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the USAID/IRR! contract on 
machinery development fcr 
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a 
The agricultural revolution that is taking pla.ce iJn most developing
countries calls for considerable changes in agricultural
production technology. The phenomenal increases in crop yields
resulting from recent advances, particularly in the plant breeding 
area, are increasing farmer income and providing possibilities 
for more mechanisation inputs. Mechanisation through improvement
of animal-drawn implements can only be of marginal benefit 
because of the limitations of the source of power. Imported
power-driven equipment from regions with different agro-climatic
and socio-economic conditions has many problems which limit 
its applicability. 

Agricultural mechanisation: 

tS 
the tropical farmer' dilemma 

Dr Amir U. Khan 

TROPICA I. ;IONM til't' il dl'di't l'i.iiIlhv i ti t is agriiihtral ip ti iM. 
small fari holings. low fari inei.., Even ifCit \tir. llnitd that (.stoll) 
and chelap labour. Attempts ari heing operaticon wonfihl he populrly'v ac pt. 
mad ti tropical griiultiri able for Inid preparation and tir-fhin' ,nieliiaiiisi ii 
with e(Ilipel)itt riginating frot tlihe it sells that sch a i p proacht elld 
in.strid Iisid'i t t1i . 'thi' tmpi'a t 
regions. Sich e(iiiipoent is hasically 
developedtfo'r conditi of'tt' r la'gt:'" 
farti hlilings and high l)tt .costs its 
ill the United states. oirfi' .Miiiler 
hlIdings and high fariner in'omes front 
at stb)siiised agricilture its in Japan. 
sueh e(lut't lit' ii \\.(Ithits it teen 
aeepted ilnder lit' set ofai't'io-enoiie 
Coindiitions pret'vailing in ti( developing 
countries its it has in t' ('euntrv of" 
origin. Consequentlv, nitee'haisatiin of 
tropical agriculture is slhw and is 
lirnited primarily to the larger farin
holdings which constitute , V('TY siall 
seginent of the trtal agrieultural land. 

In titMiabsence if equipment suitahl 


for individual owmnirship 
 by smiall 

fariners, efforts Itiv' It'in madi to 
introdue Inarge equipmnt throu ' ri- i 
ouis fotrms if Jiit ite. With tii' vi'×'). 
tion of Malaysin end nihailand, sii 
efforts have raet with little success in 
A.sia. In these two cotintri,s, land pre. 
paratirn by oittli Iai'gi and Minall tractor 
hire serviv.es has gained Y)ptilaritv. 
Chancellir' stitdied these optrations in 
Mahtiysiia ni 'l'haind an inc lided 
that tti itwniers if tit'. fitr-wheel 
tractors in h'haiiind and tile t\wi-whl] 
tractors inMilnysia weret ovYIs tney
in custio wirk. ()nly tii' fti-r-wheel 
tractior ,ustoin otptrations in Mailaysia 
were making stnie profits. Inttrtstingly 
enough. the sttly indientis a rapidi 
increase in tit, salts of'two-wh'eel trae-
tors inMalaysia evtn in the faie of ht' 
availability of ecninieallarg'r tracto' 
hire service's. seem.s th' desireIt thitt 
to retain ftul1l vontritl of" thfl tt ri ti n 
operatiins and the prestio if, wning his 
equipment tire ilit' impo rtant toi the 
tropical farmer. The ownership of it 
small two.wheel tracttr tIst pe''mits 
more '.'ersatility of op'ration to the 
farmer for he eanitsi the' traitoir frr 
hautilage and personal transport in 

it riitolMti tI t 
nisn tiun of tropical gricitlit .. ThI 
only at 1tM o til. 'eha

t 
ithier ,1rop prjutitn loperatitnl Iiltt 
age, f'f'art potiue ].i.iili and irli 
transport will continue to fIan\'iirinli
'idhl ownrship of"erqiiptient I)*vtie 
fariler intile tropie.s. For thwiqi rvttMi, 
it wotulhd appear that the dlean for 
single.-pirpitse Ii-actor hire, serviet's will 
tend to taper off as soon asMbitter 
sitited equipment for individual ti\vmer. 
ship is a ailable fot' thi small farnier in 
the tropical regions. 
The small and medium sizi. farn. 

holdings (2 1tha) eonstitute it viry
large si gment (if arable land in the 
tropics. Such holdings are ailtn.t eoni. 
plet'ly non-mneThariised. In s)ite of' all 
the advan(es of tiodern t'chnoltgY tlnd 

i' nvw developtints in fariiiitip. 
itent. it is ironic thosctit a lhrge urup 
i' fari holdings inthe trop,is iave the 
least access to suitable power-driven 
eqltipiment. Aceilding to a recent ttiil\ 2 

itf 12 countries of the ECAF.E r,,giort, 
951% of farm holdings art ;il l fa 
ill size. Whili' it itilly sieti diffielct to 
Invehiaiis' tie smallst orfsuc.h hihlings, 
there is a large ntteltt'r of'sintllti' fatrn 
holdings which fall bet'ee'n 2-1tIha 
in size that offer i gootid potntial for an 
interm diate le'vel of" lerhainiatilt. If
itechanisation is to h scessfld in the 
tropical region, it will ihave to I)v intr
dueed ton tiet,stali r holdings and mtist 
be considered within this particular 
frame of reference. 

Two technologies 
Two (listinct agricultiral tieehanisa

tion technologies have evlved in the 
world to suit different sets of agrieul
tural and socio-eeonomic conditi,i.s. 
'lie western approach emphasis,'s dry 
land frming ut.,ing large. high-powered 
equipment with great emphiasis on 
labour saving. Mechanisation in Japan 

http:serviv.es


has not followed the western pattern. 
Rice is a major crop in Jfapitfi mhich is 
grown under wet land conditions. The 
small farm holdings, high price support 
for rice, coupled with rapid industrial 
growth has resulted in the mechanisa-
tion of Japanese agriculture with rela-
tively small, low-power machines. Such 
equipment has been developed to meet 
the many complex requirements of the 
.Japanese firmner and is often too sophis-
ticated and uneconomical for the tropi-
cal farmers. Recently introduced Japa-
nese combine harvesters and paddy 
trans-flanters are excellent examples of 
functionally well-suited but economi. 
cally una'ceptalle machines for tike 
tropical regions. 

The western and the Japanese agri. 
cultural meihanisation technologies 
have bien successfully introduced in 
other temperate regions wherever similar 
conditions exist. Australia, Canada, 
and manny snmoll European countries 
have suiecessfilly ndopted the western 
approach. We are now seeing a rapid 
introduction of the Japanese agricul-
tural mechanisatioi approach in some 
temperate areas such ai Korea anti. 
to some extent, in Taiwan. The slow 
pace of agricultural inechanisation in the 
tropical regions is, to a large extent, due 
to the inadequacy of the two available 
technologies to meet satisfactorily the 
iiverall requirinients of the tropical 
regions 

Recent developments reflect a widen-
ing gap between the farm equipment 
originating from the industrialised coun-
tries and the ne'.ds of the developing 
regions. Farm equipment in the western 
ctiuintries is decidedly undergoing a 
trend towards larger and larger sizes, 
[To soine extent, developments in Japan 
also indlicat( , similar trend, in addition 
to the increasing complexity of their 
designs. These developments will no 
doubt fi rther hamper the introduction 
if such agricultural machines in the 

developing regions. It seems reasonable 
to ciotend that toi mechanise rapidly 
their agriculture, the tropical regions 
will have to dev('lop a mechanisation 
approach which must suit their own set 
if' agricultural. economic. social anti 

industrial conditiin-s, 
It is o ft'n argued that a large array 

of iquiiimnt i.; already available in 
thi- temperate regions and that the 
probulis of triipical griu'ulturaI mecha- 
nisatiin lie primanrily in the proper 
seleetion ofcquipimei'nt. Such statements 
are lased only on functional considera-
timis find fitai I to rcognize soin( of t'e 
other aspects of agricultural equipment 
which are just as important, if not 
more so. li addition to its function, a 
firt machine must meet the economic 
and sociological needs of the farmer, 
It must also fit in well with the level of 
industrial and technological dev,'lomp-
inent of a regiont. A clos'r analysis of 
the requirements of the tropical regions 
reveals tin urgent need for it variety of 
new equaipm'nt which is currently not 
available from the developed countries.* 
Ii the absence if suitable equipment, 
sminnllr farmers in the developing 
regions tire factd with the dilemma of 
either accepting the equipment origi-

natin f.-im the indtistrialisid countries 
or continuirg with uneconomic tradi-
tionu! methods. 

The equipment originating front the 
industrialised countries is designed for 
better educated and more mechanical-
minded farmers than those in the tropics. 
In addition to the ctunplexity in opera-
tion, such equipment is designed to be 
manufactured by capital - intensive, 
mass-producing techniques which re-
quire a highly developed production 
technology, which is not easily available 
in the tropical regions. 

The price 
The tropical farimner pays a price 

which is approximately two to four 
times that paid by a fainer in an in-
(ustrialised country for the same piece 
of equipment. Furthermore, this equip-
ment must compete wit I rural labour, 
which costs a fraction of that in the 
industrialised countries. The economic 
relationships on which ia machine is 
originally based in tin temperate re-
gions no longer apply ilk the developing 
regions. 

Most developing countries are under-
going varying degrees of balance-of-
payment problems. Their meagre foreign 
exchange resources are channelled to 
high-priotity projects, and the import 
of farm equipment is often controlled. 
It seems doubhtfuil if the balance-of-
payment problems will improve sub-
stantially in the immediate future. A 
large-scale mechanisation of tropical 
agriculture with imported equipment. 
therefore, seemns improbable in the fore-
seeable future. 

With the introduction of new rice 
varieties, problems oi, (trying and pro-
cessing have assumned new proportions 
in the humid tropics. Tecinology for 
drying and processing rice- in large 
centralised plants is available from the 
industralised countries. The establish-
mnent of such plants, however, reulires a 
well-developed infrastructure which is 
often not available in the tropics. An 
estimated 50-9)0o of the rice produced 
in the tropical countries is consumed 
within the rural areas and is not handled 
through co-,nmercial channels. This rice 
is processed either by manual methods 
or with obsolete equipment in the rural 
areas resulting in sobstantiil losses and 
poor quality. The development of 
small, modern, econonio rice drying find 
processing systems for village or indi-
vAual farm level operation is one of 
the challenging problems for the de-
velopment engineers. 

Developing new equipment 
The development of new equipment is 

a highly specialied field requiring large 
resources of technical personnel and 
money. Equipment development is al-
most non-existent in the tropical coun-
tries because of the struggling state of 
their farm equipment industry. Equip-
inent manufacturers in the industrial 
countries have the resources to develop 

'Tit- author has im~'d sonui of his own 
africultural mnaehiniry i'migm m ili thig artieli
irt illuistratilthie u,'pu of inttrmml'lint, mehtii-
Mition terhnlology whih is nmided for thi' 
developing regions. 

new equipment; however, these iiiaiiu
fat-turers do not find it feasible to 

develop new equipment for tropical 
countries. Understandably, they prefer 
to develop equipment for their hono' 
market first and then attempt to find 
new markets in the tro)ical regions 
Stch manuificturers generally limit 
their research and development i'fforts 
in the tropical regions to prodct ev'alua
tion ar.d marketing studies. 

Quite often a convincing argument is 
put forth that sufficient delnian. does 
not exist in the developing cotintris for 
special equilment which would Juistify 
eConoin ic mass prmduction ill the iii. 
dustrialised countries. There is no 
doubt that the ecomomies of seale ill 
manufacturing are very imlortant in 
the industrialis'd areas iiiostlv because 
of' high labur costs. Unfrtunately. 
production plani''s have lended to 
overeimphasise tihe t ic(ioiniies of scal. 
when considering the feasibility if 
manumfactiring in the developing regions. 
Short-run prodil.-tion can ibe eonomni
cally organised in Inany developing 
countries which hove I labour.iw-eost 
providled suitable machinery designs 
are made availalii fr low--olunin, 
produition. 

A rilther interstinig exaiiple of 
economie low-volum- irduction is 
found in the Ihilippines. A major 
portion of the j.eepmny. a modified and 
well-adapted version of the jeep vehicl, 
is mnanuftctured Iby simall fariratirs 
all over the Phililpines (fig I). Thii' 
veltile 'chassis, ciiiipi ti sheet-ioctal 
body and many ut l.r c~iiipomenIs arv 
fithrieced in small mithiiie shops with. 
simple, laiou,'i)-tiisive techniques fit 
competitive prie's. Th pri'e off a j(ep
ney is less thnim halfofti lhIwerst-priced 
impirted car in tile Philippines and 
twice its niny jie'pneys ar sold in the 
country than all the Iassig,' cairs plUt 
toget her. rhis is ami ',xi'eitex iil hi' 
whiel inliaties that e ieiiii prdu'
tiiii of relatively cmiiplx p'dtuits 
can he organisi'd in i dee''loping c n 
try providd tile pr utu is suitably 
a'I:pted fiir low-' lhmi production. 

Many economists have umnderstandl
ably pointed to tie liii igers ofdislahimmg 
fhrin laboure with larg,' agricultiral 
machines in the t iial revgins. Tin' 
adverse eff'cts would hviore serituis if' 
the tools used to miehamise agriculture 
are front non-indigeiis soiuces. ''i 
minitnise tie prbi , ilt-s. agricultural 
sector in tii' tripical regions mnust 
generat- new emloyiwmtt bmyusing 
lalour-intvnsi\ve Iratt'ievs and y de
v'eloping agro-husinss find rilated in
dustries. lhe adverst s ciim-evonimnie
implications of introduieiiig large in
ported agri'ultural ,nachines. therfore. 
n'cessitate the indigenous produtiim 
of relatively simlph', small piwevr-tltpr. 
ated equipm,'nt. To inaximnise the 
emluoymnent gineritiol i'ffi'ets, pro. 
duetion oif such (ipliilnt shtlmI ld''
feralIly be Ihmited to ilIe siiall-scialo 
industries setor in the de'loping 
countries. On i closer ilnasis of time 
problem, one canni hlp hit vioiilnedI 
tlhat it, woiuld ibe hiiprobhieih to ioehit
mise tropical ugri.ultiure without ia 
parallel growth of tlit indigenious pro

-3
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1 'Jeepney' production in the Philippines. Solies oi pictures illustrito the production of the leepney. awell adapted utility vehicle based on the jeep design, by smalltfiricators ii the Philippines Jeepney is the mo t impotaint menans of transport in the country. The highly successful low-volume. lahour-intensive production techlology

belies classical concepts of Lcononies of sci!lo in manufacturing.
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 front and rear cage wheels slip provides a tillingThcdifference between 
RE"FERE{I'NCEI'S effect under soft field conditions. The machine offers improved mobility in soft fields due to the four-wheel 
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5 Row seeder A simple six-row machine for seeding pre-germinated seed i- 
puddled fields. Single wheel facilitates transport on narrow levees and drives thle 
seed ineterilig mechanism. One man can seed 1 hectare in 7hr, as compared to 
120 nian hr/.ha for manual transplanting 

, A" 


7 Table thresher. A lightweight, staitionary thresher that employs a rotating table 
studded with threshing blades A radial fan is incorporated on thn underside of the,. 
thresing table to provide wirnnowing air to the grain falling through a grain 
separating screen. The thresher is for hlpd-on type feeding by four mni. Thrreshiing
capacity is 300 450kq of paddy per hour 

R--- ......... 

7 Tale h reh er A h htw ig h t plo s ,1rottin ta le
,sttio ary th r she th e 


2 Stritpper harvester This experimental machine can harvest grain without cutting 
11e panihdyplarn, A plant dheflecting assemrbly composed of a pair of chains with 
cross membnhers gently bend thinplants onto a fast-moving threshing belt ertnImpnpi- ',, p

with wire loops Thieharvester is innunted on a two-wheel tractor arid olers good
mobility in soft pA sny fields. The machine is undergoing further developnrnt at the 
Institute 

6 Power weeder. Weeding with power-driven equipment has not been possible in 
small paddy fields because headland is not available for turning at the end of the 
rows. The niew portable, eiigine-drisen power weeder permits convenient lifting of 
the machine for turning at the end of the rows. There are no mobility problems in 
soft wet paddy fields because of its light weight (14kg) A man can weed 
1 hectare irs17lir with this machine as compared to 801ir for push-type weeders 
aiid 12Ohr for manual weeding 

.........
 

8 Tractor pto-driveo thrreshnerA 30 6Olip tractor pto driven, three-point linkage
nusnted niulticroti thresher This throughillow type, high-capacity thresher lies 
excellent mobility which is desirable for custoni threshing ope2rations in tire tropics. 
Threirialenril movies irually through a peg-tooth cylinder and concave. Thn spiral 
nmoverment results in over 90"Ngrain separation at threcoircave A large double
screen nistary separator with atHower separates the remaining graiii from tile straw 
Threrotary sep~irtuo is lighter and better suited for wet crnps 

doa IF EP 0-Iill0 . . 1 

Tr cto pl -d ~v~i h re her A 3 60 p t act r pr d r v en th e e - oin lik ag 
10 Mannuilly otieated grafin cleaner. A rotary screen renmoves all thn larger 
nnnimprrtn.biefore the grain enters a winnowing cylinder fitted wvitha coisnal fan 
Series of ickets elevate anrrdrop thregrain through the air stean which renmosves 
ther lighter imptunrities Short stpiral lnuvers inside threcylinder proitressnely nmove 
tre grain i a eunterhlow direction with tre air. The long etnoste of te grain to 
tre air results in troved cleaning suarity 



11 Rotary grain cleaner. This simple grain cleaner has two concentric cylhidrica 
screens and a fan to blow air through the concentric clearance. Dirty grain is led 
inside the inner cylinder which removes the larger-than-grain impurities. The 
screened grain is tumbled through an air stream in the concentric space between the 
two cylinders to blow the lighter impurities. The outer screen removes the sm~ller
than-grain impurities. The machine has a maximum cleaning capacity of 3 ton/hr 

12 Heated sand dryer. An experimental continuous-flow dryer in which wet raddy 
grains are continuously mixed wi:h heated sand (175-200'C) and then separated. 
The grain moisture drops from 30 to 18% in 15sec. The rice starch granules are 
gelatinised in the process which results in high head recovery and increased head 
yield in milling. After separation from the grain, sand Is rehqated end automatically 
circulated through the machine 
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