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AGRICULTURAL MECHANIZATION — RESEARCH, DEVELOPMENT
AND PLANNING

Ghl]ll_.m Sarwar Sheikh*
ABSTRACT

Planniog related to sgricultursl machinery must not be eareied
out on the besis of speculations and interviews, Information
regarding the performance of equipment alongwith its economio
fassibility ia usually needed for developing an sppropriste mecha.
wizetion atrategy.  Further, the mechanization basis used by
developing countries may be mislesding for Pakistan. For
example; it was recommended hjr & worker from a friendly sountry
that Pakistan munst plan to achieve the lavel of power egual to
about 0,8 H.P. per hectare, Such & basis has not been fonnd

reliable in view of our agricultural conditiona, This paper suggests

& plan for incresaing tractor population and dircusses the suitabi.
lity of different tractors, tillage implementa, grain drjlls,trensplan-
tors, threshers mnd kervesting equipment, from the standpoint of
their technicsl performance and econamio feasihility.

INTRODUCTION

As esoh age progresses, it brings with it the momentum of koowledge
gaioed from the sdventuring of the mind and body,
epposition in the beginning,
their attitudes and thinking.

New idesa face bitter
since humen beings are basieslly conformist in

When stesm locomotive was invented, people
avoided to travel hy it with many fesrs in their minds., The usa of fertilizer in
anr egriculture bas been snpther exampla,

Similar is the case with egricnltursl
mechanization in Pakistan,

The intreduction of tractors hrought the fear of

displasement of labour Smonget our minda. Conseyuently, the meehanization

procesa received a considerable pet baok in the

beginning. Traetors were
imported in limited numbera and their

assombly and production in Pakistan
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Agricsitural Mephasization

remained & debatable issve for many veacs till the beglenibg of 1970, Never.
thelear, it ia hearteniog to pealize that the number of tractors in Pakistan hes
been iocreasing with gradusl receptive attitude of the farmers and the planers:
The momentum in tra¢torization has, however, been guined during the “last few
years, Tractor plants, both in the puldic snid private sectora are being establi
shed for the production.of practors within the oouwbry.

Pleoning and developmont in the feld of  4ractors rnd implements must
not be earried out on the basis of spuculations of a fewr individuals or the
sacondary information collected through inkerviews and survevs onby, Primary
information on equipment such As laboratory and fisld performaned, technical
suitability and coonomic feasibility is nsnally needed for devaloping an appro.
priste mechanization strategy. Sotine of the infurmation in this regard has been
gathored through research atudies ot the University of Agriculture, Faisalsbad
an difierent sgrioultural eguipment, ss mentioned below whichk may be vonsi-
dered for avolving an appropriate planning sud development programmoe relsting
to agricultural mechanization,

TRAOTORS
8} Fower as au fndicodor for planntng

Power or lavek of energy available on ocur farma may be soneidered an
indicator for planaing our foture progratame of traoters, Power availwble from
differgnt modes in an. follows;

Mude of power . P, eapecity Population Fowet svailable in H. P,
1. Tractors 50,0 1,30,000 6.50 x 108
2, Woark animanls 5 Ex 06 4,00 x 106
3. Human laboyr 0.l 13 .64 x 10¢ 1.36 x Lut
Total power syvailaole : 11,88 x 109
Arvs under oultivalion-; 21.00 x 109 hectarew
~ Power por hevtars ; (.56 H.P.

Acoording to Giles {1967) a range of 0.5 to 0.7 H, B, per hectars- is ths
optimum reqnirement of power for agricultural produotion, The power present-
ly available in Pakistan-is 0,56 H. P., as mentioned above, which appears to b
within ¢he eptimum limits preacribed by Gilea {1067). Such a figure is mislead.
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ing ainoe wa hava pot yet reneived onr optimom level of agricultoral production
comparable with thore of W A R., Taiwan and others, {Giles {1987) ignored
the fapt thet animals and humen lebour which sontribute to about 509 of the
total powdar, are inefficient es compared to tractors, Again, one third of the
tractors available in Pakiatan, are used for havlage and transportation. Fur.
ther, there ia competition hetwesn humao labour and animal population in the
aonsumption of agricultursl produce. It may e added that Giles calmlated
the optimum figurs from & setsi log graph plotted between yield per acre and
H. P. per acre for different countrine. The graph deflected at n point of 0.2 to
0.3H. P, per scra or 0.5 te 0.7 H. P, per hectare,  This was conaidered by
Giles aa the aptimum limit. This was & wrong conclusion, since the graph must
havs Lheen drawn on & rectanguler graph paper to determine tha optimum level.
A linear relationship between the yields and H, P, has been determined (from
Giles date) indicating thereby, no optimal point. It may be concluded, there.
fore, that the figure as wuggested by Giles, is not s reliable indieator for
planning,
by  Flamning on the basie of area

As menkiotied above, (Filea basis of 0.6 H, P.fhectare does not provide
the sound basis for achisving optimumn yields. The fisld capacity of the power
units may be conaidered an another baria for future plenning. A tractor can
commanid ao ares of 30 to 40 hectares (75 to 100 meres), In the existing sito-
ation, tractora slongwith bullocks may provide s formula for futnre mechani-
zation, A pair of bullocks can command an aren of 13 hectars {4 woras), Witk
these consideretions, the requirment of tractors may be worked out as tollows:-

FPopulation of bullocka in pairs = 4 x [D%
Field of capavity of & pair of bullocks= 1.5 heotare,
Aren comnmanded by Lulloclks = (& x 106) x |, 65=>06xt(% heotares
Totsl ares under caltivation = 21 x 10% hectares
Area to be commanded by traotor = 2lx106_$x106=15x10% hectares
Fiald ospacity of tractor = 40 hectsres (AveTags)
1Ex108 heotares
No. of traotors required = et e —— = 375,000

40 hectaTes
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Kasping in view the tractor requirement, aa. calenlated sbove, s syste-
matio programme for increasing itd population may he followed. Treototd ¥MEY
be added at the rate of 159, per year in the exinting popu lation with » delaticn
rste of 103, per yoar dus to deprecistion.

SMALL TRACTORS

Bevanse of small size.of lend holdings, argpments heve been freguently
advenced in favour of small sized treetors of about 10 H. T, for general uee in
Takistan, Techuoicatly spesking, thers docs not exist a dire¢t relationehip
betweon the size of tractor and the size of heolding, Io, other wourds, s amall
gize farm does not indicate (hat s small wize tractur be used. Oo ihe other
hand, & relationship does exist between the depth of plovghing sand the aize
|H.B.) of tractora, Such s relationship haa been entablished wa curyilinear,
1t mosns that with the increaee in depth of ploughing, power requirement
inoresaes suddeuly., A small size trector of 10 H. P. is limited in its power
capacity and cannot penatrate beyound s certain depth. Tarther, in the plaina
of Pakistan, during hnt._aummer daye, the copditiona are s dry that even the
lagt traces of moisture frum__mi.l.nra putled out by sun. During moneacn B2AROD,
when moest of Lhe raip ocours {n & short period followed by tortnous bright sun,
the wet soil Lecomes so hard that it hebaves like concrete. A small size
tractor of (10 H. P.) will not be suitable for breaking such e hard soil. Experi-
mentsl investigation at the University of Agrisulture. Faisalabad, have clearly
indisated that s small tractor or a power tiller (10 H F.)in seonomically
infeasible, aince its opernting cost ia 21 times the poab of & ;anarnl pUrpose
tractor of about 80 H. . _

The establishment of & plant for manufucturing small size tractors of 10
H., P in Pakistan should wot be comsidcred at this stage. As asid earlicr,
the tractor plant reguirce buge investment. The reeourcea of the country
should not be wastid in producing e trector of s size which is not acoapt-
abls from the atand point of technical and economie considerntiona. Our
tractor industry is still in ite primitive phare of development and only thosze
wizes of tractors should be produced which have established their acceptance
pmongst 1he farmers and experts over the lant many yrars. However, o smail

number of power tillera of garden trectore mey be imported for trials under
rice eunltivation.
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When the tractor plants iiave been stahilized in the eountry, e[orks may
ba mada for the production of medium size tractors of 26-30 H.P., provided that
the existing manufasturing plants can be adjusted accordiniy and that the paria
con be interchanged between the tractors of 80 and 30 H. P, aizes.
IMPLEMEXNTS

Tillago operations are generally petformed to break up and pulverize the
gnil, and to allow tho fras movement of air and water in order ta promote plant
growth., Hxeomsive pulverization by means of heavy equipment is, however,
detrimentsl to soil atructura, Further, such an aqipment may produce soil
compaotion that could greatly upsnt the balanoe betwenn the air, water and
aolid eomponents of aoil.  The amonnt of manipulation of aoil ar the axtent to
which tillage should bo conduated for the purposs of eflectiva plant growth iaa
matter of great importence.

Tillage requires maximum energy amongst &l! ngrieultural operations.
Cemzequentlly, it ia the most cxpenaive cperation io agrioulture. At present,
about 130,000 tractora are used in Pakistan. With sn anngal usa of tractor for 350
hours o tillage and assuming an bourly conanmption of a gallon (44 litroa) of
dicwel oil (Ba. 1B)- per gallon), the total cost of fusl incurred annually on tillaga
in the country, hua been eslimated as 820 million rupees,  In this age of aporgy
vrisig, therefore, utriost care muat be exercised in the salevtinn wnd use of
tillagn impletments with a view to minimiec fureign exchange spent an fuel

Conventicnally, our farnier ucen o singlo tillage implement, that iz, o
uarrow tine eultivator for ali typus of tillage operations. Tie construction of
the implement is such that it skips nnttlled soil hetwenn the tools and thas
necenditates greater number of plowings for schieving o snitable secd-bed,  Tdis
incromses the expenditure aon fiel, in addition io produociog uniccesaary suil
compaction at & certain ant! depth which imprdes root development,

In view of the heavy expendituce inenrred on fuel in tiklags anid 1l
hampering effocta of excessive tillege on eoil etructure, minimum thlage by
hscomo imperative in this sge. Lo order to exovpt the benefita of Lhe mininun
1lage eoneent, & study of 4-year duration was condusied ab tie Tniversity of
Avriculture, Faisnlabwd,  Tipl BTG CXNpPURITentA wers epaulysbed o sy Lo,
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loam and silty clay loas scil for whest and maizs, eropg.r Traotor drawn imple.
rmentidile mouldboard plow, disk plow suhsoiler, parrow tine culbivetse, disk
berraw, ete,, were used  The effects of tillaga operations ware studied in terms
of spil dansity, meisture, woil Ieniatance, _qhem:.gtrEHgTh and. yield of crop.  Tha
costa,of tillsge operations and crop prqgi_u_utiqr_z  with t_l;eip! £eODOMmIe returns
were slan datermined, The atudy jndic_:u.teq_l that MATTOW Ling ﬂul,ﬁ.i_‘i'ﬂ..t.ur anid
vur ¢onventional practice of plowing severnl times could not prove their worth
in the light of the aoil, ctop aud vost parameters considered in the etudy. Et
was infe rred thet eXxceseive plowing be avoided and thy use of nattow tine
cultivator be r;'!r-triuted.' EIWEQP-I;:lI]t-'iV&tDEI‘. was instead considered & better
substitute of the narrow tine coltivetor. Disk hatrow performed best wilh
roapect' to soil Hih, drop yield aod” cost’ of.'d'rul.a proditetion. 'However, it
highier {nitial onat and }muﬁfau'tur]ng complekity ~afa tha ‘mnjor nonstraings
diseouraging ita largn'scals produstion and use. Turshar, heavy idiplements
like inontdboard and disk plow had favoursble affects on doil oharastoristics,
when followed by disk harrow and swenp culkivatof, Thisic ude may, howavar,
bo avoided due to thsir high aost of oparasion. . b
PLANTING EQUIPMENT . R Sl
al Gkbidrittss : o

" Kewearch eXperiments were copduy sted for détermining the optimum depih
of placting und soil impedence for a particular aoil and wheat erop. ' The rele-
vant ettt 6f the optimum depth’ Fup planting whést sasds (XU 28} and soil
resistanics, dd dsterthined With the help of a computeér progeamme, were found
to be 5.5 81 aRA 5420 Newtoris/Meter? (6.56 fsh)." ‘A rabge of optimum values
for plsating crops and sails mey be determindd aving ths ‘apprdath followed in
these fiivedtigatioNs. Suoh an'information miaj then be uskd for {noorporating
ad justabld type firrow opefiers in -the pPlattiéiy "guipmasnt for placing seeds
and developing proper press wheels for eflecting anitable coipection’ pressure in
ardef to ensurs dptinivin émargerir:e of acedlings, - B N

T L B .
R T A , A 4

b] . Tt::n;s:piaf;m?f‘?_._: ; _ ) _
Korean transplanters wera imported a fow years sgo for edaptation. The
machined were weed in the various distriota of the Panjab by s toam of axperta
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of tha Department of Agriculturs, Government of the Punjab and the Uairer.

nity of Agrioultara, Faisalabad. The machine was alac modified by Kor es

expsrts. Tha following observakions were made ;

The machine originslly transplanted 3-11 acedlings per hill as agsinet our

requirements of 1-3 seadiiogs per hill, Conseguently, the machines were

modifed by the joint efforts of Korean end local exports after making

chanigen in their various oomponents, After maodifications, the machine

traneplanted 2-4 seedlinga per hill,

The machine was not eccnomicelly feasible, beoause of the following

TR LA

a]

d}

Extrs labour was reguired for pulling, trimming and dressing of wot
geadlinga, heforo they could be used by the machine., Hurther, the
machine ites)f reguired a considerable labour for {te ocperationa.

The caet of transplanting with ihs machine wes about 21 times the
anat with mmanoal operationy.

In our eonventional practies, S0,000 seedlings are transplanted by
hond in ose acre of Jand. With machine operation, shout 240,000
scedlings are transplanted per acre {3 seedlings per hill in BJ,000 hillu).
Vor preparing 4 nursery of such a quontity the labour inoreasad tu
4 times,

Yiald did not inorease although the number of seedlings travsplanted
by the machine insreased to 6 times, Tt esesms logioal, sinca with the
incressing of planting denaity, the nutrionts sre not availables to all
the plants in the same area,

$ipoa the cost of operstion with the meachine i mbout 2 tinies the
cost with manual cperstion, it ia a lsbour engaging rather than e
labouy displacing eguipmeut.

Although tho machine wes made to operete satisfactorily after meking

necessary modifications, it turned out to be economically infeseible due to its

high eoet of operation and with no increese in yield. It han been realized that

the Korecan machine may be vasfu), provided that the farming practices eimilar
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tn those adopted in Kores such sa the nse of dry nursery, levelled fields, appro-
priate irrigation and fertilizer practiees, and other biclogical conditions are
mainteined in Pakiatan,

HARVESTING EQUIFMERT

With the introduction of Augustini Fesper Binders (Italisn made) by
Millat Tractors, efloriy ta produve reapera Jocally achieved momentum. The
procesas of locsl pruduction has been turiher accelerated dus to the rising trend
of the farmers to nse harvesters renpers since ati the time of harvesting, weather
hey become unreliable duricg the lest few yoars and that labour is not easily
avoilnble for cutting and collecting the erop.

The studies conducted at the University of Agriculturs, Faisalahed
showed thet harvesting losses increased with time, cangiog from 8% in the
first week to 79 in the third week, affect the ripening of erop, indioating that
& delay of 2 woeks in harvesting can asciouly after vrop yield, Further, grain
losses from the conventional winnowing operstions were higher than thoss with
ruechatice] thresher snd decremsed in w nowolincar fashion with distance,
beconiing negligitle bevond a distance of 250 meters, Witk mechenicsl thre-
ehers, Lhe grain lospan ranged from 29 to 6% with different loeally manufactu-
red threshera.  The cost of barvesting wilh reaper/binder and mechawical
thrasher is helf that of harvestiog with meanual labour and threshing with
bulluoks wnd flail. Mechanical harvestirg and threehing required 4 houre as
againel 48 moo/bulleclk houra,

Tteapers have gone into prodnotion and are being studied for their per-
formance. The fuliowing types of reapera may be considered for production
and 1use :

e} I T.C driven, front rocunted

Ly I T. 0 driven, rear aide mounted

at  Solf propelled front mounted

BT, QL driven respers usually involve broakage of parte due to exeessive
vibrations,  Wikh front niounted machines, cutting cperation cannot be obeser-

ved clearly by the operator. Such & machine ales involves dangers dus to
transmission of power from I 1, (0 elait to tha front sile of the tractor
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through a propaller shafn, Seiety guards must, therefore, ba provided. Rear
sile mounted reapavs hava the advantage of hetter visibility of tha onfting
aparatien, but require cleating of aome of the ares by hand befare its operation,
Self propelled reapers are cxponsive bat hara greater effielency and involva loas
braakage of parta.

S0IL, PLANT AND EQUIPMERT RELATIONSHLIP

The forcos resulting from the spplicatlon of mechanioal equipment, such
s tillage and traction devices, allect the rosistance of soil, Tillage i= grnerally
performed to fragment the soil, weaken aoil stesngth, redues pcompaction, and
allow free movement of air and water in erder to promote plant growth, Trafiio
by whesl and crewler tractors, on the other hend, causes aoil compastion, which
inereases the rosistance or physical impodancs of soil snd reducss anil’s perme-

ahility to water and air.  All of these {actora may afieet the yuality and guan-

tity of crops grown on the soil, Estensive investigations have et to o eereivd
sut to deseribe the condition of anil condusive o plant growth in physical,
mathemationl, and oogineoring tormys.  Relationship need do Lo establishod
hatwaen the o marganse of plants and the eonditions of soil, a8 afeoted by the
fures toanlting from the spplioation of the mechanienl squipment,  Optimum
cnnditiona of aoil remain to he determined so that mwchine pperatioos ere
sarried ont at proper timea, Al of this information i3 needed as s basis for
the development of farm eguipment aod their oporation at proper times in
ordar to enhande plant produoction,

The resistance of evil brought sbont by meohanicsl eguipment is of
grest importance in undsrstanding the snil-machine-crop complex.  The
study of soil reslatenoe would help the enginsors in developing proper equip-
riant and practices that would apply propar forces and ereats favourable
conditions for the growth of crops. Accordingly, & study was undertaken af
eatablish rulationshipz batwasn the vesistance of soil and the emerpence of
seedlings for different levels of soil moiturn, density and planting depth.  Tho
sffent of differont implements was alao studied, It was obssrved that et
different moistutes, the aeil resiatapoy incroazed and the emergenca decrensed

lincarly with the denaity of soil.  Torther, the soil rosistancs inoreased and
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bhe emergence decreased in & nonlinear fashion with the depth of planting.
Further, different trpes of implements produced differemt soil resistance
which subsequently affected the emergence of seedlings, For oxample n whent
evedling encountered minimnm resistatos when soil was prepared with digk
harraw, resulting thereby, in an ineressed growth of crop. Concequently, an
understanding of tha relationahip hetween soil, crop and equipment is nsoexs.
ury for developing mppropriste farm equipment that may be operated at
sppropriata times in order to oreats anitable soil environment snd thus enhence
plant prodnetion,
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