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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 lhas
acquired new significance. The shorter growing season of the improved varie~
ties, 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 availablz. Equip-
ment is needed to enable the tropical Asian farmer tc cope with the high la-
bor~consuming operations of land preparation, transplanting, wceding, harvest-
ing, and threshing., In addition, recent increases in rice 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 Last Asia expend 5 to 7 hours of labor to provide 20,4
kg of rice, while in arees 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. Matsubayashigf 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 Suitablc Equipment

The technical aspects of agricultural mechanization are often over-
shadowed by economic and social considerations., Howcver, in spite of somewhat
similar socio~economic conditions in the tropical countries, the mechanization
of areas groving 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

*llead, Apricultural Engineering Department, The Internaticnal Rice
Research Institute, Manila, Philippines, and Project Leader, AID/IRRI Research
Contract No. ¢sd-834.

M International Rice Commission. Report of the First Meeting of the
Working Party on Agricultural Engineering Aspects of Rice Production, Storage
and Processing, Saigon, 10-15 November 1960, H4 pp,

.Z./Matsubayashi9 M., R, Ito, I. Namoto, T. Takase, and N, Yamada, The-
ory and Practice of Growing Rice., Tokyo, 1956, Fuji Publishing Co. 502 pp.

3/seni-Annual Substautive Report No. 5§, Contract No. ALD/csd-834, Ju-
ly -~ December 31, 19067, The Intcrnational Rice Rescarch Institute, Manila.



-2 -
Pakistan, lowland rice cultivation in East Pakistan is almosti completely non-
mechanized. - This"disparity is, to some extent, due to the greater shortage of
suitable agricultural equipment for lowland rice cultivation.
. -

The equipment developed in the temperate countries for dryland culti-
vation is oftén not suited for lowland cultivation in the tropics., Some of
the equipment developed for lowland work in Italy, Californis, and the Southern
United States are also not suited toc the scale of farming generally found in
the tropics. The Japanese farm machinery manufacturers lead in the development
of eguipment for smatl-scale lowland rice cultivation, However, duc to the
demands of the Japanese home market, such equipment arce dncreasiugly becomaing
too sophisticated for the tropical farmers., The Japanese equipment also enw
counter probiems with the heavy deep clay soils and other conditicns in the
tropics. It is essential, therefore, that & major rescarch effert bz direcred
zoward the development of suitable agriculturel equipment to mechanize lowland
rice cultivation in the developing countries.

' In Asia the 5 to 25-acre landholdings constitute a wajor portion of
the total arable land and support a large segment of the rural househsids.
Th%s lgrge group of holdings has sufficient means to support agricultiural mech-
anization at an intermediate level. It is ironic, however, tha® this group has
the least access to suitable farm equipment.,

The development of simple power-operaied ecquipment for the § tc 2
holdings of fers the greaiest potential for mechanization and is a great oha
lenge 1o the equipment development engineers. This is pasticuiarly so bec
development reseanrch in the advanced countries is concernad mestly with so
phisticated cquipment for larger farm holdings, The dev:lopuent of relatively
Jabor-intensive agricultural equipment for an intermediate lcvel of mechaniza-
Tion also will not create rural labor surpluses and unemployment problems as
prjdicted by some authorities, .

Curirent Research Level

A review of agricultural machinery research in the developing countries
brings to lipht some interesting facts. Many developing couniries have estabe
lished agricultural engineering research centers in their universities and de-
partments of agriculture. These centers arc often well equipped and zre
staffed by hiphly qualified engineers., A fcuw such centers have beon Functione
ing for periods cf 15 to 20 years. It is unfortunate, however, that, generally .
the research efforts of these centers have not resulted in any sipgnificant im-
pact on the mechanization of agriculture in farmers’ fieids, It 3¢ #1850 inter
esting to note that the existing loczally developed agriculiurel equipnent whic
are popular are generally the result of work done by technicians, iarmers, and
small manufacturers.

There are many publicly owned research centers in the develuping coune
tries engaged in the improvement of mznual and animal-drawn iwmplements, Reldae
tively less attention is being dirccted to the cevelopnent of suitablz small
and medium-sized power-operated equipment. Due to the limitations or aveilable
povwer per man or per animal; only navgiral dmprovements in owdput can  be
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__expected fron suchfimproved equipment, The extension of marginaily improved
equipment in the field is a very difficult problem.

-

The research on power-operated agricultura)l cquipment at a few centers
is generally limited to equipment surveys and test, evaluation and theoretical
function analysis type of studies. Such types of rescarch cannot contribute
signifizantly to the mechanization of apgriculture in the tropical countries.
The effectiveress of agricultural wachinery research in the developing coun-
tries will depend on its impact on farmers® fields rather than on an increase
in knowledge about mechanization, There is an urgent need for an assessment
of machinery rescarch objectives and the formation of fyesh guidelines for the
agricultural engincering research establishments in the developing countries,

Research Orientation

Staw Tt Ay

Apricultural equipment research is such that the results cannot be ex-
tended directly to the farmers. This aspect of machinery rescarch extension
has not been fully recegnized by the various publie agricultural engineering
rescarch organizations in the develcping countries. The extension of machin-
ery research is accomplished mostly by incorporating the results into the dew
signs of new agricultural machines which can be made available to the farmers
through normal commcrcial channels. The development of new apricultural equip-
went for tropical conditions,; therefore, assumes added significance as a tool
for the extension of machinery research to the farmers,

Broadiy speaking, agricultural mazhinery research is conducted with
varying emphasis by many types of research organizations in the advanced coun-
Yries. The educaticnal institutions and the private and public rescarch insti-
tutions cmwphasize basi: and applied resear:h, Whereas, the agricultural mache
inery manufacturing industey emphasizes machinery desipgn and develepment. This
is an effective national pattern for machinery research in which industry uti-
lizes the results of reseacch frow other institutions to develop new agricul-
tunral machines. The muchines in turn enable the farmer to apply in the fields
the| resuits of machinery research, There is no reason why this pattern of re-
gearch cannov be adopted in the developing countries; hovever, this would re-
quire some adjustments,

The developwent of new mechinersy is expensive and can be economical
only when the dewand is substantial enodgh to warrant mass production. The
struggling agrizultural machinery industry in the developing countries has not
yet reazhed the stage when it can support orpanized machinery development re-
search,  The rescarch orpganizaticns in these countries will have o initially
shoulder this responsibility which involves a shift from the conventional aca-
demic approach to research. In the long run, the manufacturers will be able
to effectively handle the development, manufacture, and extension of new agpi-
cultural machines in the developing countries.

It is difficult to visualize a country which could mechanize its agri-
culture with mostly imported equipmen*. & study of some of the smaller but
agriculturally mechanized countries would indicate that the major portion of
their apricultural machinery requirements are produced locally, The shortage
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of foreign 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
implications of displacing field labor by agricultural machines would also ne~
cessitate the desipn, development and manufacture of machines within the dev-
eloping countries in order to provide alternative industricl employment. In-
dications are that the growth of the agricultural machinery manufacturing in-
dustry in the developing courntries. will proceed along with the mechanization
of agriculture. Already the local production of tractors, a key farm equip-
ment, has shown remarkable preogress in a country like Indie where the number
of tractors produced annually increased from 880 units in 1961 to 11,39% units
in 1967 (rig. 1). Thiz growth also reflects the progress in the indigenons
production of agriculturzl implemencs and other machinery in India. Another
example of successful local manufacture is found in Taiwen where two companies
are producing power tillers and implemonts with mostly indigenously produced
components.

Lack of Communication

It ie regrettable 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 research, The design of
an equipment to do a specific agricultural function is meaningless if it is
not made available tec the fzrmers thrcugh normal commercial. charnnels. The ve-
search engircers from the public institutions will have to acquire skille in
the development of mew agr,icnltural machines for commercizl manufacture and
selz. The manufacturers for their part will have to cooperate by supporting
the developmeni of ggricultural machinery for commercial production at the
public research institutions. A cooperative research progranm between the pub-
lic institutions ond the manufacturers would be more effective than the pres-
ent independent approach to machinery vesearch found in the developing coun~
tries.

Contract Rescarch at IRRI

S 5307 ST WO Yo

Since 1966 The International Rice Research Institute has been engaged
in a project on "Farm and Equipment Power Requirements for the Production of
Rice and Associated Food Crops in the Tar East and South Asia" under ALD/WOH
Research Contract Ho. esd~834, In 1967, a recognition of some of the above
wentioned aspects of machinery rescarch resulted in the orientation of the
activities under the contract toward the manufacturers of agricultural mach-
inexy. This led fo two types of resecarch activities:

1, Agricultural Machineyy Development for manufacture within the tro-
pical countries., This activity envisages the complete develeopment of au agri-
cultural machine from the basic concept to the Final production model; and in-
cludes previsions for technical assistance in setting up manufacturing pro-
£1AmS o

2. Appliecd Nachinery Rescarch tc assist others in the development of
agricultural machlnvry for rice cultivatisn in 1the industrialized countries.
The emphasis is on the speeific nroblems of mechanization and not on the dev-

elopment of & wmachine for commcrcial production,
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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 cperator, In areas of high humidity, the threshing of freshly
harvested paddy rice is done manually or by animals since available threshers
cannot operate vell under wet crop conditions.

The design of the drum-type thresher developed under the AID Research
Contract has been released to manufacturers in the Philippines and the thyesh-
er is being commercially produced in the country. Figure 2 shows the schemna-
tic drawing of the thresher and Figure 3, a ccmmercially produced machine in
the Philippines, Fipure 4 shows the drum thresher at various stages of pro-
duction at G, A. Machineries, Inc., Bulacan, Philippines, A number of these
threshers has been shipped to other Asian countries fop performance tests 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-Type Power Threshep

A lighteweight thresher {Figs., 566) which could be lifted manually and
brought Lo fields with no access roads was developed. A novel concept of a
flat circular threshing surface vhich would permit threshing all around its
periphery was used in the design. The fan is built intagrally belcow the
threshing surface and a 4-hp aircooled engine is used to power the thresher,
The machine is compact and can be built in the devcloping countries at a fair-
Ly low cost. This thresher is undergoing tests in the Philippines and will
oon be released to the manufacturers in the developing countries.

i

Rotary Power Waecder

Small tractors are being introduced for plowing, harrowing, and pud-
dling. Thesc traciors are unable to funcrion properly for weeding because of
the soft field conditions and the lack of headland for turning. The burying
of weeds wnder the £o0il is gencrally done at a very shallow depth by mansuvally
operated rotary weeders., A ground-supported maclianically powrred weeder would
sink deeper than the desired weeding depth in the soft paddy ficlds. Also, an
uncultivated land arca is nceded to enable the machine to turn at the end of
the rows in small-sized rice paddics. An attempt was therefure made to devel-
op a portable, light-weight, powcr-operated weeder which could provide maximun
field coverage at shallow, practical weeding depths. A portable, light-weight
machine can be lifted off the field for turning at the end of the rows withou:
damaging the rice plants.

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 cngines, The threc-row machine weighs 19 kg and the
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five-row machine, 2u kg, During operation, about one-half of the weight of
the weeder is ground-supported. The vieeding performance of the machine is
compareble to that of manual rotary weeders. The *hree-row machine requires
17 man-hours/ha for wecding 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 in
these machines, Information and dravings arc being forwarded to the interested
parties,

Iractor Tillage-and Mobility Studies under Soft Wetland Conditions

Adequate traction is difficult to achieve under submerged wetland con-
ditions, hence, bogging of tracters is a serious problem, Non~tracticn depend-
ent tilling devices such as rotary tillers show considerable promise under
these difficvlt conditions.

A conventional rotary tiller provides some push to the tractor during
operation but the pushing reaction is not sufficient to improve the mobility
of the tractor. The designs of conventional rotory tillers are based on dry-
land requirements where tillage is the primary cbjective. The conventional ro-
tary tiller blades do not provic.: adequate ground support and the weight of
the machine is supported by the tractor reap tires. This results in excessive
ground contact pressures and deep wheel tracks which acecentuate tractor bog-
ging. The velocity of the tiller blade also affects the vertical and horizon-
tal reaction frem the ground on the tillew,

An experimental rotary tiller for soft wetland (FPig. 9) was built to
study the effect of blade shave, hlade angle, tiller diareter and blade velo-
city on vertical and hoprizontal ground vcaction. The machine has shovn im-
proved performance and reduced tractor wheel slippage under extremely sof:
field conditiorns., Further teste are undervay to establish the basic design in-
Formation which would be useful in developing special rotary tillers for wet-
land areas,

Mihydrous Ammonia Application with Powepr Tillers

The recent popularity of small tractors and pover tillers for tiropical
rice cultivation prowpted the iuitiation of a study te covaluate the feasibili.-
ty of wsing such tractors for applying anhycrous ammoniz, Figure 10 shows the
anhydrous eammonia applicator devaloped for a small walking tractor. The appli-
cator was tested on puddled scil ond no wechanical problems or loss of ammonia
was encountered, The machine ‘will underpo further trialg during the forthcom-~
ing ceascn,

Stripper-Harvesier Combine

Efficient handling of paddy #rom the Field to the storage has always
intrigued engincers. The current practice of hapvesting and then threshing
creates difficulties for the tropical favmer and resulis in excessive grain
loss, The use of conventional combinc barvesters for paddy bas not found wide-
spread acceptance in the tropical aeas. The convertional combine is too eg-
pensive for the small and medimg-sized favms in the trepics and thase machines
often enconuter serdious mobility probleme in the wet paady fields,
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A couventional combine consists of four major sections, namely, a cut-
- terbar, an elevator mechanism, a threshing cylinder, and a grain-straw separ-
ating and winnowing section. A siripper combine, threshing directly from
standing crop, could dispcnse with the cutterbar and the elevator mechanism of
a conventional combine. Such a design will permit light-weight, low-cost mach-
jnes which ¢ould be better suited for harvesting rice in the wet tropical coun
tries. ”

The design of a stripper combine harvester which is offset mounted on
a 6-hp walking tructor has been initiated (rig. 11). The machine differs fron
other experimental stripper-harvester designs in that it bends the plants priov
to the threshing action to improve the collection of <hreshed grain and to
reduce the grain scattering losses. The first machine has been designed with-
out a straw-prain separating mechanism (Fig. 12). Once the stripping mechan-
ism is developed, a self-propelied stripper will be designed with a rotary
straw-grain separator mechanisme

‘Tracten PTprrjvcn Thresher

ALY R, SR a8

The introduction of conbines in the advanced countries led to 2 de-
cline in the use of threshers. In the developing countries, however, there is
a nced for suitable tractor PTO-operated threshers. The threshers originally
designed in the early stages of agricultural mechanization were very bulky
and cumbersome. There is a nced to develon threw-in type of threshers which
would be light ecnough te be mounted on the three-peint linkage of =tandard 35
to 60-hp tractors. Suzh threshers could be conveniently moved from one loca-
tion to another and used for custom threshing in many developing countries.

A light-veight thresher desipn was therefore initiated to meet this
requirement. The design (Fig. 13) uses a spike=-toothed drum which is so de-
signed thzt the threshed material and straw are delivered out of the drum in
an axial direction. The threshed material is then separated and winnowed in a

rotary screen separator.

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

Conclusion

The diffusion of research at the field level is a slow process in the
developing countries. It may take several vears of continued cffort before a
rescarch result could be accepted in the field. A sclective approach to agri-
cultural machinery research, however, shouws encouraging possibilities of redu-
cing ithe time lap between rescarzh and ficld application, In a ralatively
gshort period of cipghtecn months , the drun thresher Acseribed carlier wes de-
signed and devaloped from a conicpt to a commenci ally produced machine. The
expediticus introduction of agpionltucal mezhaniaation nescessitates a high
priority on the developrent and manufacture of suitable zgricultural machines
not only for the wet laud but alzo the dry land arcas of the developing coun-

trics.e
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ANNUAL PRODUCTION AND IMPORT OF TRACTORS IN INDIA r7
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Fig. 1. Annual tractor production and tractor imports, India. Machtinery Division, Ministry of Foor
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Fig. 9. Experimental PTO-driven wetland rotary tiller
mounted on a standard tractor,
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Fig. 10. Ekperimental anhydious ammonia applicator mounted
on & 6~hp walking tractor.



"PADDY STRIPPER MOUNTID ON
SMALL WALKING TRACTOF.
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F{g. 11. Desipgn of the stripper-harvester conrbine,
offset mountued on a-small walking tractor.
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Fig. 12. Schematic dvaving of the paddy stripper.



TRACTOR PTO-DRIVEN THRESHER
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Fig. 13. Drawing of che tractor ?T0-driven thresher.



