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LÁBOR REQUTREÙIENTS 4ND TgE EF}'ECTS

OF }MCHANIZATION ON I-q.BOR M'FICTENCY TN

CROP PRODT]CTION TN TIIE T{AMIOTA AREP"

CEAPTM Ï

ÏNTB.ODÏTCTÏON

Labor as a productive resource Ís scaree and costly" åny

technlope or method of production dnlch iacreases labor effieienoy

in crop pnoduction cleanly influences not only the agricultural in-

dustry but our whole socíety. Mecha.nization of crop productíon

especially since the advent of the rubber*tired tnaotor, seLf,:

propelled combine and motor truck has fndeed oreated e- revolutåon

qrithin agråculture¡ it has pennitted in a major vuay, the general

transfer of lebsr resources fnom the farm to the urban economy@

Crop prodrrction ínvoLves the use of various ånputs. These lnputs

are knovnr as factors of production" lhey include such elements as

Io.bor, machinery and land" the production process may be organized

in several ways. By usíng more machinery less labor is involved per

unít of output" Âcconpanying the movemæt of the substitution of

machíner¡' for labor in erop productÍon has been the trend tov¡ards a

larger size of farm unit. lhe farm entrepreneur must select from the

many different alternatives that organization vrtrich pays best, What

pays best at any given time depends upon the response in physical out-

put to the changes in tbe production process ancì. upon the ehanging

príees of the variou-s inputs in relation to one another and to the

price of the output. thorefore, in aetual productíon the farmer and



researches' are ronfrcuted. constant].y witr the problemr Hov, much

Lairour e:rd ho'w much machÍnery will gír'e the optimum combination?

t¡lhat is the economic size of farrn u¡riL in relation to the desirable

size of crop machinery?

lJ''¡merous vitally inportant produetion problems which exist on

the faru cannot be sclved. blr orcínary observation ancL experience"

rnput-output research is necessary if guidance ís t¡ be offered on

efficient farm resource alJ-cee.tíon" -A" far¡ner may claim that largei-

machines are necessary in order to compensate for the high cost ancl

scarcit¡' of labor" ,4nother" is convincerf that t'rvo smalLer machines of
a cer-baj-n t¡rpe are more desj-z"able than one large machine in certain
operations of crop proCuction"

Sone of the many proìrl-ans cited, imply the need. for both tecjrnj.cal,

and oconomi-c ane.l-yses. Tt is only thrcugh íntegration of physical

input-output rolatíonships in crop proclueticn with the associated

price-cost reLatÍonships that any attenpt can be made to set out what

ís economic from the point of vÍeu'of an j-ncome naximizing farrn fir¡nn

lnput-output infor:nation will enable producers to seLect the most ec*

onomic practiees u-nder both changing physica-l and price relationships"

The one pur"pose then of input-output research in crop prodnction

is to prcvid'e more acourate a¡.d oonplete basic knovrledge on the exist*
ing relationships between rabour, mechanization and siue of farn* rt
shoul-d seek to isolate the possibl-e consequences of changing nhysice.t
prcductioi'l practices. T[ith coinplete lcnowleCge of ph;rsical inpu.t*outpu.,{:

relationshipso one can then proceed to eppry príces and. costs in the
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attenpt to establish t]:re eeonomic aspects of crop produ,etion"

Tnis study is interested only in one phase of the physical

input-output data of crop prodrr.ction" It ".tri1l- reveal the effects

on the reqreíred a¡nounts of labor as size of machinery ís increased,

Á.n anaJ.ysis'ril-I also be carried out on the relationship betweeri

size of farm and si øe of nachinerv.

Au gb le_ctivgå

The task of this study wii.l be to deterníne the arnount of labor

required to prcduce an acre of crop r¿nder certaÍn given condi-tions.

?his lrrll involve besides the determination of cro¡: labor requ-irements,

an analysis of the effects cf mechaniza-bion on labor efficieney and

the dífference in labor requirernents as size of farrn varies" The ob-

jectives are specifíealLy thesee

X* To determíne the amount of labor involved ín crop production on

a given type of farm organizatíon,

2" To establish the substituticirary relationshi.p between labor and

machinery on these farms,

3" To evaluate the effieíeney of labor use in crop production on

these farrns"

B' Sourse of lÉraterial

The data for this report has been drar¡¡n alnost uúroIly from weekly

repcrts submitted by farmer*cooperatcrs lvho agreed to keep a tebulatíon

on the functional use of Labor ín crop production throughout the crop

seasorle References have also been made ts other similar stud:-esu pub-

i.Ícations and bulletíns which will be noted throughout the analysís of
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Cu Scope- gf thr Study and Ch.?racterístics of -the Ar-ea of Study

1* LocatÍon and extent

The area covered by the str.icly is a regíon in r¡¡esterir L{anitoba

comprising a block of land approximatel_y [2 mi]es long and ]O niì-es

v¡i-de. Tnis area rqhieh generarly surrou.nds the tciru¡r of Harniota, ís

sítuated betvr¡een the Riding Mou.ntain National park to the no:.th and

the city of Brandon to the south"

2, 9lrgq,!**

The clima1"e af this area i.s eondu.cive to a mixed-farming t¡rpe
t1

of organisation"J rhe area is well ad.apì;ed to the growing of the

collllïlorL oereal crops of lt{anitoba" The area is al so suitable tc ex{:en*

sive l-ivestock prod.uetion" There is a frost f,ree period. of 1L0 to

i"Ii days" The annual precipitation is 16 to 1/ inches" Generallyu

about half of the precipitation fails in the months of August, sep-

tember and 0ctober. The year in vhieh this study was carried out

vras characteri-zed by adverse weather conditions ldnich prevailed during

a large part of the harvest perÍod., This wíll have had an abnormaL

effect on the l-abor effÍciency and labor requirements of the erop

harvestfng seasonô

l'4uch of the Ín-formation periaining to the clÍmate of this area was
taken from the following unpublished. reports Riecken T"O" _A Farm
Br-¿siness Study ín the Harniota Ârea of ]\{anitoba" Eaonomics Division.
Marketing Service, Cenada Dept. of Âgriculture, 1Çl¡8" pe 2u
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3" Fhysieal chara-cteristics of the area"

The soils of 'bhi-s area are the northern black ea-rths of the

IJer'"-dale A.ssociatÍon* The scils ar"e very fertile and of cla.y--loara

texture, ?hey are descrilieC as fol"lor'¡s: rlNorthern 'bl-a.ck earth

soils developed on glacial tiII u:ecler internixed prairie and aspen

t.qÐods" lopograpiry is undulatirrg with oecasional to nulerous
2/

si.oughs or u.ndrained depressic¡nsrl .J The nuürei:orJ-s sl oughs a,nC un-

r'leqìna'r ¡lo^woo.ions haye had a marked effect on the fiela natter"ns4 ltlqÄ f_ltu ç¿ I ÞL L !/¿: v:_v

of this areAs "¡'¡irích ere characbenj-zed b,u* very 'îrregu.lar sh¿rpes. It

ås su-ggested tha'c su.ch i¡"regrilar-shaped fielis have had. a decj.ded

eîfee'c on the operaiing efficiency of fiei.d machines a¡.d ilence on

labor requ-irernents in croo production" Ilowe.¡er, no d,ej.iberate

atterapt rryas mad.e in the present work to evaluate the effects of such

a factor"

)+' Time períod-oË I,þe_ stgdy-

The s'tu<iy comprises an entire erop sea-son frotl! á.pril 1" Lg|f

unti] freeze-up in the fall of the s&Tn€ $e&Fø

D, ]..{ethods

The techniques and procedrr-res used in ân3r ¡s5s¿r"ch pro ject of
4/this kind are vitat in determining the validity of the results"s

Z/Land Cl-a-ssífice"tion L,fap, Rcssl:irn årea of lLTarritaban l,{anitoba Soí1"
Surve;,', Universj-ty of ManÍtoba, l9J+0"

!Wt¡, writars ere Ð-1¡ue:re of *he need. for a more rigorous rnethodclcgy- in economic researcho For a more exhaustive treatment see¿
(a) Heacly E'û", "fmplica.tions of Particular Economics in ÂsricuL-tr;ral Economic lviethodol-ogyt?. Journal of Farm Economics, N;.,'" proc*
eedings, 19'49 " pp 857-S50. (b)reffi,-1.ffi1**-TilEîäT" Revieu of
ReSeargh irf La-.1 Eannnmin- Tr,--irrarei *.r¡ nr, -rri+-îgffiffi!*!f,1ffi*
mfir-j-å=:: 

-":lä::::e \rL''! i/vr Ð: vj r)! llLuu



Äccordíngly, great care must be exercised in the selection of approÞ*

niate methods of study of any problem" Each p::obÌem of e study has

its or¡¿n apprcpriate ¡rethods of inquiry and analysis. fn viev¡ of thÍs,

emphasis was placed in-bhis study on the adoption of those methods

v¡hich vi¡ou1d prove most effeetive in resolvÍng the particul"ar problem

of labor requirements, l-abor efficiencys and the substitutionary re-

laiionshín t¡etween labor and mechanization in crop productíon"

L* I,,{gthod of _rurvey -9,3d cgllection of lJre data

The fj.eld survey method in combinatÍon wi'ch rnailed reports .was

used to obtain the information enbodied. in this report" rn the pre*

li:ninar;r field suu'velr which had the objective of oontactinS and

seleoting a gíven number of farlners who'¿¡ouLd be cooperators in this

s'cudy, no fonnal random seleetion technique l.ras enÞ}o¡¡ed. rn view of

ihisu some ljmitations v¿i11 be imposed on the generalizations made

from the findings of this work" The initial selection method used"

rmàs one of selecting a given number of farmers from each of three

grou-ps of farms stratified on the basis of tctal assessed acreage.

The three groups of farrns were those of one-ha1f, ¿htse-guarters and

one seetion si zes. 0n1y those fams quaLifying for one of any of the

three size groups and rvirich had less than one-half nÍle betvueen any of

the respectirre qirai'-ber sections comprising a fa,rm unitu lvere accept-

able as farms .for this siudy" Ä]1 ihe farms selected. were from a sinqle
It

soil t¡rpe"Y

Ufne so il type on uÀrich the fanns were l-ocated-z black earths of the }Ier'¡dale l.lssociation, For
of the soil type see page l"

is knov'm. as the northern
a more compl-e'ce account



t@

There we¡"e 82 farrrLs i.n the origínal saraple taken in the

Ila¡iliota âr"eae A variety of reasons zuch as sickness, pressì-ffe

of other r¡,,cT"ke Lack of interest etc" cau-sed lB of the origina.l

far:n coopero-tcrs to discontinue before eompletion of the study.

This meant that the data from 82 farms were avaÍl-able for analysì s

of the seedÍng seasone vrith only 6)-¡ farms reporting data for the

harvest so&Eorlo

Three flel-d caLls were made at various times during the surmreru

The initial calj- served tc organize and set up the study. *4pprop-

riate labor-report sohodu-les and self'-addressed en-relopes vrere feft

v¡ith tbe aoopera.tors at tha'b time with instructions to me-il in errer¡o'

rru-eek, (endíng Sa"turday night) an aecount of the pa.st weekts labor

expended in any rday oTl crop production. A second ce"lI was paid- to

the cooperators during Jul¡', ?his call served tvr'o purposes: to

gather additional infor¡nation on la-nd utilizationu machinery and

other data needed to su.pplement that of the weekly reports and also

to bring the labor report of the delinquent respondents up to date.

A third vísit to the cooperators last thing in the fall helped bríng

the field srlrvey to completion,

rt r¡as al-so d-eeided that any reÊpondents rüro v¡ere delínquont

for an¡r perÍod exeeeding tr¡¡¡ weeks d.uring the crop season would. have

e. letter mailed. to them pronrpting th-eir attention to the 1ag in i;treir

vreekly reports. The effectiveness of this teahnio.ue was questionø.ble"

Th.e purpose of the field calls and the correspondence wíth the

coop-eratore r,ras to keep tlne deta as relåable as possíbl e and to retain
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tho maximrm nr:¡rber of initial cooperators"

2* fulethods of analy'sis and treatment of the det¿æ
âo Erej5-gt]¡ The erapiriea-l analysís enplcyed in this

stud.y was oråentect by the needs of the objectives outlined above.

Accordingly, the farms lvere stratífied by size based orr assessêd

ecreage of the farrn unit" lTithin each size group or stra.tificatíon,

calculations vJere macle to deterrnine the la.bor input in the irroduction

of the various cropgo

The ovaluatj-on of labor efficieney in erop producti-on, and the

determinatíon of -r,he substi'cu:tionary re3.ationship befween la-bor and

maehiner;r r¡es based on conìparísons ma.de between the respeeti-ve s'ìze

stratifi cations "

b' Theoretica.l-s The theoretica"] analysis of t,his study

vuas guided by the need for ana3-ytical tools to explain and to gíve

expression to the variou-s tendencies inherent in the data of the

stud.yu thus the theoretiea.f treatment of the data centred around

l-abor efficiency and the scale of the firn, labor effleíency in its

rela.tÍonship to mechanization, and the factors iirdÍrectly affeeting

lebor effieiency,

7o sgchglqugs_t:lecl iq proce,ssin$__'þq*4+jS

Ð.e Ålloce.tign of qul*grfallov¡ r,w¡_rk to cropj Ord.inaril]'

there r¡¡ould be no nroblem in the allocation of summerfaLlov¡ lvork to

crops for crops grovrrì on slrlmerfallov,¡ v¡orild be charged i,vith the l-abor

and tractor 14Ðrk involved in working the su"rnmerfal_tcw in the year

proceed.Í,ng the fírst crop yeer, "{s this study is linrited to only
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croD seasot'l3 there js no aec.oL:nt cf r¡rork on sunnerfa]_lov¡ in

^*c,¡odir,- 
r¡^oe!

It wa,s d.ecj-ded in light of thj-s lÐ-ck of inforr,¡a-tion to record.

i;he ¡¡¡ork done on the summerfaÌLow in t}:e year of the stucry" .A-ccor*

rli nel r. *.Ìna rql-a of Sl:¡mef"fa] IOv.¡ r¡'Ork thUS feC6rr-led - rfrÊ s elnaroarl,.vfrur ¿ çwv¿ uçqg Yv4l r;lt4l åúL

concurÏ"ently to only those crcps i,'&rich vlrere groum on surûnerf'allcw

fr¡rr f.ho nraao.ljr,. ---s-ng yearo

rt was felt that the ma.gnitude of the labor, and traetor hours

expended on the cu.rrent yeal:tE sun'imerÍall-ovølvoul-d no+- d-iffer signif-

ico-r'L*}rl' from 'bhat ef -lhc prece,lÌ-ng yes-re

b" -{Iç_lloþ:.*ry-g{ {uJl fçr.5.: UnÍ'ortunatel¡i, due tc the

ådverse r,¡eather canditÍons lru?ri,ch have prevailecl for the last tw: vears

in this al'ee. during the harvest pericd, littl-e or no fal.l. ilork ha-s been

dcue. In'Lhe majoríty of years ít is nornal to l¡¡ork the stubble land

in t,}le fall, ir:. preparetion for e. crop.î¡1. the follov,.ing year. This

stir.dSr tal<es no s.ccourrt of such -fa.lf worlc ancl j.n otLe respect might be

consid,ered as v,real< at this one poin'i: of ana.lysis" Hor,øevern it is
believed that this l-a"ck of ínformaiion wonld not und.erestinate the

s¡,rount of v¡¡rk invol-¡ed in crop pr-odu_ctionn It r¡¡as expressed by mcst

of the er:operators of this stud.y that the absence of fa.l 1 ruor-k in crop

productiorl 14/as offsei b)r the need for a greater a¡nount of ¡¡ork on the

J-a.nd in the follø¡¡irrg ¡ree"r" both f'or the sprir:g rvork anci the sumrnerfallow*

ït is thu.q belíeved that there were certa.in compenss-ting fea.tures

which will- al]cv¡ the results of 'bhís stu-cly to reflect the la-bor neecled

in erop procìuc.tion of more nonnal years'
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e o A1l"-oc_ati*o3- ol_ labog_tgi; dirj_ct_Iy, atlrj,LLtaÞlg--tg

anl¡ sFec::fJc crcF.: In crcp procluction on a.ny

iri.diyidu,al farn there is alvua-ys i"abor involved in machinery repaire

stone pickinS, granary repaír etc, that is not directl¡r re}ated to

ai:,o" speeific erop but dnich must be accounted for in estimating the

total" labor requirements for the productÍon of individu-aI crr:ps" In

this study such labor wilt be referred to as the ov'erhead l_a-bor of

crop production, This overhead. labor" was al-Ìocatecl proportionatel)'to

the ind-ivid.ual crops on the ba-sis of the seeded acreaße of each of the

erops in the year of 'fhe stud;r"
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THEORETICAL REL¡-TICITSHIPS BETìirEm'( SC.A.LE 0F THE

FTRT,T fu\D IABOR M'FICIENCY

The purpose of this chapter is to provide a theoretical

backgror::nd to guide the en'4rirical analysis on labor efficiency and

the scale of the firn, ærd the substitutionar"y rel.ationshíp between

labor and mach.j.nery in crop produ-ction" In order to construct the

theoretica.l backgrorr,nd releva-nt to this study it is necessary to

resort to the theor¡r of the firnt. The relevant theorrr r¡ri l1 ìrrtrnJl¡s

e- brief discussion of the econom.Íe s of scale, a.nd the su.bstitu.te.bility

of machinery for la-bor i-n crop prcdu-ction,

-&" -Ti'u_3l,sg"u q{,!þg{*.qg

The fir¡n may be defined as the fundanental- unÍt in any sphero

of economía aetívitv" It is an individual Lruslness r.mit moti-vated

to activity by the Cesire to maximize some end or endsn The ends may

consís-u of innumerable types of satisfaction such as the desire to

maximize profit, prestige, leisure or an]¡ other tangi-ble or psychol-

ogicaJ. satisfaction r¡ùrieh the firm may consider r¡¡orth striving for,

ïn pu.rsuit of a"ny one of a m:rnber of objectives, the business r:nit

must concern itself vsith the probJ"em of what to proCu.ce and how to

produce it once the choice is made' The firm must mobilize the re*

sources of la-ndu labor and capita] in order to begi.n procì.u.ction"1r[ithin

the framework of the firm decisions are made on the coorcl-ina.tion of the

varíous amor:nts of productive factors ín a vray to maximize any given

end wÍth a minimum expenditure of money, time" materiaL or human effort.
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There rçi11 be a given organi2ation of ihe prodnctíue faetors

on a farm firm at any particr¿lar iime. If 'che farmer had perfect

imowledge of future events v,hen he macie his decisions, then the ex-

åsting organÍzation could be assu.med to be compatible vrith a maxfuniz*

ation of the encl u¡hich the farrner set out as his goal 3 *nu tt"* 
r,

organize.tion may be considered. as in a condition of equilibrj.r¡n*3

In practfcal ierms such a farm r¡,oul-d have an optimr:rn combine.tion of

land, labor and ce.pital"*

Howeveru the invaríable situation is one r¡¡l'rere the farmer lacks

perfect knov¡l edge of the future. Frequent consequences must inevítab3-y

be the use of resourtes accord-ing to an anachrcnistic plan or decision,

This means that on any farm at a particu-la.r tjme the combinatfon of

land, Ia-bor and capita'i malr be far from the optimurn, It is the res-

ponsibility of the farmer to plan and coordinate his use of resources

in a way consistent urith a maximÍzation of the end he has in viev¡u

11Lo nrrrrn-- Of thiS brief, d.iSCUSSiOn On f,þg t?,enrrr nf *'l"a pirm iS¿rrv y4¿ s¿pvuÐÐrv¿¡ ur¿ v¡¡e vr¿vvr,y v¿ urrç ¿

to open the uay for the analysis of the empirical data on the relation-

ships between 1abor" mechanizs"tion and size of farn in crop proCuction.

B" lebor 4fi_cÍeq_cJ "gnd the_g)ale_ qf_tþe_ Firnr

The theory of the scale of the firrn as it relates to labor

efficåency is import'ant in the present stu-dy because of the effects of

k" Îf the farmer had the maxímization of j-ncome as his goal, then his
farm organiza.tion ivculcl be in equílibriul.r when the marginal physicaS-
produ.cts of all the productive servíces are proportional to their
prices" For a more detailed dj-scussion of this princi.ples seeÊ
Stigler, G.J,, _þ_e Theory of Priceu the llacl\fi]Ian Cou, Ne.w YorkrIqfi.
PF. t{ {-Llóþ
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the sea.le of the farrn firm on m.eclr&:rrlzation ín crop produ.c*ion. This

seotion i-s set out v'¡ith the viev,'of providing a theoretical fra-mel'¡crk

'*',nthin s¡hich one me.y analyze ihe factors in.herent in the size of farrn

s,lnich have a direct relationship with mecb.e.nizatíon in crop Þroducti on.

A,r¡ ancl rrsi s of the thcnrr¡ of seale must set ou"t tvm concepts fo:" consj-d-r-L. et!ç.r J

eration: (l) la.io of 'r¡aria.ble proportions or the short run view of the

fixed size of plant and (2) the l-av¡ of retu.rns to scalee s- ]Ðng ru.n

çiew oí' the size of pLant*

F-etr:.rns to a firm ma¡- vary with ou-tput. It is influencea Uy {})

size or scale of plant (2) and the rate of utili-zati.on of the existi-irg

pla.nt'" /i firrn mev be built to a. cer'üain slze or sca'l e a'r d- once having

been organized inio a certaj-n siz,e u:rit, it rnay utí]ize r¡arj-ous prop-

ortions of íts potential capacity' fn effect, variations in eithor

scale or rate of u.tilization of an existÍns pfa"nt wil-l cau.se variai-

ions in the efficiencv of labor use in the firm"

ln ShjrTt_-rynj$_ect_ 9f sgt1:9.

The shor'c-ruTi s.spect of scale is formally knovun as the lav'¡ of

i;hat may be posed in the present

operating effectiveness of a certain

quantity of one productive
the ciuantíties of the other
increments of produet, wil-l

service is increased
factors rernaininE

deerea.se a-fLer a

2/variable nroportíons"J This Law concerns itseLf with the behavi-ot:r

of the total outpurt of a firm.¡lnen

in quantity.

Cryie of the pertinen'L questi.ons

stud"rr isr lltJhet would happen to the

orrlr¡ one nraduo.tive factcr is varied

2/ Seee Tbid" p. 3"1ó. ,Stigler defines the law of variable proportions
as followsx tiff the
by equal íncrernents,
fired, tire resultíng
certain poin-t*rT
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type of machj.ne, if the size of ihj-s irachj.ne is increaserl cn. a 5i.'rerr

sise cf fa::m? It is general-1y pos'i;ul-ated i;ha-t di¡rinishing reiirns

I'pulC er,-entualLy occur because the increasi:rg propcrtir:n of 'che Yar*

íab1e facton tc the fixed factor resul-ts in a combination that becories

loss and. less effectii¡e. Is there a¡.]¡ theore-,,iea-l e:ridence for this

assu-mpiion in rega-r'C to increasing machi-ne size relative to size of

farm? It apÞears frcrn general observation that there ma¡r exist consÍd*

erable:¡aría.tion in the size of ma.ehine rvhen applied to a fised size

of farm befr:re an¡r significant variation occllrs in the oper:atin3

effec-Liveness cf a maelr.lne" It cLees appear though, tha-r, 1:here are

Irinits i;o the ranåe of ru¡ciri-ne sizes rvhj-ch mav be operateC efficientl.;r

on a girren size of fann" The cornbine*harvestor wilL be citeC as an

erarnple. It seems IcgÍcal to suppose that +.he síze of combine lvåll-

l'n limi*o¡l'l¡r¡ i.he siZe cf fie]d on which it operates, The manoeu.rrrå--

bílít¡. and hence operating effectiveness of an extrenel-y large contbine

vsiLl be severely hampered on a very slualÏ fj,el-d. Frorn this it foLlows

that each size of fe.rrn is lcest adapted tc a certain size of machine,

(fn:s assi-rr-1es a direct:"elationship between size of farm and size of

fielò)

ft folloivs fron the a.rgument on reLationship between size of farm

and size of machinery, that there should then exist a rel-ationship

between Labor requirenents and seal-e of fa-nns, In other ",rc¡rCse cn.e

could fínd rariations in the labor reqrrirernents on a giiren si¿e of fa-¡'n

si:np1y bece.t.'"se machiner), síz.e variedu
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Qo i,gng::ry_ +!pq_qç gl :_qelg

The long-r"ìr¿ aspeet of "bhe theor¡r of scaLe is knoi¡;it as the law

of r"eturn to scalen This lar'¡ is based on the assu-rni¡tion that the:"e

âre -rro fixed factors of production - al 1 productive factors are freel-y

varlable as output of the firrn is íncreased"

The díscr.ession on the long-rrm aspect of scale is adopted. here

with the pu-rpose of explaining the reLationship betr,veen la-bor effic*
ie:eoy and the size o,f Íarm" Tne maÍn Þrobl-em to be eons'i d.eied here

is the one of why labcr effi¿ie¡1sli is associated with increasing size

of f,arni" T\'ro major detei"rninants of labar efficiency rleserve sotne

discussions one being the direct effect of si ze of far¡r on labor ro*

qi-rirernents ín crop produciion and the other being the indirect effect

of siee of farrn on labor requ,irerients because of the associ-ation of
zf

size of machiner;ir with size cf farm"s

rncreased specia-liza-tion of labor and machi"nery is associated

with increased scale in inclustry. The efficiency of rabo:" is greaily

increa.sed through the specializaticn rrf tasks per.forrned bj, each r¡Ðrker.

Less time i s wasted in the non-productive work of mo"ring from one task

to another. Ïilorlcers gaín effÍci-ency in physicaì- output because of the

repetitive nature of the task which each per-foi-ns" The repetitive

nature of each individualrs wark is associated with special-ization of

maehi-nery,

Y Ît will be noied su-bsequen-bly that there is a direct correlation
lretu¡eea size of farm and rabor efficienc.y; al-so a correlation
betu,¡een size of farrn and
of this see ppê 66*68 on

size of machiner-y" For an explana_tion
the mul.tiple regression analysis"
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The spsclalization of labor and nachinery is a1 so true of crop

produ"ctior:. in agricultu,re bnt the special5.za-tion is not carríed as

far as in indu,stry" 'lViih an increase in ihe scale of far:n, i t means

that any singLe rnorker spends more time in prod.ucti_ve r¡prk on the

field and Less time proportionatel-y, in changíng from one task tc

ancther" Overhead work such as repair and daily rnaintenance and

repair cf machinerSr ccnstitutes proportionately less of the total

labor ínvr:l"ved in erop producticn as scale incy.eases. The assor:lation

between the me.nagement activity anri. direct productive v,crk is unique

tc agrieu-1tu¡:e" The lunction of ma.nagement afld labor is usila1J-y carried

cn simultalieously bj. t'l-re individual entreÌ:reneu,r of the farn .f,irm, It

seenô quite pro'bable as the scele of farm is increased" that the entre*

preneur of the large farm spends mo::e time relatíve to the entreprenelrs

of the sma-]I fa::rn in ma:lagenent activity" rn sorne cases on larger

farns, mârìagelîent is enùirely dissocj-ated from actual pr.cductive field

rcrk vfuen the entrepreneur acts wholly as a ínnager and h.ires labor to

perform the field work. rn pointing out the possible Íncrease in spec-

ializaticn of labor and machinery as size of farm increases it rqill be

suggesteci how scsle of farrn ce-n have an effect on labor requirements

in crop producticn apart from the factor of increased si ze of machin*
)*/

ÐîVor

I ll ,!"rlt must be no-r,ed that
of labor and machinery
del-íberate attanpi was
of this specíalizati6¡

while ít is felt that increased specialization
does occur as scâLe of far¡n íncz'eases, no
inade in the present siudy to isoLate the effects
on l-a.bor requ-irements in crop Þrodu_ction,
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l" u SliblLÍtqtiogary -r_elati o:rsh:Lp _be_ty.ee_n 1 e,Þoï qEd rya cqinery

Tfi:en labor efficiene'¡ i-n croÞ Þroduction is neas-ured in tenns

of labor input per acre of crop produced, it can be seen that any inno-

'¡atÍon sdlich displaces Labor can be regarded as contributing to labor

effíc'iency" L{eehanization, more than any other single techno}ogical

development, has had a marked influence on increasing labor efficiency

in cro'o t¡rotlucti.on" Á" mecha-nical i-nnovation is one r¡¡hich substÍtutes

oapital for labor ,U rf is the subståtutionar";r relationship between

eapital e-nd }abor in crop production tha'r one must keep in mind in

order to understand vf,l...¡ mechanizati on ha.s coniributed to labor effi-c-

i-ency'

Mechanization has displo.ced labor in tv¡o ma. joi waysË by ùirecr

substitution of a machine for hand 1abor and by speed.ín6 u"p the mech-

anieal operations of certain processes in erop production" The increase

in sp eed of mechanical operations oT" in the operating oapacit¡r of a

machine is directly attributable to increased speed of travel or to

åncree.sed uriCth of machine" It ca¡r thus be reacLily seen that the most

effective wa-y of inereasing labor efficiency in cnop Þroduction is to

increa.se the o;oerating capacit¡r of the machine d:lich substitr:tes for

hand labor or inclirectly displaces labor by decreasing the time spent

0n P.n acre of eroTl@

L! ø

t0 -lliøUo "lJâS1C

A.dvancettu Journal
l/for â. more complete dÍscrrssion of this see; Headyu
- Economic and Trelfare Aspects s¡ Farrn Technological

cf Farm Ecor:omicse luiay L9h9, pp 29b-297"
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Meohanical efficíene)¡ means labor effícíene¡r" The possibility

of ínereasing labor efficiency by increasing the speed of t'r'avel of

o ."o^Lì-^ê i o -a¡pj"s'l I r¡ or_'ì te I imì*efi, rlr:e tn j-.he hìnlnr"i eal ireirri e Of!¿j¿l: Uvu9

agriculture. ii[echanica]- efficiency cail be increased through qrecia]ized

nachinery and tlrrough increased r¡¡Ídth of nu¿chine, "4 ryecialÍzed machine

such as the combine-harvestor combines several operations in one, thus

reducing the time spent on an acre of crop Þroduction" Increased mech-

eåicaI effieioncy through extending ihe opera'ting width of a machine

Ì:as g-reatly increased labor efficiency but possi-biIítíes for further

inereases in labor efficiency +;hrough this rrethcd appear f'airiy limited"

Ii is belíeved that dirninishing returns quickly set ìn as the -wid'ch

exceeds a certain poínt. The inerease in operatìng capacit' of a machine

ís less than propor:tionate to increased- increments of width -rdren a.

machine atta"ins a cerbain size beeause there is greater idle capacity

rr'Èren a machine is stopped dr,',e to field obstructionse mechanical break-

downs or is stopped for service and maíntenancee This is not to state

that fLiture redu-ctions in labor requirernents wíl-l be se"¿erely checked

because the possibilitíes of increasing the operating capacit¡r of a

machine are límited. It does mean'cha.t one can hardly expect as spec*

+,acular a red.uction in crop labor requirements as has happened in the

i-ast half oenturv.

2" J,?Lo:_as g.p j-tp_gt 
{ge?_l+fc_e-

A man ís more than a ccmmodity. IIe is a strategic factor of

produciion" IIis servÍces are scarce and iÍmited" In'the earl_ier ages

uiren capital equipment wa"s limiteC mainly tc comparatively simple tools,
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Labor was the chief productiv€ resotlr.cÊo As technology advanced

r.-onif"al âs â f¿¿l:nr nfl nrn.lrrntìnn beCame aofe An-d mOT'e im,oOrtant*valJ¿ té4 Øù u. rsvvrr¡

Capital has subsiituted tc a.!"arge d,egree for Labor in many inclr-rstr"ies

but even toda¡r labor âs a produciive resource remains indispensablee

s-o Substitutable factor¿ '!Then. a technoloAieal in¡rovation

ís adopted in an índustry there will be a change in the proportions

of the productive faetors" It is not the concern of this study to

understand *hy a mechanical irürovation in crop production h,as tended
6'/

to be of a capiial-substitu.ting natr-¡-::er (i-.e, l-abor has been displa"ced

'br¡ ma.ehinerr¡) bu-t it is importent'çc obsense that ¡rechanization of

crop production has 'çended to di-splace l-abor,

bo 9g-o-pqslq! lugtot: ïn some indus'cries characterized by

a strong elas'cíc dernand for their products, labor" as a p:'oductive

3:esource wi-l-I act as a cÒopera.nt to a capiLal or mechanical innovation"

In agri-culture, however, due to the relatively ånelastj-c demand for

a6ricultural prociuets, a mechanica] innovation seldom encourages å"

greater use of labor" lhis means that the devel-opment of mechanlzation

ån crop production must Ínevitably be aceomÐanied by a decline in the

pnoportion of labor as a produciir-ê lresoürceo

For a technical explanation of rnùr¡r f¿¡or has been superseded by
capitale see: Ibid" pp. lA!-JOLt"

Labor and capital will- be cooperan'bs if the increase in output
Cue to a capital innovation is accornpaniecl by a use of both more
capita-l and- 1abor ø

.zl

f)f

=f
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F¿RII gRG¿.Nr zÂTI_ory,* }sB 9R, 4$D ¡'iAcHll{glY D-I s!F. I BUTå09

A, Ilæg_gå.F9ry*0,qga"iåatrug.

For the area und.en study atr L the meJor natunal and eeono¡ric

dete¡nrlnants of t¡rpe of farnlug wore generally simålar from fa¡m

to faro, The t¡rye of farm organizatíon is dete¡rrined by the fnter-

ectíon of, envirorunent, produotion resources end economÍc condÍtioas'

These factors predetermåne to a Xarge degroeu the type of organise.tion

that prevaiLs on the indiv'idua1 farm, faetors vÀrleh fn the Long nun

sri3.3- €xren overeome the preferences of the indi.vidual farmer"

The Hamíote. erea may be broadS.¡" d,eseråbed as a mixed or dlver*

eified farmi.ng &Fêâo ÏIowever, it wi1.L be observed (Ta.bl.e t) tfret ttre

totaL reeeipts from the úeat erop constítutes over on€-thtrd. of the

tote.l caeh reeeípts" with reeelpts from a3.1. crops constitutf.ng around

óO pen oent of total eash reeeipts, The Herui.sta area also 3.ends

ítself to a faír degree of Lívestock prod.uetiora by virtue of the

physical featr:ree drich characteri.ze thls areao nfuch of the land

surface ls non-arable due to sloughsu low Lying depressíons subjoct

to penÍodio f3.ood.ing end generaS. wasteland* lhfs non-arable Land ís

uti.li.sed to a J"arge degree for Livestock productlon"
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TÂBÏ,8 Ï
Sot¡rces and Ámounts of Receipts, Hmíote" 19J+7-¿p(a)

Pereent of
___ *Ëgurge__ - _Average per Farm Cash Receípts

Hogs 211
Eorses, sheep and poultr¡r VZ

Wheat
Oats and barney
0ther eropg

Cattle

Farn produee
Equlpneat seles
Custom çÐnk

Prevåous yearss @rop

1'711+
918
tt5

5l+,

37e
L6't
&

hoe

56"O
Lg,3
5"8

m.o5
l+"Il
x^q

7,8
1"5
n,b

8.5
Other fam reeeipts

Tota1 Cash Receints b,T6t 100*o

Iacrçase fn f"nvmtnry
Reeolpts fnon ¡ron-fsrm

1,8l-15

sources 9&
Hone cons¡med farm produee 363

(a) rnis tabLe vras adopted fnom the forLowing r:npublÍshed. report¡
Reickene T.O" A trlara BusÍaess Study in the Harn{qfs Årea og
ManS.toba, Eeonomics Div'isionu Marketing Service, Canada Ðeptu
of AgricuJ.ture, l9!8" p. 20.

I"

The

eeonomic

d.uctLon"

82 farms

was ,*Uuu

ï¿.nd. use

aree u¡der stud.y has fertile soíls and the elfmatíc and

faetore eombine to form a favorabLe seÈting fon orop pro-

fnformatÍon gathered Ín thís study indÍcates,that for the

covered, ó2 pen eent of the assessed aereage of al.L the farrs

ouLtåvation (Table TI)" This is due to tho unfavorebl.e
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topographl-ca} features of the area" For the entíre groÌlp of farms

there rras au average of J00 e.eres cLassífåed as improved.. Wheat

oceupies the dominant plaee axnong the orops grorm. wit'h aLnost 28 per

cent of the total fmproved acresge being devoted to that erepø

Barl"ey and. oats foll.ov¡ed wheat as the aext most inrportent cropse

eonstítutÍ.ng 16 a¡d 15 per cent rospeetiveLy of the total. fmprovod.

acrea.geo FLax as a crop in this area is subject to the widest vani-

ati.ons, It u¡as nelativol.y unimportant ín the year of tho studyu

eonstltuti-ag ontry 5 per cent of the total ímproved &@r€âgee

,Alsost onæthind of the totaL improved &cres was devoted to

smerfalLov¡" The high proportf.on of srmrnerfaLLow in this ârea re-

fleets the need fon weed eontro3. and. also to provide better Land

condttl.ons for drsat produetion vdrich constÍtutes the J.argest proportion

of the erops grorm, on sununerfallow" It is quite possib}e in the future

wlth a mone ertensive app}icatioa of weed spray that the proportion of

srmrerfalLow wi]1. decLine i¡r relative i:nFortance. 0f the remaining

a@tres devoted to other srops, improved hay and. pasture played a re&-

atively iasiguÍfieant pant in the Lan'd use progrsfi. op this se.nipLe of

fgrms,

The i.end use pattern &s discer:aed by size of farms d.id not eppear

to vary greatly, Wtreatn barLey and summerfb3.l-ow aereage was rel.etively

eonstant ttroughout the dfffenent sizes of fanns" Ttre oat acreege

ehowed a relative deellne ín aereage as size of farm increased with

the flax &creage fncreasíng somevùrat as síze of farm íueroased" It

mf.ght be suggested from the general tendeney for tbe proportion of the
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sat rrop to decLåne as sÍue increased,

erop üa.s reLativeLy more Í-nportant as

on the walLer farms,

2, Lívestocle distríbution

that the oat crop as a feed

a sorffee of feed for ani:nals

The inportance of 1ívestock was of i-funited signiflcance Ín the

Haníota area which is generally deseribed. as a diversified farming

e.roe.ø 0n1y approxlmately lJ per cent of the total cash reeeipts

were derived from direct lívestoçþ sale ".Vrf roight be suggested

that this area Ís adapted. to and has a potential for greater Live-

stoek produetion btit various factors sueh as the shortage and high

eost of laboru desire for leisure on the part of the fanmer, dísLíke

for the vrurk attached to }ívestock production drich does not lend

itself to exÌ;ensive meehaaization, and various other incidental

faetcrs have aLl conspired to Límit the nmber of livestock kept

on the farms in this areao

The present nunber and usual- number of Lívestock kept on the
)f

varLous sizes of farrns is show'n i-n TabLe IIT.ã

The typical nurnber of milk eows rft¡as around 3 to h head, wíth

Little ovident vsriation fn nr¡¡nbers as síze of far¡n ínereasedo There

were surprisingly few cattle fed in the barns, deserlbed in lable III

ffSee Table Ir fuurees end. Smounbs of Receåpts, Ilerniotao 191+?-hB ae
adopted from the unpublished reports
R5.eeken, T.O'e A Farm Business Study in the Ha:níota
Eeonomics DÍvisionu MarketÍng Service, 0anada Dept"
I9h8" ¡r. 20"

ttNot" that rtusuel nrmbertl as used here means the average numbers
- kept in the last tln'ee to four ¡'ssLys prior tc the yee; of the presen'i;

Area of Manitobe""
sf Agrieulture,

stucly*
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TåBT"E TTT

.Average LLveetoek Nutrbers per Fbrrn by ;Strze of ¡'"*(*)

:::æ,_j-æ-_^.æj.æ

! Seetåon f; Sectfon I seetio¡r All Farne
Pres" Ilsual Pres. Usual Pres" Usuatr Pres"Usue.l
Ìi[o" 3[o. Mo* ldo" No" No' No" l{oe

fiorses
Milk Cows
Cattle ou Foed
Cattle o¡¡

Fastr¡re

Pågs
ffi'a stock
Ibgs oa Faed

Poutr try
Foffitoek
Ond Stock

e2225322
5h5l+l+J+3h1113.3.e11
v99g02a18lLXA

lLLn66v"fn1
8"{

1r
77

L25 83. 1Ð& 90
32 91 l+0 8n

¿þ4
Þ

160 nzl+ I03
åh7 37 trCIo

(a) ffre figures sbown in this tabLe are based on the date of t&e
present study"

as cattle on feed., .& greater ntmber of cattLe wore retained on

¡¡a.sture" ltre nwber of cattLe o4. p1.qÈure showed a significant,

lnerease ln goiug fþom the three-quÊrter sectíon to the otee soetf.oa

sfce.

An average of one brood sor¡¡ wÍth a¡rproxímately 6 to I feeder

pigs ms typíca} of most famre" &bst fantrs preferred to raÍee oaly

enough pÍ.gs to use up seraps en'd avalLabLe skím,ilk aror.md the pLace"

ÍhÍe meant that the fame s neat requírørents were net wíth onLy a

few plgs per fanor avalLabne for Eommereia1 sal.eo

lhe pouJ.try enterprl-se fomred. a ninor enterprise on most farms,

enough beíng kept for maínly home requLrm,ents, fhere wexe J2 to l+n
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o3d. he¡¡s kopt and arouad. i.Ol to 16h yopng ehíckens at the tfme of,

tbe study" It ls peounlar to note that the farmere iad.leated a

usuaX ntuaber of hens exeeeding by two or three tímes theår present

guruber"

Horses as a souree of power Ín erop production were ¡raetf.ea3.ly

s"bseat' OreX.y one farm of tåo ætire group used horses for seedÍng

purposeso The chíef inportance of horses fn erop produetion LncLud-

ed use durfurg tJre harvestiug seasost if the threshíng maehiae was

used* WlriLe most farrrs retaiaed. from trm to three horses, f,Ïrein

ehief sígnifíeance res'{æd. otr theír use for fam chores, haying and.

for wånter drivångu althougþ evea the latter Ís beeomång less im-

porÈant with noads beíng kept open most of the winter,

B, Ifl.bgå trþ_tsibutlonjuld Relatls¡nsntp_to s:gtg

lo Aval}abLe labor

The average conposition and a:nor¡nt of avaÍl.able labor accordlng

to sise of farm ie shown in Table IV" fhe a.mount of Labor analLabLe

is based on the nrmber of mals ad.uLts for the of ght nonths of erop

produetioa (April to Noyeurber i.nelusívo)u The total amount of avail*

abl.e labor nas expressed. ín te¡rns of tbe nan-eEuLvatreut of labor,/
ln most cases the operaton rms present for most of the erop period,

ffa nan-equi.va3.ent ratlng Ls based on the equtva}eat of eíght male
adu}t-nonths of Labor" Þeh wnsn and eaeh chiLd {re * L6 years)
were gíven the rating of L adurt-nonth of rabor for the entlre
crop períod íf thq¡ particlpated in outside fann work duríng the
erop season@ For a more eomplete diseussion on the nss-gqulval.ont
of Labor as used. hore see leehnieal Åppendlx, p"l2J-¡,
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The fErm opera.tor røpresents th€ flermanent labor foree as dístin-

guíshed fnom the Íncidontal heLp given by wives, sohooL chiS.dren

ÎÁBLE TV'

Åverage lfele .ê.duLt Months of .Avail-abl-e l,abor per Farm as Distrlbuted

by Size of Farm

$ Section $ $ection L Section

Months of Labor per Famn
á.verage Ì@Ie .Adul.ts
-åverage FsTal,e Adul.ts
Sehoon ChiLdren (fa-16 yeers)
HÍ.red Lebor

9,2
"5.5

T1 .n

¿.LO¿

'6
'J+.3

12aB
t?
øLl

¿6¿

TotaL lÍeLe AduLt*Tríonths 10.8 12,1+ n&"6

Avorage &Îan-Equívalents por farm
(")

Improved Aenes per }hn-Equ5.valent
r"25

w6
L.55

P:CI6"\,
1"82

2U{ @L

I of Farns Reporting kcheage of
Labor with Neighbors ,o% 28% 2T /"

I maLe Adult-Months æ X Man*Eqr¡Íval.ent
L Fomal"e å.du}t e I å{an-Equlvalent nbnth
n SehooS. Child (fe-3.6 years) e L 3&n-Equ3.val_eat }åonth
The average man-eeuirraLent per farm was cal.eulated by divtding
the totaL nsle aduLt rnonths by ef.ght.

otr eeasonal Labor" Tho purpose of tho man-equívaì"ent

be ab}e to express the various qualities of labor in

tennsu Me:a-BEuival.ent ratings of ferniLy Labor do not

natång ue.s to

sorne comparabLe

adequate}y
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describe the actuaL eontributions raade by @men aird ehildren on

the famr, For some tasks drich do not reguire heavy physical

e:rerti.one such es drivlng a tractor or truok, a boy of fourteen

can be fully as effective as an ad.ul"t' lnls is often typical of

the oase vùrere father and young son work together" The son nost

often is given those tasks which he can do as well as any adult,

tbus rel-easing hís father for other heavler and more complex work"

It w'I1L be noted (TaULe IV) thet the total nalo adult months

of available labor increased as si ze of f arms íncreased. When the

total male adult months wer@ eonverted to man-equtrva}entsn i-t wi.ltr

be see¡r the.t ther@ rlas Lr25þ tr"!l and 1"82 ma¡-eqr:i.vaLents of avail.*

able labor on the hø]f-sectÍon, three-quarter section and, one sectíon

farm sizes respeetlvely, Thero was eonsíderabl-e exchange of labon

ernong neíghbors, with lO per cent of the half-section groupse 28 per

cent of the three*quarter section group and ë7 per cent of the one

section group respectively reporting excheage of labor with neÍghborsu

lhis fs slgníf,ieant beeauee many of the farmers on the sall. sÍze

farms dfd not have æough w'ork on theír own farru to keep them oceupied

and hence were avail.able part-tíme to the Larger size farmers who

need.ed extra Labor at certain periods of the erop se&sorlø

When a comparison between d.ifferent sizss of fa¡:rns is based o¡r

the a¡souat of fmproved acres per man-equivalent of available lebor,

there appears to be lítt3.e signifícant inerease i-n the a¡nount of erop

handLed per man-equív'alent as the size of farm incre&sesø

It wil] be seen (f*Ule IV) that a sígn!.fieantly smaLL anount of
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híred nabor v¿s.s available on the gnoup of farrns studíed." I'here s¡as

no hired Labor reported on tt¿e half-section group during the eight

nonthe of the erop seasono During tbe same period the three*quarter

aÌxd. one eectlon group reported .J and 1.1 months respeetivoS.y of

hfred l"abor"

2. Lebor_rgEulrgps3rt_s_

This sectÍon vriLL show and d.íscuss the snount of Labor used, in

crop produetion for the dffferent sea.sotls of the crop period" It

wilL show the totaL sr¡mber of hours used per far:n for the different

ses.sorls in crop production" It wili" theu eompare the amount of

Labor used to the evaii.abLe Labor by showing the nrmber of hours

used per man-equivalent of evaileble labor"

It is to be observed that the totel nurnber of hours of labor

per mert-equivalent used for the seed.ing season is least on the three-

quarter size farms (fabLe V). During the harvest season the n¡rrbers

of houns spont per nan-equ5.vaJ.ent is again Least on tho rriddle sise

group of farms, For the entire arop year there appeared to be a

s1Lght Lncrease Ín the total hours spent per Ban-equÍvarent as size

of fanm increased,

It fs to be noted that a man-eguivalent in the hal.f-section

group hendled 1/ó improv"d uo*""M*d the toteL hours required pen

man-equivalent to handLe tb.is acreage during the seed.ing season rnas

fuftn" nlsrber of improved acres handlêd por man-equivalent wf tl be
noted in Tabtre lV" p" ff,
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150*6 hours; a nan-equlvaleat in the three-quarter group handled

2Oó irnproved acres and required LJ8,8 hor.rrs to he¡dLe this acreage;

TABTE T

Average Hours of Labon Used per Farm ín Crop Production, by Tasks,

for Sden tabor and Tractor labor

Task

å seetion t Seetion n Seetfo¡r
ws"/ nrs,y'ltag . nrÃ./ Hns"/Man wø,/ nrs"y'løn
Farm Equiv. *[a] Farnr Equåv'' Fbm Eguiv"

SeedÍng
ffiiTo*urs
Tractor flours

Harvest
=Fë.[dg^n Ilours
Traetor Hours

h.tire Cro¡r
Year'

s-SF@
MAIX IOUrS
Traotsr Eoure

x88.2 15CI@6

t5ó.8 13.6.6

262"3 209"8
n21"1+ 9'î.1

Thj"L 596,LIúr.\ 7,h6"5

1J8,8 P6"T 1l+6"0
108"0 201,9 l"l.2"o

L9V'2 56h.O 200ø0
98"2 L',lr"o 95"O

6x1"7 11@.Lt 611"5
36y,a 727"8 n7 "g

?.L5,2
L6T 

"14

5a,6.5
L52*1

9i+8"8
fr@"5

# Equiv" donotes Equivaleat

(a) nre total requirod hours por inen-equÍvalent was aalcr¡lated by
diviäj.ng the total hours used per farn by the eorrespondÍng
man-eguival.ent of EvaiLabLe trabor per far:n as estab}lshed in
Tabl,e IV"

& nan-equivalent Ía 'bho one seetion group hand.led 20f lnFroved acres

and. nequl-red 3.1+6 hours per man-equivaLent ts handLe ürÍs eereage

during the seediug soeson. lhe eame tæ.dency was noted,for the har-

vesting seasono fhe csnclusion that can be drar¡m here Ís that whin e

the man-equival.ent in the hal-f-section group handled Less acres than
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eithen the threo-quarter or oÍre sectíon groupe it required, more

hours of labor pe3. mÊn-equivaLent to ha¡dl.e ttre snai-Ler acreageø

Siraålarly, drile ttre man-equivalents ln both the three-quarter and

one seotion group hendled al"most ttre sa¡re acreage the man-equivalent

ia the three-Erarten group required eonsiderably less hours to oare

for its acreage thau in the case of the man-equivatront ín the one
q/

sectíon group,# This suggests for analysis J.n zubsequent sectioas

that, ttre ef,feetiveness of Labor on the X¡pes-quarter and o:¡e seetion

size groups Ìvas greatLy íncreasod over that of the half-sectlon

group by vÍrtue of greater mechaniaation per mano

C, ldagþåne{y*Ðis_ÞT.ibution an9 .Relati-ojgþi.p to åea3.g

The fa¡as studied in the Tlaniota erea generally showed a high

degree of neehanÍzation" I'he pnoportion of invesbnent in maohinery

as compered to the invesfuent in total fann eapÍtal remained fairly

constant as sl.ze of fa¡rn Íncreased witå the exeeption of far:ns welL

over one section in sizo, (feUle vf)

The investraent ia maehlnery per man-equÍvaLent in this area ort

the other hand showed marked variations e&oug the different fam

sises and oven wÍthin any given size group of fartns"

SfTo noi.,e how þe hours spent per acre tend to decllne from the
- half-sectionr to the three-guarter section farrsrs a¡.d then tend

to rise again in moving from
one ssction farms, see TbbLe
and Tabl"e Xff page 5l+"

the
52

the
XTT

¿¡r.6E-quarter section to
page 50 u TabJ.e XIII page



TABTE VT

åverage Machl-nery Invesfuirent, by SÍze of

32.

Fann in Hæiota, r9¡7-¡*g(8)

/" of Ïota,l Cap,
I¡rvestnent as

Total
Capltal

Inv.estmentSíse

up to 2la0
zhx-l+0o
J+or-5óo
56]'-7æ
72,L &

Maehiner Machinerv Invest.

¡.686
28Ø
lnzY
52TL
7759

25
25
26
26
æ

6781
x15h6
LB2|l6
2CI0'7r,
26555

(e) tnis t¿bLe was takeu from the following unpub3.lshed neporta
Rf.eekenu T"Ð'e Á. Farm BusÍaess Study in the Eemíota Area of
@nitoba, Econoníes Divisionp Canada Departmøt of Agrlcultnreu
191+8, p. 16"

The variation ln maehlnory per mezì-equívatrent between farms ls

shom guíte cleartry by the data in Tabl.e VII¡ the lutre--fam-eLze

variatlon ín ruehånery per me.n-equlvalent ís also quite slgniflcant"

If the Labor earnings &own in th.ís tabLe are any indleatLon of the

effectlveness of increased mechanlzatioa" thon it ce,:n certain3.y be

eouclud.ed tbat the Larger farms, beoause they have larger machinory

ínvesüaxents per maau wl-T.1 show up as more ef,fieient than the smaLl

eeaLe uneeonomic unÍ.ts"
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TABLE VTT

Capltal and Lebor Ef,fíeleney Åecordíag to Ëfse of Farm, Earnlota,

r9J*Z-¿re(")

0*2llo
Low Cap* High Cap"
Farme Far:ns

ahf-l+Ol lr01 & over
tow Capu Hlgh Cap" Iow Cap" High Capo
Fams Ferms lbnns Farms

Fatm Cap-
ftal. per
ÍlÂ11-
equivalent $8@¿+ $XXn97

3fiaehiaery
per 8@'n-
equÍvalent $1061+ # ?656

.&cnes of
erop3.and
per nan-
equlvalenÈ 1J+6 nb8

0perator I s
tr abor
earuíngs $981 & V26

$11997 $x¡l+6,+ $12551 &181+6r.

& d+n $ ,oo? # ?52L 6 5170

186 2L2

$ 1851+ # zdrþ & tozll * )4L55

28525L

(a) firfs tabX.e was taken from¡ Rlecken, T.0,e
ln the ilamiot¿ Area of ManÍtoban Eeouomice
De¡nrtmøt of Agrieul"ture" 191+8. p, l+0,

"{ Fe-nn Business Study
Divísion" Canad.a

I ø Ig&L** r**p u I 
"g_o*T!e!l1tt_åo_ 

uÍ r g_ * d t{pJ jI_rt4lguä
åo ÊetrgS ryggþålgqy; Thore appears to exíst wÍde divergences

ín the slze and t¡po of maehfr¡ery used on eny gÍven eÍze of fa¡rnu

lhe deta shomr in TabLE VIII i-ndieates e broad. variation in the

siae and distribution of general. machinery within any gÍven slze of

falu, For exanpLe tho síx foot onemay seørs most popuLar fn the

Ï¡alf-seetíon group but the rangg Ín size of oneway used varfes from

six to nine feet' WlthÍn the haLf-seetÍon group of farms the size

of eul.Èlvator used varies fnom oight to over fourteea feet" Ihe síse

of harnows used. in the hs.trf-secti.oa group varles from fourteen to
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TABLE VITT

Sj.ae and DistrÍbutLon of General Machinery by -<íze of Farm

Kiad and Síze

$ seetíon
el+ Fams
$s, %

S saction
25 Farns
ldo* %

X Seeti.o¡s
L5 Farms
ì1o" %

0aesêy
6 feet
I foet
9 feet

CuI.Èlvator
I feot
9 feet
LO feet
12 feet
À:t ¡¿¿l t

Dnag HanrowsrË-re*
L9-22 feet
2J^26 teø*,
2G5o leet

thlrty feetn

Sinllarl-y withln each of the trm other slze groups of farms

there erists a wid.e range in the size of generaL machf.uery usedn

b" Epeciql_egsþrneIy¡ As in the ease for the general

nachånery ít wiLl be notød (fufte IX) that for any given sÍze of

farm there exísts a wíae variation in the siue of speeiax. naehineny

used" To take the half-seotion group of ferms es En exemple, it wj.II

be observed that the tractor used varies fro¡n the L-2 ptow sízE to

the J+-5 plow sizeg the driLl. varies from a 20 run to a 28 rr:n; the

eomblne size raages from t'he 6 foot pulx type to the lp foot self-

¿r 25
Lo 65
2n2

L2 6A
775
L5

3.e 80
eLã
LT

J+ Al
L5
737
516l+ 2L

*15
1039
87a
l+ 16

17
17
57t853

51831r1o 38935

7D

9
u5
9
5

26
L5
)+7

r.8

,î

¿.

1.0
'¿

c

6
z

10
l+
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TABTE ÏX

Size end Dlstríbutio¡¡ of, Special }faehlnery by $ize of Farm

Klnd and Size

$ Seetton
2/,4 Farms
soø %

S Seetíoa
25 trbrns
l{o* %

I Secti.on
L5 Farms
No" %

Traetor
f-ãTFw
2 p3.ow
2-J plow
3 pl.ow
]*la p}ow
þ5 ptow
Dr111
20 run
2h rtrn
28 run
CombLne

1l+
3L2L} ¿tJ+

th6ùr
3L2

Lt hB
L0 l+7
906t

hzL
210
263
::

6@
l+ l+o

1l+
L0
20

31
25

20
l+7

53

!6

31

LJ
7

&
'l
7

18
12
5o

1
2
J+

7
5

3
'7

7

-
2

I

5

2
1_

10
¡

I

5
Å

¿f

n2
6

æ,
6

z9

æ

28
uÐ
16

26
5a

úù

to

l+

L5
75

Ð
33
).t2

l+
2
,7

0

á,

3.0
.7
I

7
1l+

l+

6
"7
ø

4

7

t

5
18
2

,
t,

5

ffipur1 type x0
B foot puItr Èype l+
i.0 foot putr 1 t¡rpe -
12 foot pul"1 type 2
L0 foot seLf-

propel.X.ed. n
LÊ foot sel.f-

propeltred ,

5a
2A

to r4

7

Srether
FEEr
9-L0 feet
LP feet
Llr feet
16 feet

prope3.Lod ty'p"; the swather varies in slze fron / feet to th feet

and. the threshÍng machine from 22 lnch to a 28 ínch síze.

ThLs wlde range of sizes of the differeat t¡rpos of special

machinery also occurs in each of the tr¡¡ss-quarter and one*sectåon

5

r.5

Throshíne Machine
nc

2L ineh
28 * lncir
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såøe group of farms. IIowever, tbo pereentage distribution of the

dífferent sizes of maehinery d.oes suggost that there le usualIy ono

partieuLar size of maehlne tÏ¡at ls most common to any gíven size

group of .f,arms"

cE GeaeraL fí.eld observatlons on iatra-farm-size

yarigL:iggjln size of nach:i.+gl¿c Whii.e no deliberate

atternpt was nsde f¡r the present study to lsotrate reasons for the wåde

range of maehíne sfzes for¡nd on any particular eize of fann" ít wiL3.

bo useful to pofnt out some of the obserrrations made in the field in

thås respeet,

CI'ne of the most irrportant ínfluences eausing a wÍde range ån

síze of maehlnery used on aay given síze of fa¡m ms that of Labor"

The scaroÍty, high eost and. uncertaínty of securing labor at eritÍeal

perJ.od,.s on the far"m, appears to have caused. far"ners iu this area to

have more nachinery and largor madrlnery than vpuLd. be suggested by

the optimum combination,

Many fanners expressed thef.r eoncem about the faetor of tlme-

S.lness of operatioue in the more crltical ¡rcriods of crop production'

The frequent oecurrence and the possibil.ity of extremely edverse

woather conditÍons durlng the erítlcaL porlods and. especla!.Ly durlng

barvestu has caused many farmers in thls area to depend on resor.re

oepacity ín respeet to maehinory" The extrene o&Fe ia the present

study n'ås & fam wbich had ecquired an additLonei. 12 foot se}f-propelLed

combíae as a hed.ge agaínst the bad harvest condítions vùrich preva5-led'

This oxtra conbíne was used. only four hours i¡r tho course of the
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barvest soâeoli.o tho latter ease was xlot a representatLve situ-

etio¡t but ihere were evÍdenoes of varyíug degrees of this reserve

machiue oapa@lbr ín the areå ì¡nder stildy. It does suggest thet

the fe.etor of ti:nolÍness exerts a strong influence on the anount eÊd

síøe of machi-nery retsined on tho individual farm unít"

Other far.ns showed a consideråbLe variation ín their size of

ep.ehinery as a result of recent changes of ovunership, changes in siue"

of exf sting fann u¡rít by acquisitÍon of more Land, and. movernent fþom

one far"ne to eÌxother by farm renters" A few of the fer¡rer-cooperetors

of thi.s stud.y hsd recentl), moved in from other &reâso For exempS'e,

a few farrners of the Ha¡niote aree had reeently moved in from the

v*reat ¡rlains of Saskatchewan; their ease wes almost invariably one

of excess si.ze of nachi.nery ln relatíon to their present farm" I¡r

other cases there was a divergence betv¡een exlsting síze of machinery

and that of the group average because of the recent acquisltion of

another parcel of laad" these faruers d.id not have time to sell off

their old. machinery and purchase larger machines to sult their farm

r&lit, Other farms a¡lpoared to have an excess siue of machlnery be*

eaus6 the¡r þs¿ purchesed their prosent naohinery wi'i;h the antlcl.pation

of buytng or rentÍng add-itional Land" Stil.L other farms showed a

divergence between thelr naehÍnery size and the group average size

beeause of the factor of custom serviees' It appeared thøt some of

the farmers r¿su,a}ly depend.ed on hiring some of their work done - sueh

farrners sl¡owed e lack of some machinerS' or an abnonnal-ly mrallor siøe

of machineu ûr¡ the other hand some farmers bou-ght exeess size of
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machlnery in relation to the síze of their fa¡m unit with the

anti.cipation of perforrníag oustom servíees for noighboríng tur**.#

2" _Inter-:I3rm-åize- varjation in 5íåe 3n-d type of mag5i+ert

There exists a significant díffotrollce ín slze and type of

maehinery as the slze of fatm varies'

@s Powere Power suppi.y on the farsns stud.ied consisted

aLnost entirely of rr¡bber-tlrecl tractors. As reported Ín the Live-

stock sectíon of thås reporte horses &s E sourcc of power were used

sparingly" Their uÊe was eonfined almost dro}ly to the harvesting

se&soït and. only then when threshing machines were used to harvest

part or aL1 of the crop" Ev'ery fenn reported one tractoru urith

X] of the fanns roporting two tractors" ftre 2-3 plow size traetor

was found to be most popu]er o& the hai.f-section farms. The 3*l+

pl.ow tractor was most eomon to the g1o'6s-quarter and one section

farms" v¡.ith the h-5 ptow tractor next nost Írrportaut on these tm

latten sizes of farrnso It ts iraportant to note that power on t'?rese

far.nrs was supplemented. to some extent by tJre use of seLf-propelled

combines, One fann even reported the use of a self-propel}ed swather"

be W There was e,onsiderable variatlon 1n

tho sLze of the tillage equipnont from farm to famr. The outstendi-ng

thlng about the sl¿e of general. equipment was thatu eontrary to ex-

peetatíons, some t¡¡pes of nachinery were larger on the average on th¡e

6fWst of the explanatÍons offered for variations iÐ sfze of machinory* withín any given size group of farrns have no empírícaL support ín the
present study but rather &re observatÍons msd.e whi}e gathering other
data ín the fiel-d mrk arld through conversations with thE various
farmer*cooperators of this study"
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TABLE X

Dlstrfbution and Average Sizo of Machinory by 'Síze of, Fa¡'¡n

Type of
Ilachinery

$ section
2l+ Farms

1{or "{verage
Size

* Section
25 trbrms

So. Average
Slze

L Section
15 Farms

1[o" Average
Size

Tractor (plow
size)

Plow
One T[ay
Dril.Ï
Discs
Discen
Oultivator
Spring Tooth

CultÍvator
Drag Harrovrs
Paeker
Rod lleed.er

Combi.ne
Su¡ather
Bind-er
th¡resher

Truck
Sprayer
0vorhead FueI Tank
Grain Loader

3."P pLow
2"9 teet
5"9 feet

11'2 feet
p,6 feet

LO"O foet
p"6 feet

1.1"7 feet
2]"0 feet
1.5,8 feet
10"0 feet

J"2 ¡rlow
2"8 feet
6"6 feet

Ii."8 feet
L2"O feot
Ï0"j feet
lX,0 feet

1J+.6 feet
214.0 feet
1]"h feet
10"0 feot

9,1+. feet
1i."8 feet
8"J feot

25"7 i-nches

1 ton
28"6 feet

J"1 plow
2,! feet
/"! feet

J.2.j feet
L1*8 feet
th,o feet
10"6 feot

16.2 feet
26,J feet"
1.1*2 feet
9,0 feet

L5 9"3 tøet
L5 1L.7 feet
13 8"[, foet
B 2!.2 fnches

,2
L2
2L
25
L3

6
26

R

u7

I

2l+
2l+
L7
12

16
Lr
7

x6

25
L3
21
23
ÌT

Å

23

L¿

25
5
Å

1l+

æ.
1.t

1ó
tq

5
2

ta

5
L5
v
I

20 EuL feeÈ
L9 3.0,p feet
L7 7*ó-'føet
3.0 2l+"2 i.nehee

1.2 L ton
6 5CI.7 feet

3.1. 1'2 tons
8 3O.7 feet
é,

L¿,

three*quarter soction farms than on the larger on€ section group of,

fams" The average size of the eul.tivator and discs was larger on

the three-quarter sf.ze farus then on the one sestíon groÌ¡pê Á,1-X other

generatr equipmeat and. the seed dnill appoared to inerease ån size as

the sÍse of farra inereased"

oø *fv_estÍag equipmgnts Ås in the case of the ÈiL1age

equípment, eonsiderable varíatlon was evident in the sÍ ze of harvestlng
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equipnaont" 0x! the average it was observed ( Tbble X) ttrat ttre

thrggeeugrter slze fams ehowed trarger oorrbines and swathers thals

ttre one sectíon groupo WhÍle no s.ttempt was made to ÍsoLate the

reasons for this phenomonon, it ls suspected. that vari.ous factors

are involvsd in glviag the nid.dle si¿e group of farms the largest

sfze machinery Ín some GâsêGo Thirty farms reported throshing

¡nachines, Tilhile the cømbine remg.íned the most co¡m.on method of

harvesting greín in thís are&e the traditíona] method of eutting

grain with a bínd.er and threshi.ng the gre-in s'Íth a threshing machine

was a typleaS" method of: harvéstfuag a part of the oat erop oxx a Large

¡¡.rsrber of farms so as to have straw for anÍ-me1 feed.

ê" g!Ïrg" gglp*s3ga The weed sprayer was beeoming quíte

popular wrth 25 of the farms reportlag ol¡m.ership of spraying equip-

ute¡rte The meehanica} grain Loaderu either ín the form of a truok

eug€r or as e portebLe grenary auger was fou¡rd on over two-thi.rds of

t¡e falus. Surprisingly fEw overhoad tractor fuel tanks were reported.

the instalLatlon of euch tanks tends to reduce the mount of tlme

spont l.n the deí3.y fuelfng of the traetor" Many of the farms still

Ìrse tbe old tlme-consumí¿g end df.rty nethod of pei3. and. ft¡nnel. as a

way of refuellfuag the traetor'
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MIPTRTCÁ.I AIü"&LYSIS OF TEE STUDY

A" Calsulatioa of Measurement Standards Used

1 " 9elg'¡lå}i_og*€ _tþS e$19Ë9n eg_!â¡nr_91{ierçEgy_

The enalysfs and definítfon of labor effíciency in orop pro-

duction needs some criterion for the ruoasuremonÈ of Labor ¡rroductivity"

"ås this study is one eoneerned primari3.y wÍth physical inputs and

ouþuts (i"e, doLtrar measurements were precS-uded from the data gathered)

of erop productÍonu the crlterio¡t of labor effícioncy must be ia

terrs of so¡no physf.eal" Índex; that ís, the critsrioa rvill be essen-

tielly en expression of the techníeal coeffieient of labor effíciency"

the eriterion sol-ected to measure labor efficíency in this work

is expresssd Ín tsms of man-hours por acre of crop production. This

mearrs that the me&surement críterÍon centres around the ratio of

input measured iæ. man-hours and. the output measured ln terms of tho

acrss of crop produced..

As thís study ís lnterested in the zubstltutionary-relationshlp

between labor aad. mechanization on the lndividuaL farm fÍ¡rr and. the

effect of meehanization on labor efficiency Ín crop productionu the

cråterion sel-ectod for the measÌrrement of lebor efficiency has the

advantage of befng both specífÍe and directo Labor fs th.e faetor

most significantl.y affected by mechanization in erop productionS Ín

general. beíng displaced. as mechanizatíon d.eveJ-ope "UThu measurement

index of man-hours per acre wilI measure directly, the dispLaeement

/See ãead.y" E.On rlBasic Econo¡nic and Tfie].fare Aspects of Far¡n Toch-
nological "advaneen JournaL of Egrn Ec_on_omiess x4ay 19lg p" 2pJ where
he descrlbes a mechffic¿Tiffioîãffiofficul.túre *" !on"ra1Ly a
Labor saving innovatj.on.
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of' labor as the seale of tho farm and síze of machinery incroase"

The criteríon of labor effícieucy used hore also has the edvantage

of being a ¡nrt of the more universaL concept of eeonomic progress

or effieiüoy, våren this concept Ís expressed as a minimisation of
ç/

the means relative to the ends produced"s The ¡nan-hours p€r êcre IÍ.ê&s-

¡¡remor¡t of labor efficiency is also coapatíbLe with the id.ea of aeonomíc

progrese being charaeterized by a paucity of labor resoure€s Ín tbe

subsistonee goods índustríes"/

ae Some límítetions of the crftefþ_ry Physical produetlon

per man-hour is not an tdeal measurernent of erop labor produetivÍty.

It is a ratio of total output per labor input. This re.tio d.oos not

measure dlrectly the aetual eontrlbution of labor as sn input resoureeø

Changes i¡l the fnput-output natio refLeet the joint efforts of alL

productive factors vshich may affect either the Labor input itselfo

other produetívo factors or even the output" Eence it is incorrect

to attribute aLL of the ehanges ín effieLency to farm labor. Changes

in productíon per hour of Labor must be interpreted in the l-ight of

changes in capÍtaL inputs and ths other technoÌ.ogÍcal forces operating

ln erop production vd'rich affeot mechaaÍzation or yÍelds of the gropø
tl

It has been suggested by one write#that the use of a physicaL

2,/goul¿i.oge .K"E' å*:g*t1 4gel¿g!Þ llarper and. Brothers Pub" ôIew York,
- 191+8, po 6l+?"

¿lruia" p" zgh

þ/Davís, Hiram¡ The lr¡d.ustrfal SÞgy, of Ec.on-g_n:ig Plogg_qg, ünåversity* of Pennsyl.vanlffiffiffi.;Tqi7îpffT6ñð,ffiã'i s cus ses the
use of varÍous lndexes to measure productive efficlency in industry'
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index su-ch as outp'u:t pe:: man-hour of input as a. criterion af effic-

iannt¡ ""^'¡f ¡l nn'l: f,¿þç immediate agCo¡nt Of a proCess that woU_ld lower

n¡ní'l-.ql ii,¡nirt 1"or f]li s sârìe olltn."+ '1 ^l^-- i ..*--+ ',.em¡ì ri-i¡o' nnnqtq.nt"u4pIþc-l ar¡Pq9 Iu¡ urrrD È4L!u usvyuuS J4v9! !lrPuL ¿ vr:laf u!iIL vvrlù u4

Labon is -',he mos'ü important inpu.t in agricultwal croduction hov;ever,

a,nd changes in the rati-o of tota.l production per i;.nit labor of input

does provide a useful measure of cha¡ges in efficiency of crop produ-c-

ti-on"

1ø l.{easurement standards for si-ze of fann

ëuø -Tqt*ljlq qelgd*3c_lg?ge_e The farr,is wei" e oríginaL ly stra-t-

ifieC rnto th::ee size-grcups fo:: the purposes of the inítial field

survs]¡" The three siee*grcu.lls chosen wçre of one-hal-f , three-c,u:arters

and one section sizes" The stratifieation bv si ze ol farm.u¡as based

on total- assessed acreage conprising the ind.ividual famr unit" T?re

strati-fication by size of farrn on the basis of the total assessed

acreage of each fann unit rnas used most of the tírne in the ana-l¡rsis

invoLving seal-e of fai*m.

b. ,Size based on total improved acreaqec T.,}rís stan-dard.

involved the s"çratification of the farrns u¡der study, ou th.e basis of

the total imprcved acreage of each farm unit, ?he 'imprcved acreage

j-ncluded alL current crop land, surrinerfalloxry, improved hay larrd ar_i d

improved pasi,ure land. Thís standard of size of far"¡:. was adopted be*

os-u"se j"'t.l¡rB.s felt 1,ha-'ç the toial assessed acr"ea-ge did nst necessari-1;¡,'

::efl"ect'çhe exten-r, of the improved âfrreage of the indiviciuaL fann rmit,

It'¡"as believeC--ihai thc size of :na-cllirery use,f on the respec'bive far¡is
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wruLd be more strong1y influenced by the total improved aereagee

than by the totel assessed &creagee ïf any serious discrepancy

had ocEurred bebveen size of famr based on total assessed aereage

and that of total improved acreage, any stratfflcation by slze of

fann on the basi s of asseseed. acreage wouLd not have reveal-ed a true

rolationsbip betrrveen scale of the fa¡:n aad the size of machÍnery used'

Howevero it was found in tho course of the a:ealysís that totaL írapro-

ved acreage and totaL assessed trcreage had a fairly close direct re-

lationship,

5, Cales$UioqgLbhgåndex_f or aseleg-atg s:Lgggf maeLijlery

In a^ny attempt designed to establish the dÍreet substítutionary-

relatÍonship betweon labor ínputs ød mechanization in crop productionu
çf

ühere is a ueed for some nethod of expressing aggregate machinery size.ä

Merely to express machine size in Linear feet is to ígrore tho compLex-

ity of the situation where size aud. Ímportaace of tho various machÍnes

varles from farm to farm" Labor input per s.cre of crop production fs

ínfluenced not only by the sise of the various machiuos used. ia crop

production but also by the reLative ímportaace of tho various machlnos

as expressed Ín ter"ms of time used for each machino"

It wiLl be the purpose of this section to set up en index vûrich

wiLl gÍve a eotußoxl orpressíon to the aggregate size of machinery used

in crop production oTL any glven farm. The lndex will refleet both t}¡e

See technical appendix for å more detailed
indox pp. 120-122"

U erplanatlon of this
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si.ze and relative importanoe of oaeh mechine used. Ttris vrill enable

one to e:+)ress the aggregate sí ze of machinery used on eaeh fâ.ffii &s

an Lndex" This índen will then allow one to ostabllsh tåe reLatíonsh5.p

between size of fanm,u size of machlnery used and l-abor efficieacy as

expressed in terms of Labor fnput per acre of orop produced.

Eø Steps lnvolved in the caLculation

(i) Flg_q}¡ensy of gpgraliqqe Labor input per &cre

eBn v&r;¡ fron'r farn to farm aparrb from the lnfluenee of slze of ¡nachine

used' If one farmer cultívates his land üwÍce as much as the next

farner, then obviousLy his labor input wilt be turico as high, In våew

of this it nas decicied to doter¡rine whether frequeney of operation

varíed signifieantty as between d.ífferent sizes of far¡rso(Tabi.e xI)

1'he fregueney of operatÍon of any ¡u"rticular machine used was calculated

by dívidi-ng the aere:_g-e cover:9 by the_ 11-:11"" in question by the gggaea

acreagee the frequenc;r of operation was calcule"ted for all machínes

used wiÈhin the ttrree sizes of farnis of thís study. It was declded

that the frequency of oporation of al.l machines did not vary sígnlf-

ieantly'betr¡¡een the different sízes of famrs (seo Table XI)" With the

assumptÍon that oulturaL practices were general.ly uniforn over tho

entíre group of fartsu it was deci-ded that the size índex of machinory

would adequatel¡i reflect the relatÍonship between size of machine end

labor Ínputs psr acre of erop"
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TABLE XT

Frequency of the Different ÕperatÍons

StratiffcatÍon: By Size

for the Seeding Season

of tr'*r*(*)

$ Sectíon f; Section n Seotion

TWreat
Seed
Harrow
Gultivate
Onervay
Díse
Spring ?ooth
Pack

Seed
Earrsw
Cuttlv'ate
Oneway
Disc
Spríng Tooth-Pãck- ---

Gats
Seed
Barrow
Cul.tivate
Onenay
DÍsc
õpring Tooth
Fack

1o00
2,54

:ut

"L7

1"00
2"37

"71
"01
ø¿¿l

oIÖ

1ø00
2"Ð

"55.26
"26

l0¡.

1u00
2"37

,81

'Jl
'5L
"Ol¡.

Løo0
2"OB

"gh
"06.08

"01

1"00
2"20

'81,27

'36
ø.!-I
;

1"O0
L"88

"gg
"19.20

sl
øL4

1.0O
2"ltfl.

'92
"17
,25
.@
^nøvt

1"00
2"36

"98
'2-6,28

:ot

(a) The frequency of any glven type of oporation'was cal-cui.ated by
divÍd.lng the aoreage covered by a givon machine by the seed.ed acre&geo
gogo a-Gr€age covered. e 200 acres

seeded e.Êreage -æ'LOCI &cres
fnoquency of operation e 209 @ 2"O

100
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(lå) Establlshment of a síse base for eaeh maehineg

There v¡as need for some ooüìlron base against which to reLate the size

of any given machine" Í'tre sizo base for each t¡rpe of nechine we.s cal*

ouLated by finding the average sizo of each þpe of machine for the

entire groì.rp of farrns. (See technícal appenclf.x)" The avorage size of

each type of machíne then, r¡ras used as tho base-size against røhieh to

compute t'ho síze lndex of the sarae type of naehine on the indívlduaL

farm.

( i*t ) Ðgþeln:i+"?tåg¡l g¡l--tþg rqlatj-Jq- gportaaee oj*es:gþ

machåne: 1o deter¡n-ine the reLatfve imÞortance of each maehine used

oÌ1 årxy given farm, lt was necessary to find some system of weÍghtfng

f,he machixle so that i.te rei.ativo im¡rortance woul-d be refl-eeted in the

aggregate naehinery size ind.ex of the fana"

lhe wef.ght for eaeh machíne was determined by ca}cr:latlng the per*

eentage of time the nachlne rr&s used as corn¡nred f,o the total time used

by aJ.i- rachlou*"9
(tv) Catculatíon of the size index for a naohines

Âetllar s_íge o{ .eíven TnschÍ.!.e _ex¡l.rossed in feet x weight nmber
---_+_--:--_ JLverege size of the same type of machine

For exampler Actual size of a given cultlvator s 10 feet

Average sÍze of the cultivator for all farms s I

Size iudeæ æ Åg x 20 @ 25
B

(v) lelc!}atíon gL 3ffi The calcu-

Lation of the aggregate machinery size i.ndex monely invoi"ved tho

suruption of all the separate machine indices for the farm.

Tine used by a cuLtÍvator 
=Total -r,íme used by all othen

?$èight for the cuLtivator e

1O hor:rs
machines e
1-O x 100
2v

5o
ã

hours
20

Af
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rf a gÍven famr ulsed machinery in üre seeding seasone the size

of wl:ich was identical. with average size of alJ machines for the entíre

group of farms, then its aggregate machiner;r sj.ze inciex would. be equal

to L00"

B" "i,aþoå 3:Eire¡e_+3q i_n 0qoP Pro4qgtio+. by:p_qSsjns_ aa$Jy sj:q^r_ og

Farm

Labor efficiency in crop production ís espeeially significant

ldren oor¡sidered by seasons of the crop period., T{ith a gíven labor

force and a certaín nu:nber of days prescrlbed by nature in vùrich to

accomplish the necessary vork of any given sea.sÕÌle l_abor efficiency

bocomes a eruci-aL cietenminant in the optinium eereage handLod. Time-

lirress of üÐrk Ín. crop produ.ction is of supreme Ímporta.nce to erop

yields. An increase iir labor effi-eiency of crop production in any par*

tl.eul.ar seâsone other eondltlons remaíning constant, wlrL alrow an

inerease in the ecreage that can be handl-ed. during that season" It can

thus be seen that labor efficiency in crop production is the dornínating
2Tfactor in the deterrninatíon of size of farm,#ft is the h¡rpothesj-s here

that beeause üre operations of the harvest season were relatively least
mechanized that it is the labor requireenents of that season that sets

the upper lÍnits to sizo of fann"Vessunring the val"idity of this h¡rpoth-

ffThis assumes a given labor force and. a speeific nu:nber of d.ays duríngthe season j¡ '¡¡híeh the v¡ork must be aecomplíshecl" A givea iaborforee ís not too unrealistíe when one ooo"-id*r" that tñe typíoa1
farrn depends heavíIy on farni_1y labor"

QlThrougtrout this d.iscussion the term nleest meehanized.n means both
I'aek of mechsÐization by tasks as wel.l as less intensively meehenízed
fnom the poínt of view of the time period of tho particul_är se&son
u:rder discussfon" The same conditións apply to the term rrmore
mechaní z edtr *
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esis ft foLlovrs that further increases in meehanization of the

operations of the seeding seast& (given constant condítfons of

harvesting methods) røiff only ad.d. to the underørplo¡nnent or Leisure

of the far¡rer during the seed-ing seasonu In other words wittr the

present type of farnn organisation arrd with given nethode of seeding

and harvesting, ft ls suspected that farners in thls area under sh;.dy,

cannot safeS.y harvest the rnaxinr.¡m acreage u¡hich couLd be seeded, or

on the other hand he cen henrest the maximum acres v&rich cen be sor;ls,

only by ineneasing his labor foree andlor machínery duríng the harvest

S€&SOÌ1"

xe Pqg¿gc -t*u3-tgq

The labor invo}ved in crop production during the seeding seasoa

inci.uded seed proparation, maintenance and serviee of the machiæeryt

aetual rÞrk in the field and. any other tasks directi"y connected witl¡

the seedíng season such as Loading and hauLlng seed grain and handJ.lng

of fertítiaer" The actual wrk in the fieLd- included ths seeding op*

ere.tions and all fleLô preparations prior to and Ínmediately foLlowing

the seeding oprations.

The Labor and tractor hours per acre for specÍfíc crops for the

seedíng se&son are given Ín Tab1e IIT' The nsn-hours per acre inelude

aLl- those tasks named in the preceding pa.ragraph, Tt¡e traotor hours

per eorê dsnote the E:nousrt of time spent in tbe aetual operation of the

field rnachinery" the ms.n-hour flgure per aere will of necessÍty o:ceeed

tbe traetor hour figure because men-hours iaclud.eu besidos tÍme spent

in actual operation of the machineu maintenance work, seed preparatior:.,
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repaår vrÐrk, ete"

per aere d.eorease

Labor and Traetor

It wiLl be noted (tanle

as the farrn sizo increases

T,ABLE XTI

Ilours per Äcre by $pecific

Seasor¡ by Size of Farm

XTf) that labor Ínputs

in aJ.} cases except that

Crops for ths Seading

$ Seetlon
STZE
f; seotion L Sestíon

IVheat
Avorage
Average
Average

Barley
.¡!verage
Average
Â.verage

Oats
ffiage
"Average
Average

Flax
ffirage
Average
Average

1,19

"94
20' )

1"J+l+
1.U

38,3

L"rT
i..05

,7 "h

l"62
1'ãl+
9"3

,gg
,76

92"2

L"@
RI.gv+

5L"7

L,26
L.00

h9")+

Loo)
1" 31
7,9

*96

'TP
1L2.8

l'IJ+
'BT

57 "L

1", L0

'Bl+
5b.3

manPhol!,r.g pen ecre
tractor hours per acre
aeres per fanor

man*hours per aere
tractor hours per aere
acres por famn

men-hours I)Br acre
tractor hot¡rs per acre
acres per farm

man-hor.rrs per aore
tractor hours p€r acre
acres per fara

1,19

"gB27.b

of bartrey" lhere aro two possÍble explanations for this exception to

Ínoreased labor efficiency as scale íncreases" One nay be that the

5¡t"s-quarter sectíon group have Larger machÍ:res than üre ono seetion

groupe the larger machines being empþasized. more in barley seeding op-

erations' Still enother e4pLanation for tåe tendency of the f,h¡s6-quartor

group size to have less hor¡rs per acre than the one section size d.uring

barley soeding oporatioas mây be oxplained in part by a more l-ntensive
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worklng of the barley 3.and by the one section groupó Ïris may have

been occasioned by the poorer shape of the land on dnich the barl.ey

1'@s sown in the one section groupø h ttre other hand more of the barley

in the three-guartar section group may have been solu: on sunmerfalLow

land, thus neoessitating less preparatory'work for the seeding oporatÍon,

Tt was finally estabLíehed that the three-guarter size group

showed less labor inputs per acre bocause of the influence of both

larger size of machÍaery a¡ad less intensive preparatory work for the

barley seed.ing oper*tions,/

2" ï{arvest seasoÌl

The labor involved iu the harvest season included aLl labor eon-

aeeted with swathing, oombiningn bínder*cuttingu stooking" threshing,
¡a/

stackiag oat sheaves, hauLÍag graiËand ai-L other incid.ental Labor

such as maehinery maintenance and. granary repalr"

It will be observed (tabLe XIII) ürat labo¡ inputs per acre d.e-

cLined from t'he half-seoticn grou¡r to the three-quarter sectioa group

2/Reterence to Table X page ,9, wiII sho"¡¡ that the three-quarter group
have on tho average slightly larger eultívators end d.lscs, F\rrther
reforence to Table XI, page J46, (on f?equenoy of operations) wi13.
poinË out that the one sectlon group showed a greater i"ntensity or
frequeney of operati-on for both cuLtivation and dlscing in barLey
seeding operatJ-ons thaa in tbe case of the three*quarter groupo
lhrough the oonbined fnfLuence of both larger eultivators and discs
and beoause of less íntensive application of these two implements,
it røs concluded that thís muld expl-ain the lorver labor require-
nents par acre for barley in the tr1t¡ss*qua.rter group,

}/no dfstínetion ï¡as made betrseen grain hauLed direct to the tor¡na
elevator and that mi:ich was hauLed. to granaríes on tho farm,
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but Lnereased again ån movÍng from the t*rree-quarter to the one

seetion groupo This occurred generally for alL the crops except

for flax, Again as in the case of seeding operations it is sus-

pected that the ¿1r¡ss@eì¡arter sízo group have the advantage in labor

TABI,E TTTT

Labor and. Tractor Hours per Acre by SpecifÍo Crops for the Earvest

Season by ;Size of Farm

å'secttor¡
T.ZE

Sectfon 1 Seetfon
Ð
6

Wheat
ffige
Average

Êq æ'l ar¡

ffie
Averago

Oats
ffiage
.Average

Fi,ax
Jlverago
Average

man-hours per
fuactor hours

man-hours per
tractor hours

men-hours per
tractor hours

marl-hours per
tractor hours

aere
per scrB

a@re
per aore

aere
per ecre

acre
per ecre

1"ól+

"w

2"05
,92

2"rh
.92

,95

"60

L,15
.VL

Xo16

"75

1" 98
,78

"90
'51+

Ld+3

"77

L"55
,75

2'@
1ZøiJ

"9O
.l+h

efficieney beoause of the presenco of, larger size

mont" It 'was flnally dEcided on the basis of the

in the aceonpånyíng footnote that the predominant

fnputs per aere has been the size of machine used,

harvesting equlp-

owidence subnitted

lnfluence on labor

the th-ree-qìåertor
LL/

group having on the average tho largest sfzed swattrers and combårx€s"*

!fo&.eference to ?able ï, page 39, mLL)- show that the three-quarter group
have on the average slíghtly Larger combines and swathers" The in-
fluenco of larger size hervesting equipment in the tr¡¡66-quarter group
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There appeared. a tendency (faUte XIII) for wheat and barley

to requíre less labor per acre than for the ease of' oats in all- sÍze

groups@ It ís suspocted that, thÍs situation results from the greater

use of the binder and threshinE machine to harvest oats because oat

straw ls used for anfmal feed' This appeared. to be supported. on the

basÍs of the data for tho harvestfng seasorro

3" fþg--g!irg- cr"P ""Lt"q
The Labor ínvolved in crop production for the entire erop s€asou

íncLuded all- labor ínvolved in the seedÍng and harvesting seasons &nd

Lzfín addition labor fnvolved ín summerfallow workr# pleking and sprayíng

weede, spread.ing manure, stone picking and any other tasks not dírectLy

eoaneeted wit'h the seeding aad. harvesting operations but vd:iah were ín

somo rrey reLated to crop production dtrring tho year.

a" &ea'!e The resuLts (fab1e XIV) show that Labor inputs e.ad.

tractor hours were least on the three-querter sfze farms with the hfgh-

est emounts of Labor Íaputs and tractor hours per acre in evidenca on

the half-section fairns, The greatev effícieney of l-abor usê on the three-

is shorsn egain by rosuLts estabLlshed ín TabLe XITII, page 6tv¡here tho
farms were stratified on the basÍs of aggrogate size of machinery" In
this case (tatrLe XVIII) labor inputs por acre during harvesting showed
a general tendæcy to decline as size of machine increasedn On the
basis of this evidenee it was deeid.ed that because the three-guarter
sectÍon groì¿p had larger cornbines and swathers, it muLd explain their
haviag Less labor inputs por aore than the one section groupø

glfor alloeatfon of sumnerfal.low work see page B. It nust be obser-
ved that only those crops groì{rn on flilrutrerfalLow land of the year
preceding the year of this study were eharged níth the Labor ín-
vol.ved Ín sr¡mmerfallow worku
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gtrartor seetion size as compared to the one section size reflects

again the influence of larger síze of machínery"

bn Barley_e The labor inputs and tractor hows per acre for

barley production showed a decLine as size of farmwas increased, This

13.BLE XTV

La'oor and Tractor Eours per Acre by $peclfic crops for the &rtire Crop

Season by Size of Fam

1
n

Soctåon

S TZ E
"3n

Seetíon Seetion
Âu

Farms

Whoat
Jr]/erag e
Average

Barley
ffie
A.verage

Oats
Tle*rage
.6.verege

Flax
Average
Avorage

nan-hours pen
tractor hours

nnen-hours per
tractor hours

man-hoUrs per
tractor hours

man-hours per
tre.ctor hours

ecre
per acre

aere
per s.cre

aore
per Êcra

aere
per 8.cre

5*77
5,78

5"fl
2"91

5.27
2.6h

3"35
L.g6

2o å¿

2.94

l+" fg
2)Ð

)+.e6
2"7-2

3,OO
tAA

5,1Ê
3.6

lþ10
2"35

5"t7
2"66

2,97
L"7L

5*37
3"52

h.h9
2*57

t'07
L"TT

)+"79
2"hl_

Ls not consistent u'ith the tend.enc¡r shovm in the data for the seeding

and harvestfng s€asonso

ït ean thus be concluded that the higher than expected labor

requirements for barS"ey production for the entire crop year in the

threç*o,uarter group ís due to a greater proporÈion of the barley beíng
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co F}=gåe fn the case of tractor hours por ecre for flax

produetion for the entire yeare tho three*guarter group shovred up es

most efficient" lhe man-hou.rs per acre for fLa.x production showed. o¡r

the other hand, a tendency to decline as size of farm was Íncreased"

d* ggpÌel.ljgll gg-labgg- Jssgggpg!J-rer-!1,¡-e-g:Íþrp*t. rIgp.j B

It is to be noted. (faul-e XIV) that wheat production involved signif-

icantly more totsl Xabor requirements for tlee year than ln the case

of any of the other eropso Thås is explaíned. by th,e faet that a fer

grea'ber proporrlion of the v&reat $ras sown on s¡tiltmerfaL Lov¡ Land t}:an

j-n the case of other oropso

TThitre the totai. labor requiranents for oats and barney seened

quíte similenn the totaL labor requirements for fLax was deeíded1y

Lower tha¡r for eny other @ropso It will be observed that the labor

requfremonts for flax during the harvestfng season were oonsiderabl¡r

bel.ow those of the other oton""Urhe expLanation for thls ts thet a

large part of the fl.ax was harvested by straight courbinlng whiLe the

3¿/for both the seedlng and harvesting seasolls, tho l-abor inputs per
aere for barJ.ey productíon ín the three-quarter sLze group were
lower then for oither of the othor t¡p si-ze groupsê This would
have been reflected in tlee Lebor inputs for the entire crop year
for the three-quarter group Lrad not thís tendency been offset by
the fact that a reLatívely greater proportion of barl-ey in the
¿¡*ss*que.rtor group was sorm, on sunilnerfallsv¡"

lJ,¡,rheference to Ib.btr e XII, page !0, sürovring Labor requirenents for* the different crops for tbe soeding saasoïr wil"1 ind.icate that fLax
aetuaXly ínvolved a relatively greater amot¡nt of labor pôf, &cröø
Thus it ean be coneluded that it was the technique of harvestíng
flax that nad.e Ít possf-bLe to have less Labor requirements then
for any other crops for the entire crop poriod,
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ether erops r/qere a.fmost entireLy swathod. before being eonbined"

ALso the fact that fLax seed fs not as butr-ky as other graÍn seeds

meant tha.t ther€ Rras less handlf¡rs of the fLax seed as eomp&red to

the other bulkier grains.

J.{* Ëvqergallor" ang-gead ryralÍng_

The labor reouirements for sumnerfallow work lncluded dLroct

operatlon of machines in the field and in addition any labor ín-

vol.ved. 1n naintene¡]ce and repair of the machiner;r whiLe engaged Ín

the summerfalJ-owi:rg operati ons,

The labor requåremeats for weed sprayíng of the crops íacLuded

Le-bor invoLved in eetual operai;ion of the sprayíng eeuipment and

further any Labor eonnected rqit"h maíntenanee and seryiee of the naeh*

fuzeny" .Any Labor invslved ín preparing the weed spra.y aud fitling

the tanl¡ of the sprayer ve.s also included under Labor requirements

for weed sprayingu

It wi1L be observea (fa¡te XU) for the summerfallow opere.tÍons

that the labor requirements per acre were least on tho ¿þ.ee-quarter

aeotíon size groupu dren farms were etratlfied accordfng to sfze. the

three^quanter seotion group had. a groater efficiency ín use of labor

ss compered to the ono section group beoause the fo¡mer group of

faræs had larger sized cultivators and disos; these two rschi¡les rere

used. more than any other type of machi¡.e for eunnerfalloru operation trw

å5/S*u Tabl.e X, page 39 for e.verage sÍze of rnachinery on the diffsrent
sises of farms. It will- be seen ín thís sane tabl-e that the three-
quarter size farms had on f,he everage l.arger cultivetors and dises
than the one seetion grotåpo



TÂBLE

&abor and Tre-ctor Hours per Acre

by Síze of

w'

for Srmrnerfaf lov¡ and

Far"m

57,

trTeed Sprey

Slze of Farm

$ Soetíon f; Seetion n Seetío¡l

SrærmerfaLLow
Average aeres per farrn
Âverage men-hours per acre
Åverage tractor hours per acre

[eed Þpr-ayinå
Åverage acres sprayed per faro
"A.verage men-hours per ecre
Åverage tractor hours por aere

76"50
2,Lp
2,16

36,5a
1^ê¿v

"08

1Or"¿:0
2"Ø
1..8¿i

6y,Ja
*n5
*3.0

121*LO
2@32
2eL0

82,10
*19
*lh

It wii.L be noted {g*ULe fff) tfrat the Labsr inputs per acre for

spra¡rlng of weed.s fnereased. as síze of farn increased" No evid.enco

appeared avaÍLabl.e to erplain this sihration, It d.id not seea. evident

thet the increase ån Labor inputs per acre as fam síae increased

eouLd bo exp}ained by the sizE of weed sprayer ur"d"M

5, Þ:þie9Ïy_.I.9p*iålFi¿ *Js"glqogggu resEj_ or o'9l-jr9gg9tlor,

The La.bor used for machinery repair (taUte fiW) ínclud.ed a3.i.

Labor spent on repair rruork during the entíre crop sosson apart from

that already accounted. for 1n specific operations of maehines ei.ther

duríng the seedíng or harvesting ses.sono It Íncluded repair sork on

machínery during periods sther than the se@sôns v¿hen machi-:aes were in-

lrfolReferoace to Table xu page 39, will shovr that the half-section,
- three*gua.rter seetio¡¡ and one section group of farms hed an average

size of weed sprcgrer of respectively JO"f ,28"6 and j1"f feeto
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v'ol.ved in either seeding or harvestÍng operations.

Mlseellaneous tasks of erop production íncLuded any taske whieh

eould uot be ctrassiflod ¡rnder any ¡erticuLar category but sÈ¡ieh were

ln eome løy nelated to the labor requirements of crop production. Tho

miseellaneous taske incl-uded such tasks as stone pickf.ng, s,preading

ma^Ttìlree hand pickíng of weedsn burníng old strav¡ plJ.es, ete*

TABLE rVT

Mavr-F,ours per Farm for ldaehínor¡r Repaår and Misae}raneous Tasks of

Cnop Produetíon by Såae of Farn

$ Seetíon S seetíon I Seetlon

Mechinery Repalr
æ*å..#
Average e&n-hours per farm

MíseeLLaneous Tasks
@rfarm

10x.0

25.2

LTl.3

2r'2

n55"0

38,9

It'r¡r¡.Ll be seen (tatle XVI) thÂt, averege hours per famr of mach-

inery repair insreased ae size of farm íncreased, This appears to be

a ].ogfcal tendency ae rnore machinery and a greater posslbi}ity of

breakdown would occur as farms lnereascd ia sizeo Ia the same tablo

Ít wiln be observed that the average ma.n-hours per farn of míseexl-

âneous tasks were ídentíeai. for both the half-sectíon and three-

querter slue groups but wlth a Larger n¡.mber of ¡¡en-bours por farm on

the one-sectÍon groupø

Ce The Effeet of MeohanÍsation on Labor Effi.clen 111 ProduetÍon

Tho pr.rrpose of this section is to analyze the ínfl.uene e of meche.n*
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åsation on labor effieieney in crop produetion. This rp¡i13. maín1y

i¡rvolrre showing bow an increase ín size of ¡nachinery y¡í11- cause a

reduction ln tbe labor inputs per aereo The size of maahinery used
\7/

here wfli. be expressed as ar¡ index of eggregate machinery síze"g
lbo main techniques wiLL be usod to analyze the effects of mechani¿ation

on Labor requirenentse the cross tabulatíon of fa¡ms aeeordl.ng to

aggregate sÍze of machinery end the raultÍp3.e regression enalysis,

1* t:eåg t*buletioP qng;lfÞåS_elJgþoq qsgglIe*gnts psr ,ac{g

þg-ry3s9q-¿-stuqjþIP"* 3*" -qtfetili* ¿ qq -tlgg "¡EJg
ggggggLtg*sl qg 9å megþIggr-)'

The speolfÍ-e obJecfive of thi"s seetion ís to group farns accordiieg

to aggregate síze of maehinory and then to determfne the labor lnputs

per acre withiu each group" This cross tabul.ar analysls of farms

grouped aceording to aggregate machínery size and labor inputs per

asre wÍlL be carrled out for both the seeding and the harvest seasonsn

The purpose of the ana}ysis wiLl be to shoru the dårect Lnfluence of

nechinery size on labor efficiene y"W

Wr9ee Chapter IVo Bage J¡Ja for the diseussion on the ealeulati.on of
this índex of aggregate maehinery size; aLso technical append.ix
p. 120,

g3/See Tables XfI, pege !O and XIIT' pagê 5e drere farms are strati,-
fied.on the basis of assessed acreage to determine Labor ínputs ¡rer
&.eFBo It was ox¡rected that labor inputs per acre would. decllne as
síze of farm was lncreased." This dfd. not appear to be the ease"
Tho three-quarter siøe group of fanns sho'wed a tendæ.ey for l_ess
labor requirements per acre than for the one soctiolx groupê This
resuLted boeause the three-quarter group had S.arger ¡raohinery than
the one seetion groupo The gror.çing of far¡ns aecordrng to assessed,
eoreage tended to obsours the influence of maehiaery size on labor
lnputs per aeree Stratifleation of farms accord.Íng to machinery size
wíLL reveaL the ínfluence of machinery sfze o¡t labsr inputs pêr acrae
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a. 3þe*_qggd+gg__ggg":gs It wilL be seen ( taUle XVII) that

tbe Labor requÍrm.ents por acre declined for every crcp elreept flax,

es eggregate size of machiaery uras ineroased, 1l:e case of flax i.s

not too representative as onl¡r a fe,tv farrners in the presont study

grew flaxu

ÎABLE X\TTT

Man-Iiours and Tractor Hours per Á.cre for the Seediag Seasou TÍtren Farms

aro Gnouped Aecordång to å.ggregate Machinery SÍze

Aggregato Machinery Size
6>*gç 96-LÐ5 Lo6-L¡¡5

Wheat
ãïffiãge man-hours per eero 1*X5 I"0l+
Average tractor hours per aoro "86 "80

Igqrqu
Average man-hours per a.ore L"5, Lrlp
Average tractor hours per acre 1ø20 .86

Oats
ffiage ma¡x-hours per acre Lr56 l*I9
Average tnaotor hours per acre L120 ,91

Ftrax
ffiage me¿r-hours por acre l"TB Lo2l.
.Average traotor hours per acre Lr\3 lo0l

.92
"70

1"On

"76

1"05
o85

L,52
L"06

By grouping the far¡rs aecordÍng to aggregate size of machinery

åt rffiil3. be seæ that size of machinery did exert eonsiderabLe lnfl.uenee

oa the trabor requiræ.ents per acre dr.¡níng the seeding seasone

b" The harvest season¡ It wiltr be noted. (fatte ICruII) thet

for every orop there was a conslstø'rt tendency for tractor hours per

acre to d.eolfno as Eggregate size of machlnery les íncreased. "W Oo

$conpars these results rnitå the resuLts shoirn in Tabre NrrÏe page !p,



the other hand @n-hor:rs per acre for bar}ey a¿d oats

in the group havÍng sn åirdex rango of 86 to l1l, The

()åo

appeared hlghest

aggregate maeh-

1-uery sïze ind.ex dÍd not reflect this situatíon because the lnCex is
on/

cal"cuLated on the basis of traetor hours per aereo= The higher man

ÎÂBLE r\ruIl

Me"Tx-Hours and Ïbactor Hours per Acre for the llarvest Season when Famns
/^ \

are Grouped. -ê,ccord.Íng to Á,ggregate Machi.:aery Size\o/

@,eé+æ_.éææ--------_æ+-*--_ 
Æ

"{ggregate Machineny SÍze65-85 Bó-rr5 zt6*L6T

ffige man-hours per aere
Average traetor hours trÊr aere

Barley
Average man-hours per ecre
Àverage tractcr hours por acre

Oats
ãffrage man-hours por acre
.{verage baetor hours per aere

FLax
ffiage mÊn-hours per acre
,Averago traetor hours per aore

L,T6

L"75
.90

2"38

"gl

LrÐ
"7O

3.'.,+5

uTJ+

t-11

"90

2"5I
'83

"92
"57

1"2-f,
AA

1 ìr

u6ê

1"58
,68

"65
"31+

(a) ffre group li.nits for aggregate macìrfnery size for each of the throe
grouPs of f,arrns of thls table do not coincÍd.e with the group linits
set out in Table trrrr. This resufted from havÍng to arbitrårily
manipulate the grouP linits in order to secure enougþ fa¡:ns rothín
eaeh group for purposes of comparíson between the groups,

rrhere the l.argest sÍue group of far"ns showed greater Labor inputs per
acre than the niddle síze group of farns, lbis was the result of theniddle sf-ze group of far,ns, haviag larger machines on the everage" Tlhen
farms are grouped aecordíng to aggregate size of machinery (fatfe ïyIII)there Ís a tendency for LabÐr lerputs per e-cre to decrea"""*" aggregate
maehinery sl-ze is increased.

etlSee teehnicaL appendix for the calculatio¡r of the aggregate maehine
- size index*
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hours per acre for bar}ey and oat harvesting in the middle síze

group Ís explained for the nost part by the greater amou:rt of har-

vestíng d.one by tire tradltÍonaL nethod of binder, stooking end threshlng

machine" CloseLy assocÍated with this method of harvesting is the need

for more tíme on repair and maintenance of machinerye greater handling

of grain as comtrBred to the combine method wirlsh often dumps grain

direetly Ínto granaries or Ìïaiting trucks. Frequentls too" wrcrking

effÍeiency per maa Ín a threshing cren' is lolver as compared to the

one or two man erew of the cornbÍne method of harvoeting" Large creqrs

of men dsnand greater organizatíon of rcrk if eaoh man i.s to work at

maxåmtmi efficåeeey' For exampXe a brealsdovæ: of, the threshíng machfno

often deoe._lns not onLy the rsonk of one man but often the whole cp@wø

ft is to be observed. (faU1e XIffII) that the traetor hours aird

msa-hours por aere for vÈreatu barley and oats díd not vary from one

another very signÍfieantly" Frax however, showed conslderabLy Less

tractor hours and maa-hours per aere than for any of the other cropso

The major influence here was the faet that flax was generally straight

ccnrbined v¡hile the othsr erops required swathing before the combine

harve stiug operations,

D" 4pplica!þqgf "Multipi"e 
Regression A+alysis in lg'berninatio:L gf

the Effeot of Síze of Maehine a¡rd siae of Farrn on Ïebor

nffig_lgeg[

The ob jeotÍve of nultiptr"e regressfon

íeolate and measure the Ínfluence of each

varíable faotors on a deÞendent variable

analysis is to ldentlfy,

of two or more independent

faetor" The multi.ple regressÍo¡a
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enalysís was a&pted Ín this study to act as supÞlementary analysls

to the eross tabulatíon aaalysis of the influence of si ze of machin*

ery and size of fann on laboy efflcíency ín crop productíoa. the

muLtipl.e regression eguatíon will give a p3.ane of best fit to the

prevailing labor Ínputs per acre as the size of machfne and síze of

farn are varied" the nultiple regression equation points out the

trend in the data and wíLL allow one to predict fairly rellably, de-

pend:ing of course on the dogree of correlation between the variates,

the Labor 3.nput per acre given certain informatioÌl ou machinery size

and size of farm,

WhÍLs the ¡rresent stud.y mekes use of cross tabulation analysís

in detemiÍniag t'he relationshíp betr,¡een Labor inputs per e.cre and the

sÍze of machåne and síze af fannu 1t was felt that this technÍque of
anaLysis mas not sufficieut by itseXf. Cross tabulation aaalysls ís

slnpLe and. easyu as it is based upon arithnetie averages of the various

sub-groups or stratÍflcations but it offers tlo rÞasurement as to how

cS.csely the factors being studied are correlated, Furthernoreu the

ercss tabulation method of anaLysís cannot el.imlnate the causal re*

lationship whlah night exist between size of far¡n and size of nachinory

usedn For example in stratifying by size of farn to d.etermine Labor

ínputs per aeree there is no raray of determinÍng how much of the varí-
atf on in labor inputs is dr¿e to sløe of maehin ""?!

!g/no* a moro teehnieal. diseussion on this ¡nothod of analysis see:
Hopkin J*.Â.e nMuLtivaríate Analysís of Fbrm and. Ranch Managenent
Datarr, {o-9ggl gå &tfg ggg4gg}gÞ Tüov. Proceed.ings, 191+9 pp, to7l+.
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In viev¡ of the lí:nitationg of cross tabuLation in the ejxaLysis

of the reLationshlp between labor inputs and síze of farm ând d.ze ot

msehlne it ¡¡,as decided to adopt the teehníque of nr.eltipl-e regresslou

analysÍs" The purpose rmdorl.ying the adoption of this teohntque was

to be ablo to show more dÍrectly and more conoi.sely the substÍtutionary

rel.ationship botween labor and maahinery in crop production. n6r1tipLe

regression enalysís røIlL aIlow one to seperate out the Ínfl.uence of

sfse of machinery from the ínfluence of sizo of farm on l-abor inputs

in crop productiou' It will aLso measurs the degree of correlation

between the three faetors studfed. as we}l" as to establish the stand.ard

error of estimate which measures the reliabilíty of the results obtrd.ån-

ed"

L e 4gplåg*ljg. o"{ggÅ1åg}" tgerguio"j+*yu.u_g_tge qelL'å

!þe--qseg¡ss-ggeeeg

In this study the dependent varíate Y represented labor íaput per

âcrÊo Size of machinery and slzo of fazm r¡¡ere reprosented by X1 and.

X2 respectiveLy. Size of machínery on the individuaL farm ís expressed

as the aggrogate maohÍne sj.ze index as establlshed. in the foregoíng
ccf

seetlonu- Síze of farrr is expressed in terms of totel improved aer6s

on the indlviil¿ral. far:n" Iø.bor inputs pÊr acre represented the labor

directLy engaged in operating the nachinory"ä/

ZUSee Chapter IV, page /f4,

4fulT]nis labor Ís equivalent to tractor hor.¡rs per acreo It does not
include a.ny Labor classifíed as haad labor" The hand labor was
elimiaated from the multiple regffiiõffialysís beoauso it ís not
a direot function of size of maehíne.
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T.&BLE 1(D(

sr.rmery Data from the tr[ultiple Regression Ánalysis for the seedf.ng

Seaso¡r

Mu.ltlpL e Rog*le € s :lga Eqr¡ation_s

Y @ 2"5672 - "015rX1 - ø00002x2

by1"2* -'AL|t ry2@-,2J-l+6

byz"L * *'oooo2 Rif*xa s *6JdP

u3.A e å .h?J+6 rts1.2 z-'WTh

r$l ã - "5236 rg2"l. ã-"0!2

T-Test for the Partiai. ConreLe,tion Coeffi_cientsc

(u) t value for *¡,1*a ä å l+,tg*u(a)

(b) 'i; val,ue ,o" rrr"r. = g o.¿:.O¿t

Standard Errcr of Estfmatea

s" l, J.2 s * "2OJ+

Çj/" Fiducie"I LÍmits¡
1¿3ô

å 'sY"J-2

ieee Y 
3 .l'OU

,"¡ tlor¡ (d"r. e 59) s p,66

t/^q\ (d*f, s 59) s 2,00\vJ I

This ree:es that the T*test shows ryi^p as being highly sigriflcent
beyond Èhe one per cent LeveL, ---

Notes Y tractor hour inputs per acre
X' - agsnegate machinery size índex
T.p - síze of farr:r expressed as improved acres
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&,e JptSl¿qgçalloë_gf* "!þe" *S¡Éjg

(i) Itrg-eUl_tåple-S9."ule!1eg "q-"åSgig!!¡ rhe sÍmp1e

correlation coeffieient r12 lndícates a posftlve eorrelation of

+ "lr7h6 bebn'een sise of maehiner¡z and size of farn' Whlle the r12

coeffl-cíent lndicatos a relationship betv,reen machine sl¿e a.nd size

of farur, tÌ:e nagnitucle of the coeffiofent {mplíes that a considerable

a.nount of the variation in machinery size ís not explained by variation

ín sÍze of farn (an rte coeffícient of S I would indicate perfect

correlatfon)" Thls coneLusion seems supported by the cross tabular

ana-lysis carried out in a preceding seetion on machinery d.istribu-tfon

by size of farm" The eross tabular analysís by slze of farm and size

of machinory su-ggested consÍderabl"e variatioa i¿ si ze of machiner¡r i¡¡

any given farnn size groupo Some maohines appeared to incroase in size

as farrn size was ínoreased whil.e other machines showed a negative

tendency to decrease in size as fann size increa "ua.N
The simple correLation coefficient rU1 showed a nogatLve corre-

latíon of -"5216 between aggregate size of machinery and labor lnputs

p€r âcreø It suggests that as sÍze of machine Ínoreased there ïvas &

tendency fon labor lnputs per acre to decrease" This tendency points

out quite well the substitutÍonary reLationshíp be#een labor and.

machinery in crop production' It will be noted in the cross tabulation

analysis of labor inputs per acre when farms are stratífied according

to aggregato síze of machinery that labor inputs deelfne as aggregate

2p/ See Table Ía pese 59 fox the croBs tabular analysis of far:nr size
and si ze of machlnery, "
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Þ4f
sÍzo of machinery increases":l/ 1¡e simple correletion coeffícimt

ry1 adds to the validåty of the eross tabular analysis' í"e' the

negatire corrol,ation between machinery síze and labor reguírementsu

The degree of correlation between size of farm and labor inputs

per acre was indicatod by rr2 with a value of *,2U+6n Ïhls shows that

as size of famr is increased lebor iaputs per acre tezÍd. to decreaso.

The correl-atÍon between farm sízo and labor Ínputs per acre is loyrer

than the correlatÍon between size of machinery end labor lnputs per

&Of9ø

The ovorai.l" nultíple comelation coefficíent Ry"l_A with a vaLue

of -"JZ)p, indicates the conrbined effects of maohineny si-ze and farm

sÍze on labor inputs per &crêo As farm and machinery size are increased

labor lnputs per acre r¡rill tend to decrease" Because R'y"la ls oni.y

slighti.y larger than ryl - a'Ìrnost as good a Job of estinatlng can be

done wíth rnachine size alone as the lndependent varlate" Size of im-

proved acreage as a measursment of fama size sesns t¡ contribute littte

informati on"?ff

(íf ) I¿rj'i-aL_cgrlel"gtigl aqalysis¡ The partiaL correl-

ation eoefficie*t oyl"A is an estimate of the eorrelatlon betio¡een Y

and X, fn a population drose members al-1" have the same X2. The pe"rtfal.
I

eorreLs.tiori coefficient iadth a vaLuo ot -"1{7b ís shown to be hig}r}y

g/lSee TabLe XVII' page 6O for the eross tabulatíon arna.Lysis of labor
íaputs per aere as aggregate size of machinery is increased.

26/fox implications of thls conclusíon sees Snedeeor Geo.W" xstatisticaL* 
þrÞ¿¡u Tho rovm. state co}loge presso ^ames, rowa, rgla" rpî*3[B"**
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sigaifieant v&ren the T-test ís appl-ied, lhis suggests that thsre is

a signifícant negative eorrelatÍon betrn'een labor inputs per acre and

sfae of maehlnery when the size of farms remalns constant" 0n the

other hand, the pertial correlation coefficient rSrpø1. with a valu.e of

-"O52 estimates the negatíve correlation between labor inputs per acre

aad size of fa¡u when machínery size is beld constant" I{hen t}re

T-test ues applíed to ry2,l it showed no signÍficant relationship

between farm size errd labsn inputs p€f, &Grêo

(iii) ËEncl3l$ e:åoryf ggtÍrng-te¡ Tne muttipS.e regression

equation Ls usod to estinate a theoretical- value of Y for given vaS.ues

of X1 and' þ" In other word.s with this equation a theoretical vaLue

for labor inputs per acre ean be establfshed. with given values for
size of machinery used and slze of farm" If the relationship (i"e" the

nuLtip3.e correl-ation coeffLcient) ís not perfeot the actual. values of

I'abor inpr.rts wí11 not coincide with the thooretioaJ. or estimated. valqEu,

beeause of the sca.tter or vari.ation about the regression ptrane, ff the

seatter is definítely measured the varfatLon may then be all-owed for
e&d a fange established within which a definite percentage of the val-

r¡es wilL fsll. The measure used for this purpose is the standard

error of estinate" Tt is a measure of the variation or scatter about

the regnession plane" The value establLshed in flris case for the

standard error of estimate was sy"12 = "p0J*r* From this restd.t one

can estabLlsh the flduoíaL LimÍts¡ í.e" the renge within whioh 9i wr
oent of the estin¡ates will fall and the probe.bi}ity of the oecurrencêo

rn the present case the 95 per cent fíducial- línits were T 4. "LpB*
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This means that for eny estimated vaLue of Y, there is the probab-

ility that ninety-five times out of a llrndred the true value of Y

wít1 fall withln the range Y +.h08,

b. Fitt:1lg*_!he- nuLtiple r egrelssiog eqrrati og_bo_:bhq gllÉs e

The ¡rultiple regression equa*ion derÍved above will be applied to the

data of the present study. The nultiple regression eguation takes

account of the effect of bot*r size of nachinery and size of farn on

Labor inputs par âereo Uno",ulrur" only the relationship between

aggregate size of machinery and Labor ínputs per acre v¡Íll be shor¡m.

hereu This u¡ilL be accomplÍshed by holdíng the variabLe for sÍ ze af

farm at a eonsta¡.t val-ue"

It rtill be observed (figure t) ttrat the tractor hours per acre

are pS.otted along the Y-e.xís of the diagram and aggregate machínery

size along the X-axis. Ebch point of the scatter diagram indicates

the average tractor hours IFr acre and the aggregato machlnery size

of an indlvidual fanm." The straight line shown in figrire I was der-

ived from the correspoad.Íng rnultiple regression eqr.ration for d.ata of

the seeding seasono

TUhiLe the scatter diagraun indlcates considerabLe variation about

the regrossion lÍne there appoars to be a general tendency for tractor

hours per acre to declÍne as aggregate machinery sízo is Í¡rcreased."

I{o deliberate attempt was made in the present stud,y to gather d.ata

Ut* must be emphasized. here again that labor inputs as used. in tho
nultlple regression analysis stands for tÌre emount of labor assoc-
iated with the actual operation of the fieLd machinery" lhis is
s¡monomous rvith tractor hours" ft rreans that the multiple regressf.on
equation takes no direct account of the labor descríbod as hand
labor in the present study,
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vhieb mlght havo expLained this variatíon about the regression

låne but ít 1s suggested that factors other than nachine síze had

a consíderabLe j-¡rfluence on tJre magnítude of tho traetor hours per

acr€ ivÌ crop productíon.

2" ApplicatiosÌ. of muLtipLe regression analysis to the data

g!_tk_!3ryq 
" 
ti"S_ Sg:P g

.A.s in the case of the seedlng seasonó the dependent variate Y

wÍll repnesent the labor Ínputs per e.orêo Aggregate size of maeh*

lnery and size of farm will be represented by X1 and X2 respectlvely.

Size of naehinery is measured in terms of the aggregate machi¡:.e síze

íudex and size of fam is expressed as totaL ímproved aeres on tho

individual. fa¡m. Labor inputs per eore represents the Labor directly

engaged in operatfng the machinery in the fieLd,
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TÅBLE ffi

sunmaary Datø from the Multiple Regression AnalysÍs f,or the Earuest

. Season

I\{uLtiple ReEres eion &uatÍons

Y e L"6Êt -,ooh8\ *,ooj.2x2

byl*a e *"ooh8 r}'a E -"62æ

by2"] = 
*.0012 Ry'"lA w*"lfL}

rIA*+"réX0 rVI*A**"58

ry1 s *"6510 ry2,l e -"5J+

T-Test for the Fartiai" Correle.tion 0oofficients:

(") t value too "rr,, = 
* j,l}**þ)

(U) t vaLue for rr¿,1 * È 5,02**

Staadard Error of Estímatea

sl.Xp e "XW

95 % Fiduogr¡_t+qits

Y = 2 sJf nc" eÅr-

í.e" Y t "ry|*

(*) tçor¡ (a"r" 59) þ 2"66

t(o5) (d"r* 59) æ 2'-oo

Thls means that the T-test show both ry1.2 and. r¡r2oX es both
being high}y signífieant beyond the one*iãr cent lðiel.

Noter Y * tractor hour inputs per acre
Ål- a.ggregato naohinery size index
X2- size of farm expressed as improved. acres
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E ø _Iegg.ersÞ!þe_9l_!I':_Is*t!"s
(*) l[lS1lelg*c.o::9lg-ti,og go gfgiolentJs The shnps-e

correlatlon coefficlent r12 with a value # .36L índtcates the rç-

Lationshíp botr'reen slze of machínery used and size of far¡ûu The

simple correlation coefficient s.ppears to reinforce the results es-

tablished by the ûross tabulation analysis of average size of harvest-
,F,/

íng machinery by siae of farrr'::/

The relationshÍp bot'ween size of machineny' r¡sed for harvesting

and labor inputs per acre was shown by the eorrelatíon coeffieient

ny1 wlth.a vaLue -'65L' This suggests that as size of maohinery uas

i-:acreased 'there was a tendency for labor lnputs per acre to deelins.

This again points out the substítr¡tionary relationshíp between labor

and machínery in crop prod.u-ction" The eross tabulation e.nalysis of

3.abor inputs per acre ud:en farms ara stratified according to aggregate

size of machinery appears to be supported by the results of the nultipLe

regression analysÍs shoun here on relationship betureen size of machinory

and labor inputs put *""u,3/

The simpl"e correlation ry2 (-"620) shows the reLatÍonship between

the slze of far:n and labor inputs p€r acreo Labor inputs per acre

à1füee TabLe lC, page 59 on the eross tabuLar anai-ysis of machinery size
î and. size of farrn" It will be noted frorn this table that f,,tre averege

size of combÍne and srether on the three-quarter size far:nrs axceeded
that on the one sectíon size farms"

SfSee Table XVITI' pege 61 for the results of the cross tabulatíon
anaJ.ysis of labor inputs per acre and size of machinery,
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declåned es the síze of farzn. fncrs&s@do The varue of *o620 for ry2

iadioates a rel-atívely greater correLation between sfze of farm and

labor lnputs per acre for the harvest data as compared to the seedfng

data' To explaln thfs reLatíve1y higher correlaÈ1on åt was ÌÌeeêssery

to seek out those factors assoeíated with síae of farms that wouLd.

appear to effect greater l"abor efffeÍency as size of farn íacreased,

It ¡øs suspoetod that the proportion of self-prope3.J.ed. eombines as

compared to tractor dra¡ør combines Íncreased as síze of farms íncreased"

Tabl"e fr(I wiLl show this to be actualLy the ease"

TÅBIE )ÐET

Díetributlon of T¡rpes of, Combi-nes by Size sf Farm

$ Soction f; Sãction I Sectlon
/" Noø % soø /"Ns"

Fttll type 108 * 128

5"11'-propeLLed. type 10r * 12t

The tendency for the sslf-propelJ.ed eombine to be assocfated

with inereasing size of fa¡rn wiIl help to erylain the high regression

relatfonohf.p between síze of farm and. Labor Ínputs IFr acre during the

harvest BeasoTlo The self-propellod. eornbine is moro adaptable to mal&

fields or flelde of irregu}ar ¡n.tterns, Its greater maaoeuverabilåty

es eompared to {-,}re tractor drar¡¡n type, pemits it to cover an acre ia

relatfvel-y less ti¡ne" The aggregate machinery size index does not

refl'osè the greater effeetivenoss of a seLf-propel}ed combino as cotrþ

paned. to a pui.l-typo eombine whsr both are of the same widthu Hence

35327225
6TBTj6v5

e
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sne of the reasons for the nrultiple regression analysis to reveal.

a hígh relationship botwoen size of far¡a and labor efficieneyr

Thare are good iadieations that there exists an assoefation

betseen siae of farm and size of field" That is, larger fields are

associated with larger farms' It ha.s boen established in other studies

that a maehíne operates more effectively on large fields as compared

to s¡raIler fields. Assr¡sring this conditioae it is logical to suspect

thon that the high relatioashÍp between size of farms and Labor inputs

per aere may be due ln part to the association of larger ffelds with

J.arger fanns, Eowever, thís ís only a conjecture a,s no data was

gathered. on fiei-d. sÍze in the present study,

The overaf 1 nultípÌ"e correlation coefficient R;r"IZ þ"TTI)

indicates the conbined effects of machinery size and farm size on

Labor inputs per &cre" fhe nultiple correlation coefficient ryutt is

considerably higher than either of the other tlm simplo correlation

coefficients ry1 and ry2 so neither one of the ]atter tro coeffÍcients

r,vill estínate by themselves, the a¡nount of fabor requirements per acf,oa

Estirnation of Labor .lnputs must be based on the corrbined effects of

both machine size and fa¡:n size.

(i.í) p.alLigr corlglgElgqJLaaly:.i.1¡ TLre partlat eorreL-

atíon coefficlent rlX"2 wit"h a val-ue of -"lB shows the negative eorrel-

atåon bet'sveen aggregate sizs of machinery and labor inputs per aere

ælren síze of farm ls heLd coustant" It can further be concluded fron

this result thaÈ the constant si ze of farm did. not exert any extreme

infLuence on the operating effectivenoss of a machine which varied in
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såuo" rhis appears to be corroborated by the magnitudo of the

si-mpLe eorrelation coefflcíent tfe ( + .76i-) between síze of far:n

and. sÍce of maehinery" In other rryords there appears to exist a

fair d.egree of flexibillty betwoen size of fa¡:n and size oî maehinery;

varying sizes of machfnery can be applied to a constant size of farm

with onLy a mod.erately expected change in ttrre technicaL input-output

ratlo between inereases in r¡urchíne width and amount of acres that

can be handled. per hour" the partiaL correlatiou coeffieåøt ry2rl

wit*r ttre vaLue of *,51+ shows the magnitud.e of tho negative correlation

between size of faryn and l"abor inputs por &ere vÈren maehinery size ís

hoLd eonstant" The T-test for the partial oorrelation coeffÍcients

índicaÈes that both coeffioients are highly signlfÍcant. It ean be

concluded fron thís that both ryl"z aad ry2"1 show respectiveLy a

híghly significant correlatlon between size of machinery and labor

ínputs per acre and síze of farm aud labor inputs p€r &crao

(g¿:) ËltegSrd*errgr*oq--e-**inslg.r The sta¡xdard error

of estimate for reLiability of the pnedíctive vaLue of the multiple

regression equatfon u¡as sÏ.lp e S ,1H. The 95 per cent fiducial

llinits were determined as Y * "Ð)+, Thís means that for any estimated

vaLue of Y (i.e, l-abor inputs per aere) there is the probability that

95 per cent of the time the irue value of Y will fall wfthin the range

Y t "Ðb"
b, IijIig_.ÊS *ultipr". rfsr'ÊÊro" qg_þ_gb" ietå,

The multiple regression equation eorrespotlding to tlte data of th.e

harvest season 1s shorvn in the foru of a straight line in figure 2"
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Às in the ease of fitting the nl.l-Ltipi.e regression equation to the

deta of the seeding season,, only tho relatlonship between aggregate

maehinery size and. tractor hours per acre wil} be shown in tho figure'

Each poínt of the scatter diagrarn corresponds to the average tractor

hours per acr€ and. aggregate nachínery size of an indivlduaL farm'

The scatter díagram i-ndicates considerable variatÍon about the

regressíon line but as in the previous case there appeers to be a

general tendency for traetor hours Per aere to deellne as aggregate

rnachinery size is íncreasod" The variatlon of the polnts around the

regressíon LÍne indicates that other faetors than si ze of machinery

have considerabl"e influenee ort tractor hours per acr6o Howevero the

present study has not sufficient data to offer an explanatÍon for thls

varíation.

E" Variations in MachS-nery Síze and tabor Reqrrírements WÍthÍn a

Given Size of Fa::n

It wilL be the objectíve bere of sottlng out the variatíons that

oecur within a given size group of farms" It srill be shovm that labor

reguirements a.nd. rnachinery size not only vary for different sizes of

fanns but vary significantly within any given sise. The ímplications

of this situation point out the need for research not only on labor

efficieney as it varíes between different sízes of farms but for

íntra-farm-size variations" A further implícation of this lntra-far¡n-

size variation in labor effieiency is that much could be accomplished

in improvíng labor efficlency wíthout ehanging the sÍ ze of farrn unít.

The analysls wiLl set out the variations that occur during the
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seed.ing aad harvesting seasorrs for each of the half-sectioa fanns and.

for the *¡r"s-quarter section farms. Itro such analysie lres attenpted

for the one section group as ít was felt that the nruuber of far:ns rrÍdt*

in the group wero not sufficient to al low any r¡iarrantable conclusions

to be d.r&s¡o" Howeveru the conclusions arríved at for the ono-half and

three-ererter section síses should apply ån general to the one section

$roupo

?he farms withi.n tho ono-half seotloa group rvere stratifLed ånto
1ñ/

three sub*groups aceording to eggregete size of maehinerye"#rWithln eåeh

sub-group calculatíons srere nsde to deterníne tho avorage Labor reguire*

ments per acreo Ïn this way variations in machinery size and lo-bor

reguirements couLd be shorør for the one-half sectíon groupø fn a eim-

åIar way caLculations were mad.e to show the varíations that occur iil

labor requlrements a^nd machinery size for the three-quarter sec'l-,íon

size group of farms,

1" Variatíons on the half-section farns

The variatLons ía labor requiremeats per acre and aggregate sÍze

of rachinery for the half-section farms srere calculated separately for

the seeding season and for the harvesting sê&sono

&o Seeding s:glgn¡ The fa-rms in the half-seetion group were

stratlfied on the basis of aggregate size of machiaery into the three

respective sub-groupsr f,I to pOu 91 to p6 and )f to L22, Calcul-ations

were then made withín these three sub-groups for tho average rnan-hours

lgiffhe rsngo of the aggregate machinery size for each sub-group was
-- arbitrarily determlned" Thís was necessary because the entÍre

range of the aggregate maçhlnery slzes for both the oue-haLf aud
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a:ld tractor hours per acïe required for the seeding openatíons for

wheat, barley a;¡rd oats"

It r¡ill be noted itaUte gII) that the rníddle si.ze group had the

TÂBIE )O(TT

fufan-Holrys and Tractor Hours per Aere for the Seeding Season r¡ùren Farrns

TfithÍn the One*Half Section $íze are Grouped Aecording to Aggregate 6ize

of Machinery

"Aggregate Ldachinery Síz e
7L*9o 9r-96 gT-zez

f, Farms p Farms B Farms
ìlufleaE
*S.verage
Average
Average

Barley
JrYerage
Average
-{verage

Oats
Average man-hours Þer aore
Âverage tractor hours per acre L"r8
Average acres per farm ,V"hO

maehours per acre
tractor hours per aore
acres per farrr

man-h.o?¿rs per arre
tractor hours per acre
asres per farm

,97
,73

56")+a

I uog

"81"
39"5a

L,O7

"77
19'2O

1.10
rBL

,4"7o

2,O2
t "óh29.00

r.72

1.16
,90

50"20

I,1+0
1.10

ü1"00

Lø24
1,05

À.t.oo

highest mân-hour and tractor hour requirements for rryheat seed.ing oper-

atlons. ft suggests that some influence other than size of machinery

has eaused the híghest man and tracter hours in this groupo For both

the, three-quarter section farms were signifieantly different, Thiswtl]. expLaín why the aggregate r"eehinery' size range for the sub-groups
of the hai.f-section farnis do aot coincide with that of the three-cuarter
section farrns"
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barJ"ey and oats the man aud tractcr hour requ-írements per acre

dsclined as aggregato size of maohinery was increased" The most

stråkÍng thing sbout the results shown in this table ís tho range

of variations that oceurs for both machinery size and the labor re-

quirements within the half-sectíon group of fa¡:rs" fn barley seeding

operations for example, tho labor roquirements per acre vary from

2"02 hours to 1,O9 hours per acre@ In oat produetíon the renge of

variation fn labor reguÍrements is from L"/2 hours to l-"07 hours

per acree

bø Harvest s@asong the far¡rs v¡ere strattfíed on the basis

of aggrega'ce rnechinerlr siue into three sub-groupss 68 to 80e BI to 100

and. 101 to 1]0. Within each sub-group calculations r!-ere made for the

man and tractcr hour requirsnents per acreø

It appeared that traetor hows por ecre (tatLu ffiIfI) seemed to

decline as å.ggregate machinery síze increased with the exception of

the rnid.d.le sfze group (gt to L00) iu barley harvesting, There appeared

to be a tendenoy for the niddle size group to have more man-hours ¡rer

acre than either of the other two groups. No explanation couLd be

found for this situation" It does seem that some other factor than

size of nachinery had an influence on the variation in labor i-nputs

per &creø

The resuLts shom:r in this table indica.te considerable variation

in Labor requírenents per acre for harvestíng in the half-seetion group"

The range in nlieat was from I"17 man-hours per acre to 2,02 man-hoursS

for barley the range uas from 1"!L¡ to 2"11 ma¡r-hours per asrei and. for
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:¡"r: f:'c¡:l 1"'5! to 4*7J ne.t*hcrrg par ecr'?.. It is s';6gestecl 'i;hat

factors óther tha¡:nach'ìner.y s:rz: helped ca':se the range in l..abo:"

å::.nuits'oer åcreø

?JIBÏ,E K{III

ftlan-Tlours and Trac'tcr i{ours per.tie:"e for -bhe lla.::vest Season r¡,lr.en Fa-r"iss

Ïtli-t'irin the One-Ilalf Section Size are Gr"oupeC,,ecoi'Cíng to Aggr"egate Size

of MachÍne::rr

_ A63re5ate I'lachi:rer"y Si.:zc
ó8*3û 8t*t'Cû l.û3*13ú

å i !'å.:"rlß f Fa:i"ns J Fa::ms
T{nea-"*
arâFq -ê

A1TêT'''ì 1â

ùvavo æa

Barie;r
råireråge
Åvorr e o

htrarq co

Oats
¿werage
,4verage
Ât¡erage

rr,an*hours per acîe
#rc ^*,r* L^"-* ^^tJ.tr, u r.'-rr noul:s Der cìcr€
Ênrâq ¡on fqr-r¿

mân-hot-ì.:rs per aOre
i-na ¿#a¡ L^r".- ^ *^ul'ä.ç l,ul' i:() ui3 5 pei: a tre
acres per farrn

nan-hoÌLrs per acre
tractor hours per acre
qnFêe nar fqn.

1",óo
øt\)

J+8"i.O

2,1i-
nAø7v

4Y øaU

1n Ll
16"50

l6tJ<

,96
52,6*

2"47
1u û0

\6)+a

3"\5
*92

J-*.l í
.7tr

ûí )
5.8*50

¡ ,^|| ^'.1t I

"V5
47 ^'7ô

J o 5,-l-

eDY

4oo/U

2n V?liltio?s_ o¿r t\e tll_?e*quarter seetion_"far¡ns

As in the case of the half- section far:ns" the variations i¡r

l"abor requirements and aggregate size cf rnachj-nerv for the three*

qrtarter síze farms '¡Jer-e calcu-l-s.ted separately for the seed-i.ng seesoï3

and for the harvesi;inq seescn,

n"e Ss**ä-x3tg,
Tl:e ferrns in the three*quarl,er sectioi:r- Ëroup ï¡eÌ.e siratified on
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the basis of aggregate síze of machinery into tbe three sub-groupst

(Ð to 95, 96 to 110 ar¿d lli to 1Jla" .Average man and tractor hours

per âcre were then calcul-ated wit'hin these three sub-groupso

In every caue (Table ffiIV) lt vrilL be seen thet labor require-

ments and tractor hours per acre declfned as aggregate si ze of mach-

ínery was increased, Ihe results ests.bl,ished here" point out the

TABLE lüIV

Man-Hours and Tractor Ïiours per Acre for the Seeding Season v*len Farms

T!-lthln the Three-Gua.rter Section 51ze are Grouped According to Aggregate

Slse of Machinery

Aggregate Machlnery Síze
Ø*Ef 96*].10 lnx*l3lr

6 Farms X2 Far¡ss 6 Famas

Whea'b
Fffige man-hours per acre LulS 1rO2 .8h
Average tra-ctor hours per aere "Bj "81. *62
Average e.cres per farm @"70 98,90 lA0,Zo

æile¿
F-erage ma¡r-hotrrs per acre Lr50 "96 "96
^å.verage tractor hours Ber aere L"\t "75 "67Àverage &cres per fann h7"Ao 52"90 h6"9o

0ats
ÃffiFa.ge man*hours ÍEr acro 1*5lr L,jO 

"gOÅverage tractor hours per acre 1"15 1"06 
"73Average &cres per fann 59"80 51"90 51"rA

sÍgnf.fieant variatlon that occurs in the labor and tractor hours per

acre for seedirg operetions wi{;llin the three-quarter size group.

When comparisons are made between Table IIKII for the haLf-sectio¡r

group e.nd Table )O(TV for the three-quarter size group it appears that
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by far the greater variatíon in labor requirenrents per acre seemed.

to oecur withln the half-section group of farms"

b" Harvest sÊeÊoÞg

ïhe farms were divided. into three groups with the following

rauges for aggregate size of machinerye 71 to gou 9I to LLO and

Lil to LJ+O' Variations in labor requirenents durlag the harvest

sea,son for the three-querter size group of farrns were shov¡"-n by com*

paring the rezults of the throe sub-groups.

There appeared to be a tendency for the niddle síze group to

have the largest man and tractor hours por aæe (faUle ÐCV)" None

Î-EBLE lAçU

IÍan-Eours and. Tractor Hours per Acre f,or the Harsest Season v¡h.on Far:ns

witltin the Three-Quartor Sectåon SÍze are Groupod "åeeording to J.ggregate

Size of Machiaery

71-90
6 Farms

9L-L10 1L1-1¿¿0
T Farms L2 Farms

l{heat
ffiãge man-hours per acre
Average tractor hours per acre
Average acres per farrn

Barley
ffife ns¡r-hours per acre
Averago tractor hours per aere
Average aeres per famr

Oats
ffirage mÞre-hours per aere
Average tractor hours per acre
Average acres per farm

L'N
"77

111u ]o

1"trJ-+

,VP
55.34

2*Ll+

" 
81"

hg,To

1"66
*79

82,jO

L,g2

"96
53"ao

L.96
,9O

55.70

L"22
øo2

95"70

L"1'
*6h

55,34

L*57

"Vo
5h,60



cf, -i:h"e a:¡ai_lable dat,a seerned- to sugSest at'r:\¡ eliplo,natir:n forbhis

situ.afion, llo'lvever. it can be concl-u.deci tha'1" othe:' factors h.ad rnore

of an influ.ence than size of machi-nery in causin6 variations in the

l"abor requirements per acre in the three*quai:ter" si-ze Arou.p of farns*

There appears to 'be a- considere,bl ,: rangtr cÍ variatj,on in nan

and tractcr hour requirønent,s per ecre" In uheat harvesting opereiti"ons

the rarrge of variaticn ín 1a'nor inpu.ts per acre varied ÍY"oin 1'22 to

l-oó6 hou.rs per acre! in ba.rley harvesting from 1.!-J to 1"Ç2 hr:urs tler"

a.arei ancl 'ìn oat harvesting fro-n f "57 to 2"J-l+ hou-rs Ðer â.cl:e6

1" !:rgtr{,
It has bee:r shci"¡n'¿ha-i; there is a significar.'L l'ange cf Eariations

irl labor inputs Fer acre'¡n-thin any given size cf famrs* The'rar"iatÍon

he.s occurrr"ed for boih the seeding a-ncj- the harvesting seasons" Both the

haj"f-sectj-or¡ faz"ms and the three*quarter section grorrn evidenceC con"-

siCerabl.: :¡aríation in machj-nery size as neazureC by the aggregate

rna-chinery size index and in labor reqrrirernents oer arr€ó

It wilL be noted-bhat vuhile a significa.nt reLe-tionshi"p has been

entablid:ed be-t'ween Ia-bor inpu-ts pel.. acre and aggregate size of ¡rach*

åner3'u considerable unpredictabl-e variation occurs âs agËregate machine

size is varÍed* Thus it can be concluded that truhile machinerr¡ size is
.t--¡a --^.ì^*i-o¡* iff]U.enCe Off labor effi r'.icne1r- other r"orpr¿nln.ined faetOf S

hB.d some effect on the r;ariation in le^bo:" inpuis per ae::e fo¡l anv gi'rren

siae of farms.

ll^ .Siønjflioanco of Hand Labor in Cron Produ¿+-i-on"*ü-"* -

ft is quite of'ten belåeved that, labor efficieney in crop prodr¿ction
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ås a d-irect ftr.nction of machine effi.eiencv and hence, the oni¡'-

avenue oÞen to reducing labor inpu:t is ìry ir:creasing the operatlr.g

caçaeity or the effi.c;ienci¡ of the rnachin'e" f'L is diffi-cu"l-t to

beLieçe thai hand. labor shoulc be of any signi-ficance ín production

of wheat, a crop generally adapteC to areas ideally suj-teci to large
7'7/

scale mechanizatj.an,# According to estimates made i-n United ,States

for tbe nation as a whole, 2l per eeni of the totaL hours expended
42/

in 'nheat procluction 'Fiere directly attribu"table to hand labor"# ftrith

ån.creased mechanization and th:'ourh elirnination of hand i;asks whích

lend themsel"¿es to mechanicel onere'cions, ít is estinatecl that a re*

du.ction of i5 per cen* in hcr.nd 1a'tror of v'ineat production shou.ld lce

nossible bet¡reen 1!J-1[ anC L95)-t"

Hand labor as defined in tlLis stuciy includes aLl la.bor involved

in crop production apart fro¡r th.e actual operation of the field machine.

This inclu-des labor inv<¡l-r,"ed in repairing and serr''icíng machiner$, stone

picking, cleanin,g seed.u stooking, forking sheaves uilren the threshing
47, /

machi.ne is used, grain haadlingre stacking sheaves, repâiring gra-naries

JL,&Ianå l-abor is defined in this study as any Labor involved. in crop* procÌuction a.part fi:on the actu-al operatíon of the field ms,chine.

j?iTlnís estimate for the Uníi;ed States is taken from; Cooper, M"R"g
Barton, G.T", and Brodelln A.P"n Progress of Farro i\'iecha.nízation,
lniscell * R:b1ic,¡io, ó50, U"S.D.A", Oct" Lil47. pp" 2B-JO*

44/GrA.] n ha.nd_1ínr" ir¡'l r",.larl ilro i¡on,âl ino nf rsa.ì¡. at ,r,he Cetr'l¡in+ nf./.// -''
thnesher and a,gain at the initial pla.ce of stora"6e" ltTo ctristinetion
l,ves made betv,'een gra.in hauled to a granary on the fam and that
hauled ùi-rectl3r to the tovqn eler¡ator"
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and any other unlque tasks eonneoted to crop production but whieh

Lnvol.v'ed hand Laborø

Durång Èhe seeding seasor3.e hand l-abor sonsbituted an¡nrhere from

U to 2f per cent of the totaL labor oxpendod on productÍon of dneat,

barle;øu oats and fi.ax (see fbble IOCW), There appeared to be no síg-

TABLE ÐIVT

Amount of Eand Labor Used in Crop Proùrctioa anel Peroentage Thís íe of

Tstql tabor ü-sed., by S"**oo*(*)

È Seetlon
Crop and Hand I-abE %
Seasoa Ers/aere Eand Lab*

f, SecÈåon
Iland Lab" %
Hxe/ac;xe Hand I'abu

3 Sectíon
Hand T,ab. %
Hrs/aere Hand Labo

Soeding
Season

Tfheat
Barley
Oats
FLax

Harvest
Season

ffi¿æËæ
l,YneaE

Barley
Oe.ts
FLax

htire
Crop
$eason

Wheat
Barley
Oats
FIax

.ffi
"3L
,32

"28

*75
3.Lã
1"1É
.35

L"99
2,bO
a,65
L.39

'6ho-6L
I *10

n36

L"77
i"o70
2":r.l+
L*5).+

,d+

"27,26
øèJ

*66
.TB

1,"J6
,h6

1n82
L""15
2njl
L*25

25
2]4
d+

L+6

5L
66
53.

5I+
h3
hg
l'l

23
é.it
2L
20

)47

1+5

58
i+o

15
l'1

5o
lF

42

*23

'25,26
u18

Ë.l¡,

27
23
LT

b6
55
6
37

3)+
)+5

5o
i,1

{a)nana labor ls expressod as a
per agree

pereentage of the totai. Labor inputs
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nifieant våriation in the pereentage of hand lebor either between

the varíous crops or bebøeen the diff,erent sizes of farms' Flax

if *nything, ínvoLved the least hand labor"

Hand labor ínvoLved a spectacularly largo percentage of the

total Labor d.uring the harvesting op€ration6" The propontion of hand

i.abor ín vùreat proåuetÍon mounted to just a little r¡nder half of t'he

totaL laborø Hand. Labor in barl"ey harvestiag operations renged from

i+5 p"* oent to 55 per cent of the t'otal labor. Ðats involved a sÍg-

nificant proportion of hand. labor ranging from lB tø 66 per eent of

the total labor" Flax showed somer¡rhat Less hand. labor, although tt

amor.rnted to Just a little over hal-f on the one seetlon farms" There

appeared to be no marked. rel"atíonshlp between size of fa:sn and the

proportion of hand labor iavolved i:r hervesting the dífferent cropsø

If there nas å,ny tendoney at aLL for the proportíon of hand Labor to

be related to size, lt night be suggested 1n the harvesting of fl"ax

rdnere the pereentage of hand. labor s.ppeared to increase as size of fann

increased"

The pereentago of hand labor in crop produotion for the entire

year ocrìrpied a posítÍon somevùrat nidway between that of tho seedíng

and harvesting oporations' Eand Labor ín wheat production for the

entÍre year renained fairly constant around. 3l+ to 35 per cent" Barley

productíon for the entår@ yeer involved anywhere from Àl to la$ pr

cent hand Labor' Flax production ínvolved a proportion of hand l-abor

qulte similar to that of barley. Oat production showed a significant

variation ån the proportion of hand labor for the entiro yea.re rangÍng
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fnom 2/ per cont o:l the three-querter síze tc around l0 pen oent on

the tgo sther síze groups" The relatlvely low lrereentage of hand

labsr Ín oat pnoô:ction on the three*grÐrter size farns may be æcpS.ained

in Large part by the greater use of combines'

Xu Slmifiea¡lee of the results

One of tre nost imporbant eoncluslons to be drawa from tbe resuLts

of the aaalysÍs on hand labor in crop pnoduction is tha.Ù crop prod.uc-

tiou ts by no means fully meehanfzed, While a part of the hand labor

could be el.Ímfnated. by greater deveLopment of mechanízatioa ín crop

productíon many tasks retrai-n r#åeh do not Lend thærselvos well. to

¡reehanicaL prgeesses @

Further mechanization coul-d oeeur especial ly ín the harvest s@e.ffiÌlø

Mueh harvesting ís still performed by the old method of binder, stsok-

lng and threshing machine" Combines in replaeing the tradLtional

mothods of harvestíng, couLd effect a considerabLe reduction in the

labor requ*irements per s.creo Staekíng of sheaves eould be mechanízod

eomevdrat more but this would show lÍttle reduction in ha¡.d labor re*

quirements, There are some tasks that eouLd. be rneeiranízed but whieh

would not be eeonomicsi" to the individual- fann operator" Fbr exenpJ"e"

many farmers hand pick mustard" lhe mustard is not thiek enough to

warrant the ¡mrcha.se of a meohanioal sprayer and. yet it is plcked

beoause lt would spread if left' Obher similar tasks zuch as sproad.*

ing maxrure and picking stones oouLd be more f\rIly meehanlzed but the

purehase of speciaLized machi¡.es for such tasks is not entirely justi-

fied. in a rnajority of cases"
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White meny tasks ånvoLved ín crop production are not adaptable

to mecha¡rJ.zation, these sa¡re tasks cotrld i:rvoLve less hand labor by

proper organf zatisn and by suitable vark*sinpLiffeation techaf.ques.

For exampLe, in refuellng tractorsu e,onsiderably less hand labor would

be ínvoLved Íf farmers ínstalled overhead fueL tanks' Låkewíse ín

hendLing grainu one could antícipate a considerabLe reductioa in hand.

labor if more portable grain loadors were used" Various other incf-

dentaL tasks sueh as repairfng granaries and maehines, while difficuLt

to mechanizeu vroul-d. requíre less lrand labor by the adogrtlon of better

værk-sinplff ieation teehnlqu u ",N

j]fFor a similar discussior seo¡ Starch E.A"e Farm Org,anizatíon as* 
å,ffeeted by Mechanisation, Dept. of Agricul-ti¡raL Econom5-cs,
Montana St¿te ColLege, Bullê No" ã/8u I93t* p" 45.
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APPLICATIOII aF Tlm RESULTS III FARlii MltltiS.GE¡'[ENT RESEARCIÌ

A" Çqet o { Pro4_t¿c-Ligry_ Fluq}q q. il-:3f_+t3_ Grgï'¡_+1}å

It wj.1L be the prr,rpose hero to shot''r horv input-ou-tpui data

such as that gathered in $re present study provides basic lnfor*

mation fcr studi-es ûn costs of production in gra-in grovuing" Physicai.

input-output data- are or:re of the primar"¡r neeCs in anl' resea-reh on

cffi.cient resource allocation in ero¡ nr"oduction"

Considerabl-e far¡i manaa:enent research ha.s been devoted to

studies orl the costs of production c,f dif ferent greins. r,Thile val"-

ue.ble contriÌ:utiorrs have been macle -bo knolvledge on prc'du-ction costs,

sone Limitation.s in the teehrriques emnloyed to determine the costs

mÊlr hâ rrninfarì n¿| . Tn mOst Stud.ies the particul.ar CoStS of the in-

dividual produ.ction factors håve not been segregated ou-t. The costs

of gra.in production a.re usually expressed as â-n aggrega-Le figure. This

ls the result of estimating ccsts of prcd.ucing ¿n1r given crop on the

t¡esls of the expense uùrich reroains a.s a residual" aft,er subtracting alJ-

other elrpenses not connected r¡¡ith the crop under study, The resioLual

exÌrense is attributed to the cost of producing the erop and while it

inclÍcates the aggregate cost ít does not however, allov¡ one to estimate

Èhe relative importance of the costs of ihe Índividu.al input factors"V

!¡/!n correspondence lui'çh Dr. c"c. spence of the Do¡rj-r-rion Economics
Division, University of Llberta, February 12, I95Z he statesc
rrThe method enptoyed v\ras to sort out th.e recorcls of farms fairly
nure for the',nheat type; and by assuming the costs of the minon
enterprise to be.lance out the revenue recei_ved therefrom, .we
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If costs are ellotated to the specifie lnput factors" ít is done

in most eâses oir somo arbitrary basisu Such results are extreenely

lir¡1ted. and ofteu mi.sleading" This í-nplíes the noed for data or¡. the

relative a¡nounts of labor, machinery and. land invol-ved in crop pro-

ductÍon" Because machinery in replacing labor in crop productíont

tends to be of a cost minimizing naturee Ít is necessary to have

ínfornatÍon on the substitutionary relationship which exists between

labor and machinery in erop production. Onee havíng atteined i¡rfor-

mation on such basie physieaL input-output d.ata the soLution to

effleient resouroe e.lLoeatÍon can be aehieved by applyd-ng appropríate

eost data"

Thís oost curve approach to analysls of csst of produetion. in

grain growing l-s weLl adapted. to studies on efficíent rosource useø

1t allows the determinatíon of efficient resource use both within a

given size of farm and. also on farms of variable slses, Changes in

the technology or variations in the factor-price reLationships of

grain production can bo read.ily evaluated through the use of the aost-

ourre analysis" This cost-curve techníque al.so alLows the segregatlon

of costs associated with changes in size of the farm from those eosts

associa.ted with varÍous combinatíons of labor and ¡aøhinery on a given

size of faru"

deducted that revenue from the totaL farm expenses and considered the
reaainder of the expenses to be attributabLe to the rdreat enterprise
€€êooe6c6ooe€oo**rEäwevern this method of approaeh is not the ole
v&rich we shouLd have useci had v¡e had the specific inputs of labor,
machineryu etco to relate to v¡heat production*rt
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Reference to figure , wfl1 åLlustrate how studies on efflclent

resource aLlocation Ín crop productíon depends on the cost-eurve

analysis" The cost surves desÍgnated as.AC1, "Â.C2 and AC5 ln flgure

] represent respectfveLy cost eurves for three lncreasing slzes of

farmsn Tho three respectíve short-run cost curves designate díffer-

ent sizes of farms eaoh with a part of their resources fixed or

invarlable as output ís varied, The long-run cost-curve on the other

hand, represæts mini-nr.m costs of production at var¡ripg seales of

sÍze'dren none of ttre resollrees ax'e fixed in nature as outpu-t Ís

inareased. ff a given farnr si¿e represented by cost*cu-rl'e AC1 ís

tsJcen to represent a farm on vshíeh the proportions of i-abor and maoh-

iner¡' are changed ln relatlon to e fixod o¡ranÈit)¡ of land, it may be

shervm how eosts of production ín grain grorulng ui13. vary as ouþut is

inereased. At first production costs wouLd decline to the point

i,ïhere ninimr.¡m costs of produetion wouLd be attaíned for that slze of

far:n¡ output beyond that point imuld. cause produetion costs to rí*e"il

IInder the assumptions of perfect competition the poiat of optímum

resouree allocation v¡ith the given facton-pries relationships u¡¡uLd

Z¡bor a technícal expla:ration of rohy everage tota.l costs at fírst
- decline end. then eventually began to rise seer Fellovrsu I"F"e

nÎhe $,pplícation of Static Economic Theory to trÞrn Management
P-roblemsrn Jcurnal of Farm Economícs, Ilov' Proceedings, Lp!0'
pp " 1 1 01 -l 1õ"ñ-Fe*sFatffiitmffifÏIinptr.t s ar e consi dered under
ts¡o headings of fíxed and variabl-e co sts in the short rumá e-veråge
tatal costs will decline rapídly at fírst as output increases
because fixed costs are being spread olrer nore units; then, after
reaching a low point, average unåt cost w-ill increase as a resul.t
of díninishing physical returns'rt
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be the point where rn-inimum costs of prodtiction are atta.ined on

the cost curv'e ACr" this is -the point tov¡ards vrhich input-output

research of crop pr"oduction should- guide the far-mer in his allo-

ca-tion of resou.rcose The physicaf input=or¡bput data such as tliat

gathered in the pre6ent study togeiher with additional inforraation

on costs of the labor, inachiner)¡ and land v¡ill enable cost of

;oroduetion studies tc deterrnine that position on the cost curve

ï¿lere each far¡rer vould be with his given organization of landn

la"bor and mach.inerl¡ø

The cc'si*curve enâlysis of Srain pi:odtì-ction ha.s utílity at

many levels" Tlre indir¡idu-ai" farmer" has a viia-l' interest in suçh a

stud¡r, It v¡ou-ld help hi-rn in seeking arr optinrrrrû coirbination of resources

in gra,ín production on his farm" It will al-lovr him to see hovú changes

in the alnounts of machinerv or labor used wífl affect the inccme

positÌ"ou of his farrn. The effect of changes in size of farm on costs

of production will" also be made evident to hin.

Far¡n manage'nent research is afso in need of su.ch an ans.l]¡sisç

Studies on the effects of technological char-rges on costs of grain

prcdu-ctione evalua-tion of the importance and significance of the

individual factors of nroduction in grein grovring are some of the

needs of f arm nÌanagement research"

The need for info¡'nratiotl orr costs of grain gro.,.ri-ng is al so il:r.

evidence at the nation¿r]- and internationa] levels of agricultural

policy. Produetion subsidies to be compatibl-e .¡¡'ith efficíent resouroe

allocation must be based on the farrnersr costs of grcwing gra.ino The
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International SIheat Agreenent vûrich sets a given price for v¡heat

to farmerse recogrlizes the irnportance of data on the costs of pro-

duction of dreat growing. Ooe writer uho had. nade a thorough and

conprehensive study on the possibi}ity of a:r InternationaL T{heat

Agreement as far back as the early I93Os I, recognïzed the urgent

neod and the difficulty of socuring information on the productÍon

costs of ,nlreat.il

B, 9_on**clign o_f an _Op imwn__"Size of F-ur:n yith_9i-yer +q¡ngunt¡_qf

l,LÞf_94 uuqþiq"oy-

fhe eapaeity for getting urork done wl"thín the ntmrber of days

preseribed by nature provídes s.Ì3 upper linit to the aoreage a farner

can properly take caro of suith a given le,bor foree"

With tlle given data on labor ínputs per aoree the ærount of lebor

availabLe and Leagth of time available within r¡ûrích the work must

be performed" one can ealculate the maxlnrrL nw.ber of acres that can

be handled" This section sd.ll show that with the given d.ata of this

study, the size of f,arm is determined pninarlly by that se&son drieh

Ls least efficient in the use of labor - ln this case the harvesting

soâso1l.ø

The labor inputs per acre required for seeding and for harvest

/Oe Eevesyu Paul-u Le Probleme Mondia} Du Bleu Librairj.e Felix Â}can,: Paris, 19JJ+ pp" 6l+-ó8. He states in one seetlonr rf1lno etud.e
approfondieu qui porterait s'ar ce problene" serait naturellement
necessaíre, sous le regíme de LçEetente International, pour fixer
un prlx mondíal satisfaisant du blenn
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were taken from the data of tho present stuay'&/1'1re amor¡nt of Labor

avaitable Ìñ'as assumed to be that actuaf.ly forrnd. on the farns (see

Table IV)" The length of time available for each of the seedíng

a.nd the harvest se&sons for this areae v¡as derlved from info¡:nation

fn the nonthÏ.y crop reports of the publications Bransh of the Manitoba
tr,f

Department of -4,gricu1ture.á The tíme period rnas based on monthly

roports for the years lghl to 195i. inelusive" It was found on the

everage that, the length of time between the beginning and the end

of the seeding arid harvest seasons was JB days and 52 days respect*

iveJ.y. It was asswned that on the averagê 25 days out of the JB days

vould be actuaJ-J-y availabLe for seeding opera.tions.

For the harvest season it was decíded tlnat 27 days would be

actually avaílabIe fon harv'estfng operations" Adverse weather eon*

dítlons will natural.ly prevent the fulL sesson from being available

for actual seeding and harvesting operations" For the purposes of,

calculatlng tho number of man-hor¿rs avaiLable, it was asswred that

a day urould consist of ten hor¡rs both for seeding a¡rd for harvest'

Accordinglyu (tatle )OCVÏI) the maximrsr E.eras that eoul-d be hand.Led

in the seeding season for the haLf-section, threç-guarter section and

one section farms u¡ere found. to be respectively 2$a aeres u 179 acres

and À81+ âcrêss In a similar manner it is show'n that the maximu"o nrmrber

Mm" i.abor inputs per acre were based on the average inputs for ldreat,
barl-eyu oats and flax" The aggregate figure for labor inputs per
acre refl-ects both the averago labor ínputs for oach crop and the
rela-tive importance of each crop as measured by relative aereagso

/Infonuation supplied by the Publications Branch of the ndanítoba De-
partment of ,{gríeulture, 191L"



98*

of eeres that coul"d be harrrested v¿ere X"@ acres , 272 acros end.

JOl acres respeetively as síze of farm rms Íncreased.

TABLE ffiVTT

Data Used in Calculation of Maximum Sfze of Faru for Each 'Season

$ Seetion S Sectíon I SectÍon

Actual days avaílable for seeding A5 25 25
Actual days available for harvesting n 27 {'l
Ma.n-equivaLent of av'ailabLe Labor

per farm Lø25 L,95 1" 82

l{an days of available labor for
seeding 3L 59 \6

Man days av'aiLable }abor for harvest 32 l+O ]+T

Man-hours per aere for seedíng n,2B L,AS "9j3{an hours per acre for harvesting L,Ø L-J+T L*jj
Mraxímr¡r acres that eouLd be handled

in the seeding season Z)4h 379 l+Bh
l{axlmr.m &cres that could. be handled

in the harvest se&son L@ ZTA 3AT
Actue.l &cres handled I57 ?:Og AtrB

¡-:
WÍth a given type of farm, organiuetion vhich prevailod. in the

area under study" a given labor forcs and a given ernount and kínd

of machinory" it can be noted that the rebor requirements of tho

harvest Beason determåne the nexímum síze of farmn It is to bs further

observed (tabte IOCVfI) that ín every ease the number of aeres actuatly

handled is belovr the maxinrum acres that could be handl-ed as deterrnined

by the harvest labor requirements"

There are several ways of overcoming the rinitations set by the

reLativeLy hígh labor requirements of the harvest season" The ínvest=
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onere"tiotls Ð11 ésent a nrohlenr nÊ vtthat is the best Combingtion of larrd

and equipment for the croo p::odu,cing unit. The tíme li¡litations are

the Least amendable of alL the factors setiine the u-pper limit to the

arrount of crop that can be handled" The risk of severe loss involved

mâkes it u-ndesiråble to extend an ooeration such as seeding or harvest

beyond certain critical time periods. Scme farmers can handle an

aoreage wel-J in ercess of the average by lirorking longer hours and

arso by working a grea.ter number of days. such a practíce in the case

of a wet or backwarC harvesting sea.son v,¡ou-Id subject su-ch farme¡"s to

trenendous losses*

fue cou.ld extend the nrunber of aeres that oould- be handled bv

Íncreasing the size and qua:ntJ-ty of equipmont" Hovieveru a- bala-nee

must be stru-ck betvueen keeping qu-antíty of equipment and consequently

the invesùnent o tn a minjmum and ;rsf, havir:.g enor,tgh equipment to !eep

up the tímeliness o-f the vrÐrko lr minimu-m investrnent Ís necessarv to

avoid a heavy burden of overheacl per acre and yet there must be sufficient

rnachinery'to avoid the penalt'ies rvhicll come from perforning the various

operations after the optimum time has pa.ssed* Some farmers in the present

study had enough equi.pment to enable them to expand their eroÐ acres

but it is desirabl-e in aïl area su.ch as Hamíota" which is chara.cterìzed.

by extremely variable weather condi.tionsn tha.t a reserve or an exees,g

capacity be mai-ntained - i.e" arr e:çcess machíne capacity in normal )reârs

br.it a" capaci'by whi-ch is futly uti-l-ized in seasons of ad*¡er.se weather*

Hired l-abor in addition to the total labor a.¡Ð,iL&ble on the fârms.
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måght sêrve to al-low an increase in the I'cres of crop that could be

hendl-ed. ín the harvest seasoll but sueh gains wouLd be small' Gener*

ally an ad.dltion of hired labor would- ætail an ínerease in the a¡nount

of machinory need.ed Íf the additional hired labor ís to be effectÍve3.y

used in the crop harvesting period because it is seldo¡r praotieal- to

d.epend o¡r working a eombine on' any other harvesting rnachine on a 2J-1

hour-a-day basls'

Custom servíces play a fairly important role in the maximtul

anorrnt of acres that ean be ha.ndled in a given period of time. $ome

farmers in the Hsniota area handled an aoreage tha-t wouLd represent

an excess in relatíon to their avaiLeble machinery and labon, by de-

pendíng on eustom services, Meny s.aal"L farmers ovned a combíne fon

example, vd:Ích was too largo for theír or¡sn farm but drich was used

part time on tJre farms of those vùro had a crop acree.ge whíeh they could

not handLe with thelr lE-bor and equipment alone"

It ca¡ be concluded from the results establlshed in this seetion

that the strategÍc factor influencing si¿e of farm is that of meeh-

anization in the harvest se&sollo Considerably more crop acres can be

handLed on these farms during the seeding season than in the harvest

períod" If síze of farrn is to be expandedo ít wiLi. depend heavÍ}¡r on

the ad.vances j:a meehanization of the harvest operatíoni." In earlier

tlnes å. r€ssonebly large acreage could be car"ed for in the harçrest seasou

by vírtue of the avaiLabil.Íty of migraiorye season&L Labor* In current

tå:nes with the high cost and. shortage of avaiLablo harvest labor, more

amd:nore dependence will be placed on mochanization of harvest oÞerations"
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methods of harvestingn alLovrÍng at the
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suqgEll¡gxn l'cR FumRe 6rqqIEL9,N flilE LY{ailrcs 0q LÀlgts AI{Ð

MAgqr$mL 4!!9ca1r!ûùlg_cRoP rygplEglg¡{

Beoause the present study rxas co¡fined to only one year, it

is unable to offer eny enrpirioal dêta for the aaalysls of ttre d¡rnruaio

situation of labor ancl mchinery allocatÍon reeulting from year to

year cbeagas which Jmpinge on crop production. üorevêr, the results

of tire ¡resent 6¡s-year stuily do offer suggestíons as a guide for

future stutlies of this sort. "A study on the dynanics of resorro€

allooation in erop productioa ¡¡¡¡st be based on ilata covering a series

of years. In thie w.y or¡e can properly ovaluate the effects of thoee

ohanges assoclated ¡yith a sucoesslo¡ of yearsi changes suoh aE vari-

atioas irr ¡veather from yaar to year, technologioal change s a¿cl aay

other phyeioal factors rùich are given for any one year but lùrlch

are subjeot to ehange from oae orop productíolr ¡nriod to another.

It Íill bo tire purlnee of thie sêctlon to sboriv hor the dyaantc

conditions rd:ich attend the oporations of a farm in orop productiou

give ríse to ooaditions of uucertainty which confront t'he far:n oper-

ator ln hls alealsion naklng. It w111 be pointed out ho'w coailLtlons

of ìü.certainty affect efficient r€aource allocatLou, with special

eltrphasís on alloeatlon of labor and machinory iû crop trroduction. It

çiII then be noted how a farm operator nay offset some of the disadvan-

ta.ges of uncerteintJrr by iacof,porating flexibility lnto the resource

structure of hls faræ.

å. Gøt,eral DisousÊion of R heertrinty

A dynanio sitqatlon ls one rdrere not only the relationships
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betv¡een eeosxonric variables are ohanging but the probabÍlity
L,f

distributlon of the relatíonshfps are elso changing"é This is to

say that ulxder such eireurllstances there is no perfect knoivledge or

foresight of future €v€âts" The future ís objectivoly r¡ndef{-nabt"'il

To achieve a clearer pioture of the signifÍcance of d¡rnaml-c

condítíonse one must study the entrepreneur wl:o ls faced with an

indEter¡nínete futuxe r*rm he makes declsíons and translates these

decisions into action wíthin his firm. Professor Kníght elects to

defÍne ttre effects of an uneertedn future in terms of risk and un-

certalnty to the entrepreneuru fie statesc ttThe praetical- difference

between the two categoríes, rísk and uncertaínty, is that j-n the

for¡ner tlre dÍstributioa of the outcome in a group of instaaces is

knowr (eÍther through eaLculation g p{_f-grl or from statistics of

part ex¡rerienee)u whÍX.e in tåe case of uneertainty this is not trueu

the reason beíng ln general that it is impossible to form a group of

lnstances, because the situation deaLt with is in a hÍgh degree
z/

uniquo,tr4 fn other r,ærds he d.efines risk as a measurable |tuncertaíntyrl

L/fax & mor€ exhaustíve treatment of dynamic theory in its rolatio¡s* to eeonomic analysis ín farm nsnagement seee Johnson G.Lne rrNeeded,

Developments in EconomÍe Theory as Á,pplÍed to Farrn Managementrrf
tlournal of Farm Economics, I[ov. Froceedings" IÇJO, pp" ll.hI and
1L51*H_56"

p/This mearis that no objectíve predictíon can be made of tho fr¡ture
oeeurrence of errents, based on haowledge of the past or of know-
led.ge of possibilities of the futurq,

YknfgW F"H,e Risku ûncerteinty and Profit, Reprínt from tondon* 
schooL of Ecoffimicsffiu 5th Ed", 191+0, p,Ê), 251,
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s¡1d ur1¿ertainty propere as &n unmeasurable one' It follows from

this that rísk situations conts.ill an actuarial base for reinoving

tho risk. (tfris is actually the ease in the operations of a life

iusura¡rce company)u For pt¡rposes of tho present st'udy, a¡.other

),/writerifhas convenlently refined this concept of rlsk and unter-

taånty" He notes that rj-sk and ìrncortainty may be due to the major

influence of change in market prices, technÍca} or teehnological

conditions" fu}y the technical and technologieal cosditíons are of
E,/

í¡rmedíate ooncern here"álFhen there ís a knowr probabillty distrl*

bution of tùre teehnical md techno}ogical changes which rsfLect itl

various production functions, ít is deserfbed as risk" Ïf there is

no knovm probabílity d.istrlbution of the changes in the production

functfon wirich rosult from techaical or technological changos, it ls

described as uncertainty" For purposes of illustrating changes ín

the prod.uction ft.rnction of grain production duo to techniael or tech-

nologloal reason,s, onLy the case of uncertaínty wtlI be treated hereu

B" Thg FSIrn FiI:m and gonditis¡ns o! Uqc-ertaÍ3tu

How does the entrepreneur act ín face of ccnditÍone of uneer-

tainty? He will e¡ntinue to meke deeisions aad to transLate these

ffTintner G",
- JournaL of

ftThe Theory of Production tnder Noa-static Conditionsen
Poi.ítical Economy, Oct. L9'Lr2 p. 6ì-16"

j/ttntaer descríbes teehnleal changes as due to the uncontrollable* influence of woathere errors eto., Ðd technologícal, as changes
in the pnoduetÍon firnetion of the firm resulting from innovations.
This definition wt11 be usod throughout the present section"
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deeísions into action within the firnr' His decísLons must be

A/
based on a subjective Y evaluatíon of an unceriain future" It

is perhaps obvious thai the function of prediotion on the toeh-

nological side of production itself inevitably devolves upon tkre

producerô In carryislg, on rational action he must attenrpt to an-

ticipate the results of any plan dlich ís conmrftted for operation"

$ny incroase in the time length of the productíon process will

corr€spondíngl¡r increase the uncertainty involved" Because of the

constsntly changing eonditions aüd the uncertainty which surrc,unds

the farm firr:, the farm itsslf rna¡r be regarded as a product of

d¡mamic eondition""ffThu static theory of the firre vrould see a farmer

operâting more ef,flcientty than is ususlly the case" It would Pre-

scribs larger farm units and. better methods of production" The statie

theory fails to take accotrnt of the conditions of u-ncertaínty which

confront the farm entrepreneur and vùrich leaves hím often reluctant

to follow out in practÍee all that the static theory would indicate'

A dyaamic theory is needed to erplein the impact of tech¡icaL and-

íÆíntner ibid"" describes subjective evaluation as the act of an* individ.ual in estimating the probability of the probabllities of
certain events taki-ng place ín the future"

7/tor a more complete discussíon on the theory of the farm fii:ui in* ít" reLation tã dyaanic conditions see3 Schultz, T.Tf" ttThoor¡t

of The Firm e:rd Farm Management Researehrr, Journal of Farm Economi-g5s

August L919" pp" 57O-586"
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e/
technologicaL uncertainty on the farm firm"*

c " -uSq:*ei.n!y 319*I-Ls*Le"ljitiql*i-p tq þÞgr- l+Ê YeclqÎl1"+-Ëfg

lp jss!*:5sgvs:r:å

It ï¡ill be sho-iwr here how both technícaL and technologíea1

changes affect the amount of labor and. mecha.nization in orop pro-

duction" The línes A, B and C represent produ-et contours" aL3. of

rqtrich are of eqtaal, value in terms of output and are expressed as

acres of erop produeød (figure l+)' In other vords alL lines (4,

B an¿ C) represæ,t the same saount of erop produced. q¡ith varying

a:nounts of labor and machiïrergo Any particula¡' lixre (produet contour)

rçfLeets the marginal ra-te of substítution of labor and machinery in

orop prorir¿ction" The higher the pro&rct contour t'he less su-perior

the teehnique of production. In the above diagram the best Prod*

r¡ction fi¡notior¡ is represented by product contour Á'.

In fígure I product contour B is a].lcwed to represent the pro-

du-ctíon function at any g iven time ín crop production. Product contor¡r

C represents the production function Ín crop produetion in any year

apart from the given ye&ro ft rises above contour B because of ad-

verse conditloas in crop produ-ction" T[et weather causlng delays and

e/Wiff ianse D"Bu, 'oÂpplication of Eeonomie Theory to Farm 3{anagement* 
Research,n JournaL of Farul Economics, Novu Proc" 1!1L* p. 105h
WilLíans stffiffi TliïäFU.îffi*frTrro attitude of the farmer
to-nard rlsk situations, md hís judgment of them, are both inportant
factors Ínfluencing not onl¡r ¡¡16 type of farning aclopted, but
aLso the pnoduction nethods used. and the willÍngness of the farmer
to approaãtt the Íntensive nargin envisaged in statíc economic analysis"rr
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sLoner operating speeds of machínery ln crop productfon wíll cause

the contour to rise, ,{n increased growbh of weeds in any ons year

wiLl- a1so cause the contour to rise" Produ"ct côntour A' represents

the production function in crop production in eny gíven year which

ås more favoreble than 1n the base yes.r represented by contour B"

TechnoLogical innovations will- almost invariably cause the product

contour to shift dorønward. and. to the left" the change over froø. the

threshfng machi:re to the eombine harvestor ís such an exarapLe. lhe

advent of weed. spray in crop production would also cause the product

contour to shift dowrxruard.

Whenever the product contour shifts upwards it mea¡.s that more

Labor and./or nore machinery i s requ.ired to care for the sane acreage

of crop, Conversely a shift dovm,mrd in the product contot¡r tn€islls

that less labor and/or machinery Ís regul-red for the se¡ne aereage of

cropo fn otherr¡ords technical and technological changes wil-1 cause

the product contours to shift one vray or the other" The famrer rep-

resented by pnoduct contow B Ín any given year is confronted iqÍth

rincertaint¡r in the ensuíng ¡rearso He cannot forecast the technical

or tech¡ologícal changes of the future and as â consequence cannot

enticipate t¿hich product oontour will represent his farm in the

fotr-lovring fleê.fso The praetical inplicatio¡rs of such a sítuation 1s

that labor and machinery requirements rsill- vary to a greeter or lesser

degree from year to year" ft means that if a farmer is operating at

an optímum ce-pacity in the year represented by contour B, that if in



109.

the foLlcvring year hfs production is represented by contour C,

there wil] be a strain on hís labor and machinery re6oül'0ê8o

h Ure other hanC if in one of the ensuing years the prod.uct

contour shifts to position .Ae the farmer who formerly operated at

an optÍmum with respect to hls fabor and machlnerye will now have

an elccess capacityu If the l-atter shift downward is due to a tech-

noLogical change, it wiLl be an irreverslble type of moveu and the

far"mer in question wíIl Ìrave eæ. excess of labor anð./or machinery

until he either increases hís size of farm or reduoes the quentity

of labor or machiner:¡ at his eonmand,"

It oe¿ reådÍly be seen why a statfc theory of analysis of the

farm fimr faiLs to reeognize ths irnFaet of unce.rtainty of the future

on tho farm entrepreneurq Tho static theory of anaLysis ¡rescribes

an optimwn positÍon for the fa¡:r¿ firm and rmould tend to calL anything

that d.evlated fþom this ideal, a condition of íneffiefency in resouree

allocation" The statÍc theory would advocate a size of farm that

wor¡Ld make maxímum use of labor 'and. machinery under normal condítions'

How does this apply to the farm entrepreneur who fs confronted with

an indetorrnfnate future - technical and teohnoLogical uneerta.inties?

Tho famrer has complete flexiblli$ ín the planning stage of his farmu

but once ho has conmitted. himself to fixed resou.rces hov¡ trrill he be

al¡l.e to adjust to teehnical- or teehnologieal" changes that oceur fro¡c

year to year? The farnrer l*ro is pl.anning to set up a orog-productíon

unlt must try to reconeile his present type of operatíon with changes

that måght accompany an unoertain future. His size of farmu ,a.nor¡nt
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machinery a::.d availabilíty of labor must be organized ss as to

least adversely affected if teehnical or technol-ogical changes

OGCÌIF o

D* l'ieasur-ej to -cgu3lergct- 1e_*_tLÍcj4_aqg_Teeþglosåc=âr =.unce{tqir-rtt

The prcbl-em is one of the optimum combination of size of farmn

labor and machinery in erop production under condítions of future

uncerteinty" The far¡r firrn Ís notorlously slow in its adaption to

technical or technological changes and as a consequence et:'y static

enalysis of the farm usualLy reveai.s a gap between the prevai}fng

type of organízation and that which appoars to be the opt5mum" To

facilåtate the speed with. which a ferm firm oa.n adapt itself to

technícal or teehnologlcaS- changes in crop production Ít is proposed

that greater flexi.bilíty ís needed in the resouree ínputs of the farm

unit.

A major portion of tho lnputs on a far¡n are of a fíxed. nature ía

the short ru¡r, the labor supp}y which is composed almost entiroly of

fanily l-abor is quite fnfLexi-ble. The size of fart is of a very rigÍd

nature in the short ru:r. Slnilarly the greater pø.rt o f machinery and

oquípment in crop production is general.ly quite invariabLe in the short

rltrtrs Aecordingly, the problem ís one of trying to insert some flex*
af

íbilÍEÉ of operation into a farm unít vdrose structure is charaeterízed

Vrfor the eonceptual background of the applicatlon of flexibiltty
- in farm resource aLLocatlon sees Heady, E"Ou rrllncertainty Ín

Market Relationships and Resource .A.l1ocatíon ia the Short Run",
Èglgt g{ Farm- Econom:!_sF_, May L}Jo" pp, 2)-ço-2i7,
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by these r!.gid$.tf es of resource lnputs.

In figure h it is show:r vàat adjustments in labor and mehinery

are reguired when technical or technological conditions ce.use a shifb

in the production function of the grain producing farm u:ait. For ex-

arapJ.e a shift in the product contour from position B to position C

demands an íncrease in either machinery or labor or both" If tåe amount

of machinery is f ixed. at çantiW MA then an increese of sT Ín Lebor

eupply is neeessary, If" on tJre other hand, the Labor supply is fixed

at ldO" ít will be necessary to increase machiner¡l supply by the æ,ourt

SF' Ïn the former case of labor, its supply might be expanded by the

oporator vrurking longer hours, by withdrawÍng labor from enterpríses

other than grain or by hiring addltional- labor" rf labor supply-is

fíxed then machinery suppry night be increased by custom hiring of

machÍnes or by purchasing ad.dítionaL machineryå fhe purchase of add.ít*

ional machinery ís hardly rvarranted if the shift in tf,re product eontour

is due to adverse weather which may happen only once out of every few

years o

Suppose the product contour shifts fron position B to position *{

(as a rezuLt of technological" innovatíons) it can be seen that Less

maehinery anffor Less labor ís need.ed for a given ou-tput of erop. rt
has been noted previously that a shift from prod.uct contour B to

product contour ,{. j-f due to teeh¡rolcgi.cal innovatíon, is generalry of

an irreversible ne.ture. This means that either exoess of rabor or

machinery or both must be elÍninated by increasing the size of farm

or by reducing the amount of the excess resource on hand"



Fi-ezåbi1íty in T"etr)uree use has l¡een advocated as a- mea-ns of

ecun-tei'acting u-nerpeote,l ehan6es 'uhet mi3ht occu¡" f:"ori:. year to year"

in the pro<iuctíon íi;nction of a grain farmo Tho idea is to alLolv

the fa-r¡n unit to accomrnodate itself to these chanres'r,vith the least

possible dela¡. and vr'i-th the feast amount of iclle tirne or loss of cropø

the arnount of fl e:<ibilíly that shoul],1 be Íncorporated into the resource

stru-cture of the farm f irn io¡i1] depend in la.rge paz.i; on the degree

of variability of the technical and teeltrol"ogical cha"n6es, that i¡i-

ni¡..a nn fÈa forlJarrsu L)rr r/rrri r á¿'In U-n] Ee

In other r'¡ords, the greater the de6z.ee oÍ va.riability, i;he

greater the necessary flexíbility in resou"rce use" For exarnpLe, Ð.

farm situated in an area of híghly vay"iabl.e vueather condítions wilL

certainly requíre a. greater degree of flexíbÍlity in_ its resouïce

stru.ctl:,re than a farn r¡ihich is si.tu-ated in an area of fairtv uni.fonn

weather conditions. The l-atter far:n would be u-tilizínr its labor

and equ-i.pnent at a more constant capacity than the former farmo The

grain farm in a region of highly variable weather rvLLl- be characterized

by a stra-in on its labor and nachinery in one yeâr a¡.d in another year

underused capa-city in the forro of underempl-oyed labor and idle r:nach-

inery" This sets up a challenge to the operator of this tyTe of far¡n"

ft must be so organized internally, trat in vears of adverse weathere

l.a.bor and equipment for graírr produ-ction ran be v,¡ithdra,¡rn from less

profitable enterprises a:rd in yea-rs of exceptionall3r goorl rn'eather,

po'bential-1;r idle rnachinery and labor can be eaployed in enterprises

vdrielr *a,n be easily e;rpa.ndedo
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The objectÍves of the present S"nquiry were eeeonpllshed. Labcr

inputs per e.cre were determined for the half-section, three-quarter

an¿ one section size farms fon the seeding seasonu harvest season end

the entire crop s€âsoIto The substÍtutíonary relationship beùween

labor and. ¡nechÍnery iTt crop production was established by stratffí-

eation of the farms accordirg to aggregate sJ ze of machinery and by

mul"tiple regression anal-ysis" Efficieney of labor use in crop pro-

d.uction was evaluated. betrn''een the various sízes of farms by acceptance

of a minirnwn of labor inputs per acre as the eriteríon of effíci un*y,U

In the d.eterrnination of labor inputs per acre for tlre different

sizes of far:ns d'arÍng the seeding season ít was found. that there w&s

a g€nera} tondency for labor i-nputs per acre to declíne as si ze of

fam. was increased tn alt cases exeept that of barley. It was found.

that the three-quartsr section group of farms had the least labor

inputs per acre for barley production" It was established. that this

was the result of the three-quarter group having on the averagee

Lerger cultlvetors end dlscs than the one section group and aLso

earrying out Less j"ntensive Freparatory work for the barley seeding

1rlA minínr-m of labor ínputs per ecre does not neeessarily inply
- eeonomic effieieney (i"e' minimu¡r production costs or maximrzn

net retu¡o") for the hígh overhead. of the large machinery may
offset the savings of labor accomplished by the use of the larger
machines" Howevern for tl:e purposes of this study a minimun of
labor ínputs per aÇre was set ìåp as the críterion of labor effí*-
iency"
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A comparisÐÐ. was made of the labor inputs per acre for the

harvest season for the throe sizes of farmsu Ït was obsarved that

the three*guarter siue group required generally, the least labor

inputs pêr &creo 1'his v¡as the resuLt of the g¡¡se*quarter group

having on the avoragee the l-argest sÍzo combines and sr,{atherse When

a comparison was mde between the labor inputs per acre for the diff-

erent cropÊ it was noted that rn?reat and. berlry generally required less

labor per acre for harvesting tllan in the case of oats" This sítuation

rezufted from the greater use of the bínder and. threshing maehine to

harvest oat6, the oat straïr boing used for animai. feed.

fre the deter:nination of labor inputs per acre for the entire

crop period aecou¡t was taken of the total labor aryended on orÕp

production for the entíre crop períod" Thís Labor ínc1udeC besides

the labor expended directly during the seeding and harvostingo all

Lahor ínvolved in zurunerfalLo'çv work, picklng end spraying weeds,

spres.ding manure, stone pickfng and any other tasks not direetLy

connocted with the seeding and harvestiag operations but rdrich were Ín

some way related to crop productÍon during the year" ït was found

tha'b genera3-ly the three*quarter group showed the least labor inputs

per acre for alL erops except barley, r}re neason for the threo-

guarter group having higher labor inputs per aerê for barley productíon

for the entire erop period as com¡nred to the one sootion group is

explained by the faet that a greater proportion of barLey in the

*1o"us-quarter grorep is sornn on sunmerfallow; tl:e summerfal. lo'rq¡ u¡:rk
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roquired considerable labor inputs p€r acrgo

The effeets of fncreased sizo of machinæy on labor inputs

per eere was determiaed, by t¡¡n methodsa (L) grouping farms aocordí:eg

to aggregate size of nachínery and determining the l-abor inputs per

acre withín each group (e) ¡y mul-tiple regression analysis' Boib

methods served to show that as sj-ze of machinery was Íncreased, Labor

inputs por acre tended to decline" thls resuL'b poínts out the sub-

stitutionary relationship which exists between Labor and machinery

in crop production, The ¡nu1tipJ.e regression analysís also shorued

thatu apart from síze of machinery, when size of farm was Íncreased,

labor inputs per aere tended to d.ecline, WhíIe none of the avai.Lable

da'la of thÍs stud.y could suggest specS"fic reasons for üre negÈtive

relationshíp beÈween slze of farm and labor inputs per ecr@e ít does

point out the neeC in f,urther studies of this kind for additioaal

data on factors associated with seaLe of faims which effeot greater

Labor efficiency as scale increases" Multiple regrossíon equatÍcus

were estabttshed so that one could pred.íet on the basis of the given

. .crop production practices of this area and with a cortain aggregate

size of machinery end a certain sÍze of fann, the l-abor input per aoro

for seeding and for harvesting" The standard error of estinate shows

the rei,iabilíty of such estimates"

Àn analysís 'B,ras carried out on the variations r¡¡hich occurred in

machinery size and labor requirements per acre withÍn a given size-

group of farrns" TLre results suggested considerable varíation in
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eggregete ma-chinery síze and ín labor inputs per aere for both the

half-sectÍon a.ad the three-quarter seetion groups of farms" The

significance of this marked variation is that labor efficiency varies

not only with a chaage ln size of farm but also within a given size-

group of farms" This implies thet eny measures directed at increas*

J.ng labor officieney in crop productlon muet not only consid.er ehange

in size of farrn but aleo practices r¡rlthin a gÍven size of farm"

Qae of the more stri-kín¿! aspeets of the present study was tho

analysis of hand labor J.n erop prorl.uction, It r¡¡as shorur that quite

a eonsíderable proportion of the totaL la.bor expended in erop produc-

tion was of the nature of labor erpended apart from the actual

operation of the fÍeLd machine, Seeding operations ínvolved e signif-

åeant er'ûo'drxt of hand labor, rangíng around 25 Wr eent of the tobal

Laboru Harvect operatlone involved a sr::rprísingly largo pereentage

of hand. laboru ranging anyr,ùrere fþon a low of h6 put cent for dreat

harvesting operations to a high of 66 per cent for oat harvesting.

.4. large peroentage of the ha¡rd labor in harvesting operatÍons lrÊs

due to the great nrsnber of farms stiLl using the binder" stooking

and the threshing machine to harvest part or all of tholr Gropo The

ræainder of the hand labor ínvoLved non-mechanized. tasks such as

repaíring end servicíng machineryu stone pielcÍ-ng, grain haadlíng,

repairing gnanaries ete" Thís suggests that a eonsiderable reductlon

in labor inputs can still occrlro Two major zuggestions are offered

as a method of bringing sbout this reducti-on" Many tasks ín crop

production can bo more firlly nechanized, There is considerable rooæ,
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for espansion in the use of combínes" mechanical graln-l-oadersø

and larger sizes of existing types of equipment, The tjme spent ín

tasks whích do not lend. thenseLves to mechanÍzation oan be redueed

significantJ-y by appropriate farm work simplífíeation techniques"

lhe present study has provirl.ed the physícal input-output data

whieh must be the major preroquísite to any econonÍc analysis of

efficíent resource allocation in crop production. the results es-

tablished apply only to eonditíons simllar to those under which this

stud.y was carried out - e eertaiu soil typ", given climatic condítíons

a¡rd a glven type of farm organization" ThÍs implies the need for

similar studies on other soål t¡rpes, díffering cl-inatic condi'bions

and varying ty¡les of farm organizetions'

Crop production stilL involves refatÍvely i-arge Labor requi.re-

moï!.tso MechanÍzation has played a. very ínrportant role in reduci.ng

labor requirøents but this study has revealed that stil] further

redueticns could occur on the farsrs of the Haruiota &reåo If these

farms are to maximlze theír returns ít ls imperative that more etten-

tion be devoted to ways of reducing the labor reguirements of crop

productíon while at the sa¡ne tíme mi:rimizång the hígh overhead of

machinery invesfuient"
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The aggregate machine size index rras designed for the purpose

of giving a comnon expression of size to the eggregate of machinery

d:ich exlsts on a¡ry given farm. This index was desigaed to refl"ect

both the sizo and relative Ímportance of each machíne used on the

farm. Comparisou.s can be made between farms of theír machinery used"

through the use of the aggregate maehine size åndex" fhe obJeetíve

of setting up this index was to allow facÍlíty iu the multíple reg*

ression analy'sÍs.

The eggregate rachine sise index as constructed here, does not

take aecou¡t of differonces that rnight oecltr from farm to ferm in the

frequeney of operation as performed by any given t¡rpe of maehine" It

uas decided. on the basis of the results established in Tabte KI, that

frequency of operatíon of the varíous machines d.íd. not vary signifí*

eantly over the sample of fa¡us studied" With this assunptiou j-t was

d'ecíded that the aggregate size of machÍnery v¡ould adequetely reflect

the rel"ationship between size of nachine a.nd labor inputs per acre in
crop produetlon.

X' {sta}lislrmentgl size*þ-?jìs _fqr qach type_gf -nachi_qg=

It was necessery to fÍnd some base síze against u¡?rich to relate

the various si-ses of any given tyne of machino. Âccordínglyu it was

decided that the SIereg:, ai*"u_ of each type of machÍne as ca,lcuLated

over the entíre sa,nple of .f,arms wouLd be used as the base size"
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TABLE KE\TÏTÏ

*.verage Size of the Various TJrpes of Machines as CaLeulated Over

the Ertire SampLe of Flarms

Plow
DriIl
Discs
Spr " looth
Cultivator

2"8 feet
6"6 feøt/^

¿¿ 60 .t'eer

12"ó feet

Cultivator
Packer
Rod lfi-eeder
Swather
Conbine

n0,J+ feet
12"6 feet
10,0 feet
11"5 feet
8*9 feet

Drag Harrows
0nern¡aJ¡

BÍnder
Df scer
Thresher

2lí"? feet
6oó feet
SoL feet

12ø2 feot
25"7 feeÈ

2, lgIgr*i¡r"tígl 9g iite' '9þIitlg*ê+p"ftee". 9å gry¡*939þi:9

fhe rel-ative i:aportanee of each m¿ehine used on a given farm

ws deterníned by asslgieÍng a weight to the n'aehino' The woight for

each maehine was calcul.ated by deternining the pereentage of tÍne the

machine was used a6 oompared to the total time used by aJ.L machines"

The resultíng pereentage number was used as the weight of rel"ative

í.mportance of that partieular machine.

5, 9e] sgl3F. gg--o J*'å"*'i*, g ÀqÊ-u-**9otigèy.eg s3gþi""

.&etual size of given mechine expressed in feet X wefght nu¡nber
Average size of t'Ìre same type of machine

J+" cal.ggþtln of .'!he ae_er:e439 jû-e_ inSeI

The calculation of the aggregate machinery size index merel"y

ínvolved the su¡mation of all the soparate machine indexos f,or the

gåven farme
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TABT"E ffiT]I

Aetual Example Used is Calculation of the Aggregate Machínery Size

fndex for an ïndÍvidual Farn for tha Seedínq &eason

ùia2ê
fype of of

0peration l,flachine Aeres

Pereentage of Time for
Man Tractor &.ch Operation
llrs, Hours ( ft ac.Ers, $ Tot*l îrac,Ers, )

Cultivat-
lon

ïfanrow
Sow
ûner¡qay

x15 r+3

17Ð 55+"108 3f+100 111.

BE

218
10!

J' t

,e
5o
24

l_CI0

L8*o
2¿þo
L}" 0
)+7 "a

Total d+È arz LAO& F"
4j:@d

Machíne Size Index

CuLti.vator I x
ffif+

ïIarrows 2L x
2l+67

Seeder 10 :rffi
Oneway J+ x

OøQ

a,)êv

î¿t'Jr".

9'3

29,5
wffi

for thls gÍven far:a s 72"0

a farm¡ruith an average sfze of

size lndex s XO0r0

JÕ

d'

11

l+7

Âggregate mehíne sizo lndex

Thls farm can be compared to

machinery whose aggregate machine

B, Cai.sulation of the Labor s üsed ln the Multipl_e Resreesion

The labor lnputs per Eere usecl in the multípLe regression ana1ysås

represents the Labor associated r¡¡ith the aetuaL operation of the maehine

1n ffoi-d r¡Ðrk* lhis is expressed Ín terms of trsctor hours as roported.

fn the present study' r:e time spent in actuar operation of seLf*

Ânalysis
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propel led. equipment such es the eombine-h.arsestor u&rieh was not

tractor dranm., was stiLl reptrted as tractor hours for purposes of

the Labor input ea1cu.Latíon.

The tabor assoeiated wí*h aetual operation of a fÍeld machine

(expressed. as tractor hours) was ehosen instead of the total man-hours

which íncluded not only actua.l operation but repaír, ma.íntenance and

TABLE XXX

Labor lr-puts per Âcne for the Seeding Season

lypo of Crop Acres So'""'m Total" Traeton Houre

Tfheat
Bar"Ì-e¿r
Ðats
Fl-ax

28
95
6B
21.

ZR

2\

1o

Total 108 /t -

=-Ë::
.Averago trastor hours per acre æ 

ffi 
s L.96

en{ other tasks LncidentaL to the operation of a mchine, because it

ropresented labor Ínputs which were a dÍrect functicn of the aggregate

si¿e of machiner&ru In that the rnultiple regression ane.lysis was adop-

.ted in thís study tc show the direct substitutionary relationship be-

twoen labor e.nd nechanization, it was felt that tractor hours rs.ther

thsn tctal man-hsutrs 1¡rÐuld more adequately represent the s'.ibstitrrtionary

reLationsh rn.V

I/talor inputs ln crop production apart from actual operation of the* 
machine are described elsewhere in thÍs report as hand Labor' See
page 80" This hand labor does not neoessaríly show a correletion
with aggregate síze of machinery"
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The figure 1,p6 represents the traetcr hours per acre for the

entÍre crop solm.r on the indivídual farm" A sinrrilar ea3"eulation rras

earríed. out on every fart, so that each farm t¡ou1d have a fígr;re for

everage tractor hours per acre for ttre entire cropo

D. 9elcura_tiog-€ Iþq l4ary:.eqqiIÊ1qg-t, lqt*49.

ono man-equívalent as defined in this study is egual to eight

rnonths of, male adult labor d.urlng the crcp production period, The

labor of women and. schoot ehildren (12-16 years of age) who partieí*

pated in -,,he crop productiou operations in any rlay was expressed ín

terns of the man-eEuivalent of labor. Both r¡romen and sehool chíldrsn

were arbitrarily assigned a labor valuee equivalent to one male a&;i"t

nonth" TFhile the transforrnation of Labor vras an arbítrary one, it was

based on observatåons of the sample of fanns studied dinring the su¡nmer"

It was generally obsørved that -vromen and. school-children did make a

valuable contribution to the farm labor picture during seasolls of hfgb

labor requirements but their contrj-l¡ution was conflned to the lighter

tasks anC was general--ly of a Li-nited duration.

E" Oalculations for Construction of the Optimwn 5tr¿s ef Farm

The labor inputs per acre used in constructfon of the optirnm eize

of far¡n were based on the total man-hours per &creo This included labor

ou the actual operation of the machíne a¿d in ad.ditj.on all labor des-

eribed elsev¡hene in this stu-dy as hand labor.

The amoun* of ava,ilabLe labor was taksr from the data as derined

ln TabLe lV" ft vø.s arbitraríly assumed that the nurober of hours worked

d.urÍng a day rculd be ten. 0f course in times of peak labor requírements
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the length of norkång da¡' ean be expand.ed especially durÍng the soeding

¡reriod, rn the harvest season the J.ength of effeetiv.e uorking d.ay is
qufte lí:nited due to the favorable eirewnsts.nces required. by the com1riae

harvestor. Iu general holvever, it is believod that the ten-hour workínE

day ís quite representative,

The length of the seeding a¡rd harvestfng see.sons in the Heniota

area rr,frÈs determined from data ín the monthly crop reports submÍtted
D/from that area to the Manitcba Dopartment of "{gricultu¡e,9 The dster-

mfnati'cn of length of season was based. o¿ data over the last ten yearse

Ld+L-LglJ_ inolusive" Oa-reful observation of the nonthly reports seemed

te índicate that only about one-hal.f of the respeetJ_ve seasons w&s

availabl-e for actual crop work. Ad.verse weather causes much delay in
crop operations, especial}y during the harvest season, Tyris r¡¡as very

evident dr-ring the harvest season ín the year of thís studyu

{ y: -information llas derived from the nonthly erop reports of the:Pubrlcatíons Braaoh, &ranitoba Dopt, of :Lgriäur-tureo
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WORK DONE
(Give size of machine used)

''ttitt':t:::

FOR THE WEËK ENPIhIC SATURDAY.

NAME OF PERSONS
doing any farm work

during the week.

OTHER WORK DONE




