëhe facË that it might not necessarily be in the overall interest

of profit maximizaËion.

Susmary DescripËion of Ëhe Case Model

The case model úras a mathematical simulation of the production

and marketing alternatives open to the case farm and Ëhe restrainËs

(resource, subjecÈive and instituÈional) which linited Ëhe choice of

Èhese alternaËives. The model was specified as a linear progranming

problem having a matrix wi-tlr. 47 rows and 43 colrruns. The objecÈive

funcËion of the model \nlas to maximize net income. Nine cropping

acÈivíties and thirteen selling activiËies represented both the producËion

and markeLing atternat.ives open to Ëhe case farm business. The

renaining act,iviËies provided for acquisition of additional variable

and fixed Tesources as well as for quota transfers.

The resource requirements which formed the greater part of the

ínput-outpuË coefficients for the program Ì,üere calculated on a per acre

basis for crop acËívities, while the c, coefficients for the selling
J

actíviËÍes r^rere unít sale prices. The initial símplex tableau ís

shown in the AppendÍx, Figure 4.1.
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DescripËion of the Progran SiËuations
as related to the Case Model

The set of objecÈives as related to the case model were

enr¡merated in Chapter I and are as follows:

1. to determine Ëhe opÈimum combination of the varíous crops
Stöwn with the available resources on Ëhe case farm in 1971,
with a vier^r Ëo deËermine how best Èo organize the farm
busíness and at the same time examine how grain corn comPeËes
with other crops;

2. to observe how an increase ín Ëhe cost of dryÍng corn adds
to corn producËion costs and affects Ëhe optÍmum solution
in 1:

3.

4.

to determine the effect of varying the quanËiËy of grain
corn markeËed through GinlÍ on the opËíma obtained in 1 and
2, thereby determining how grain corn competes wíth the
other crops when price and quantÍty are varied;

to examine the optimum sol-ution ín 2 when a portíon of the
grain corn crop fails Ëo meeÈ the quality sËandards set by
the Ginli plant, whÍle at Ëhe same time the feed industry
does not provide an alËernate market; and

Ëo perform a sensitivity analysis on 1.

set of objectives rrere achieved by allowÍng the case model

several solutions. The compuËer runs with regard Ëo the

are sunmarízed below:

5.

The

to generafe

case model

Program 1. In order to attain the first objecÈive the program

restraínts !üere set at levels that utilized boËh owned and hired

resources as obtained on the case farm in l-97l-. BoËh maximum and

minímum resËraÍnts on crop produetion \^tere included ín the compuËer

runs. Two computer runs were used:

i. to simulaÈe the cropping practice on the case farm, all the

cropping activiËÍes íncluding Èhe corn producËion activity

(eorn 1) were based on the cosËs and average yÍe1ds
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experienced by the case farm in I97L;

ii. another corn producËion process (corn 11) was included in

run (i). This was based on target yield predícËions, hence

the costs as well as yields r,ùere calculated on ËhaË basj-s.

(See Appendix, Table 4.2)

Program 2. ObjecËíve 2. Thís objecËive was aËËained by using

run (i) in progran (1), the diff erence being that r,rhile run (í) in

program (1) only contaÍned the cost of dryÍng graín corn from 25 per cent

to l-3 per cent, program 2 Íncorporated the increased cost of drying

graÍn corn from 35 per cent to 13 per cent, (above 35 per cent moisture

grain corin cannot be harvesËed).

Program 3. Objective 3. 14 computer runs r¿ere used to examine

this objective. The first set of the eight runs Trere nodifíed versions

of the Programs (1) (i) and (ií) and are identífied as Prograur 3.1; A

and B. The modÍfíed program placed a restriction on the amount of corn

thaË met the specÍficaËion of the GÍnli distil-lery. The restrÍctions

imposed f or dÍf f erent proport.ion of the crop l^rere 80 per cenË, 50 per

cent, 30 per cent and zero per cenË respecËively. The corn that faÍled

Ëo meet the Gimli market requÍrenents r^rere cal-l-ed GÍnli reject and

were sold for feed at a lower price.

The next seríes of four runs (called Program 3.2) were based on

Program 2, again Èhe eame set of markeÈ resËrÍctions as Ëhe ones

descríbed above were used.

The last seË of t\^7o runs (called nodified Program 3.2)

inËroduced corn acËivity 11 inËo the Program. ProducËion cosËs hrere



66

increased to allow for drying from 35 per cent moisture conËenË to 13

per cent. The nodifíed Progr¡m 3.2 was Ëhen run for a restrícted sale

to the GÍn1i distillery at 80 per cent and zero per cent of the crop.

These runs are represented díagranatícally ín Fígure 7 below.

FIGURE 7

COMPUTER RTINS USED TO ANAIYSE MARKETING OF
VARIOUS QUANTITIES OF CORN TIIROUGH GIMLI

Pereentage
GÍnlirs sale
restrÍction
on corn

PROGRAM 3.1
AB

Corn 1 €orn 1
(as pra-) and 11
(cticed ) (Target)
(on case) (Yield )(farm ) (corn )

(inclu-)
(ded )

PROGRAM

3.2
Corn 1

(increase)
(cost of )(drying )

MODIFIED
PROGRÆ{

3.2
Corn 1
and 11

(increase)
(cost of )
(drying )

run

80

50

30

0

l-

l- l-

l- l- l-

l_v

x

x

x

x

x

x

x

x

x

x

Program 4. Objective 4. Three runs r^rere made use of in an

atËenpË to attain this objectíve. Program 2 was the basíc program

nodified for thís purpose. The nodifícaÈíon being the inclusion of

marketíng restraint,s on the sale of grain corn to Ginli (80 per cent,

50 per cent and 30 per cent of the crop respectively) and assigníng a

c. value of. zeto r¿hich assumed no market opportunÍËies exist for feed
J

corn.
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Program 5. Objective 5. Four different types of sensitiviËy

analysís were performed. rn each case Progran (1) (i) served as the

basis for further modÍfication, because it was found Èo be more

real-istic in terms of costs and yíelds being Èhe acÈual producËíon

practice on Ëhe case farm. The four runs that. made up the sensitivity

analysis are as follows:

i. n6 ¡lnlarrm restraint was placed on the level of corn

production. The c. value of the activÍty sell corn to

Gimli, was varied by ten cents at a time unËil a total of

B0 cents was subËracËed while the c. value of the acËivíties,

sell corn for feed and sell Gimli rejecË corn were kept

constant at the orígínal value of $1.30. Only 80 per cent

of the Ëotal corn production was allowed to be sold t.o

Gimli;

Íi. Èhe minimr¡m restraint on Ëhe 1evel of corn production vras

renoved. The c. value of the activity, sell corn Ëo Gím1i,

was.kepË corisÈanË at $1.60 while Èhe c. value of the

acÈÍvity, sel1 Gimli reject corn hras varied by ten cents at

a Èime untÍl a total of 80 cents was deducted. In Ëhis case

only 50 per cenË of Ëhe total corn production was assr¡rned

acceptable to the Ginli market;

íÍi. the minimr:m restraint on the level of corn productÍon rsas

again removed. Both c. values of the activities, sel1 corn

to Gím1i and sell Ginli rejecÈ corn r^rere varied simultaneously

by ten cents and eight cents, respectively. This continued

until Èhe c. value of the activity, selI corn to Gimli was
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reduced to 60 cents and that of sel1 Gimli corn reject Èo

50 cents. An 80 per cent resËricÈion level was placed on

Èhe quantity of graín corn that could be sold Ëo Ëhe

Ginli distil-lery;

all the minimum rest.raints on the 1eve1 of crop production

were lifted. Current esËimated c. values were placed on all

crops marketed through the CanadÍan trüheat Board on a quoËa

basÍs, as well as Ëhe sell sunflowers acËivity. The c. value

of the sel1 corn activities, horüever rirere kepË consËant at

the original c. value. The acËiviÈies wíth new c- valuesJJ
are lf.sted in Table XI below.

TABLE XI

LIST OF ACTIVITIES I^IITTI A].TERNATIVE PRICES

Number Activity UniË c.
J

va1ue,',in
doll-ars

10

11

L2

13

L4

15

20

SeIl oats on quota

Sell barley on quota

Sell rye on quota

Se1l flaxseed on quoËa

Se1I rapeseed on quota

Se1l wheat on quota

Sell sunfl-owers

bushel

bushel

bushel

bushel

bushel

bushel

pounds

0.75

1.00

1. 30

4.00

3.50

2.00

0.07



CHAPTER V

RESTILTS AND INTERPRETATION OF COMPUTATIONS

This chapter discusses Èhe resul-ts of the computer ouÈput of

the programs outli.ned ín chapter rv. The procedure will be to make

use of tables and narration to describe and interpret Èhe solutions

generated by the case model. perhaps before presenting Ëhe results,
a more meaningful ínÈerpretation rùÍ11 be achieved, if r¿e first take a

brief look at the type of informatíon generated by the computer for a

línear programming problen.

INFORMATION GENERATED BY A LINEAR
PROGRAMMING SOLUTION

The computêr soluËion to a linear progråmrning problem in the

form of a prÍnted ouËpuÈl consísts of the optimum plan (fína1 plan) as

well as auxillary information which can be used to interpret the resulËs.

Ïhe objective of a 1ínear programning exercíse is to find the value of

the pl-an resulting from the optimizatíon of the nodel presented. This

value is found in Section 1 of Ëhe prinËed output under the cost row of
the colr¡mn labelled AcrrvïTy.2 rn. remaíning entrÍes in this column

indÍcate how much of the orÍgínal value of the ïesources were used in the

lR"ad."r" 
"r.

1.

User I s Guide to
referred to Bí1ly G. Freeman and Curtis F. Lard, A
r P.rograTning and the ,
Techníca1 Reporr 7O-2, 1970)r pp. 14-10Jor an

soluÈion to a linear prograûning problen.
(Texas:
example

Departmental
of computer

2Th" p"raicular fornaË described here is peculiar to rBM Mps-360
Computer Routine. (See ibid).
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production process. The optimum plan or final plan of the program Ís

provided in Section 2 of. the output. A list of the levels of

acËivitj-es Ëhat enter the soluËion ís represenËed carrying Ëhe uníts

in which the acüivítv was defined in Ëhe model constructed.

The remairrro, ,rrrormation collected from the computer príntout

includes the shadow prices, unused Tesources and reduced costs. The

shadow prices for Èhe dÍsposal activiÈies are prinËed under the coh:mn

labelled DUAI ACTIVITY and are marginal values épecifying Ëhe change

in the value of the program which would result due to an íncrease or a

decrease of one unit of Ëhe liniting resource in the original leve1

column enÈry. For ínsËance, leË us consider an example from our case

model. In one of the programs the maximum corn seeding labor data

appeared as follows in the soluËion:

Shadow price

Lower linit

Upper liniË

7 4.L9

-76.26

45

The Ínterpretation of the above is that Ëhe value of the

objective function could be increased by the anount of $74.19 for each

additional man-hour of corn seeding labor added to the'.max'åmum corn

seeding labor supply up to a maximum of 45 addítÍonal man-hours

provided all other rest.raints and price levels are kept const.ant.

Conversely a loss of $74.1-9 per man-hour would be Íncurred if the

maxÍ-mum seedíng labor restraint leve1 r¡rere Ëo be decreased. In other

words, we can say that the shadow prÍce of $74.19 is only applicable

over the range of (264 - 76.26) to (264 + 45) nan-hours.

The reduced cost column shows the income penalties attached to
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forcing one unít of the acËivity into the solutíon. Let, us continue

to use our former example, the following prinÈout appeared agaínst

sell wheat for feed activity:

Sell ¡vheat for feed Basic soluËion

reduced cosË colu:¡n .44

The interpretation is that sell wheat for feed activity is not in the

basíc solut,ion (that is, íËs value is zero). Under the reduced cost

column we find that forcing one unit of se1l wheat for feed activÍty

ínto the solutÍon would decrease the value of the program by 44 cents.

11. OPTTMT]M PLAN FOR THE CASE FARM

The optima generated by the case model is tabulated in

Table XII. The Table presents Ëhe resulËs for the two runs used in

Program 1 to aËtaÍn Ëhe first objective and the format used was Ëo

present the optima solution in Ëhe form of; value of the objective

function, opËimum production plan, resources used; unused resources and

shadow prices of Èhe limiting resources.

In Program 1 run (i) the optimum value of the objectíve

funcËion was $48 1521.11 which represents the net return to management

and operatorrs labor. The program had adjusted for the fixed cosËs

associaËed with every crop produced as wel1 as the opportunity cost for

using the factors of production in a non-farm use.

The optímr:m productíon plan that maximized tt,e neË íncoine of

the case farm was to plant 854 acres of corn, 1000 acres of barley,

200 acres of rye, 206 acres of wheaË, 253 acres of sunflor^rers,

200 acres of flaxseed and 160 acres of rapeseed. Before discussing
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TABLE XIT

SOLUTION DÀTA: PROGRAM 1

Unít
Run:

Results

l- l_ l-

Opti.mum ProducËion Plan

Corn I
Corn Iï
Barley
Rye
Ilheat
Sunf loroers
Flaxseed
Rapeseed

Total Acreage

Resources Used

Owned Land
Rented Land
Personal Savings
Borrcwed Capital
Total Labour
Tillage Labour
FertíLizer Labour
Spraying Labour
Row Crop Cultivating Labour
Harvesting Labour
Supervision Labour
Maximum Harrowing Labour
Maximum Seeding Labour
Maximum Corn Seeding Labour

Resources Left Unused

Owned, Land
Supervision Labour
Maximum SeedÍng Labour

Shadow Prices of Límitíng Resources

Personal Savíngs
Êiarrowing Labour
C.o* Seeding Labour

Optímum Value of the Objective
Function

acres
acres
acres
acres
âcïes
acres
acres
acres
acres

acres
acres
dollars
dollars
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours

acres
hours
hours

$/aottar
$ /hour
$/hour

dollars

854.37

1,000 . 00
200.00
205.98
253..27
200.00

' 160.00
TdTi:t6

1,833. 56
1,040 . 00

54 , 130. 00
?o cq] 1qar rvJL. LJ

16,550. 00
L,788.22

683.91
647.48
809.64

3,484 ,2L
336.27
77 2.00

1,322.88
264.00

854.37
1 ,000 . 00

200.00
205.98
253.2L
200.00
160.00

¿rötJ.)o

1,833. 56
1,040 .00

54,130.00
33 ,448.04
16,550.00

L,7 88.22
683.91
647 .48
809.64

3,484 .2L
336.2L
77 2 .00

L,322.88
264.00

6.44
L4 "79

237.L2

0.0/r
20.04
74.L9

48,52L.LL

6.44
]4.79

237.72

0.04
20.04

120.30

6A,694.28
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Ëhe implicaËions of this paËÈern of production, we shoul-d recall Ëhat in

order to diversify production the manager had expressed a desire t.o

produce at least a mÍnimr:m acreage of certain crops which led to the

minimum resËrainË used in Ëhe case uodel. Also, the maxímum resËraint

used in the program reflected a similar subjective restraint.3 The

quanËity of each crop produced over and above the minimum restraínt

hrere as follows z 654 acres of corn, 800 acres of barley, 200 acres of

ryê, six acres of wheaË, 153 acres of sunflo\^rers, 160 acres of rapeseed.

Three of the crops, barley, rapeseed and rye were produced at the

maximum leve1 allowed by the program. In actual fact three crops were

very imporÈant to the cropping program of the ease farm as presented in

Table XII, they were corn, barley and rapeseed.

If we use the partíal budgetíng approach under the assumption

thaË there are no quota restrainËs on barley and rapeseed and Ëhe total

quantíty produeed of the t\,rro crops could be sold t.o the tr{heat Board, then

we find that a net profit of $8.90 per acre and çL7.97 per acre \^rere

made on barley and rapeseed respectively. Using the same procedure, coïn

returned a net profit of. $26.63 per acre, if the total quantiËy of corn

produced per acre could be sold to the Gínlí dísËÍllery. For this

particular program grain corn r^ras found to contribuËe a net íncome of

ç22,768.96 out of the total neË income of $48,521.11 realized by the

program which was about half of Ëhe profíË generated by Program 1 run (i).

From the above discussion, \¡re find that grain corn can compeËe very well

3see discussÍon re crop restraints pp. 62-63,
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wÍth the oÈher crops and conËribuÈes significantly to aËtaintíng the

objecÈive function of this study which hras to maximize Ëhe farmerrs

net income.

The resources used in achieving this optimum productíon plan are

shown in Table XII, we note thaË owned land was not completely used up

by the program before land was renËed. In the program, we specifíed

the opportunity cost of owned land as equivalent to the cosË of renting

land ín the area. This meant that no matt.er which type of land was

utilized by the program, the cosË to the program remained the same. The

limiting resource affecting an increase in corn acreage r^ras apparently

the labor supply available at plantíng Ëime. We find that the addition

of one unít of corn seeding labor to the program would increase the

value of our objective funcËíon by $74.19. A1so, Ëhe liniting factor

on the production of the other crops, Èhat are gror^7n in order Ëo aËËain

the objecÈive functíon was Ëhe labor supply associated with the seeding

period. rf the case farm rnras to find it necessary to expand Ëhe farn

business, Ëhis would noË be possible unless it could provide for

addítional labor duríng the crítica1 planÈing períod.

The results generated by Program 1 run (ii) presented in

Table XII were almosË similar to that of run (i). In run (íi) we

included corn actívity 1-1 as an alËernative corn production process.

The optinr:m plan of run (ii) included the production of 854 acres of

corn 11 and no acreage of corn 1, otherwise the optimum producËion plan

renained the same as in run (i). The net inc,ome generaËed by run (ii)

was $60,694.28 and the shadow price on corn seeding labor was $120.30.

ThÍs suggests that target yield projections should be considered as a
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profitable practice in the production

raised above, the same interpreËaËion

applicable to run (ií).

corn. Apart from the points

in Program 1 run (i) is found

Progrqm Solution with Increased Cost of
Producing Grain Corn - program 2

Table XIII sun¡marizes the optimr.rm plan generaÈed by Program 2.

This Program included an íncrease in Ëhe cost of producing graín corn

due to the removal of excess moÍsture. rn other word.s, if weaËher

díctated an early harvesting of grain corn, then we would be interested

Ín knowing how such a practice r¿ou1d affect Ëhe optinum solution

obtaíned in Program 1 run (i). Both the minimun and maximum restrainËs on

the leve1 of crop producËion activitíes were lefË intact in the program.

The optim'm value of the objective function was $46,r49.97.

Despite the increase in Ëhe cost of producing grain corn, the program

found corn a profitable enËerprise and 854 acres were planÈed which was

Èhe same as in Program 1 run (i). The major difference between program 11

and Program 1 run (í) was that the net income generated by program 11

was slightly less than that of program 1 run (i). Also Èhe shadow príce

attached to the corn seedíng labor in program 11 which was $65.21 was lower

than the shadow príce of the same resource in program 1 run (i).

It has been shown that an increase in the cosÈ of producing grain

corn due Ëo excess moísture dryÍng fron 35 per cent to 13 per cenË,

instead of the usual practice of. 25 per cent. Ëo 13 per cent does not

necessarily affect the competítive posiËion of grain corn with oËher

conventional crops since the optÍmum productíon pran of program 2

remained the sane as in Program 1 run (i). The optimum value of the

of
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TABLE XIII

SOLUTIOI{ DATA: PROGRAM 2

Unit ResulËs

Optimurn Production Plan

Corn I
Barley
Rye
trrlheat
Sunflowers
Flaxseed
Rapeseed

Total Acreage

Resources Used

ft,¡ned Land
Rented Land
Personal Savings
Borrowed CapiËal
Total Labour
TÍllage Labour
Fertilízer Labour
Sprayíng Labour
Rornr Crop Cultivating Labour
Harvesting Labour
Supervision Labour
ì4aximum Harrowiñg Labour
Maximun Seeding Labour
Maxímum Corn Seeding Labour

Unused Resources

Owned Land
Supervision Labour
Maximum Seeding Labour

'shadow Prices of Limiting Resources

Personal Savings
Harrowing Labour
Corn Seeding Labour

OpËimum Value of the Objectíve
Function

acres
acres
acres
acres
acres
acïes
acres
acres

acres .

acres
dollars
dollars
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours

acres
hours
hours

$/do1lar
$/hour
$/hour

dollars

854 .37
1,000 .00

200.00
205.98
253.2I
200.00
160.00

Tß?:.s6

1, 833.56
1,040.00

54,130.00
32,036.62
16, 550 .00

L,7 BB .22
683.91
647.48
809.64

3,484 .2L
336.2L
77 2 .00

r,322.88
264.00

6 .44
]4.79

237.r2

0.q4
20.04
65.21

46,r49.87
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Program was reduced by çL,37L.24.

Program Solutions with Varíous Restricted
a"a
rhi

In the lasË two Programs examÍned and discussed, the quantÍty

of grain corn that could be sold to the Gimri distillery r,rras not

resÈricÈed because r¡le assumed that everythíng produced could meet the

dístillery specifications. However, hre sha1l now relax this assumption

and vary the quantÍty of graín corn that could be markeËed through

Giuli ranging from 80 per cent to zero per cent. As discussed in
chapËer rv, there was another selling acÈivity thaË provided for the

sale of grain corn rejects from the Gínli distillery as livestock-feed.

The resulÈs obËained by program 3 are ÈabulaÈed in Table xrv.
In view of the fact that the optimum producËion plan did not change from

those generated by program 1 runs (i) and (ii) and program 2, unnecessary

repetition üIas therefore avoided so Table XIV only presents the opt.imum

value of the objective funcËion as well as Ëhe shad.ow prices attached to
corn seeding labor.

Program 3.1A runs (i) (ii) (iíi) and (iv) showed that Ëhe ner

income generaÈed by restrícting the percentage grain corn sold to GinIí
in all the four different runs r^rere lower than the one generated when

Èhere hras no:restrictÍon on sale, Èhat is, $4g1521.11. The net income

also decreased as the percentage restricÈion decreased, that is,
80 per cent resËrÍcÈion generated a beËter net income than 50 per cent

and so on. rf we use the partial budgeÈing approach t.o examine the

zeto pet cent restricted sale to Ginli whereby all grain corn prod.uced.



Percentage
GirniLirs Sale Run
Restrlction
on Corn

BO

OPTIMUM VAIUE

Program 3.1*
AB

50

30

TÀ3LE XIV

S0LUTION DÀTÀ: PROGRAI{ 3

$

i 45,535.60

íi 4L,057 .34

ili 38,071.83

fv 33,593.57

OF THE OBJECTIVE FUNCTION

Modified
Progran 3.2 Program 3.2

*Program 3.14 íncluded only corn act,iviÈy 1 while program 3.18 included
both corn actívities l_ and ll_.

**No programs \¡tere run, hence no resul_ü.

$

57, 105.93

5r,723.4L

48,135.06

42,752.54

43 o164,36

38,686. l0

35,700.59

37,222.33

SHÀDOI,I PRICES

Program 3.1*
AB

$

54 ,57 2 .47

-_*Þl

__**

40,2I9.07

OF CORN SEEDING LASOUR

'Modlfied
Program 3.2 Program 3.2

$/hour

62.88

45.92

34.61

.L7.65

$/hour

106. 70

86.32

72.73

s2.34

$/hour

53.90

36.94

25.63

8.67

$/hour

97.LL

**

_**

42.7 4

\¡
co
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üIas to be sold for feed at a price of $1.30, the neË return per acre üras

$9.rs. This compares fairly well wiÈh the $8.90 per acre return on

barley discussed under Program 1 run (i).

Program 3.18 runs (Í) (ii) (iii) and (iv) differed from

Progr¡m 3.1-A because corrì activity 11 was included as an alternaÈive

corn process to corn activíty 1. The net income .realízed in each of

the runs in Program 3.18 was comparatively higher than the equíval-enË

runs in Program 3.14. This again suggests that target yield projections

should be considered as a profitable pracËice in the production of corn.

Program 3.2 runs (i) (ii) (iii) and (iv) included an increase

in the cost of producíng grain corn due to excess moisture drying,

otherwise the approach was sÍmilar to Program 3.14. The overall effect

of the increased cost of production and the restricted delivery to the

Ginli market was thaË the net íncome generated by Program 3.2 was lower

Èhan the net income realized by Progra¡n 3.1-4.

Modifíed Program 3.2 runs (i) and (iv) Ínclr,rded the íncreased

cost of drying grain corn when Ëhe target yield practíce was followed.

In view of the fact Ëhat we have already esËablished by Program 3.2 that

increasÍng the cost of producing corn actívity 1 and restrictíng corn sale

Ëo Ginli did not affecË the optínum production plan of the case farm and

making use of the al-ready established fact Ëhat corn process 11 r^ras a

better corn production activity Ëhan corn activíËy 1, it was decided that

tr,ìIo runs would be sufficientafor:rmodifÍed Progran 3.2. The two runs

showed a neÈ income hígher than the ones returned by program 3.2,

further confÍrming the fact that corn 11 qras a betËer process for
producing corn than corn actÍvity 1.
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In concluding, the series of solution generaÈed by program 3

revealed thaË due to varyíng percentage quantiËy of grain corn marketed

through Ginl-í' the optímum value of the objective function was reduced

in all Ëhe differenÈ runs as compared with the runs without restricËions.

But the optímrm producüion plan renained the s¿rme as when no restriction

was placed on the sale to Gimli. This indicates thaË even under Èhe

condiËions of increasing cost of productíon due t,o excess moisture

rernoval and restricted sale to Èhe Ginli disÈillery, grain corn ís stí11

able to compete favourably wÍth oËher conventional crops.

Prggram SolutÍons wíth Increa$ing Cost of
ProdúcËion aúd no Mârkétíúg OutlèË fo-
Gíut1i Gfâiú Corn RèJeit ; Piögtan 4

This Program examines a more realistic patÈern of producÈion,

where farmers are faced wíth increasing costs of production and market

faílure. In order to achieve this objeetíve the program continued to

restrict the quantity of grain corn that could be sold to the Ginli

dístiLlery and in addition the Gimlí corn rejects r¡rere considered to

have no markeË outlet. Corn activity 1 was used wíth increased costs of

productíon due to excess moisture removal. Both minimu'n and maximrrm

restraínts on production activitÍes r^rere included ín the program.

The Program solution is as shown in Table [v¡ '' pqogr,anÍ 4.,,run (i)

restricted the sale of graÍn corn Ëo Gimli at 80 per cenË. The result

índicated Ëhe same optímum production plan as discussed under "OPTIMUM

PLAN FoR THE CASE FARM", thaÈ is, Progran 1 run (i). This included

854 acres of corn 1, 11000 acres of barley , 2oo acres of rye, 206 acres

of wheat, 253 acres of sunflol^rers, 200 acres of flaxseed and 160 acres



0ptimum Production Plan

Corn I
Barley
Rye
Wheat
Sunflowers
Flaxseed
Rapeseed

Total acreage

Resources Used

TABLE XV

SOLUTION DATA: PROGRAI'{ 4

Owned Land
Rented Land
Personal Savings
Borrowed Capital
ToËal Labour
Tíllage Labour
Fertilizer Labour
Spraying Labour
Row Crop CulËivation
Harvesting Labour
Supervision Labour

UnÍL

acres
acres
acres
acres
acres
I n?ac

acres
acres

acres
acres
dollars
dollars
hours
hours

' hours
hours

Labour 
l:T::
hours

Run:

'--;--ResulËs

i (Bou) ií(so%)

8s4.37
1,000 . 00

200.00
205 .9 I
253,2L
200 .00
160.00

zrölJ,)o

1, 833 :56
1,040 .00

54,130. 00
32,036 .62
16,550 .00
L,788.22

683.91
647 .45
809 .64

3,484.2L
JJO. ¿I

200.00
1,000.00

200.00
200.00
500.00
613.56
160.00

Tfrî.56

1, 833 .56
l-,040 . 00

54,l-30.00
14,088 .04
16,196.84

1, 810 .95
683 .91
633.L7
511. 70

3 ,615 . 85
336.2r

lii (30"/")

200.00
1,000. 00

200.00
200 .00
500 .00'
6L3.s6
160.00

T,Bñ:ß

1, 833. 56
1,040 . 00

54 ,130.00
14,088. 04
L6,L96,84

l-, BtO. 95
683.91
633.17
511.70

3,615. 85
336.2r

æ
F



Maximum Harrowíng Labour
Maxinum Seeding Labour
Maximum Corn Seedíng Labour

Unused Resources

Owned Land
SupervisÍ.on Labour

. Maximum Seeding Labour

Shadow Prices of Limiting Resources

Personal Savings
Harrowing Labour
Corn Seeding Labour

0ptímum Value of the Objectíve
FuncËion

TABLE XV (contlnued)

Untt

hours
hours
hours

Run:

acres
hours
hours

$/do11ar
$/hour
$/hour

:

dollars

Resui_ts

(Bo%) ir (so%)

772.00
L,322.88

264.00

6 .44
L4.79

237 .L2

77 2.00
1,272.34

61. B0

6 .44
].4;79

287.66

0.04
20.04
4.90

30,227 ,L6

iii (30%)

772.00
L,272.34

61.80

0.04
13. 15

21,260.05

6.44
L4.79

287.66

0.04
t]_rt

L7 ,532.69

æ
t\)
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of rapeseed.

The net income of $30r227.L6 generated by Progralr 4 run (i),

was lower than Èhe net income real-ízed by a similar Program, that is,

Program 3.2 run (i) which netËed $43,164.36. Both Programs reflected

the increased cost of producËion due to excess moisture drying, but

in Program 4 run (i) corn rejecË from Gím1i were consídered unsaleable.

In view of the facË that Ëhe Progran sËi11 found it profitable Ëo grow

854 acres of corn under Ëhis set of restrictions, \ile may interpret Ëhis

t,o mean that grain corn was still- competitive when compared wíth Ëhe other

conventi-onal crops.

Program 4 run (Íi) included a restriction of 50 per cent sale to

Ëhe Giinli distÍllery, otherwise the other set of resËrictions discussed

under Program 4 run (i) also applied. The result generated by this run

showed a change in our basis as represented in Program 4 run (i). The

opËimum produetion plan under Program 4 run (íi) included only 200 acres

of corn, 1,000 acres of barl-ey, 2O0 acres of rye, 200 acres of wheat,

500 acres of sunflorirers, 6l-4 acres of flaxseed and 160 acres of rapeseed.

Four crops barley, rye, sunflowers and rapeseed were produced at Ëheir

respective maxímum level. It is inËeresting t.o note that while Èhe

acreage of corn decreased the acreages of sunflor¿ers and flaxseed

increased. There r^ras a decrease of abouË six acres in the acreage of

wheat. If the parËial budgetíng approach r^rere to be used, the grain

corn net return per acre was -$21.21. This indicates that the Program

could have completely neglecËed the producËion of grain corn excepË for

the minímum resËraint. that forced 200 acres into the Program. Under

these circr¡mstances it díd not pay to grow grain corn as it tüas not
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compeËítive \,r7iÈh the other grains lÍke barley, flaxseed and rapeseed.

The optimum value of the object,ive function was $211260.05, which was

$8,967.11 less Ëhan Èhe one achieved by Program 4 run (i).

Program 4 run (ÍÍi) restricted the sale of corn Ëo the Ginli

market aÈ 30 per cent. The optÍmum production plan was similar to that

in Program 4 run (iÍ) excepË thaÈ Èhe net income was further decreased.

The same interpretation given under Program 4 run (ii) applied to this

run.

Sun¡narizíng therefore we find that under increasing cosÈs of

production and restricted sales to the Gírnli market with no markeË outlet

for Ginlí eorn reject, Ít was only at the 80 per cent restricted sale

to Ginli that corn llras sËi1l competitive with other crops. Bven at Lhis

level, there vras a significant decrease in the net income generated by

the Program.

Program Solutíon to Sênsitivity
AnalySiS - Prögrtur 5

A compleËe lnterpreÈatíon of a farm plan developed through

linear progranming model requires investigation of the sËabÍlíty of

the plan. A useful insight inËo Èhe planning siËuaÈion is always provided

Íf we are able Ëo ansürer a question like; how would changes in price

relationships affecÈ Ëhe sol-ution generated by Ëhe case model? This was

the purpose for the formulation of Program 5. The sensitivity analysis

was perforned with grain corn 1 (as practíced on the case farn). This

r¡as considered necessary because corn acÈivity 11 whích r¡ras a target.

yield predíctions, could not, at the presenË Èime be verified by

experimental data in ManiËoba.
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The soluËion to Progran 5 run (i) is presented Ín Table )ffr.
In this run the minimum restraint placed on coïn producÈion \¡ras removed

artd the 80 per cenË sale restriction Íras placed on grain corn sold to the

Gímli distillery. The Ginli price paid per bushel was reduced by ten

cent íncrenents unËi1 a Ëotal deduction of 80 cenËs was made while the

price of Gínli corn rejecË sold for feed was held constant at $1.30 per

bushel.

Betr¿een the price of $1.60 and $1.30 the solurion basis did nor

change, that is, the optÍmum production plan \^ras sËill 854 acres of corn,

11000 acres of barley, 200 acïes of rye, 206 acres of wheaÈ, 253 acres

of sunflor,üers' 200 acres of flaxseed and 160 acres of rapeseed. However,

as expected, the net income generaÈed decreased as the prices decreased;

for insËance while the net income generated when the Ginli grain corn

price r^ras at $1.60 was $451535.60 Èhe neË income generated wíth a prÍce

of $1.30 was $30,608.07.

The basís starLed Èo change when the price of grain corn at the

Ginli distillery fe1l to $1.20, the optinum producÈÍon plan was then

589 acres of corn, 11000 acres of barley, zoo acres of rye, 200 acres

of wheat, 500 acres of sunfloÌüers, 225 acres of flaxseed and 160 acres

of rapeseed. The net income generated was $26,586.63.

At a príce of $1.20 it r¡Ias no longer profitable to grorr 854 acres

of corn, instead 589 acres was optÍmum and more sunflowers ürere grown

hrith a smal1 íncrease in the acreage of flaxseed. A reduction of six

acres in wheat productíon hras found necessary.

As the price fe1l to $1.10 it was no longer profitable Èo gror^I

any acreage of corn' instead flaxseed acreage r^ras increased ùo 814 acres,



Optimum Product,ion Plan

Corn I
Barl-ey
Rye
ldheat
Sunf lov¡ers
Flaxseed
Rapeseed

ToÈa1 acreâge

9ptimum Value of the ObJectíve Function

TABLE XVI

SOLUTION DATA: PROGRÆ{ 5 RUN i

Gimli price at
Gimli price at
GÍnlí price at
Ginli prÍce at
Ginlí price at
Ginlí price at

Unlt

Gimlí
Prices

1n
Dollars

$1. s0
$1.40
$1.30
$1 .00
$0.90
$0. B0

acÏes
acres
âcïes
acres
acres
acres
acres

doLl-ars

dollars
dollars
dollars
dollars
dollars
dollars

1 .60

854.37
I ,000 .00

200.00
205.98
253.2L
200.00
1 60. 00w

45,535.60

40,559.76
35 ,583.9 I
30r608.07

L.20

588.68
I,000.00

200.00
200.00
s00.00
224.88
160.00zffi

26,586.63

I .10

1,,000.00
200.00
200.00
500.00
813.56
1 60. 00ffi

25,358.06

es, ssãloo
25,358.06
25 ,358.06

æq\
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and this basic solution continued Ëo persist for further decreases in the

Gimli price down to 80 cenËs. The net income in each case vras $251358.06.

The results obtained from the Program 5 run (i) indicated that

between the príces of $1.60 and $r.go, grain corn üras found to be

competitive wiÈh the oËher conventional crops as the basic solution

obtaÍned was by no means different from the basic soluËion generated by

the oríginal- case model - Program 1 run (i). Although at a price of

$1.20 there hras a slighË change in the optimum production plan as graín

corn acreage ü7as reduced by 265 acres, this indicaËed that at this price

level, the value of the objecËive function wí11 be better atÈained by

increasÍng the acreage of sunfloürers, however grain corn hras sÈill

competiÈive with the other grains. BuË at a price of $1.10 and below,

grain corn r¡ras completely dropped from the optÍmum production plan as

j-t was no longer competÍtive.

The solution Èo Program 5 run (ii) is tabulated in Table xvrr.

The minimum restrainË on corn production r^ras removed.. In view of the

facÈ that we had proved that under increasing cost of producËion due to

excess moísture drying and 80 per cent. resËricted sale of graín corn to

Ëhe Gimli distillery with no other ouËlet for grain corn rejecË from

Gimli' grain corn r^ras still found competitive with Ëhe oËher grains so

in Program 5 run (ii), a decísíon r¡ras made to use a 50 per cenË

restriction on sales to the Ginli distíllery. The Gimli price for grain

corn r^ras kept eonstant at $1.60 whÍle the príce of Gínli reject corn

sold for feed was varied fron $1.30 to 50 cents by decreasing the price

by ten cents at a time.



opËiqgg Productilon Plan

Corn I
Barley
Rye
l^Iheat
Sunflowers
Flaxseed
Rapeseed

ToÈal Açreage

Optimum Val-ue of Èhe Objectfve FuncÈion

TABLE XVTI

SOLUTION DATÀ: PROGRAM 5 RUN ii

Gimli price at
GímLí príce at
Glnlí price at,
Gimli price at
Gínli price at
GimlÍ price at

Unlt
Feed
Price
in

Dollars

$1 .20
$1.10
$i.00
$0.90
$0.70
$o. so

acres
acres
acres
acres
acïes
acÏes
acïes
acres

doJ-lars

dollars
doll-ars
dollars
dollars
dollars
dollars

I .30

854.37
1,000.00

200.00
205.98
253.2I
200 .00
160.00

2,873.56

4L,057 .34

38,569 .42
36 ,081.50
33,593.58
31 ,105.65

.80

607.58
1,000.00

200.00
205.98
500.00
200. 00
160.00

.2,873.56

28,709 .22

26,939 .95

.60

r , oõã. ðo
200. 00
200.00
500.00
813. s.6

160.00
2,873.56

25 ,358.06

25,358.06

æ
oo
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The results obtained signÍfj-ed that there Ì,ùas no change in the

basis between a feed price of $1.30 and 90 cents. The optÍmum produeËion

plan was like Program 1 run (i) although as expected the net income

generated decreased as the price of feed decreased.

The basís starËed Èo change as Ëhe price for feed corn dropped

to 80 cenÈs. IË r¿as found profitable Èo decrease Èhe producËion of

grain corn by 246 acres (fron 854 acres to 608 acres). Sunflowers

were produced at Ëhe maximum allowed by the Progran, that is, 500 acres.

As the prÍce fe1I to 60 cents the basis completely changed as corn vras

dropped by the program and flaxseed was produced on 814 acres.

The results indicated that at a feed price betr¡een $1.30 and 90

cenËs with 50 per cenÈ restricËed sale to the Gínlí distillery, graín

corn \¡ras found to be competiÈive wiËh Ëhe oËher conventional crops as

Ëhe opËímum producËion plan was Ëhe sâme as Èhe one generated by

Program 1 run (i). Although the basís changed, at a feed príce

beËween 80 cents and 70 cerits grain corn üras sti11 compeÈitive wiÈh

the other grains as it was sunfloürers and noË Ëhe cereals and oilseed

crops that substiËuted for grain corn. Grain corn \ras not competítive

at a price of 60 cents and below where it dropped from the Program.

The solutÍon to Program 5 run (íii) is presented in Table

)NIII. The mÍnimr:m resËraint on grain corn producÈíon was 1if ted and

the 80 per cent grain corn resËricted sale to Gimli was utilized by

thís:run. Both prices of grain corn marketed through the GÍnli

distillery and grain corn rejecL sold for feed were allowed to vary

sÍmulËaneously by successíve decreases of ten cents and eight cents

respectively, unËil a toËal of one dollar was deducËed from the Gimli



Optinun ProducËion Plan

Corn I
Barley
Rye
trfheat
Sunf Lorvers
Flaxseed
Rapeseed

Total Acreage

Optirnum Value of the ObJective Function

TABLE XVIII

SOLUTION DATA: PROcRAlvl 5 RUN iii

Gi¡n1i and Feed
Giml-í and Feed
Ginli and Feed
Giurli and Feed
Gimli and Ïeed
Gínlí and Ïeed
Gímli and Feed.:('l_mrl_ anc -E eecl

Unit

Prices
Prlces
Prices
Prices
Prlces
Prices
Prices
Prices

Girtrli Price

-Eeec rrLce

acres
acïes
acres
acïes
acres
acïes
acïes
acïes

dol-1ars

dollars
dollars
dollars
dollars
dollars
dollars
dollars
dollars

at
aË
af
at
aË
at
at
aË

$1.s0
$1.40
$1. 10

$1.00
$0 .90
$0. B0

$0.70
$0.60

1. 60

1.30

and I.22
and 1.14
and 0.90
and 0.82
and 0.74
and 0.66
and 0.58
and 0.50

8s4.37
1,000.00

200.00
205.98
253.2I
200.00
160 .00

2,873.56

45,535. 60

39,763.62

"'t:l'uo

1.30

1 .06

607.58
I ,000 .00

200.00
205.98
500.00
200.00
160.00zl7ß

1.20

.98

r,oõõ.oo
200.00
200.00
500.00
8r3. s6
160.00

28,426,74

2 r873.56

25"358.06

25,358.06
25,35 8.06
25 ,358 .06
25,358.06
25,358.06
25 ,358 .06

\oo
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price and 80 cenÈs from the feed price. The resulË üras sinilar to thaË

obËaíned ín Program 5 run (ii). trühen the combination of Girnl-i prices

and feed prices were reduced from $1.60 and $1.30 to $f.¿O and $1.14

respectively, the basis for our sol-utÍon did noË change. The basís

however changed slightly at a combinaÈion of Ginli prices and feed

prices of $1.30 and $1.06 respeetively and Ëhe solution was sími1ar to

the Program 5 run (ii) r^rith 608 acres of corn produced. At any other

combinaËions of Ginli prices and feed príces iÈ was no longer

profitable Ëo gror,r corn. The interpret,ation \¡ras exacËly the same as

Program 5 run (ii) as corn r^7as found competiÈíve at a combined Gím1i

and feed price of $1.60 and $1.30 Èo $1.30 and $1.06 respectívely,

while grain corn !ìras not found competitive aÈ a combÍned price of

$1.20 and 98 cents and bel-ow.

Table XIX presents Ëhe solution data for Program 5 run (iv).

All the mínimum restraints placed on each crop ürere renoved. The

differenË c. values of grain corn remained constant whil-e an estimate
J

of farm príces based on recenÈ increases in the world market was used

for the c. values of all- other crops as shown in Chapter IV, Table XI.
J

A restrícted sal-e of 80 per cent and 50 per cenÈ respecËiveIy was

placed on grain corn marketed through the Gimli dístillery.

The opÈimum production plan in each case riras found Èo be 854

acres of corn, 200 acres of rye, 474 acres of wheat, 500 acres of

sunflowers, 685 acres of flaxseed and 160 acres of rapeseed. The value

of the objectíve function was $67,944.96 and ç63,466.7L f.or 80 per cent

and 50 per cent respectively for the restricted grain corn sales Ëo

Ginli. It ís inÈeresting to note ËhaË aË Ëhese new prices, barley
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TABLE XIX

SOLUTION DATA: PROGRAM 5 RUN iv

Unit 807" 507"

.

Optimum Productíon Plan

Corn I
Rye
l{heat
Sunflowers
Flaxseed
Rapeseed

Total acreage

Resources Used

Ovmed Land
Rented Land
Personal Savj-ngs
Borror,¡ed Capital
Total Labour
Tíllage Labour
Fertil-izer Labour
Spraying Labour
Row Crop Cul-tivating Labour
HarvesËíng Labour
Supervision Labour
lulaximum Harrowing Labour
Maximum Seedi-ng Labour
Maximum Corn Seedíng Labour

Resources Left Unused

Supervision Labour
Maximum Seeding Labour

Shadow Prices of Limiting Resourges

Personal Savíngs
Harrowing Labour
Maximum Seeding Labour

OpËimum Value of the Objective
Functíon

acres
acres
acres
acres
acres
acres
acres

dollars
hours
hours

dollars

acres
acres
dollars
dollars
hours
hours
hours
hours
hours
hours
hours
hours
hours
hours

hours
hours

854.37
200.00
473.85
500.00
685.34
160 .00Tnr:Ã

'1,840.00
1,033 . 56

54,130 .00
29,490.87
76,844.66
1, 814. 87

683.91
652.17

1,000.04
3,504.49

336.2r
772.90

1, 353 . 48
264.00

14.79
2A6,52

8s4.37
200.00
473.8s
s00.00
685.34
160.00

z,s7i .56

1, 840 . 00
1,033 .56

54,130. 00
29 ,490 .87
76,844.66
1,814. B7

683.91
652.L7

1,000. 04
3,504.49

336.2L
772.00

1,353 .48
264.0A

L4.79
206.52

.o4
52.98

7 .26

63,466.7L

.o4
52.98
24.22

67 ,944.96
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dísappeared completely from Ëhe optinum producËion plan while wheat,,

flaxseed and sunflor^rers production were increased. Corn was maintained

aÈ the level of production imposed by Ëhe consËraint of availabl-e corn

seeding labor. Thís indicated that graín corn aË a resËricted quantity

sale of 50 per cent and 80 per cent to Gim1i, but retaining Èhe o1d

price of $1.60 paid by Girnlí and $1.30 paid for feed r,ras stil1 competitive

wÍth other crops when their prices were increased.



CHAPTER VI

SI]MMARY AND CONCLUSIONS

Linear programiogl r"" the methodology used in this study.

The method is a procedure for providing a normative ansr¡rer to probleurs

whích can be formulated in a manner that r^rÍ11 pernit the applícaËion of

the línear prograrÍmíng method to solving the problem. For instance in

this study, linear programming provided what ought Ëo be the optÍmum

production plan for the case farm subject Ëo the set of resÈraints

imposed upon Èhe program without necessarily indicating what. type of

adjusËments in farm organizaÈíon would be necessary Ëo aËtain the optímum

Productíon plan. But, since the nature of the problem examined by this

study I^7as normatÍve, linear progr¡mming Írras found Èo be an adequate

tool for the analvsis.

The resul-ts generated by a linear programmíng analysís are only

as good as the quality of the input-output coefficÍenËs fed into the

program' hence an evaluat.ion of the model will be necessary in order to

determíne how Ëhe conceptual model approxímates reality.

EvaluaËíon of Ëhe Conceptual Model

This sËudy uLilized a model whích attempËed to síuulate the

operation of a firm which was solely engaged in the producÈion of crops.

For Ëhe purpose of examining the accuracy of the model in approxímating

lR.f.r.rr.e is hereby nade t.o Beneke and l.,rinterboerr op. ciË.
PP. 1-6' for an excellent revíew of línitations in Èhe use of linear
programning for farm planning.
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the operations on the case farm we shal-l examine some of the actívíties

and resËraint levels that came inËo play in the case model-.

Price levels. All the c. values of the conventional grain quota

selling activiËies Ì^rere ten year averages (L96O-I970) calculated from

the ManÍtoba AgriculÈure I97O year book, while the c. values of the

l-Ívestock feed selling activíty as well as Ëhe grain corn selling

activíÈy to the Ginli distillery \ÂIere three year averages (f969-197L)

supplÍed by the feed industry and the GinlÍ distillery respectively.

!ühile a longer price series may have been desirable the data üIere not

available. The feed mills contacËed could not supply aceurate data

beyond 1969 while Ëhe Gimli distillery did not conmence oPeraÈions

until L969. The prices used Ëo perform the last run of sensítÍvity

analysis were rough estimates based on receriË price increases in world

grain markets. IÈ should be recognized xhax the solutíons obtaíned by

this study become accurate only when the 1evel of prices assumed by the

model are approached.

Resource suppl-ieq and restraint levels. The model utilized the

owned and hired resources at Ëhe disposal of Èhe manager of the case

farm. The linear prograÍrming model was designed to uËilize Ëhe

resources existing on the case farm and was not modified to be

appl-icabl.e:to farms with fewer resources.

The various percentage resËraínts placed ofr corn marketed through

the Ginli distíllery hrere arbítrary. The purpose was designed Ëo be

able to test Éhe effect of restrícËed levels of grain corn marketed

through Ginli on the opt,imum solution and al-so examine the effect of
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the competitiveness of grain corn with other crops. The subjective

restraints placed on the case model are those expressed by the manager

of the case farm. For these reasons, it would be necessary to exercise

cauËion in applyíng the results of this study Ëo any other farm

business unless consideraÈÍon was given to analysing Ëhe símílartiy or

difference between other farms and the one studied.

Level of technologv assr¡med. Most of Ëhe data necessary for
the calculation of the cropping activity coeffícients \4rere collected

from the farm record book of the case farm. But the data for calculatÍng
the coeffícients of corn actÍvity 11 which is the target yield predictÍon
htere suPplÍed by the Provincial Soí1 Testíng Laboratory. In all cases

the various coefficients r¡rere carefully calculated. The technology of
crop production used in the model r¡ras assumed constant as given because

Ëhe calculated input-output coeffícients which fix Èhe technical

characterlstics of productÍon were resÈricËed to the case farm. The

uniqueness of the data regarding cropping technology shourd be

recognized if Ëhe results T¡rere to be applied to other farms engaged ín
crop production.

Static nature of the model. The static nature of the case mod.el,

ínplicÍtly assumed that demand, production and supply functions r^rere

constant and given. Throughout this study attention r,üas centered on hornr

grain corn competes with the other conventional crops in Ëhe context of
profit maximizaÈion. This assr¡med that the time factor thaË night be

irecessary to make the adjustment in the farm organizatíon ín order to
achieve the optimr¡m combinaÈion of enterprises could be made within a
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producËion year, but a longer períod of time may be found necessary.

Conclusions

The following conclusions rrere reached on the basis of the

solutions generaüed by the l-inear progranming case model.

under the conditions inposed and specified by the nodel the

case-study farm could maximíze net íncome by producing the various

combination of crop enterprises as proposed in chapÈer v Table xrr.
Grain corn r{las found to be competítive r¡ith other conventional crops

and contríbuted in a significant üray to maximizing Ëhe farmerrs income.

It was recomnended that the case farm could adopt the productive practice
needed to obÈain a target yield and Ëhereby increase profits over those

obËained by practices currently fo11owed. This reconrmendation must be

taken wíËh cauËion however as no experimental data under Manitoba

condÍtions ülere available to confirm whether costs and yíelds est,imated

Ëo obtai-n target yield üIere attaínable. In any event iÈ was found that,

the liniting resource affecËing an íncrease in the quantity of grain corn

produced was the available corn seeding labor.

Furthermore, ít was found that under increased cost of production

and restrícted sale of grain corn to the Ginli dístillery, the same

conbÍnaËion of crop enterprises üras recommended Ëo maximÍze the case

farm net income but Ëhe effect of the restrícted sale was decreased in
the amount of neË incone obtained und.er no restrictÍons. Under these

circumst.ances, it was advisable Ëo aim at producing a corn crop g0 per

cent of which would be acceptable to the Gim1i market. If conditions

were such that there üIas no alternate market for corn reject by the
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GÍm1i distíllery the s¡me optimum combination of enterprises could be

reconmended provided 80 per cent of the quantity of corn produced could

meeË Ëhe specifications of the GÍm1i dfstillery. OÈhervrÍse, a subsËanËial

increase in the producËion of sunflowers and flaxseed would be

recommended as indicaËed in Chapter V-, Table XV wiËh either a reduction

ín grain corn acreage or corn would be renoved from Éhe cropping program.

The sÈability of the plan reconmended for the case farm was

Ëested and the range of prÍces where the plan was stabl-e and unsËable

htere presented Ín ChapÈer V, Tables XVI to XIX. Províded the expected

prices can be predicted within reasonable lÍnits these Tables would be

helpful in indícaËing how producËion should be organized.

It ís realized that a study of this naËure is bound Ëo have shorË

comíngs. However if Èhe assumptions used in building the model are

carefully specified and realistÍc and, if ít is remembered that the

accuracy of the resulËs obtai.ned by this study are closely linked with

how the real world situation approaches those defined by the model; Ëhen

the research has conÈríbuted Ëo an understanding of Èhe place of graín

corn in a cropping program in compeËition with the other convenÈional

crops on the case farm.

Recorrmendations for Fúrther Studv

The producËion of grain corn in Manitoba could make a significant

contríbution to farm income and provide an alternate crop for non-quota

productÍon of both cash and feed crops. The place of grain corn in

Manitoba agrieulture cannot be properly appraised gíven the present level

of knowledge w{th respect to the soíl, climaËic and agronomíc factors
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affecting corn production. Further research into the economic

feasíbiliËy of grain corn productíon ís also required before grain corn

could be recommended for general adoptíon in those arears of Ëhe

province rphere soil and climatic factors are suÍtable. Soue suggesËions

for further studv would include:

1. detailed agronomic research in corn productíon techniques

such as fertilizer use, disease conËrol and cultural

practice should be examíned;

2. extended research over a broader based sample of farms in

order that corn producËion can be assessed within a framework

different from the resource and technology 1imíts used'in

this study;

3. the place of livestock either as a complementary or

supplement.ary enterprise along wíth a cropping program that

included corn in the rotation; and

4. a multi-períod línear prograrming Ëechnique night be used

to study Ëhe tÍme-factor effect on the adjusÈment in farn

organization required to include corn along with oËher

convenÈional crops combined r^iíth a livesËock enterprise.
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OperaËion

Tillage Labour

Seeding Labour

Harrowing Labour

SprayÍ.ng Labour

Fertllizer Labour

Cul-tivating J,abour

Harvesting Labour

Supervfslon Labour

TotaL Labour

2

3

4

5

6

7

TABLE A.I

HOIIRLY OPERATIONAI T,A¡ON REQUIRBMENTS PER ACRE

Conventional Çaops*r

0.6J.1

o.247

0,174

0.218

0.238

1.337

*incl_udes InlheaÈ, Rye, Barley, Flaxseed, and RÞpeseed.

man hours

Sunf l-owers

0.7t9

0.309

0.t74

0.238

0.238

0.731

1.014

0. 117

3.539

0.617

0.309

0.174

0. 238

0. 238

0.73r

1.014

0.117

3.437

Ho
5.



Fertíl-izer
Anhydrous Ar¡¡nonla
Sprays
Herbicides-Dust
Custom Spraying
CusÈom Combining
Hauling and Trucking
Freíght and Express Charges
Seed
Purple Gas
Liquid Propane
0il_
Truck repaÍrs and Maintenance
Tractor repairs and Maíntenance
Combíne repairs and Maint,enance
Other Equiprnents repaírs and

crop insurance 
Maintenance

*FÍxed Cost
**Tota1

Item

.TABLE 4.2

CROP EXPENSES PER ACRE

Þtrheat 0ats

2.37 L,92
2.L2 2.59
0.25
1,00 0.46
1-. 10 1. 00

::
2.38 2.L6
0.23 0.24

1.00 1.00
L.47 r-.43
1.31 L.27

1. 87 L.gg
0.51

6.89 8. l_6

21.98 22.73

Barley Sunflower Corn 1

*Includes deprecíation on Buildíngs, Machinery and Equiprnenr at 97. invesÈmenË on
Buil-dings, MachÍnery and Equipure4t aE 87. and Land rax of $2.00 per acre.

**Total- do not add up due to rounding error.

2.64 3.13
2,86 2.76

0.79 1. 69

0,27 0.33
- L.66
- 0.09

L.28 0.78
0.29 0.31
0.22 0.35

0. 98 1. r-0
1.40 1.67
I.25 1.50

l- . 83 2.27

7 .95 10.11
2L?5 ?-?.U

dollars
5. B0
3.38

0. s6
2.r8

r.97
L.96
r_. B8
0.91
¿. JO

0. 03
1. 10
L.69
1. 48

2.24

18. 84
46.3?

Corn 11 Rapeseed

9 .00
3. 38

0. s6
2. 18

1,.97
t.96
l-.88
0.9r
3. 36
0. 03
1.10
r-. 69
1.48

2,24

l_8. 84

50JS

2.3r

Flax-
Seed

0.93

'-oo

Rye

1. 50 . L.92
2.35 2.59

0.46
0.06 1.00

::

2.4g 1.81

: 
o'24

1.00 1.00
1.43 1.43
1.31 L.27

L.99
0. 51

7. 00 8. r-6
18.14 22.38

1.90
0. 30

0.96
r-.36
L.37

1. 86

7 .43
19.44

Ho
(¡l



Crop

Ìfheat

Oats

Barj-ey

Flax

Rapeseed

Corn

Rye

1968

TABLE 4.3

CROP YIELD PER ÀC.R3

25.70

90.20

56"60

15"30

25,50

30.75

r969

Sr¡rf l-owers

26.70

40.00

41. 10

lJ..30

17.58

58.50

49.50

L970

bushels

26.33

51.98

11.87

18" 06

57.2L

40. s0

pounds

L97t

953.00

35. 00

80.00

69 .00

30.00

59 .00
:

59.25

Average

952.66

28.¿+3

70.07

s4.67

L2.82

22.79

58.24

45.00

952.83 952. 83

Ho
o\



Crop
Yea?

1960
19 61
L962
1963
1964
1965
L966
tg67
L968
1969
r970
L97L
Average

trrlheat¡t

I .61
L,7g
I .70
L .71
I .63
1. 65
L.78
t.64

1.4s
I .45

L.64

Oats*

TÀBLE A.4

YEARLY FÀRM PRICES FOR
I'ÍANIIOBA CROPS

- - dol-l-ars per busheL - -
0 .62 0. 84 2.75
0.63 1.05 3.30
0.59 1.00 3.00
0.55 0.92 2.85
0.60 1.02 2.95
0.71 1.05 2,69
0.75 1.10 2.70
0.69 0. Bg 3.08

O ¿79 2.84
0.55
0.60 r.00

BarJ-ey*

*Data collect,ed
receíved was omitÈed in

**DaÈa collected

Flax¡k

0.629

Rye*

from Yearbook of Manitoba Agrlcurture, 1-970. The lowest annuar'price
each case to arrive at the 1.0 year average.

from Cal-vert of Canada LËd. (Gimli disrillery).

0. 87
1.08
1.05
1.30
1.05
1 .04
1.08
1.08
1 .00
o:87

r.0420. 882

Raoeseedlc

2.00
1. 80

2.50
2.70
2.45
2.45
1 .90
1.88
2.40
2.35

2"2392.873

Çs¡n:!Jc SunfJ.owers*

cents per pound
.045
.045

" 
055

.050

.0575

.060

.045

.050' .055

.060

.052

1'.60
1. 69
1.50
r..60

Ho\¡



Year Sub-Divislon

19s6

TÀBLE 4.5

NUMBER OF LIVESTOCK ON FARM
IN SOUTH-CENIRAI MANITOBA

L9 56-19 6 6*

Morris
Roland
Thompson
Dufferin

Total

Morris
Roland
Thompson
Dufferin

Total

Morris
RoIand
Thompson
Dufferin

ToÈal

t96L

Horses

Catt,le

Total

t966

308
2r3
350
769rc
775
100
267 '

s43
1,085

L44
95

2L6
508

:

Cows and
Helfers
MiJ-king
or to be
Milked

3,800
3,26L
41742

12 .989
24 r87 3

4 1683
3 r4/+9
6,4O4

14. 139
28,67 5

2 
"6BLI,B6l

6,396
13,208
24,746

*source: 1956, 196L and 1966 census of canada Agriculture,ManlÈoba

L,525
630
736

2,7 45
5,636

1 ,398
498
732

¿,!el
5 ,019

746
2TL
5:;7

Ir8tP.
3?403

Sheep

72
320
556

1 ,828
2,77 6

Pígs

5,857
1,7o2
2,466
6.418. 16,443

7 ,458
2,925
4.623

10, Bg8
25,804

14¡ 805
2,709
5,285

12,7_09
35.509

Hens and Chlckens

L07
12L
579

1.654
2.,46L

83
90

1s4
841

f,iæ

Total

I90,072
63.644
55,997

L27,Bg4
4IÌ,607

215,873
63,639
4r,094

749.286
469,892

257,8L7
35, 651
19 ,393
88,149

401,010

Hens and
Pullets

49,757
18.100
15, 615
38,586_

722,058

62,269
2J.170g
12, 503
54,567

15 1, 048

l44,g2l
13,040
6,727

46 r459
zLL.T47

Ho
@
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. FICURE A-1

TNITI,\L SIIIPLEX ÎABLEAU OF' rHe cisn tÍoDEL

tJt -46.37

RestrainÈ i'Iuniber
and Títle

Res traint
Unit Level

(br)

Àctivl-ty 1
t{umber - Corn
and Title: --I' 

i::
Unlt acre

1 Owned tand
2 Land
3 Rt. Land Liurit
4 Personal Savings
5 Oper. CePiÈal
6 Borrow Lt. on CaPt.
7 Tota! Lab. SupplY
I Tiltrage Lab. SUPP1Y

9 llarro'¡ Lab. SuPPlY
l-0 See<ii.ng Lab- SugP1-Y

11 Ferr. Lab. SuPPlY
12 Spraying l,ab. SuPPlY
13 Row CroP. Cu1t. Lab'
14 liarvesting Lab. SUP'

15 Operators SuP. Lab.
16 lfax. liarror¡ Lab.
!7 !lax. Se¿rling Lab.
18 ÞÍa:<. Corn See<i. Lat' '
19 Corn StrPPlY
20 Oac SuPPIY
2I BarleY SUPPIY'
22 Rye SuPPIY
23 l"heat SUP¡,IY
24 Sunfloi¡er SuPPlY
25 Flax SUPPIY
26 P.ape-Seed SuPPlY
27 Corn Rejecc SuPPIY
28 Assignable Acres
29 OaË QuoËa SuP.
30 BarleY Quota SuP.
31 ÌlYe Quota SuP.
32 Uheat Quota SuP.
33 Flax Quota SuP.
34 Rape Quota SuP.
35 Corn Pr. lfax. LE.
36 Oat Pr. l!ax" Lt.
37 lÌarleY Pr. Ifax. LÈ.
38 RYe Pr' lÍax. Lt.
39 Slheat Pr.:.fâx. l,t.
40 Suuflower Pr. Ifax.
41 l¡lax Pr. .\lax. Lt.
42 Rape Pr. lfax. Lt'
43 Corn Pr. lfit. Lt'
44 Bcrley Fr. llin' Lt'
45 l'ireaÈ I'r- t'fin. Lt'
46 . Sunflo¡"g¡ Pr. Èiin'
47 Fl¿rx Pr. ltin. Lt.

acfe
acre
acre
dol1ar
<io11ar
do11ar
hour
hour
hour
hour
hour
hour

Q"n hnrrresv.¡.vÞr

hour
Sup, hour

hour
hour
L^.rr

bushel
bushel
bushel
bushel
bushel
pound
bushel
bushel
bushel
acre
bushel
bustrel
bushel
bushel
bushel
busl¡e1
acre
acre
acre
acre
acre

Lt. acre
acre
acre

' acre
acre
acre

L[. acre
RCre

¿ L840.
?0.
4! to4o.
€54s30.
4. 0.

eLl2782.
+0.É0.
É zzs.
* 234.
40.
+ LL4.
4 312.
4 282.
4 351..
4 772.

É 1s50.
¿- 2Âi-
*0.
*0.
É0.
€0.
¿l¡

+0.+0.+0.4-0.
*0.
+0.
É0.+0..an
*0.e0.

4 rooo.
I 50.
á tooo.ê 2oo.
á rooo.a- 5oo.
á tooo.á reo.
¿ 200.
z 200.
z 200.
2100.
u-204.

1.

46;37

3.437
0.617
o.L7 4
0. 309
0.238
o,237
0.73r
1.014
0.117
o.L7 4
0.309
0. 309

-58.24

I
2
3
4
5
6
T

I
9

10
11
1t

13
L4
15
-LO

LI
i.ô
I9
20
2L
22
23
at.

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
/¡0
41'42
43
44
45
46
47

-1.

1.

L.
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FIGURÉ A-1 (conclnued)

-50.58 -22.73 -2L.75 -22.38 -21.98
"Jt

54

Res traint
Nunber

ActtvlÈy 2.

Nunber ._ Corn
and TiEIe! 2'

oat BarleY Rye l.Iheat 
Ro¡.r

No'

Unit acre acre acre acre acre

1
2
3
4
5
6
7

I
9

10
11
L2
L3
L4
15
16
I7
18
19
20
2L
22
23
¿.+

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4L
42
43
44
/r5
46
47

1.

22.38

2.942
0.611.
o.L'i4
0.247
0.238
0.218

1. 337
0.117
0.r74
o.247

1.

2]-.98

2',942
0.611
0.r74
Q.247
0.238
0.218

L.JJI
0.117
o.r7 4
0.247

1
2
3
4
5
6
7
I
9

IU
11
T2
13
t4
15
16
L7
1Q

L9
20
2L
?.2

23
24
25
26
27
28
29
30
3r
32
33
34
35
36
37
3B
39
40
4L
42
43
44
4s
46
47

I.

50.58

3.437
o.6L7
o.L74
0.309
0.2 38
o.237
0.731
1.0r4
0.117
a.L7 4
0. 309
0. 309

-74.

1.

22.73

2.942
0.611
0.L74
0.247
0.238
0.218

'1.337
0.117
o.r74
0.247

=7O.07

1.

zt.ls

2.942
0. 611
0.L7 4

0.247
0.238
0.218

L.337
0.11.7
0. 174
o.247

-54.67

-1. -1.

-45.
-28.43

-1. -1.-1.

L.
l.

1.
1.

1.

t.
1.

l.
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FIGURE A-l (conrinued)

-27 .L4 -1S.14 _79.44 .629 .882

.A.ctlví ty
Number

ResÈralnt and Titie:
Nunber

78
Sun- Flax

f lor¿er

10u
Sell Oat Sell Ear-

Quota ley Qudra

9

Rape

Row
No.

Unít bushel bushel
L
2
3
4
5
6
7

I
9

t0
1t
I2
13
I4
15
L6
L7
18
L9
io
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
lrl
42
43
44
4s
46
47

1.

27.14

3. s39
0.719
0,174
0. 309
0,238
0,237
0.731
1.0r4
0.117
0,t74
0. -109

1.

18. 14

2.942
0.611
0.174
o .247
0.238
0.2l-8

1.337
0.117
o.L7 4

4.241

1.

10 t,r,

2.942
0.611

ö.2¿tl
0. 238
0. 218

1.337
0.117
o.L74
^ 

., i,'t

I
2
3
4
5
6
7
I
9

10
11
t2
IJ
I4
15
16
17
18.
t9
20
2L
22
23
24
25
26
27

.28
29
30
3t
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

-952. 83

-1.

-t2.82

-1.

-22.79

-L.

t.

t.

1.

1.

1.
1.

l.
.1.

1.
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}.IGURE A.1

L;O42

(conÈfnued)

2.871 2.239 t.64

ActÍvfty 12
Nu¡r,ber

RestraÍrrt and TiÈle.: se1l RYe

Number quoca

13 L4

Se1l Flax Sell Rape
Quota quota

L5

Sell Wheat
Quota Row

No.

Unit bushel bushel bushel bushel

1
2
3
4
5
6
7
I-9

10
11
L2
t3
t4
15
16
L7
18
19
20
2t
22
z3
24
25
26
27
2B
29
30
31
32
33
34
3s
36
37
38
39
40
47
42
43
44
45
46
47

1.

I
2
3
4
5
6
7
I
9

10
l1¿¿
I2
13
L4
l)
16
I7
-a.lt
lg
2A,2L
22
2i
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4L
42

.43
44
45
46
47

I.

t.

t.

1.

1.

1.

1.
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FIctlRE /r-1 (contlnuecl)

1.07 .52 .73 r.30

Res traint
Number

AcÈlv1 cy
Nunrber
and Title:

16

Se1l tvheat
. Feed

L7 18: 19
Sell Oar SelI Barley Sel.I CornFeed. Feed - 

Feed .l::
Unf L bushel bushel bushel bushel

1
2
3
4
5
6
7
I
9

10
11
L2
T?

L4
15
16
L7
18
19
20
2t
22
23
24
25
26
27
28
29
30
31

.32
33
34
3s
JO

37
38
39
40
4T
42
43
44
4s
46
47

1.

t.
2
3'4
5
6
7

I
I

10
ll
12
13
t4
l5
L6
17
l.B
19
20
2I
22
23

25
26
27
28
29
30

'31
32
33
34
35
36
37
38
39
40
4L
42
43
44
4s'46

47

1.
t.

1.

i.i.i



114

FIGURE A-1 (contÍnued)

.0s2 1.60 1.28 .80
"Jt

Res Èraint
Nunber

AcÈ1vi ty
Nu¡nber
and Title¡

20

Sel1
Sunflower

2L 22 23

SeLl 1002 Setl 802 Sell
C. to Gim. C. to GÍn. C. to

50"Á
KOVturm' 
No.

Unlt bushel. bushel bushel bushel

1
2
3
4
5
6
7.8
9

10
11
12
t3
L4
15
16
L7
lo
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
4s
46
47

1.1.1.

I
2
3
4
5
6
7
I
9

10
11 .

L2
13
L4
15
16
17
¿o
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3B
39
40
41"

.42
43
44
45
46
47

1.

-.2 -.5
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FIGURE Â-1 (concinuerl)

.48 -9. -9. -.05
"j'

Restrafnt
Number

Actfvfty
Nu¡Tber
and Ticle:

-24 25

Sell 3OZ Rent Per-
C. to Gi-ra. sonal Land

26 27

RenÈ Borroçr Per-
Land sonar savings Row

' No.

Unft bushel bushel acre bushel

I
2
3
4
5
6
7
I
9

10
11
T2
t3
14
15
16
17
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
4s
46
47

1.
-1. -1.

1.

I
2

3
4
)
6
7

I
9

10
11
L2
13
t4
15
16
L7
t_8

19
20
2I
22
23
24
25
26
27
.28
29
30
31
32
33
34
35
JO
37'
38
39
40
4L

.42
43
44
45
46
47

1.
-1.

1.

-.7
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FIGURE A-I (contlnued)

-.085 -1.50 -1.s0 .-1.5ó
"Jt

Ac tlvi ty
' Nunrber

P.estraint and Tftle:
Number

28 29

Eorror¿ Hire 111-
CapiÈal age Labor

30 31

Hire I{ar- Hire Seed- *o*
ror.¡ Labor ing Labor ü;.

Unft dol1ar hour hour hour

I
2
J
4
5
6

I
9

10
11
12
13
L4
15
16
l1
16
19
20
2L
22
23
24
25
26
27
z8
29
30
31
32
33
34
35
36
37
Jð
39
40
/rI
42
43
44
45
46
47

-1.
1.

l.
-1.

1.

-1.

:1. :

-1.

1
2
3
4
5
6
7

I
9

10
11
12
13
14
15
L6
t7
1Ê

1.9

2A
2t
22
23
z4
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
lr0
4L
42
43
44
45
46
47

1.
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FIGURE A-1 (contlnued)

-r.50 -1.50 -1.50 -1.50"Jt

Activi ty
Nunber

ResÈraint and Title:
Nunber

33 34

H!.re Spray HÍre Cu1t.
Labor Labor
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fIcURE A-1 (contlnued)
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FIGURE A-1 (continued)
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