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DEVELOPHENT OF AGRICULTURAL IIECHANIZATION TECHNOLOGIES
AT THE I#TERWATIO:AL RICL KuSLAPCE I7STITUTE

Amir U, Khan and Bart Duff®

Intrcduction

The Agricultural Engincering Department at The International

Rice Rescarch Institute {1RRI) is engeged in the development and ex-
tension of an appropriate agricultural mechanization teclinology for the
rice-producing countries of fsia. Funded througih a research contract
with the U.S, Agency for International Development, the IRRI project is
patterned after comnercial RED activities in tiie industrialized coun-
tries. Te encourage indigenous manufecture of agricultural equipment
in the Southeast Asian region, RED services are provided free of cost
to small mac:iiery manufacturers who individually cannot support acti-
vities of this type.

This paper discusses the program in the following four sec-
tions:

Mechanization Strategy

Product Planning

kachinery ilesign and Development
Technology Transfer and Diffusion

*Head and Associate Agricultural fconomist, respectively, Agri-
cultural Engineering Department, The International Rice Research Insti-
tute, Los Xafios, lasuna, Philippires. '
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Mechanization Strategy

In most countries of South anc Southeast Asia, 50 to 90 percent
of the populatior are engaged in agriculture. Rice is the major crop,
with the largest share of production being grown using wetland cultiva-
tion nractices. Both lanc and laber productivity in agricultur are
low, resulting in . poor standard of living for a majority of the rural
population. During the '60s, developments in seed-fertilizer technclo-
gy, houaver, have demonstrated that crop yields can Le raised several-
fold in the tropics. These develorments are now helping to increase
land productivity in the region.

To develop and realize the full npetential of the new seed-fep-
tilizer technology, however, more intensive production practices ape
generally necessary, In many countries of Asia, labor shortages are
beginning to occur in certain periods of peak labor demand. Many far-
mers are finding that they cannot effectively till, plant, and harvest
their crops with traditional nethods. For such farmers mechanizatien
is suddenly Lecoming a means of supplementing both available labor and
land resources. The rise in seaczonal labor costs in many Asian coun-
tries has created a favorable climate for agricultural mechanization,

To provide a decent standard of living to the rural population
of the region, it is essential to increase both land as well as labor
productivity. One can argue that lalor productivity could be increased
through the introduction of more intensive manual cultivation practi-
ces; however, such an approach has many obvious limitationg. The high
cost of human energy, the seasonal nature of demand for agricultural
labor, and the critical necessity for timeliness in cultural opcra-
tions, particularly in double op multiple cropping areas, present ser-
ious limitations to exclusive reliance on labor-intensive methods.
The potential for providing additional power from animal sources is
also rather limited. In addivion, animalsg usually compete with the
humar populatiorn for scarce land resources and their opportunity value
as a source of food has increased the costs of mainteining them exclu-
sively for draft purposes.

It tuercfore seems iZghly doubtful that labor productivity
€ an be increased substantially in the tropical Asian region through
greater use of manual or animal pover. The practical option for rais-
ing labor productivity appears to lie in introducing some degree of
Selective agricultural mechanization in the region. Thus, with the
introduction of tic seed-fertilizer technology, and the need to in-
crease the productivity and stancdard of living of the rural population,
mechanization of agriculture has dequired new significance and is he-
coming an important issue in rany tropical countries.
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In the light of the developments that have occurred during the
last decade, the question confronting many Asian countries is not wheth-
er to mechanize or not to mechanize agriculture. The more fundamental
and urgent issue nLow coricerns the correct strategy that must be fol-
lowed in the mechanization of tropical agriculture. (uestions relating
to the type of mechanizatvion technology that can be applied in the re-
gion without creating drastic economic and social imbalances, and the
factors affecting the developnent and extension of such a technology,
are of major contemporary concern. This paper discusses some of the
issues related to this important topic and describes the strategy that
we, at The International Rice hesearch Institute, believe is necessary
to ensure a degree of mechanization which is compatible with overall
development objectives such as equity, exnanded employment opportuni-
ties, and increascd incomes.

From the data on crop ::ields and power input ner hectare of
selected countries of the wor.d, Giles (1967)%concludes that a minimum
power input of 2.5 hp per hectare is nzcessary in the less developed
countries. The current lovel of pover availability in tropical Asia
is on the order of 0.17 hp per hcctare as compared to about 1 hp per
hectare in the United States and 3 hp per hectare in Japan. Since the
end of World War II, some countries in Asia have attempted to increase
their power input in agriculture through substantial imports of trac-
tors and other agricultural machines. Such equipment has been devel-
oped for conditions of either large farm holdings with high labor costs
such as in the 'est, or small farm holdings and hiphly subsidized farm
incomes such as in Japan.

Jestern mechanization technology was primarily develoned for
dryland farming with a major emphasis on minimizing agricultural labop
inputs. A remarkable reduction i labor inputs and increase in labor
productivity has been achieved in the Vest through the use of large,
high-povered equipment which allows integration of many different field
operations. In light of the rapidly increasing population and the cur-
rent employment problems in tropical Asia, many social scientists un-
derstandably question the application of such a capital-intensive mech-
anization strategy in thc region.

It is interesting that in scite of nearly 20 years of efforts
to introduce Vestern mecharization technology in the Asian region, the
ovmership and uce of such equipment remains beyond the means of a maj-
ority of the farmers. India is an excellent example wher> production
of 35-40 .ip four-wheel tractors began in the early '50s. There are
currently seven companies in India mariketing over 30,000 tractors an-
nually (Jain, 1971). While 96 percent of the total farm holdings in
India are below 10 hectares in size, only 4 percent of the total trac-
tor ovmers have farm holdings betieen 0 to 10 hectares (Verma, 1972).

“Complete citations for articles mentioned in the text are
found in the attached list of references.
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If we exclude landless custom tractor hire operators, the percentage of
tractors sold to farms below the 10~hectare category would be consider-
ably less than the 4 percent level.

Thus, 96 percent of the tractors are being sold to farmers that
own more than 10 hectares of land. The benefits accruing from modern

1,

mechanization technology are therefore concentrated in a subsector com-

majority of small farmers in India. If agricultural mechanization is
to be an agent for economic and social change inthe region, it must
meet the needs of the majority of the farmers ang be compatible with
the prevailing set of economic, social, and industrial conditions of
the region.

In contrast to India, Japan has heen able to mechanize its ag-
riculture within the Framework of small farm holdings and high nopula-
tion density, in the short period of only 15 years. Rice is a major
crop in Japan whicn is grown under wetland conditions on small farm
holdings. Japarese agriculture has the world's highest power input per
hectare. Small farn size presented little difficulty in the mechaniza-
tion of Japanese agriculture. Almost all of the equipment used in Ja-
pan was designed ang developed to meet local resource and economic con-
ditions. , '

Table 1 lists some selected statistics from 11 rice-producing
countries of Asia. The information presented in the table indicates
that, with the exception of Korea, Japan has the smallest average ara-
ble land area per holding and, except for Nepal, the highest agricul-
tural working population per hectare in the region. The horsenower per
hectare, Loth in terms of land area and per agricultural worker, is al-
so highest ir Japan. 1In spite of the high level of mechanization in
Japan, the agricultural working population per hectare and the labor
input in rice cultivation are still among the highest in Asia. These
figures indicate that mechanization did not displace large numbers of
agricultural workers in the case of Japan. The machine technology of
Japanese mechanization has been based on low-powered machines which
permit intensive cultivation without substantial reductions in labor
requirements for crop production.

After World Var II, several unsuccessful attempts were made to
introduce large-scale Western mechanization in Japan. Following these
abortive attempts, a major effort was made to develop an approoriate
mechenizatior technology takirg into account the special needs of the
local farm communities and the canalilities of the indigenous farm
equipment industry. In Japan the high Support price of rice and the
growth of the farm equipment industry were two major factors in the ra-
pid mechanization of agriculture witl; individually ovned, low-powered,
but highly sophisticated machines.
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In recent years, attempts Lave Leen made to introduce Japanese
mechanization technology in other Southeast Asian countries. \Vhile
Japanese machbinery is well suited to the scale of farming and cultural
practices found in mary of these ~ountriec, it is often too complex and
uneconomic for the *ropical Asian farmer. In aadition, most of the
Japanese farm equipment cannct be produccd locally with the low-volume
manufacturing technology the: is currently available iun the Toutheast
Asiar region. The Japanesc Daddy tranuplanters, harvester-binders and
combines which have gained i:idesrrcad popularity in Japan, are excel-
lent examples of functionally suited but economically and industrially
unacceptable machines for tronical Asia.

The two “ypes of mechanization technologies fror Japan and the
temperate regions are undergoing inereasingly rapid refinement and
change to meet chaaging economic and teciinical conditions. These devel-
opments are, ne doubt, further widening the gap that exists between the
capabilities of the available technologics from Japan and the temperate
regicns anc the needs of the farming communities of tropical Asia.

Unfortunately, the hypothesis that technology to mechanize tro-
pical agriculture is readily available and that mechanization problems
in Asia are primarily of a socio-econcmic nature is widely held by many
authorities. A closer analysis, nowever, reveals that this assumption
is based on ar insufficient urderstanding of the complex problems in-
volved. Even if one were to accept the argument that a wide variety of
machines are already availalle to perform every farming operation ir
the tropics, it must be recognized that a machine's function is only
on: of a series of factors in the mechanizaticn process. The compati-
bility of a machine with its economic; social, and industrial environ-
ment is just as significant, if not more s¢, than its function.

The oversimplified assumptior that the agriculturel mechaniza-
tion techknology of the temperate regions cap be successfully applied to
mechanize tropical agriculture has led to a number of unrealistic con-
clusions. One such effect has Leer to rely exclusively on the use of
imported agricultural equipnent. Hajor emplasis has becen placed in
most Asian countries on evaluating, adapting, marketing, operating, and
servicing of agricultural machines from the temperate regions. (nlor-
tunately, the development of appropricte designs and the indigenocus man-
ufacture of suitable machines has rececived only minimal attention from
the public and the private sectors in the tropics.

Importation of equiprment has been costly since most countries
of the region do not have the foreign exchange to import sufficient
equipment for widespread mechanization of their agricvlture. Sakai
(1372) indicates the magnitude of the expenditure which would be re-
quired Ly the Philippines to import sufficient farm equipment to raise
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the power inputs in agriculture to the current Japanese level. He con-
cludes that if the Philippines were to allocate foreign exchange to the
importation of agricultural machinery at a level commensurate with its

present allocation for automobiles, it would take over a hundred years

to import the necessary equipment.

We believe that effective and efficient mechanization of tro-
pical agriculture is possible only through the developrment of an appro-
priate mechanization technology and the concurrent growth of the indi-
genous farr equipment industry in the tropical region. The real need
in trepical Asia is not the uiolesale transfer of mechanization techno-
logies from the temperate regions but the developmert of an appropriate
mechanization technolcgy which is compatible with the local factor en-
dowments of the region.

fae often hears the argument that economical manufacture of
agricultural equipment is possible only when a mass demand exists and
that the trepical Asian farmer is too small to justify such local pro-
duction. There is no doubt that economies of scale in manufacturing
are extremely important in countries where labor costs are high. For
this important reason, most machines in the industrialized countries
are designed fop capital-intensive, mass production methods. It is,
hovever, unrealistic to apply the same yardsticks of machine design and
production techniques when considering manufacture of agricultural
machines in the capital-deficient and labor-surplus regions of Asia.

The relationship between product design and manufacturing tech-
nology is nct well recognized by many scientists. The design of a pro~
dvct is so intimately related to the manufacturing process that once
4 design is finalized, the manufacturing methods which are available to
produce it become well defined and, inmany cases, limited. For this
reason, the development of a labor-intensive farm equipment industry in
Asia greatly depends on the availability of suitable machinery designs
that can be economically produced with available labor-intensive DPro-
duction methods.

There are many encouraging signs of progress in this direction
throughout the tropical Asian region. There are many examples which indi-.
cate that low volume production of relatively complex products i3 pos=-
sible in Asie provided suitable product designs are made available, The
manufacture of the jeepney and the ilcCormick type threshers are excel-
lent cxamples of such products in the Philippines. The manufacture of
propeller type, motorized lowlift pump in Laos, Cambodia, Thailand and
Vietnam provide an additional example. In Thailand, numerous small
sliops producz simple power tillers of indigenous design. The smali-
scalc manufacture of diesel engines, lathes, and other relatively com-
plex preductz in India, Pakistan, and Thailand are excellent examples
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of low-volure, labor-intensive production. Similarly, in Taiwvan, the
production of three-wheeled automotive vehicles and farm trucks and
‘power tillers are good examples of low-volume production. Invariabnly,
each of thase developments occurred as a result of the efforts of lo-
cal entrepreneurs who were able to adapt or develop suitable products
to meet the requirements of the local market while at the samc tine us-
ing the simple production methods that were available to them. We be-
lieve that a similap strategy is necessary to accelerate the pace of
agricultural mechanization throughout tropical Asia.

Considerations related to the availability and allocation of
foreign excienge, the generation of expanded employment and income op-
portunities in manufacturing, and the potential for large-scale labor
displacement in agriculture are all elemeuts which should enter decji-
sions relating to the use of an imported mechanization technology. The
approach at IRRI has been to adapt, innovate, and invent rew machines
whichk are complementary with on-farm resources and have the inherent
advantage that they can be produced, utilized and maintained using lo-
cal resources and skills.

One advantage of «chis Strategy is that, for certain operations,
it makes available an added alternative which is considerably less ex-
pensive than imported models. This is shown in fig. 1 which ilius-
trates the comparative total cost curves for two small power tillers.
One represents an imported model currently selling for slightly more
than B7,000 in the Philippines. The second model, representing a de-
sign recently released by IKRI, sells for about £3,500. The machines
are identical in performance Specifications, but the significant advan-
tage introduced by lowering the initial investment cest has considera-
bly expanded the effective market for the small locally built tractor.
Note that the threshold acreage at which tlie tractor meets all costs
relative to the current custon rate has been reduced from 27.6 hectares
using tne ‘mported machine to 16 hectares when employing the indigenous-
1y preduced wmachine. There are several firms now producing this trac-
tor in the Philippines, and sales during the previous three months have
been greater than the combined sales of all imported tillers over the
past 1-1/2 years.

It is not always possible to reduce costs as dramaticallv as in
the case of the small tractor, but many of the considerations mentioned
above make local designs tailored fop local production extremely at-
tractive to 2conomic plianners,
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Product Planning

A major problem faced by all research and development programs
is the selection of procedures to delimit both the number and type of
projects to ensure compatibility with available research resources and
program objectives. As the range and scope of RED objectives broadens,
the establishment of priorities for the allocation of research re-
sources becomes increasingly difficult. Even the narrowly defined and
sharply focused objectives of the IRRI rice mechanization program do
not allew use of precise or clearly defined guidelines in choosing
among design projects. The international character of the program
tends to further accentuate these diffi:ulties, becuase of the high de-
gree of variability in piwysical, social and economic conditions found
throughout the Asian region and between regions within countries in the
region.

Unfortunately, there are as yet few analytical tools available
which embody the precision flexibility and economics necessary to map
out priorities leading to efficient sequences in the development, inno-
vation and adoption of technologies. lost quantitative economic models
employed in the developing countries are much too aggregative to offer
little more than a suggestion of where investments in research and dev-
elopment will lead to high rates growth in productive activities. The
existence of distortions in relative factor and product prices due to
overvalued exchange rates, legislated wage rates, and concessionary
credit terms tend t~ further confuse the issue. HMany of the techniques
found in the field of operations research offer considerable promise
when utilized for product planning, but their application has been ham-
pered by a lack of readily available data.l/

Until recently, much of the product planning in the IRRI engi-
neering program has been carried out by employing a combination of in-
tuition and experienced judgment supported by a limited number of eco-
nomic surveys combined with field test and evaluation work. An effort
is now underway to develop a more systematic and precise method for
evaluating promising areas for adaptive and Janovative product devel-
opment. The objectives are to provide the designer with specific in-
formation regarding the task the machine is to perform, required per-
formance characteristics including size, labor productivity and

1/the literature reveals that these problems are not confined
to situations encountered in the developing nations, but are a dilemma
facing all firms and institutions engaged in activities focused on the
development and marketing of new products (Karger and Jurdick, 1971),
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efficiency, the investment and operational costs, and the potential
- rate of roturn on investment fop particular resource situations.

To establish these general design parameters, it is necessary
to assemble and analyze data descriting the potential market, the
state of existing technology in the task for which the product is to
be designed, and the technical and economic environment in which the
machine will be produced and operated.

Demand Constraints

As was mentioned in thc section describing the strategy of the
IRRI mechanization developrient program,- a major objective is to pro-
duce machines which are compatible with the resource endowments and
social-economic environment faced by small- and medium-sized rice pro-
ducers in tropical Asia. This classification has been further refined
to mean farms in the 2~ to 10-hectare size range; a categorization
which generally applies to over GO percent of the rice farms anéd en-
compasses in excess of 50 percent of the total rice area.

To examine the characteristics of these farms, IRRI has con-
ducted numerous field Surveys, market studies and comparative test and
evaluation work, principally in the Philippines.2/ Many of the firid
studies have been specifically designed to examine and assess the com-
parative economic and technical features of individual farming opera-
‘tions such as land préparation, seeding and transplanting, weeding,
and harvesting-threshing. Analysis of information describing opera-
tions by farm size, type and institutional darrangement permits precise
definition of those operations where technological improvements will
result in the alleviation of labor, power or cther resource bottle-
necks and/or will reduce losses and lower costs. The necessary per-
formance requirements for a ‘iew machine can be determined by detailed
- comparisons with existing techniques. Upper limits on investment and
operational costs are set by the minimal rate of return that a farmer
will accept as an incentive to adopt the improved technology.

2/For more information on the nature and contents of these
studies, one is referred to the bibliographies of the Departments of
Agricultural Economics and Agricultural Engineering, The International
Rice Research Institute, Los Bafios, Lapuna, Philippines (1372).
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could also argue that the lack of an effective demand for farm 7achin-
ery at the farm level also acted indirectly as a disincentive.i

The reticence to accept or adopt new products is a pervasive
feature of many small and melium-scale manufacturing firms. Without
the benefit of a product plannins or market research wing, many firms
face considerable uncertainty regarding the potential size and form of
returns to be derived from the productior and marketing of new products.
Lack of risk capital for product and market development, a tight cash
balance positior and the unfamiliarity of many producers with agricul-
-tural products have required that the IRRI program dewvelop a compre-
hensive extension program.

Socio-[Fcononic Constraints

In planning a new design, increasing attention is being given
to its probable impact on employment and the propable distribution of
benefits resulting from its use. At the farm level, evevry effort is
being made to ensure that the employment effect is positive, i.e., that
the labor wiich is displaced in the performance of a specific task has
a reasonavle opportunity for productive employment in other tasks or in
another occupation. An overall goal is to increase the intensity and
timel;?ess of cropping leading to an cxpansion in employment on the
farm.2/ Obviously, geographic location (access to non-agricultural em-
ployment) and tiie factor markets a farmer faces (particularly for labor)
will influence the net ouvtcome. Our cxperience to date has been much
too limited to assess the impact of a particular machine on employment,
although the local manufacture of several designs has increased employ-
ment by as much as 40 percent in some firms. In addition, it has prov-
ided a means of utilizing excess capacity which characterizes many of
the small- and medium-scale firms.

Hachinery Design and Development

The Institute recognizes the urgent need for suitable farm
machines for tropical agriculture and the catalytic role that machinery
design and development activities can play in the establishment of an
indigenous farm equipment manufacturing industry in the South and South-
east Asian region. The IRRI program of machinery development is there-
fore sharply focused towards providing designs of agricultural machines

4/5ee Johnston (1971, 1972) for a discussion of the critical im-

portance of these backward linkage effects.

3/some evidence on the enployment effects of mechanization in
Philippine agriculture is contained in R. Barker, et al. (1972) and
V. Heyers, et al. (1971).
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for the production and processing of rice with two major objectives in
mind. One, the machines must meet the requirements of the 2- to 10-
hectare farmers who can neither afford to use imported mechanization
technology nor work efficiently with traditional methods. Two, the
machinery designs must utilize, to a maximum extent, locally availalle
manufacturing metlods, materials, lahor, and other resources of the re-
gion.

Some of the machines that have been developed under this program
are shown in the attached illustrations. tlany of these machines are
entering commercial production in Asia and will soon begin to contribute
both to the mechanization of agriculture and the generation of new em-
ployment opporturities in the farm equipment industry.

ilechanism of Technology Transfer and Diffusion

Hayami and Ruttan {(1972), in their recent book, list three
stages of technology transfer -- material transfer, design transfer,
and capacity transfer. The first phase is characterized by the simple
transfer or import of new materials such as seeds, plants, animals, and
machines. In the second phase, the transfer is made primarily through
designs (Llueorints, formulas, bor 3, etc.). In the third nhase, the
transfer occurs through the transmission of scientific knowledge and
capacity which enables the production of locally adapted technology.ﬁ
In the case of the 'green revolution,’ the important elements of hLoth
the success and the limitations have been embodied in capacity trans-
fers. The new seeds were the product of research conducted by scien-
tists working in the developing countries where earlier efforts at mat-
erial transfer had largely proven futile. One might cite the limited
area which has benefited from the high-yielding varieties as evidence
that there iz still much to be gained by further Strengthening adaptive
research capacity at the regional and national levels.

With respect to mechanical technology, most developing countries
are still highly dependent on material and design transfer. iiucl: of the
modern agricultural equipment used in the developing nations is imported.
In the absence of machinery designs which are compatible with local man-
ufacturing capabilities and consistent vith farm level economic and tech-
nical requirements, importation remains the only reliablEFEburce of equip-
ment.

E/Table 2 provides some insight into the relative levels of mech-
anization in four countries and hov these levels are conditioned by fac-
tor price ratios, .
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Manufacturing Extension

Until very racently, extension of IRRI equipment designs was
confined priucipally to the Fhilippines. This was a result of tlic loca-
tion of the hrogram, a lack of completed designs, and difficulty in
mobilizing an effective outreach program to cover other rice-groving
areas in the region. The Institute adopted the policy of providing de-
signs, free of cost or licensing requirements, to any firm which de-
monstrated a genuine interest in commercial production and marketing.

As more designs were released, it soon became apparent that the linkage
between research and development activities and manufacturing activities
would require considerable attention.

Procedures for the releasc of g design are not formalized hut
follow a more or less standard rattern. At the completion of test and
evaluation work, manufacturers who have expressed an interest in a
particular design are issued drawings and a bill of materials. They are
requested to submit a detailed cost estimate for the fabrication of a
productior prototype. Based on the cost estimate and an assessment of
the firm's production faci’ities, a selected number of manufacturers
are asked to build prototypec. We feel that .in all cases, there should
be more than one firm involved in the initial manufacturing phase,
There are two reasons for this. First, the existence of competition
tends to foster cost conscientiousness in the production of the machine
and kezps the market price at an acceptable level, Secondly, there is
usually sone attrition among firms accompanying the release of every
design.

At this stage in the diffusion of desipgns, the IRRI staff prov-
ides technical assistance in the form of advice on the use of alterna-
tive components and assemblies, the layout of production facilities,
Sources of operating capital and the Strategy for marketing the desdgn.
With the completion of the prototypes, manufacturers submit them to IRRI
for a final series of tests. Followins these tests, tlie manufacturer
is apprised of the results and any suggested modifications or clianges.
At this point the firm must male a decision to proceed with commercial
production ard marketing of the desipgn. IRRI provides only limited sup-
port in market development in: the form of farm demonstrations and Dro-
motional materials.

International Extension

In addition to local efforte, ti.e Institute has embarked on an
international subcontract program involving agencies, institutions and
firms in nine Asian countries (Talle 3). Under this program, models
from the IRRI design program are sent to the subcontractor's country and



- 14 -

tested under local environmental and economic conditions. An effopt

is also made to interest local manufacturers in the designs. In addi-
tion to the subcontract program, information on particular designs has
been furnished at the request of numerous independent manufacturers
throughout the Asian region. The initial interest generated by the
prograr: has been appreciable, and in many countries, such as Taiwan

and Korea, which are rcaching a stage in their structural transforma-
tion where rural wages are increasing and where there is evidence of an
emerging local manufacturing capability, the provision of suitable de-
signs may play a catalytic role in the development of a strong domestic
industry. The early experience writh the international prograr also re-~
inforces our belief that there must exist a research capacity in each
country which is capable of adapting or modifying designs to meet local
needs.

By making available products i the form of progressive machine
technologies for agriculture, IRRI is attempting to span a gap in the
range of contemporary technologies while concomitantly filline a role
which the private sector ig unable to assume. The light engineering
industries in each of these countries, and particularly the farm equip-
ment industry, should hold a dynamic and ... "distinctive position in
fostering competence in retal working which in turn leads to enlarged
capabilities for the manufactupe of capital goods. This is because of
the pervasiveness of iron and Steel ... in almost all modern industrial
processes,’ (Johnston, 1972),
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Table 1. Some agricultural mechanization indicators for 11 rice

-producing countries in Asia.

_ e G L R
Arable Agricul- Hp per Labor Net domestic
Country land tural Horsepower per hectare agricul- hours agricultural
per working tural for rice production uss
holding popula- Mech-~ worker cultiva- Per Per
(ha) tion/ha Human Animal anical Total ticn/ha person hectare
Ceylon 1.59 1.20 0.120 0.148 0.110 0.378 0.009 N.A. 293 352
Taiwan i.1l1 1.95 0.195 0.164 0.164 0.505 0.074 1300 349 696
India 2.62 0.90 0.90 0.204 0.008 0.249 0.009 1000 148 133
Iran 6.17 " 0.37 0.37 0.048 0.154 0.292 0.418 N.A. 417 154
Japan 1.06 2.16 0.216 0.120 2.664 3.600 1.231 1400 626 1350
Korea 0.90 1.96 0.196 0.236 0.003 0.435 0.0013 830 244 477
Nepal 1.22 2.49 0.24 0.480 0.004 0.733 0.0016 N.A. 929 236
Pakistan 2.37 1.09 0.109 0.268 0.013 0.410 0.012 N.A. 154 169
Philippines 3.66 0.71 0.071 0.104 0.023 0.198 0.030 800 242 186
Thailand 3.64 1.10 0.110 0.184 0.054 0.348 0.050 N.A. 102 112
Vietnam 1.57 2.10 0.210 0.244 0.023 0.477 0.004 N.A. 203 421
—— %

Source: APO Expert Group Meeting on

October 1968, Vol. II.

Agricultural Mechanization, APO Project SYP/111/67, Tokyo,



Table 2, Selected indices of factor use and factor prices in the Philip-
pines, Thailand, Taiwan, and Japan in the mid-1960's.*

Piilippines Thailand Taiwan Japan

Cultivated land area (1000 ha) 6,042 11,267 §90 5,996
Agricultural employment (1000) 5,824 10,200 1,867 15,238
Number of draft ~nimals (1000) 2,052 5,174 360 1,782
Mechanical horsepower available 276,900 605,200 130,253 15,997,300

a) Power tillers 12,560 5,200 110,103 15,516,910

b) Tractors 266,340 600,000 20,150 480,390
Price of mechanical power ($/hp) 129 67 112 68

a) Power tillers 154 133 112 68

b) Tractors 12¢& 66 - -
Farm wages ($/day) 0.&68%% 0.53 1.G4 2. 60%%
Factor price ratio (5)/(6) 147 126 108 26
Horsepower per agricultural worker O.04& 0.059 0.070 1.05
—_— ——

**Since meals were given together with money wages, money wages
reported for the Philippines was raised by 33% and for Japan by 10%.

Source:
1. Philippine data refer to 1967.

Cultivated land area and agricultural employment, (1) and (2): es-
timated by C. Crisostomo in "Sources of Output Growth in Philippine Agricul-
ture, 1948-1968." (Unpublished M.A. thesis, University of the Philippines,
1971, fortucoming.) Basic data from Census of Agriculture, 1948 and 1960
by the Bureau of the Census and Statistics and Philippine Statistical
Survey of Households by the National Economic Council.

Number of draft animals (3): APO Expert Grou Meeting in Agricul-
tural Mechanization, APO Project SYP/I11/67, Tokyo, October 1968, Vol. II.

Mechanical horsepower available (4): Bureau of Agricultural Econ-
omics, Department of Agriculture and Natural Resources, Philippines.

Prices of mechanical power (5): Tillers from N. Alviar, "An Econ-
omic Comparison Between Tractor-Operated and Carabao-Operated Rice Farms."
(Unpublished M.S. thesis, University of the Philippines, 1969.) Four-~wheel
tractor from the Department of Economic Researcli, Central Bank of the
Philippines.

Farm wages (6): Basic data from the Bureau of Agricultural Econ-
omics, Department of Agriculture and Natural Resources, Philippines.

2. Thailand data refer to 1963-1964 while Taiwan and Japan data
refer to 1965-1966. Source of data, APO Expert Group Meeting in Agricul-
tural Mechanization, APO Project SYP/I11/67, Tokyo, October 1968, Vol. II.

*Source: R. Barker, W. Meyers, C. Crisostomo and B. Duff, "Technological
Change and Employment in Philippine Agriculture,”" International Labour
Review, Vol. 106, Nos. 2-3, Aug.-Sept. 1972.



Table 3. Regional test and evaluation subcontract activities,

D S
Country ° Cooperating Agency Address
India All-India Coordinmated Rice Improvement Rajendranagar, Hyde~-

Indonesia

Korea

Malaysia

Pakistan

Philippines

Sri Lanka

Taiwan

Thailand

e ———
e e

Project (AICRIP)

Dr. W. H. Freeman, Joint Coordinator

Directorate of Agricultural Technique

Ir. Soedharso Rawidjo, Director

Institute of Agricultural Engineering
and Utilization

Han, Sung Kum, Director

Malaysian Agricultural Research and

Development Institute (MARDI )

Anuwar bin Mahmud, Director

The Ford Foundation
Gordon W. McLean, Chief Advisor

Nueva Ecija Land Reform Integrated
Devzlopment Project

Dr. B. de los Reyes, Proj. Director

Browns Group Industries Limited

Mr. §. N. N. Perera, Manager

Joint Commission on Rural Reconstruc-
tion (JCRR)

Dr. T. H. Shen, Chairman

Engineering Divigion, Rice Department
Ministry of Agriculture

Dr. Bhakdi Lusananda, Director-
General

rabad-30, AP, India
Cable: RICE Hyderabad

Pasar Minggu, Djakar-
ta, Indonesia

Suwon, Korea

Jalan Swettenham
Kuala Lumpur, Malaysia

Cable: MARDI

2, Street 6lst
Shalimar-7

(P.0. Box 1043)
Islamabad, Pakistan

Bitas, Cabanatuan
City, Philippines

481, Darley Road
P. 0. Box 200
Colombo-10,

Sri Lanka

37 Nan Hai Road
Taipei-107

Taiwan

Cable: 8515 Taipei

Bangkok 9
Thaiiand

E e
e e e
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4-6 HP POWER TILLER:

uses a sealed oil-bath
vation. It is being manu in
able imported power tillers. (a) Puddling. (b) Transport.

half the price of compar

SINGLE-HOPPER PADDY SEEDER: This machine sows MULTIHOPPER PADDY SEEDER: This is a low-profile
pregerminated seed in rows ¢+ puddled soils. Five seeder with six independent hoppers for seeding
to seven hours are required -. seed one hectare. pregerminated paddy on puddled soils. The mach-
The machine's single wheel facilitates transport ine has been released for commerciail production
on narrow field levees and provides the motive in the Philippines and is expected to sell for
power for the metering mechanism. It is commer- suo0. a

cially available in the Philippines for about
sus,



RCTARY FuWLR WLEDEK: 4 1 hp ¢npine rovers the uceding rotors throusrh a worm reduction box. The rotors

uproot and bury the weeds. The machine requires only 17 man-hours to weed a hectare as contrasted to
70 man-hours for manual rotary weeding and 120 ran-hours for handweeding. The machine is manufactured

and marketed by a company in Janan with 4 series cf attachments at about USS$140. (a) IPRI prototype.
(b) Manufacturer's models,

TABLE THRESHER: Powered by 5 3 hp aircooled en- AXIAL-FLOW THRESHER: This is a multicrop throw-in
gine, this machine has a flat circular threshing type thresher with an output of 650 kg/hr. The
surface with an jntegral fan on its underside. threshed material moves Spirally through an oval
It can thresk dry or freshly harvested high-pmois- concave and a blower winnows the Separated grain.
ture paddy. Four to five men can thresh about Further development work is continuing.,

350 kg of paddy per hour. The machine is commer-
cially produced in the Philippines.



TRACTOR PTO THRESHER: This machine is being dev-
eloped for custom threshing of rice and other
grain crops in Asia, With a capacity cf 1% tons/
hr of dry as well as freshly harvested crop, the
thresher is light enough for lifting with stand-
ard three-point linkage hydraulic systems.

POWER GRAIN CLEANER: Dirty grain is screened
first for large and small impurities in two con-
centric rotary screens. The grain is then tum-
bled as it moves through a counterflow airstream
to remove lighter impurities. Up to 3 tons per
hour output has been obtained. The machine is
commercially available in the Philippines.

STRIPPER HARVESTER: Thic four-row machine harvests
paddy in the field without cutting the plants. Since
straw is not handled through the machine, it is
light and compact. Further development work is un-
derway.

e
Crying bin -~~~

anlal fon

RICC ¥".L OIL FIRED BATCH DRIER: & simple batch
type drying system is being developed for the As-
iar farmers. The System has interchangeable fur-
naces using oil, rice hull, and other fuele.
Further development work is continuing.



HEATED-SAND CONDUCTION DRIER-PARBOILER: The
machine mixes wet paddy with heated sand for
about 20 seconds in a drying-parboiling chamber
and then automatically separates them. The
machine can remove 12 percent moisture with a
20-second exposure. If sufficient moisture is
initially present in tar grain, a parboiling
effect is ¢btained.

LOW-LIFT BELLOWS PUMP: Using two canvas bellows,
each equipped with an inlet and exhaust valve,
the pump delivers up to 50 gal/min at a 1.5 meter
pumping head. The mechanism is actuated by plac-
ing the pump in the water source and alternately
compressing and expanding each of the bellows
through a rhythmic transfer of the operator's
weight. The machine is currently produced and
marketed in the Philippines at a price of under
$40.



