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ELECTIVE RESEARCH FOR MECHANIZATION OF RICE PADDIES
 

Amir U. Khan*
 

The introduction of high-yielding rice varieties has raised exciting
 
possibilities for tropical farmers and the need for mechanical cultivation has 
acquired new significance. The shorter growing season of the improved varie
ties9 coupled with their higher yields, provide incentive for multiple crop
ping. If the rice farmer is to keep the land in near-continuous production, 
power equipment suited for lowland conditions must be made available. Equip
ment is needed to enable the tropical Asian farmer to cope with the high la
bor-consuming operations of land preparation, transplanting, weeding, harvest
ing, and threshing. In addition, recent increases in ric.e yield have created
 
problems of drying and processing which require engineering attention. 

According to the International Rice Commissionl/ the countries of 
Southeast Asia and Far East Asia expend 5 to 7 hours of labor to provide 20,4 
kg of rice9 while in areas where rice production is highly mechanized, the 
labor requirement is in the range of only 5 to 7 minutes, a reduction by a
 
factor of 60. Hatsubayashi 2 / found that in Japan, the major labor-consuming 
operations are land preparation, 15%; transplanting, 15.3%; weeding, 15.4%, 
and harvesting and threshing, 33.5%, and that the labor required for the peak 
months is about 60 times that of the lowest monthly requirement. A recent 
study on farm labor requirements in Laguna Province and the Central Luzon area 
of the Philippines3! indicated that, on the average, 32%, 23%, and 27% of the 
total labor are required for land preparation, transplanting, and harvesting
threshing, respectively, 

Lack of Suitable Equipment 

The technical aspects of agricultural mechanization are often over
shadowed by economic and social considercations. However, in spite of somewhat 
similar socio-economic conditions in the tropical countries, the mechanization 
of areas growing lowland paddy has been relatively slower than that of dryland 
cereal crops. A good example is seen in East and West Pakistan. While some 
progress has been made in the mechanization of the dryland crop areas of West 
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Pakistan, lowland rice cultivation in East Pakistan is almost cowpletely non
mechanized. - This-disparity is, to some extent, due to the greater shortage 
 of 
suitable agricultural equipment for lowland rice cultivation. 

The equipmlent: developed in the temperate countries for dryland culti
vation is often not suitcd for lowland cultivation in the tropics. Some of

the equipment developed for lowland work in Italy, California., and the Southern
 
United States are 
also not suited to the scale of f ar,,in :,,generaliy found in
 
the tropics0 The Japanese farm machinery manufacturern' lead in the development

of equipment for smahl...scale lowland rice cultivation. !However. due 'o the

demands of the Japanese home market,, such equipr.ent are incrUasiigy becoming
too sophisticated for the tropical farmers. The Japanese equ ipme. a so en
countep problems with the heavy deep clay soils and other, conditions in -Lhe
 
tropi.cs. it is essential, therefore
 , that a major research effort be direcced
 
'-oward the development of suitable agricultural equipment to nechanlze lowland
 
rice cultivation in the developing countries.
 

In Asia the 5 to 25--acre landholdings constitute a major p: r-ion of
 
:h'e total arable land and support a large segmenT of the rural house o.1dso
 
This large group of holdings has sufficient means to support agricultural mech-.

anization at an intermediate level. It is ironic, however,,that this group has
 
the least access to suitable farm equipment,
 

The development of simple power.operaLed equipment for the 5 tc 25.-acre 
holdingstoffers the greaLest potential for mechanization ad Is a gr:t ha.b
lenge to the equipment development engineers. This is p L-.¢-uuiarly s.o because 
development research in the advanced countrie:s J's concerned mostiy .ith so
phisticated equipment for larger farm holdings. The dew1cprenr of relatively 
labor-intensive agricultural equipment for an intermediate lcvel of rmcechaniza
tion also will not create rural labor surpluses and unemploymient problems as 
prIdicted by some authorities. 

Cuexent Research Level 

A review of agricultural machinery research in the developing countries 
brings to light some interesting facts. Many developing countroies hav.e estab
lished agricultural engineering research centers in tbeir universit.its and del. 
partments of agriculture, These centers are often well. equipped "nn' are
 
staffed by hiphly qualified eng.neers. A fen,., such centr, have bcc, funcrtion-.
ing for periods of 15 to 20 years.o It is unfcrtunato, h-wever, [hat. gncrally.
the research efforts of these centers have not resulted in any signpi.zanT im-, 
pact on the mcchanization of- agriculture in i-arncrs' fieids, It iS ,i:so in'Cer
esting to note that the existing loca).).y develped ag'icu2Aura!. equ'L;-ment which 
are popular are generally the result of work by i,.me., -ehniziandone and 
small manufacurers., 

There are many publicly owned reseac.h centurs in the develping coun.
tries engaged in the Improvement of manual and an.i.m l-, wn i.rplcmentr. Re!a& 
tively less attention is being directed to the revelopmiur, of suitabl,' small
and medium-sized pol.er-operated equipmentr Due to thelI mita.Ions 01 available 
power per man or per .animaml , only n,av-innl irp'omns:;1I outp4ut i] be 
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_expected from such. improved equrpment. The extension of marginally improved
equipment in the field is a very difficult problem. 

The research on powerz-operated agricultural. equipment at a few centers 
is generally limited to equipment surveys anc! test, evaluation and theoretical 
function analysis type of studies. Such types of research cannot contribute 
signifi.antly to the miechanization of agriculture in the tropical countries. 
The effeztiveness of agricultural machinery research in the develop.ing coun
tries will depend on its impact on farmer.:,t' fields rather than on an increase 
in knowledge about mechanization, There is an urgent need for an assessment 
of machincv~' research objectives and the formation of fresh guidelines for the 
agricultural engineering research establishments in the developing countries. 

Research •Ori entation 

Agricultural equipment research is such that the results cannot be ex
tended directly to the farmers. This aspect of machineryresearch extension
 
has not been fully recognized by the various public agricultural engineering,

research organizations in the developing countries. The extension of iachin
eiy research is acccmpliished mostly by incorporating the results into the de
signs of new agricultural machincs which can be made available to the farmers 
through normal commercial channels, The development of new apricultural equip
ment for tr.pical conditions, therefore, assumes added significance as a tool 
for the extension of machinery research to the farmers. 

Broadly speak.ing , agricultural machinery research is conducted with 
varying emphasis by many types c-f research organizations in the advanced coun-
vrieso The educaticnal institut-ions snj l:he private and public research insti
tutions emphasize basic and applied resear':h. Whereas, the agri-cultural mach.
inery manufacturing .inr1ustry e;phasizes machinery design and development. This 
is an effective nacionai pa :tr.rn for machinery research in which .n1dustry uti= 
lizes 'the rclsuls of reseac.h froii, other institutions to develop new airricul
tual mac!hines° The mzhines -in turn enable the farmer to apply in the fields 
tihe I results of machineiev research. There is no reason why this pattern of re
search cannnr be ad:-pted in the developing countries; hollever, this would re
qu.ire some adjusi:ments. 

The develop,,nt of new michine.y is expensive and can be economical 
only when the dewmmid is s)stanatial enough to warrant mass production. The 
strugg;l.ng ar'i.2ultuZaI. machinery industry n the developiig countries has not 
yet reac-hod the staige when it can sipporr or.gani7ed machinery development re
s.earch . The research orgwnazat rics aln these coultries will.have -to initially 
shoulder ihis responsibility which involves a shift from the conventional aca-. 
demic approach to research, In the long -run. the manufacturers will be able 
i:o effectively handle the development, manufacture, and extension of new agri
cultural ma :.hines in the developing countries. 

It is difficult to visualize a country which could mechanize its agri
culture with mostly imported equipmcn*:o A study of some of the smaller but 
agriculturally mechanized countries would indicate that: the major portion of 
their agricultural machinery requiryements are produced locally. The shortage 
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of foreig~n exchange and the strong desire for industrial development are bound 
to encourage the local manufacture not only of the simple but also of some of 
the sophisticated agricultural ,machines° The long-range economic and social 
implicatioons of displacing field labor by agricultural machines would also ne
cessitate the design, development and manufacture of machines within 'the dev
eloping countl,ies in order to provide alternative indu3trial employment, In... 
dications are that the growth of the riarcultural machirie'y manufacturing in
dustry in the developing countries wi.l proceed along with the mechanization 
of agricultu.eo Already the local production of tractors, a key farm equip
ment, has shown remarkable prcgress in a country like India where the number 
of tractors prioduced annually .increased from BF0 units in 1961 to 11, 39' units 
in 1967 (Fig. i)0 Thi's growth also reflects the progress in "the indi.genous 
production of agriculturl.1. implemenct; and other machinery in India'. Another 
example of successful local manufactu,e is found in Taiwan where two companies 
are producing power tillers and implements with mostly indigenously produced 
components. 

Lack of Commuai cation 

It is regrettablc that there is a lack of dialogue between those who 
are conducting agricultural machinery research in the developing countries and 
the manufacturers who can utilize the results of such research0 The design of 
an equipment to do a specific agricultural function is meani.ngless if it is 
not made ava.labJe to the farmers through normal commercial channels. The re
search engi-eers from the pubic iins titutions will have to acquire ,!j.lln in 
•the deve..opman't of *new ag;,.cultiural machines for commercial manufacture and 
sale. The msanufacture-rs for thoir pi .t will have to coopertate by supporting 
the developrren t of agric ulxural machinery for commnercial production at the 
public research institutions0 A cooperative research program between the pub.
lic institutions 1nd the mnufacturers would be more effective than the pres
ent independent approach to machinery research found in the developing coun-° 
tries. 

Contract Research at IRRI 

Since 1965 The International Rice Research Institute has been engaged 
in a pxjoject on "Farm and Equipment Power Requirements for- the Production of 
Rice and Associated Food Crops in the Far East and South Asia" under AID/WOl 
Rsearch Contract No. csd-834, In 1967, a rucogn'ti-n of some of the above 
mentioned aspects of machinery research resulted in the or~entation of the 
activities under the contract toward the manufacturers of agricultural mach
inery Th.is led to two types of research activities; 

1. Agricultural Mlachine(7y Development for manufacture within the tro-
pical countries 0 This activity envisages 'the complete development of an agri
cultural machine from "the basic concepr to the final production model, and in.
eludes provisIons for technica.). assistance in setting up manufacturing pro
grams. 

2,. Applied Ilachinery 1,Research tc assis: others in the deve3.opmant of 
agric ,l.tural machinery for ri ce c,'l]tiv t n 4n -the industrialized countries, 
Tho emphasis is on the pcifie urThw.s of mechanization and not on the dev
elopment of a machine for commeri, cial production, 

http:agricultu.eo


Along these broad guidelines, a number of machinery development and
 
applied research-projects has been. undertaken, some of which are described
 
below.
 

Drum-Type Power, Thresher 

The development of a low-cost, power-operated paddy thresher was un
dertaken to meet the requirements of the small farmer and the small-scale 
custom thresher operator. In areas of high humidity , the threshing of freshly
harvested paddy rice is done manually or by animals since available threshers 
cannot operate well under wet ci\op conditions: 

The design of the drum-.type thresher developed under the AID Research 
Contract has been released to manufacturers in the Philippines and the thresh
er is being commercially produced in the country. Figure 2 shows the schema
tic drawing of the thresher and Figure 3, a commercially produced machine in
 
the Philippines. Figure It shows the drum thresher at various stages of pro
duction at G. A. Machineries, Inca. Bulacan, Philippines. A nunbr of these
,threshers has been shipped to other Asian countries testsorj, performance and
 
evaluation. Inquiries from manufacturers have been received from many coun-
tries and it is hoped that, upon the satisfactory completion of the perform
ance tests, local manufacture in these countries would be initiated.
 

Table-Tpe Power Thresher 

A ligh'-weight thresher (Figs. 5& 6) which could be lifted manually and 
brought to fields with no access roads was developed,, A novel concept of a 
flat circular threshing surface which would permit threshing all around its 
periphery w;as used in the design. The fan is built int.grally below the 
threshing surface and a 4-ip air-coo].ed engine is used to power the thresher. 
The machine is compact and can be built in the developing countries at a fair.
.y low cost, This thresher is undergoing tests in the Philippines and will 
oon be released to the manufacturers in the developing countries. 

Rot ay Power Weeder 

Small tractors are being introduced for plowing, harrowing, and pud
dling, These tractors are unable to function properly for weeding because of
the soft field conditions and the lack of headland for tu ning. The burying
of weeds under the soil -is generally done at a very shallow depth by manually
operated rotary weeders,, A ground-supporteJ po,..-red wouldmachanica].ly w.eer
sink deeper than the desired weeding depth in the soft paddy fields. Also, an 
uncultivated land area is needed to enable the machine to turn at the end of 
the rows in small-.sized rice paddies. An attempt was therefore made to devel.. 
op a portable, lightw-veight pow-r-operated weeder which could provide ma,.ximun 
field coverage at shallo.:, practical weeding depths. A portable, light..weightC
machine can be lifted off the field for trning at the end of the rows withou
damaging the rice plants0 

Figures 7 and 8 show the three- and the five-row power weeders which 
were developed to study the feasibility of this new design concept by using
light-.weight aircooled engines° The 'three-row machine weighs 19 kg and the 
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five-row machine, 24 kg. During operation, about one-half of the weight
the weeder is ground-supported,. The weeding rierfor-mance 
of
 

of the machine iscomparable to of manual weeders.that rotary The three-row machine requires17 man-hours/ha for weeding as compared to 70 man-hours/ha for the manual ro
tary weeder and 120 man-hours/ha for handweeding, 

Manufacturers from the Philippines and Japan have shown interest inthese machines.' Information and drawings are being forwarded to the interested 
parties.
 

T-actor Tillage-and Mobility Studies under Soft Wetland Conditions 

Adequate traction is difficult to achieve under submerged wetland conditions, hence, ofbogging tractcrs is a serious problem. Non-traction dependent tilling devices such as rotary tillers show considerable promise under
 
these difficult conditions,
 

A-conventional rotary tiller provides some push to the tractor duringoperation but the pushing reaction is not sufficient to improve the mobility
of the tractor. The designs of conventional rotary tillers are based on dry
land requirements 
 where tillage is the primary objective. The conventional ro.tary tiller blades do not provido adequate ground support and the weight ofthe machine is supported by the tractor rear "tires° This results in excessiveground contact pressures and deep wheel tracks which accentuate tractor bogging. The velocity of the tiller blade also affects the vertical and horizon
tal reaction from the ground on the ti lle.. 

An experimental rotary tiller for soft wetlnd (Fig. 9) was built tostudy the effect of blade shave, blade angle, tiller diaireter and blade velocity on vertical and horizontal ground reactiono The machine has shown improved performance 
 and reduced tractor wheel slippage under etremely softfield conditions. Further tests are underway to establish the basic design in.formation which would be useful in developing special rotary tillers for wet
land areas.
 

Anhydrous Amrnonia Appl.liction with Power-illeo 

The recent popularity of small zractorr and power tillers for tropicalrice c"ultwIVation prompted the i ,itia'tion of a .study to cvaluate the feasibili.ty of using such tractors, for appyi gb anbyctrous ammonia° Figure 10 shows theanhydrous ammoriai appl..icator dev.elopcd for a simall walking( tractor, The appli-.cator was tested on puddled scil ond no mcchnical problcmni or loss of ammonia was encountered. The machine will u:doer, further trials during the forthcom
ing season.
 

Stpper -}Harve s-terCombiie 

Efficient handling of paddy f-om the fi.eld to the storage has alwaysintrigued. engineers, The current practice of harvesting and then tr~eshingcreates difficulties for the tropica;il fa-om .r and results in excessive grainloss0 The use of conventional coi-,'):, ]naiwe'1-,s for Piaddy has not found tide-.spread acceptencC in the troT)ic11 Tes,, couvcPri.onnl)hY coLh:it;ne is too ex
pensive :or the small and ndicuh-.s ized o.,s in thi! tre:c,often encouije:r serioos and thacse roachinesIobi.i'v V..-,blemc ii.thc wc paidy fields° 



of four major sections, namely, a cut-A conventional conine consists 
an elevator mechanism, a threshing cylinder, and a grain-straw separ

-terbar, 

ating and winnowing section,. A stripper combinri, threshing directly from 

standing crop, could dispense with the cutterbao and the elevator mechanism o-: 
permit light-weight, low-.cost macha conventional colibine, Such a design will 


ines which Could be better suited for, harve3ting rice in the wet tropical coun.
 

tries ,
 

The design of a stripper combine harvester which is offset mounted on 
differs 

a 6-hp walking tr-,actor has been initiated (rig, i1)0 The machine fron 
it bends the plants 	prior

other expcrimental stripper-harvester designs in that 


to the threshing action to improve the collection of th-eshed grain and to
 
has been designed with.

reduce the grain scattering losses° The first machine 
(Fig, 12), Once the stripping mechan

out a straw-grain separating mechanism 
a rotaryism is de-4eloped, a self-propelled stripper will be designed with 


straw-grain separator mechanism0
 

Tractor PTO-Driven Thresher 

countries led to a. de-
The intryoduztion of 	combines in the advanced 

In the developing countries, however, there is 
cline in the use of 	threshers, 

tractor, PTO' oper-ated threshers. The th.ishers originally 
a need for suitable 

of agri utu:'al mechanization V;ere very bulky
designed in the early stages 

There is a need to deveo1, thcw..n type of threshers which 
and cumbersomie, 
would be light enough to be morunted on the three,-poirnt linkage oi Swcandard 35 

Such threshers could b convenietly moved from one loca
to 60-hp; tractorc, 

custom threshing in 	 many develo[ping countries.
tion to anotheQr and 	used foe 

was therefore initiated to meet this
A light--eight thresher design 

(Fig, 13) uses a spike-toothed drum which is so dc
requaremenr. Th- design 

straw are delivered 	out of the drum in
signled th-t the Threshed material and 

material is then separated and winnowed in a 
an ania! directionz The threshed 


Irotary screen separator.
 

The machine is now under construction and will be tested in the near 

future . 

Conclusion 

at the field level 1s a slow process in the
The diffusion of research 

It take several of continued effort before a 
developing countriesz may 	 years 

in the field, A selective approach to agri.
research result could be accopted 

cncouri,jng possibilities of redu
cul.tural mach.iney resear.h, however" shows 

cing "the .ime lai, between resea),ch and fieJld pjpa.icaL.on,, in a rolatively 
earlier wes de

short perio4 ol- ci.hltcen monflis, the df-um thrcshez described 

signed and de .cloc:ied from a ccn,.ept to a colimter'cjaly produced mxh1;.noe The 

ecessitates a highaniue 'ion of ag-Icul.tufali.-hai.a,,aLionCxpe(diticus 
ppiority on th,(: de\vulorpent and m.anufacture of suitable &gricultural-machines 

not only for the wet land ihut al.ao the dry land arceas of the developing coun-. 

tries , 
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Rotary sroon 
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'~ \~ / Chaff 4 i~ 

OJGrain_* \SGThresning 

T DrumI t 

VIEW Al SECIION B BAl t -A'VIEW SECTION 

drawing 	of the power-operaLed druim-type
Fig. 2. 	 Schematic 

thresher. 
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II 

Fig. 3. A corunc-rcllIl.y produced drum-type thresher in 

the Ph ilippinhe. 
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Fig. 5. Schematic drawing of the table-type power thresher.
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"Fig. 7. The expelimenta], Lhiee-row power weeder.
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Fig. 9. Experimental PTO-driven wetland rotary tiller
 
mounted on a standard tractor.
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Fig. 10. Ewperimental anhydi-ous ammonia &pplicator mounted 
on a 6-hp walking tractor. 
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PADDY STRIPPER MOUJTUO ONA 

SMALL WALKINJG TRACTOF 

Fig. 11. 	 Design of the strippef-imrvei;ter combine, 
off-eL inounLed on a-small walking tractor. 

PLANI DIELUTIIIG IMFCHA,'IsM 

sirr MELTAI HOUSt4IG 

CGANDELIVErly-L 

_ MACIIINIE TPAVFI 

, /J 

I)'-", ,\ N/" "'pt ,I, ,., 

I 
I • i '( ,, . , - ''' +- J,:..II i '; % 	 .
BAG(7I

rSrIIrI,IATIC (ot/,~IADIA' Si RIP11F.R 

IEipo 12. Scheminic d wt'of Olec paddy stripper. 



4 

PTO-DRIVEN THRESHER
TRACTOR$TP CUTLET 

<= STRAWS 

4 V~'<:3CHAFFS 

GRAIN 

- 7U'v'
-- /-
~ 


FEEDING TrP.\1W 

--- t
/ 


"'\ SPIKED TOOTH GYUNDER 

" -' 'v :''" ">.[ GRAIN OUTLET 
; ' ' GRAIN

* \ IV V 

S- ROTARY SCREEN SEPARATOR
 

STRAW THROWER a ASPIRATOR
 

of the tractor i1O-driven thresher.
Fig. 13. Drawing 


