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FOREWORD

Smallholder agriculture plays a very important part in the economy of most
developing countries; a large proportion of their population is engaged in the
production of food and feed. In Asia, over 60% of the farms are less than 2 ha.

Much research has been directed toward farmers cultivating these small
areas. New high yielding varieties, improved management practices, chemicals
for pest control, and the introduction of chemical and new organic fertilizers
have all contributed to higher yield potential. For example, varieties of rice
that have been developed produce in 100-120 d a grain yield equal to or greater
than that of traditional varieties requiring 130 to 150 d.

To take advantage of the new varieties, improved practices, and chemical
and fertilizer inputs, the small farmer needs to mechanize the operations of
crop production.

However, many constraints limit the introduction of machines into the
agriculture of developing countries. Small landholdings, excess labor in the
agricultural sector, and the lack of capital have limited the adoption of
mechanization. Above all, the introduction of mechanization should not create
serious problems where rural labor is plentiful. The impact of agricultural
mechanization on female labor needs particular attention. The aim should be
to reduce drudgery, improve efficiency and productivity, and generate
diversified opportunities for labor employment.

Many workers in international and national research centers have developed
and introduced machines to assist small farmers. Some programs have been
very successful; others have failed to meet their objectives.

Eighty-seven research workers from 22 countries gathered at IRRI
2-7 September 1985 for the conference “Small Farm Equipment for
Developing Countries: Past Experiences and Future Priorities.” They shared
experiences in developing machines for small farmers and reviewed and
evaluated the results. After presentation of papers, committees met to develop
recommendations for future work. The recommendations provide guidelines
for those who will be developing programs of mechanization for small farms.

The conference was made possible by a grant from the United States
Agency for International Development; we extend our gratitude to them.

We also express our gratitude to the organizing committee and the many
others who assisted in a most successful conference.

M.S. Swaminathan
Director General
International Rice Research Institute
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THE ROLE OF FARM
MECHANIZATION IN DEVELOPING
COUNTRIES: EXPERIENCES IN
ASIAN COUNTRIES

A. G. RIJK
Asian Development Bank
Manila, Philippines

Agricultural development depends largely on technological innovation and its
successful transfer. Both are influenced by factor prices, factor scarcity, and
incentives. Modernized agriculture can contribute substantially to economic
growth; the question is what forms of capital investment are most appropriate.
Should the (scarcely) available funds be used for land development (e.g.,
improved drainage and irrigation), high-yielding technology (e.g., improved
seeds, fertilizer, pesticides), technology to improve labor productivity
(mechanization), or for augmenting the knowledge and skills of the farmer
through investments in education, training, and extension? Development
requires incentives to guide and reward farmers. Once there are investment
opportunities and effective incentives, farmers usually respond quickly and
apply improved technology.

In this paper agricultural mechanization embraces the utilization of hand
tools, implements for draft animals, and mechanically powered machinery for
agricultural land development, production, harvesting, and on-farm pro-
cessing.

The important questions in relation to mechanization technology are what
type of mechanization is required to develop the agricultural sector, and when
and how should technology be applied at the farm level.

Three major objectives of mechanization may be identified: a) fo increase
labor productivity by substituting mechanization for labor (or by bringing a
larger area of land under cultivation with the same amount of labor), b) o
increase land productivity by removing bottlenecks which hamper higher land
productivity, and c) fo decrease costs of production by reducing expenditures for
labor and draft animals and by more efficient operations.

Mechanization has often been associated with rural unemployment and
other negative social developments. Most of the controversy has emerged
because mechanization is commonly associated with mechanical power
technology, especially tractors.

Three major levels of mechanization technology are available: hand tool
technology, animal draft technology, and mechanical power technology. Each
level has different degrees of sophistication (Fig. 1). Each level and degree
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Level of mechanization technology?

Function or
operation Hand tool Draft animal Mechanical power
Land clearing Brush hook Buffalo and elephant Track-type tractor
Hand saw for skidding and for clearing
Motor chain saw
transport

Landdevelopment

Land preparation

Planting or seeding

Transplanting

Harvesting

Crop husbandry

On-farm processing

Crop storage

Handling

Rural transport

Spade, hoe
Basket
Wheelbarrow

Hoe
Spade

Seed distribution

by hand

Planting stick
Jabber

Row marker
Hand-pushed seeder

Hand-operated
paddy transplanter

Finger-held knife
Sickle

Scythe
Threshing table
Pedal thresher

Hoe

Weeding hoe
Hand sprayer
Water can
Irrigation scoop

Pestle and mortar
Flour grinding stone
Hand-operated
paddy husker
Sun-drying
Bagstorage
Carrying
Wheelbarrow

Sack truck

Porter
Push cart
Rickshaw

Earth scoop

Steel plow
Spike harrow
Disk harrow

Furrow opener
Marker wheel for
dibbling

Seed drill
Seed-cum-fertilizer
drill

Peanut lifter

Cutter bar mower
Reaper

Reaper binder
Treading (threshing)

Wooden interrow weeder
Walking-type tool carrier
Riding-type tool carrier
Sprayingmachine
Persian waterwheel

Animal-powered
sugarcane crusher
Power gear for driving

processing machinery

Sled
Packharness
Bullock cart

Wheel tractor

Excavator

Power tiller
Two-axle tractor
with various
implements

Tractor seed drill
Seedingwith aircraft

Motorized paddy
transplanter

Power reaper
Powerreaper-binder
Power thresher
Combine harvester

Interrow weeder
Motor knapsack
sprayer

Tractor boom sprayer
Spraying with

aircraft

Diesel or electric
irrigation pumps

Single-pass rice mill
Rubber roll rice
milling unit

Hammer mill

Artificial dryer
Bulk storage

Elevator
Fork-truck

Power tiller

with trailer
Two-axle tractor
with trailer
Truck

@Within each operation, the degree of sophistication increases vertically.

1. Functions for mechanization and levels of mechanization technology with degrees of sophistication.
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have different technical, financial, economic, and social consequences.
Therefore, the mechanization issue is complex and its impact, positive or
negative, depends on the type of technology selected for a specific situation in a
particular locality.

Debate continues on the negative aspects of mechanization, in particular on
employment, use of foreign exchange, dependence on commercial energy, and
adverse social change.

The agricultural labor force continues to rise substantially in absolute terms
in most developing member countries (DMCs). Consequently, governments
have become increasingly concerned about wunemployment and under-
employment and this is reflected in a reluctance to increase or introduce
agricultural mechanization. Even in developed countries, this is becoming an
issue because of unemployment and slow economic growth. In theory,
mechanization would decrease labor requirements either by direct displace-
ment or forgone employment opportunities. In reality, mechanization often
increases overall employment. It is difficult, however, to isolate the relation-
ship between mechanization and employment because higher levels of
mechanization are often accompanied by higher levels of other inputs and
management and/or changes in cropping patterns. Many employment
problems associated with agricultural mechanization would be avoided if
proper technology were selected and if its price reflected the real costs of
capital.

Increases in cultivated area and irrigation can aid productive employment
growth in the agricultural sector; mechanization complements this by
reducing labor peak demands but it may increase overall labor demand.
However, there is a physical limit to the output per unit of cultivated land and,
therefore, a limit to the number of people that can be productively employed in
the farm sector.

Agriculture alone will not solve the employment problem (12) and off-farm
employment will be a critical development issue for many developing Asian
countries in the remainder of the 1980s (17). Additional rural employment
opportunities, e.g., land and infrastructure development and agro-related
industries, are required in most DMCs to absorb the growing rural labor force.
If labor productivity (or real income) has to increase, some forms of improved
technology including mechanization are required. In Thailand, mechaniza-
tion has contributed substantially to increased production and farm income by
facilitating the rapid expansion of commercial upland farming.

Mechanization and other new technologies can contribute to positive social
changes. For example, release of family labor may result in longer and higher
school education; successful mechanization can increase rural income;
machines may create interest in modem technology and stimulate practical
training in operating, maintaining and repairing them; and tractors frequently
provide rural transport and thus change and improve rural market systems.

However, mechanization is also held responsible for negative social
developments. For example, it may worsen the distribution of income among
economic groups within a region. Unlike typical innovations of the green
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revolution, farm machinery is not infinitely divisible and is often characterized
by considerable economies of scale; therefore, it tends to favor larger farms. It
has sometimes encouraged landowners to take over more farming operations,
thus converting renter-tenants into laborers (9, 21). However, appropriate
selection and distribution of mechanization can prevent many of these
negative socioeconomic side effects.

Agriculture accounts for only a small part of total commercial energy
consumption, which is less than 5% in most Asian countries. Including
noncommercial energy uses, developing countries often use more energy per
unit of output than industrialized countries. In Asian countries, manufacture
and operation of farm machinery use only about 8% of commercial energy
while chemical fertilizer accounts for 84% (7).

This leaves little room for energy conservation in the agricultural sector. In
fact, modernization of agriculture, intensification of land use, and increase of
production would necessarily increase energy uses (1). Nevertheless, more
efficient use of human and draft animal power technology would reduce the
increased need for fossil-based power technologies; better operation, repair,
and maintenance of farm machinery would prolong their life span and reduce
the energy required for manufacture and operation. Conversion of crop
residues and agricultural waste into energy will become increasingly attractive
as prices of commercial energy increase, but these technologies are often
associated with economies of scale and are usually uneconomic for farmers and
small rural enterprises.

THE PROCESS OF MECHANIZATION

Despite variations in agroclimatic conditions and in cultural and economic
systems, similar economic opportunities and constraints lead to similar
patterns of agricultural mechanization. Analyses in developed and developing
countries conclude that the following stages may be distinguished in the
agricultural mechanization process. As the descriptions of these stages
suggest, labor productivity increasing technology may be a better term than
mechanization because at later stages, the employment of machines also has to
be accompanied by changes in other production technology and environment.

Stage I: Power substitution (3)

At the earliest stage of mechanization, draft animal power substitutes for
human power, and mechanical power replaces draft animal power. This
mechanization is straightforward and machinery is simple and inexpensive.
Crop production practices are hardly changed and mechanization basically
takes advantage of lower costs of the new power sources compared to
traditional ones. When a larger area can be cultivated (idle land), mechaniza-
tion often contributes to increased production. An example is the expansion
into upland areas in Thailand. Sometimes increased levels of power change the
farming systems; mechanization may allow land preparation before the rain
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starts and may shorten crop turnaround time, thereby increasing land
productivity.

Stage II: Mechanization of the human control functions

Stage II emphasizes substitution of human control functions. Depending on
the complexity of control and the degree of mechanization, machinery may
become increasingly complicated, more sophisticated, and costly: an improved
hand-weeding tool is simple but a cotton harvester replaces manual picking
and is complex and expensive.

Stage III: Adaptation of the cropping system to the machine

Even with today’s electronics, it is difficult or costly to mechanize certain
human control functions. For example, weeds in broadcast crops cannot be
removed with machines, so row seeding and seed drills were introduced. Many
mixed cropping systems disappeared because of this in Europe even though
they were superior to monocultures. Monocropping became financially more
attractive since it could be mechanized and, therefore, gave higher returns to
labor. Another example is the increase in row distance and its normalization to
accommodate heavier and larger machinery without need to adjust wheel tread
when changing to another crop.

Stage IV: Adaptation of the farming system and production
environment to facilitate mechanization

At this stage, the farming system 1is usually adapted to increase labor
productivity and to benefit from economies of scale. A classic example is the
disappearance of mixed farming systems in Europe when farmers specialized
in dairy, poultry, hog, or crop production.

In the DMCs, the rapidly emerging specialized poultry and swine contract
farms are not so much aiming at benefits of economies of scale for capital
investment, but rather are reacting to the fact that the demand for a uniform
quality product requires specialization.

At this stage, crops (or varieties) which are difficult to mechanize may
rapidly decrease in acreage or even totally disappear, especially if acceptable
substitutes become available (e.g., flax and fodder beets). Also, new produc-
tion systems may be developed, e.g., minimum and zero-soil tillage systems,
which became technically possible with the introduction of herbicides.

At this stage, mechanization also becomes an important justification for
investments in land development and land consolidation. The higher the level
of mechanization technology, the bigger the investment in land clearing, field
layout, drainage, and access roads. For example, a fully mechanized farming
system requires a completely clean land clearing; fully mechanized paddy
farming requires a well-developed drainage system in fields with year-round
paddy farming; big and heavy machines require better access to plots, wide
and strong rural roads and bridges, and large plots for high operation
efficiency.
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Stage V: Adaptation of crops to the mechanization system

At this stage, an increase in labor productivity requires adapting plant to
machines. Breeders increasingly consider suitability of new plant material for
mechanized production, e.g., resistance to lodging and threshability of grain
crops, and resistance to bruise damage of potato for mechanized harvesting.

Stage VI: Automation of agricultural production

Stage VI is beginning in countries with high labor costs and sophisticated
demands on production and quality. Examples are automated feeding of
poultry, automated sprinkler irrigation systems being activated by soil
moisture, and automated and computerized rationing of concentrate feeding
for dairy cows based on their milk production. In field crop production, this
stage is still at the research level: for example, controlled traffic farming with
automatic guidance systems which relieve the operator of the monotonous task
of steering, and multipass harvesting systems using techniques for selecting
the maturity of fruits and vegetables.

Generally, more sophisticated (higher stage) mechanization requires larger
investments, not only in machinery but also in research and development, land
consolidation, plant breeding, training, etc. In most Asian countries,
mechanization is still in stage I, although it may be more advanced in areas
such as the Punjab in India, the Central Plain of Thailand, and the Muda
Scheme in Malaysia. Exceptions are the Republic of Korea and Republic of
China at stages II and IIl. Further, investments in land development and
consolidation projects in some Asian countries suggest that stage IV has
begun, but these investments usually were not made for mechanization but to
increase land productivity.

CONTRIBUTION OF MECHANIZATION TO INCREASED PRODUCTION

Planners as well as farmers are interested in quantified data on increased
output value, lower production cost and/or lower risks that may be expected if
farm operations are mechanized. It is very difficult, however, to isolate the
specific economic benefits that accrue from machines because mechanization
is frequently introduced with other inputs such as irrigation, improved seeds,
higher rates of fertilizer and pesticides, and higher levels of management and
know-how. Studies on this including the ADB’s staff study papers on the
“Role of Agricultural Mechanization in Asia” produced these findings:

1. Mechanization contributes to increased production and labor pro-
ductivity when the available farm power is insufficient to cultivate all
available land. For example, the rapid increase in production of upland
cash crops in Thailand would not have been possible without the
availability of an efficient system of private tractor hire services (19).

2. Where mechanization has been a complementary input to improved
farming systems with modern inputs and higher levels of skills and
management, it helped increase crop production and labor productivity.
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In the Central Plain of Thailand, a combination of water control
investments and mechanization contributed to rapid increase in cropping
intensity. However, in cases where mechanization has the potential to
contribute to increased land productivity, introduction of machinery
has wusually not been accompanied by complementary programs to
improve soil and crop management techniques or incentives for higher
land productivity.

3. Except for mechanization of water lifting (pumps), there is no significant
evidence that mechanization by itself increases production per unit of
land.

4. The dominant factor determining crop intensity appears to be the quality
of irrigation systems rather than mechanized land preparation, harvest-
ing, and threshing (13, 14, 16).

These findings disagree with the theory that mechanization usually
accomplishes operations faster and, therefore, shortens turnaround time and
thus increases cropping intensity. In countries with low wages relative to the
cost of capital, there is no evidence of differences in cropping intensities
between farms using different farm power technologies. High utilization rates
are needed to make machines economically competitive with low animal-
human labor costs; and therefore the density of machines remains too low to
obtain shorter turnaround times and high cropping intensities (13).

RATIONALE FOR MECHANIZATION

At the macrolevel, planners and politicians are interested in mechanization as a
means to increase agricultural production. As the previous paragraph
indicates, mechanization does not always increase production. Yet farmers
invest in machinery. Assuming they are rational, there must be reasons why
farmers find it attractive to invest in machinery when it does not increase, and
in some cases even reduces, physical output. The reason is that the farmer’s
objective is to increase family income. He chooses the type of technology (or
combination) which maximizes his income. If (family) labor is cheap and
abundant and land is scarce, the farmer will invest in technologies which
increase land productivity (e.g., irrigation, fertilizer) rather than in mechani-
zation. Therefore, not surprisingly, East Asian farmers first emphasized
biological and chemical technologies plus irrigation and drainage to increase
production (land productivity) and mechanization became important only
when the expanding industrial sector forced real labor wages to increase.

When labor and draft animals become more expensive relative to
machinery, farmers will mechanize to reduce production costs. High land
productivity becomes less important if farmers can supplement income
through attractive off-farm activities; they may stop farming altogether,
enabling other farmers to take over their land and take advantage of
economies of scale. Not surprisingly, cropping intensities declined in East
Asia when wage costs increased but investment in mechanization increased
rapidly.
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2. Indexes of relevant indicators for farm mechanization (19).

In countries where there is still a possibility to expand the area while labor
becomes relatively scarce, farmers will first invest in mechanization (labor
saving) technology rather than land-productivity-increasing technology. This
happened in the USA and is presently the case in some Asian countries, for
example, Thailand (Fig. 2). The underlying reason for this is that, in terms of
labor productivity, low-input extensive farming systems are usually more
productive than high-input intensive farming systems. In Thailand, most
upland crops give higher returns to labor than (irrigated) paddy (19). In fact,
irrigation schemes constructed in northeast Thailand in the 1960s were hardly
utilized, while expansion of marginal upland farming increased steadily in the
same areca when labor-substituting technology (tractor hire services) became
available at low costs.

If machinery is not available to increase labor productivity (thus, labor
wage) to the levels of nonfarming sectors, farm labor will disappear and land
will become idle. This is happening in Peninsular Malaysia, where an
estimated 880,000 ha of land remains idle because of labor shortage (15).

ADB’S INVOLVEMENT IN MECHANIZATION

ADB has extended assistance to its DMCs in overcoming development
problems in various economic sectors, with particular attention to agriculture
and rural development. Total Bank lending for agriculture and agro-industry
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as of 31 Dec 1984 (involving 228 projects) amounted to $4.83 billion, about
31% of Bank lending. Agriculture-related technical assistance extended to
DMCs (involving 311 projects) amounted to $77.2 million. Irrigation and
rural development have accounted for more than half of the Bank's lending in
the agriculture sector, followed by fisheries, agricultural support services, and
industrial crops and agro-processing.

ADB has been involved in agricultural mechanization for some time, mainly
through financing mechanization components under its project loans.
Especially through agricultural credit projects, ADB has been financing
agricultural machinery (usually pump sets, power tillers, two-axle tractors,
and, in some instances, draft animals). Under other project loans, e.g., for
irrigation development and estate agriculture, significant machinery com-
ponents may be included as part of the overall technology investment. In
several cases, ADB financed investments in rural workshops to ensure that the
machinery supplied would be properly serviced. So far the only loan ADB has
provided solely for agricultural mechanization was through government-
operated mechanization centers in Malaysia.

EXPERIENCES WITH MECHANIZATION

On the basis of ADB's experience and other relevant data and information,
conclusions and recommendations can be drawn on ownership and credit for
agricultural machinery, research and development, machinery manufacture,
and supporting institutional arrangements.

Ownership and operation of machinery

The type of ownership depends on the profitability of owning and operating
farm machinery, required capital investment, and the availability of finance.
In general, low-cost mechanization inputs (hand tools and simple animal-
drawn implements) may be individually owned for exclusive use on small
farmholdings. For the more capital-intensive machinery, some form of
multifarm use is required for economical utilization. Most DMCs have had
experience with the following forms of ownership: 1) public hire service,
2) private hire service, 3) private owner-user with hire service for excess
capacity, 4) exclusive private owner-user, 5) cooperative ownership, and
6) informal joint ownership.

In India, Pakistan, Sri Lanka, Malaysia, Thailand, and several other DMCs,
private entrepreneurship is by far the most efficient way to provide
mechanization technology (i.e., machinery hire-services, distribution and
repair services) to farmers. Public hire services and cooperative ownership of
farm machinery have been unsuccessful worldwide. In several DMCs, public
hire services have been directly and indirectly subsidized and offered at rates
below actual costs, thus preventing private entrepreneurs from entering the
market. This usually perpetuates inefficient public hire schemes and delays
full development of efficient, competitive, private custom hire services.
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Credit for machinery

Agricultural credit can set the pace and direction of mechanization in DMCs.
In Pakistan, large quantities (about 15,000 units) of two-axle tractors are
imported each year. Demand is facilitated by an International Development
Association (IDA) loan to the Agricultural Development Bank of Pakistan
(ADBP). The recent mechanization of wheat threshing has also been
accelerated because ADBP made credit available to thresher manufacturers
and farmers. In the Republic of Korea, an estimated 90% of mechanical
power technology is financed through the National Agricultural Cooperative
Federation. On the other hand, discontinuation of these institutional credit
programs for farm machinery might immediately decrease the import,
manufacture, distribution and repair, and maintenance sector, causing
established enterprises to go out of business.

The conditions (e.g., interest rate, repayment period, own finance, colla-
teral, foreign assistance) under which agricultural credit is supplied influence
the direction of mechanization development. Sometimes institutional credit is
available for purchasing power technology but not for draft animals, even
though draft animal technology may be more appropriate. Land titles are
usually required as security for the purchase of mechanization technology.
This excludes tenants or small farmers from owning tractors when they could
use them to generate extra income from contract work. This can be overcome if
the machine, rather than land, is used as security (chattel mortgage), some
with credit supplied through commercial banks. In Thailand, most credit for
mechanization has been supplied through private distributors who repossess
machines in case of payment defaults. Such a system requires a rather high
down payment to avoid too high a loss in case of repossessing, and may also
prevent potential tractor owners from making financially unsound decisions.
The higher interest rates charged by the private distributors/commercial
banks reflect the cost of capital and lending risk.

Loan repayment of institutional credit for agricultural machinery has
sometimes been unsatisfactory. Commonly, credit programs for mechaniza-
tion do not reflect the farmers’ cash flow. For example, in the short term, cash
is required almost daily to operate mechanical power machinery throughout
the growing season (e.g., fuel, oil, maintenance and repair for pump sets),
while cash becomes available only after the crop has been sold.

Deficits in the long-term cash flow are an even more serious cause of
repayment default. During the first year, say 1500 h or so of tractor operation,
cash is required for fuel, maintenance, and minor repair. After that, repair and
maintenance expenditures sharply increase. Few tractor owners reserve funds
for this purpose, and they may end up in a situation whereby cash earnings no
longer cover the cash required for the operation, major repairs and main-
tenance, interest payment, and loan amortization.

Defaults can be prevented if the total monthly cash requirements for
operation, repair, maintenance, interest, and principal amortization remain
constant during the life of the machine. As a practical guideline, loans for
tractors may have to be repaid within 3 to 4 yr (often a common requirement
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with credit from commercial banks) and may require substantial down
payments. The latter is certainly justified when a draft animal is being replaced
by a single-axle tractor. For example, a good draft buffalo represents about
one-third of the cost of a single-axle tractor in Thailand.

In Thailand, hire-purchase has been highly efficient and is usually offered
by importers and local dealers with funds borrowed from local and foreign
commercial banks. For locally made machinery, a down payment of 30-50% is
required; monthly interest rates are usually 2-3% but may go up to 4% (20).
Although these rates may appear high, they represent the opportunity cost of
capital and the substantial risk borne by the dealer or financier. Repossession
is estimated at 10 to 40% of sales for the medium-sized two-axle tractors (6).

Traditionally, tractors have been financed by distributors with the loan
secured by the tractor itself. A 1970 survey (4) indicates that, at that time,
down payment was one-third of the procurement price and, on the average,
loans had to be repaid within 16 mo. Both buyer and financier could tolerate
these tight conditions to maintain the business; however, both had to perform
efficiently. Down payments covered most of the losses from repossessions but
because of the high down payments and rapid loan amortization, owners
would also lose when tractors were repossessed.

Because of increased competition in recent years, down payments on
imported tractors were sometimes lowered to only 10% of value. As a result,
farmers could make more money by having the tractor repossessed after less
than 1 yr of intensive operation (sometimes 24 h/d) than by repaying the loan
(5,6). Poor repayment was further caused by bad crop years and low prices for
agricultural produce. Consequently, several suppliers of imported two-axle
tractors experienced financial difficulties and stopped financing operations
because of poor repayment of tractor loans and heavy losses in repossessing
tractors which had received minimum maintenance. The Thai experience
explains that commercial credit arrangements reflect the cost of risk.

A frequent problem associated with supply of credit to subsistence farmers
is that these farmers do not produce marketable surpluses nor do they have
off-farm work to generate cash income required to pay interest and loan
amortization. This problem can be resolved if these small farmers own
technologies that they use on their own land and with which they might earn
off-farm income. For instance, by owning a bullock with implements and cart
or a power tiller, a subsistence farmer may undertake custom hire services or
transport business to supplement his family income and earn the cash required
for operation and loan repayment. This view seems justified because small,
less affluent farmers have, in many cases, shown better discipline in repaying
institutional credit than the richer farmers.

Research and development in mechanization

Imported technologies can benefit importing countries, but inappropriate
technology may be transferred when the relative factor prices differ between
the technology importer and exporter or if institutional structures and policy
objectives differ between countries. Therefore, local adaptation and the
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development of appropriate mechanization technologies require substantial
increase in DMCs’ indigenous research and knowledge disseminating
capacity. There is no need for research activities aimed at invention or
rediscovery, but researchers and developers should concentrate on utilizing
existing mechanization technology and know-how from other countries and
modify and redesign them to suit local conditions. The IRRI agricultural
machinery program is a good example of this strategy, but it also confirms that
substantial investments in research are required if tangible results are to be
produced, and that concentration of research is likely to be more successful
than proliferation.

In many DMCs, research on agricultural mechanization and engineering is
not yet well established. The mechanization engineers from DMCs are often
trained in Western countries where much emphasis is on research having little
relevance to their own country’s agricultural systems. Lacking a mechaniza-
tion strategy, few DMCs have established effective procedures to establish
priorities for mechanization research.

Indigenous manufacture of mechanization technology
Mechanization technology production falls into four categories:

1. Production by village artisans of hand tools and simple draft-animal
implements. Investment is very low.

2. Production in small workshops of draft-animal and simple tractor imple-
ments and machinery. Investment is generally low while production
volume is small, often through job orders.

3. Manufacture producing all products using mass production techniques
for forming parts.

4. Advanced manufacture producing complicated machinery utilizing auto-
mated mass-production processes for forming, cutting, and assembling.

Most simple hand tools and traditional animal-drawn implements are made

in small village workshops. With few exceptions, all other agricultural
machinery production in DMCs takes place in small and medium-scale
industries. Therefore, the agricultural machinery industry in most DMCs has
the following common features (18).

® The predominant small- and medium-scale industry lacks sufficient
turnover to make economic investments in modem and superior produc-
tion technology, design, engineering, research and development, market-
ing and management.

® Demand for agricultural machinery is usually highly seasonal causing an
extra financial and management burden.

® Small manufacturers have difficulty in obtaining the proper quality
material or components since they usually cannot directly import these.

® Most DMCs do not have strict quality control standards. Cheap and
inferior products cannot compete with better and more expensive ones
and may even destroy the market.

® Absence of a long-term agricultural mechanization strategy and reliable
estimates of effective demand makes it difficult for industrial engineers to
plan manufacturing capacity.
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Some problems associated with small-scale industry may be overcome if
manufacturers cooperate to obtain advantages of economies of scale. Another
approach is to encourage agricultural machinery component production in
smaller specialized industries, with assembly in one factory. This would
prevent unnecessary proliferation of makes and models. Nevertheless, an
ADB study of industry in the ASEAN countries found that even at prevailing
prices (uncorrected for possible distortions introduced by government
policies), small- and medium-scale establishments were more efficient than
large-scale enterprises in about half of all industrial subsectors (10).

ADB has supported small-scale and medium-scale industry development
principally through loans to Development Finance Institutions (DFIs). In
recent years, DFI loans have contributed about 10% of total ADB lending. It is
necessary for ADB to channel these loans through DFIs as the foreign
exchange component of small-scale industry loans is rather small and DFIs are
better placed to evaluate the viability of small borrowing enterprises.

In conformity with DMCs’ goals of industrialization, improving balance of
payments, and self-reliance, the local manufacture of agricultural tools,
implements and machinery should be encouraged whenever technically and
economically feasible, both for import substitutions as well as for export.
Local manufacture also ensures that tools and implements are most appro-
priate from the technical and economic point of view. It also warrants
improved supply of spare parts, repair and maintenance facilities, especially if
the machinery is produced in rural areas.

Some countries are highly successful in local agricultural machinery
manufacture; others have failed. Realistic strategies, combined with adequate
and realistic government support policies and incentives are a precondition for
establishment and development of the mechanization input industry.
Experience in India, the Republic of Korea, and the Republic of China
indicates that to manufacture sophisticated power technology, joint ventures
with foreign manufacturers are necessary, at least in the first years.

Agricultural machinery manufactured in Asia has plenty of room for
expansion. Here are some appropriate possibilities:

e Agricultural hand tools and implements whose manufacture is labor-
intensive and requires only low levels of investment, know-how, and
management, and which is not affected by economies of scale, are most
suitable for production in low-wage countries for local market and export.
These include all hand tools, hand-operated implements, animal-draft
implements now in use in Asia.  Hand tools are usually most economi-
cally produced by local artisans using scrap steel, while the animal-drawn
and conventional tractor-drawn tillage implements can be produced in
local workshops, employing simple cutting and welding technology.

* Manufacture of tools and machinery which require precision and
durability (e.g., manually operated pesticide applicators or power-take-
off driven implements) may require substantial investments in manu-
facturing technology and, therefore, requires medium-scale to large-scale
operations, or an efficient system of subcontracting and quality control.
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* Other sophisticated machinery such as engines, power tillers, and two-
axle tractors can only competitively be produced in large quantities and
require high levels of management and know-how. To market large
volume usually means export market or export competitive quality has to
be obtained. Careful analyses are required before investments in such
manufacture.

Local manufacture or assembly of sophisticated modern power technology
in most DMCs is usually more expensive than importation because of absence
of economies of scale and know-how. Also labor intensive production may not
be able to compete with modern production machines which reflect high
quality and innovation. Modern mass production technologies may be less
capital intensive per unit of output, require less material, and be more energy
efficient. For similar reasons, locally manufactured content usually remains
substantially less than originally planned, and therefore, the contribution to
the industrialization process is less than envisaged. In some cases, erroneous
industrial development policies keep inefficient and expensive local machinery
manufacturers in business. Ultimately, the farmer pays the higher equipment
prices created by poor industrialization policies.

Institutional arrangements and infrastructure

In most Asian countries, except the Republic of Korea, Republic of China,
and India, mechanization has received little government investment in
education, extension, training, and research compared to other modern
technologies, such as irrigation and drainage, modern fertilizer technology,
plant breeding, and seed technology. Yet farm power (mechanization) is
already an important production factor in many DMCs.

Adequate institutional and infrastructural support may substantially reduce
the private and social cost of mechanization, but policies must fit the particular
needs of the country. In many instances, it may be more economical to
purchase less equipment but ensure longer life and higher utilization by
encouraging custom hire services by private entrepreneurs rather than public
enterprises or cooperatives, simultaneous investment in training and adequate
repair and maintenance facilities, and budget allocations for purchase of
replacement parts.

Education, training, and extension. Rural development programs have
accelerated the need for skilled manpower to operate, repair, and maintain
mechanical technology. Manpower training has rarely kept pace with the
introduction of new technology and in some DMCs migration of skilled labor
to work abroad has exacerbated this situation.

In rural areas, operation, repair and maintenance skills are usually obtained
through on-the-job training and trial and error. Few DMCs have specialized
courses in appropriate mechanization. Hand tool and draft animal technology
predominates in most DMCs, but only India has sufficiently recognized this
type of technology at the college and university level. Many engineers consider
that type of technology outdated and beneath their status. Universities and
colleges must increasingly produce practically trained mechanization en-
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gineers who specialize in agricultural tools and machinery and know how to
manage related business such as manufacturing, distribution, repair and
maintenance, and custom-hire services.

Extension advice on agricultural mechanization is weak in almost every
DMC. Most extension programs concentrate on Yyield-increasing biological
and chemical technology, with little attention to complementary tools and
machinery (e.g., hand sprayers and pump sets). In regions with significant
mechanization (e.g., lift irrigation projects), a proportionate number of
extension workers should specialize in the particular mechanization tech-
nology. The private sector (suppliers) should play a more active role in
extension and training. More use must be made of exhibitions, demonstra-
tions, and modern communication technology such as radio and television to
educate the rural population.

Supply, repair, and maintenance network. Depots, stores, sales outlets, and
transport facilities are required to ensure that farm machinery, fuel, spare
parts, and other essential supplies are available where and whenever they are
needed. Although roadside repair shops often produce work of very low
quality, low labor costs relative to cost of capital ensure that the economic life
of machinery is usually longer than in developed economies.

In several DMCs, semigovernment institutions and corporations are
involved in the manufacture, importation, distribution, sales and after-sales
services. Often, those agencies are inefficient, draining the public sector
budget; and because of direct and indirect subsidies obtained, they often
preempt private sector initiative. Fortunately, many governments are turning
to privatization.

IMPLICATIONS FOR FUTURE OPERATIONS IN MECHANIZATION

Adequate and appropriate farm power is a key element in programs to increase
agricultural output and labor productivity. Mechanization, in all its forms,
will become increasingly important for most of ADB’s DMCs. In some
DMCs, annual investment or costs of mechanization are substantial and
exceed the expenditure on fertilizer, as in India (11) and Thailand (19). But in
Malaysia, which lacks mechanization, labor productivity in food crop
production is insufficient to maintain acceptable wage levels, and large areas of
land are left idle because of labor shortage.

The annual growth rates for draft animals and machinery are estimated at
over 8% annually up to the year 2000, and annual investment in mechanization
will be around $10 billion in ADB’s region of operation (8). It is likely that
DMCs will increasingly request technical assistance and financing for
mechanization as part of crop intensification, irrigation, and credit programs
or projects; some may also request exclusive financing of mechanization
projects and programs. The medium- to long-term nature and the size of these
investments require that comprehensive studies be made to develop an
optimum strategy. In agricultural sector studies, an assessment and projection
of demand and supply for farm power should be included. Where lack of farm



18 SMALL FARM EQUIPMENT

power constrains production, mechanization programs (investment for
machinery and infrastructural and institutional support) should be developed
for the particular DMC.

Asian countries differ in their technical and economic conditions; each
needs its own pattern of mechanization. However, similarities in relative factor
abundance and the tasks required in similar agroecological production systems
produce common elements. Although Japanese and Korean farm production
significantly differs from that of Southeast Asia, most Asian countries follow
the East Asian pattern much more closely than the mechanized agricultural
production systems of Australia and North America. But because of the highly
supported (subsidized) agricultural prices in Japan (for example, the rice price
in recent years was about eight times higher than in Thailand) and high
subsidies on machinery, mechanization will progress on a much slower pace in
East and Southeast Asia than in Japan. For the Republic of Korea and the
Republic of China, mechanization will become increasingly sophisticated and
soon will match the Japanese technology.

The process of mechanization is basically a response to economic forces, i.c.,
the increase in real wage and draft animal cost in relation to the cost of using
machines. In the foreseeable future, relatively low farm wages will limit
mechanization in South and Southeast Asian countries to relatively low-cost
technology for power-intensive operations only. An exception will be
Malaysia which already has relative high farm wages, and Thailand where
stage II will become important, provided that mechanization technology is
made easily accessible to farmers.

* For most DMCs, increased levels of mechanization are required to
support agricultural development or even to sustain present production.
Sound decisions will be needed on the following issues:

1. projections of total demand and supply for farm power, considering
increases or decreases in agricultural labor force and draft animals and
increases in arable land, new cropping and farming systems and
increases in productivity;

2. the appropriate combination of hand tool, animal draft, and mechanical
power technologies for specific farming systems, considering technical
suitability and economic and social development objectives;

3. selection of efficient systems to provide the individual farm with the
appropriate mechanization technology or services; and

4. assessment of supporting institutions and infrastructure needed to
implement the proposed mechanization programs successfully.

* Because of the pessimistic employment outlook in some DMCs,
mechanization’s impact on employment should be carefully scrutinized.
Some countries may want to establish special committees with members
representing all aspects of technologies, their economics, and their net
contribution to employment.

* The introduction of mechanization at the local level should be based on
assurance of efficient use. Beyond supplying machinery, the institutional
(e.g., training, extension, research and development) and infrastructural
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(e.g., distribution, repair and maintenance, manufacture, land consoli-
dation) requirements must be assessed and simultaneously developed.

* Mechanization projects and programs should be implemented through a
competitive private sector. Experience shows the private sector is much
more efficient than the public sector and cooperatives in providing
mechanization and related services.

* Adequate research and development, and information dissemination on
appropriate mechanization technology is lacking or insufficient in most
DMCs, especially on hand tool and draft animal technology. More
attention should be paid to appropriate mechanization research and the
dissemination of results to manufacturers and farmers.

* Institutional credit programs for agricultural mechanization must suit the
specific requirements and features of investment in agricultural
machinery. Certain types of mechanization can conflict with the broad
aim of national policies; therefore well-thought-out mechanization
strategies are required before concessional or subsidized credit is made
available.

» Foreign assistance programs need to pay more attention to hand tool and
draft animal technology and the promotion of appropriate technologies.

* Several DMCs have a competitive local agricultural machinery industry
catering to needs of farmers but not suited to International Competitive
Bidding (ICB) procedures. Bilateral and multilateral financing institu-
tions should carefully reassess their procurement conditions and promote
appropriate mechanization based on locally manufactured agricultural
tools, implements, and machinery.

* During project implementation, more attention must be paid to the
technical aspects of mechanization to ensure that the project is efficiently
and carefully implemented and achieves its objective.

* Funds for financing machinery must be allocated to keep machines
operating throughout their projected life. In foreign exchange starved
countries, budget allocations for repair, maintenance, and fuel are often
insufficient. For example, during an operational life of 6,000 h, a 60-hp
tractor would consume $25,800 of fuel and lubricants, at $0.40/liter diesel
fuel or $4.30/h on the average for fuel and lubricants. About 75% of
purchase price would be spent on replacement parts. Thus, with initial
investment of $12,000, a foreign exchange allocation of $35,000 is
required if all fuel, lubricants, and parts are imported. Local costs of
operator, mechanics, repairs, etc. may account for another 50% of initial
investment. Repair and maintenance and replacement cost of equipment
used with the tractor have to be added.

BROAD STRATEGIES FOR MECHANIZATION

The scope for production increases based on crop intensification is consider-
able in most countries. Mechanization programs should focus on areas with
abundant land with labor shortages, and with potential for crop intensifica-
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tion. In the labor surplus economies, agricultural mechanization should not be
implemented in isolation from crop intensification and land development
irrigation programs. The mechanization strategy to be followed depends
largely upon the agroecological conditions, farming structure, socioeconomic
factors, relative factor prices especially of labor and land, and the level of
agricultural prices.
In selecting the appropriate production technology for Asian countries,
these considerations apply:
®* In most Asian countries, human labor and draft animals will remain the
major power sources. Therefore, priority should go to the introduction of
more efficient tools and implements fitted to these power sources.
® Where land is abundant and labor the limited factor (for example,
Malaysia and outer islands of Indonesia), mechanization must be
introduced to increase production per worker and area under cultivation.
® Where land is scarce and costly and labor is abundant and inexpensive
(e.g., Bangladesh), biological and chemical technology should be empha-
sized to raise land productivity. Certain mechanization technology (water
pumps, pesticide applicators) may be required as supporting, comple-
mentary input to biological and chemical technology.
® Where both land and labor are abundant and underutilized (under
marginal and risky agricultural production systems such as in semiarid
areas), a well-balanced package of biological, chemical and mechanization
technology is required.
® Where both labor and land are scarce (Republic of Korea and Republic of
China), a combination of labor-saving mechanization and biological and
chemical technology may be applied to achieve high productivity of both
labor and land.
® Where the cost of labor is relatively high compared to capital (Malaysia,
East Asia), mechanization is required to reduce cost of agricultural
production.
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FARM MECHANIZATION ISSUES
AND POLICIES

G. DONOVAN, G. BINSWANGER, and P. PINGALI
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Washington, D.C., USA

Farm mechanization continues to be a contentious component of moderniza-
tion in developing countries. There are numerous issues regarding the pattern
and pace of mechanization, problems in sustaining the technologies at high
levels of productivity, and mistakes in formulating policy responses to issues
and problems. International donors provide significant amounts of financing
for farm mechanization, particularly through rural credit programs, where the
issues and problems are largely hidden. During the past 10 yr, one quarter of
all agricultural operations supported by the World Bank have had farm
mechanization components and the Bank has committed around $700 million
for financing farm equipment and machinery (Table 1). The projects include
at least 110,000 tractors, not all financed by the Bank. Mechanization in
developing countries will likely continue to accelerate, even as it levels off in
the industrialized world. Policy issues relating to this process will play an
increasingly important role in dialogs between the Bank and borrowing
governments.

GROWTH AND EQUITY

Those who adopt mechanical innovations do so to increase the profitability of
their operations. It does not necessarily follow that such mechanization
promotes growth, however, and in a distorted policy environment it may not
even promote efficiency. Through its effects on labor employment and wages,
farm size and land tenure, mechanization frequently hurts certain groups and
has disequalizing effects on income distribution.

Concern about these inequities in all phases of mechanization continues
today (1). Labor-saving mechanization always damages the relative economic
position of labor unless the growth effects, either in agriculture or (by
backward and forward linkages) in nonagricultural sectors, are sufficiently
great to create replacement employment or maintain wages. The key variables
here are those stimulating mechanization, and the conditions of final demand
for agricultural output.

We distinguish four cases which illustrate these growth and equity effects,
classified by reasons for mechanizing:
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When land is abundant, as in the USA in the 19th century, mechanization
allows per unit output costs to fall and the development of more land than can
be dealt with by available labor. Output expands, and the resulting growth
effect is larger or smaller depending on the elasticity of final demand.
Agricultural employment will likely expand under these conditions, although
not by much if elasticity of final demand is low. From 1870 to 1900, the area
farmed in the USA more than doubled (from 408 million acres to 839 million
acres), and so did the number of farms (from 2.7 million to 5.7 million),
implying a significant expansion of employment in agriculture (2).

Similarly, land-augmenting new technologies such as improved crop
varieties and investment in irrigation systems will induce mechanization,
depending upon the initial labor-land ratio. If final demand is elastic, such
mechanization will likely be accompanied by expanded agricultural employ-
ment of labor.

In the Indian Punjab between 1965-66 and 1977-78, tractor intensity grew
at 15.6%/yr, gross irrigated area at 4.3%/yr, gross cropped area at 2.3%/yr, and
cropping intensity at 1.4%/yr. An NCAER survey showed that tractorized
farms on the average cultivated significantly more land than bullock-powered
farms (25-85% more), and that they employed somewhat less labor per
cropped hectare (10-15% less). The reduction in land preparation labor was
largely offset by increased employment for irrigation, application of fertilizers
and plant protection chemicals, harvest, and threshing (10).

Labor-capital price ratio rises because wages rise. Rising wages, as a result of
increased demand for labor outside or within the agricultural sector, may
trigger mechanization which will reduce the subsequent rise in output costs.
In this case, total output may fall, or it may grow more slowly than if
production costs had not risen, but mechanization is likely to mitigate both of
these effects; i.e., without mechanization output would fall more, or grow even
more slowly. Agricultural employment is likely to fall under these circum-
stances, but the usual reason for the rising wages is that employment is
growing outside agriculture. Examples of these conditions are found in the
USA after 1940, and in Japan and Europe after 1955.

From 1940 to 1970, when the true mechanical revolution took place in US
farming, the input of farm labor fell by 70%) while tractor numbers grew from
1.5 million to 4.6 million (reaching a peak of 4.8 million by 1965). From 1970 to
1980, total farm employment fell by a further 20% and tractor numbers also
declined, but total available horsepower increased by 30%. In Japan from 1960
to 1980, the number of male workers in agriculture fell by 53% from over 5
million to 2.4 million while available tractor horsepower increased by more
than 700%.

During the same 2 decades in 8 countries of Western Europe (Belgium,
Denmark, France, Germany [FR], Italy, Luxemburg, Netherlands, and UK),
the male agricultural labor force fell by 54% to 4.8 million, while tractor
horsepower increased by 265% (2, 4, 7). In most low income countries, the
agricultural labor force continued to grow from 1960 to 1980 in spite of
significant increases in the availability of tractor horsepower.
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In the major countries of South Asia (Bangladesh, India, Pakistan, and Sri
Lanka), Hayami and Ruttan (7) estimate a 15% increase (to 122.5 million
persons) in the male agricultural labor force between 1960 and 1980, while
tractor horsepower rose more than twentyfold from the low base of 816,000 to
almost 18 million (Table 2,3).

Labor-capital price ratio rises because capital is subsidized or machine
operating costs are reduced through subsidies on energy. In this common case
(modern Brazil, Pakistan, and China are examples), output costs may be held
constant or may fall, usually modestly, and output is likely to grow only
modestly. Agricultural employment, on the other hand, may decline sharply,
and the equity effects of machinery subsidies are therefore usually adverse.
The most common machinery subsidy is subsidized credit, although an
overvalued exchange rate may have a similar effect.

In Brazil, after the mid-1960s, the growth rate of rural wages began to
significantly outpace the increase in tractor prices, a process reinforced by
highly negative real interest rates on farm loans for tractors. From a base of 100
in 1959, the price index for tractors was 3,510 in 1970 and 36,166 in 1979 while
that for total labor was 4,941 and 89,560, respectively. Real interest rates
ranged from minus 4% to minus 42% during the 1960s (17).

A tax on machinery may be justified if the adverse equity effects of
mechanization would be unusually high, but the individual farmer, for whom
such effects are merely externalities, may still find it profitable to mechanize.
Usually this would be a situation of labor abundance with constraints on
downward movements of wages or some other reason for a divergence
between private and social rates of return.

Mechanized technique allows production opportunities previously prohibitively
costly. A prime example is the use of engines for pumping from depths which
was unprofitable using animal draft. Production cost with the mechanized
technique is lower than the output prices; output increases, constrained only
by the elasticity of final demand; and employment of labor also increases, with
the same constraint. The change of technique may involve little or no
substitution for labor, and employment may expand indirectly.

We have described effects, sometimes indirect, of mechanization on
agricultural output, and employment of labor. Assessing these effects,
particularly those relating to employment, in agriculture alone, gives a very
limited and partial view. Farm mechanization also has backward and forward
linkages, and second round effects.

Backward linkages involve the industry in which farm machinery is
designed, adapted, and manufactured, the dealers in both machines and spare
parts, credit supply agencies, and the network of repair and maintenance
shops, fuel suppliers, etc. Evidently, these backward linkages only slightly
soften the impact of labor substitution in agriculture.

In Thailand, if one assumes 380 h of mechanics’ time per large tractor and
34 h per smaller tractor, as estimated by Chancellor (3), this repair work would
generate about 10,000 full-time jobs, or 20,000 for half a year. This is probably
on the high side. Manufacturing employment in the Thai tractor industry has
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been estimated at 5,000 workers (18), with up to 2,000 workers employed in
making small tractors in registered establishments (15).

Forward linkages arise from growth in agricultural output and will be
similar whether such growth arises from mechanization or from some other
investments or technical changes. The employment effects from such growth
linkages may be substantial, however, in the transport/processing/storage/
marketing chain between farmer and consumer, and there may be important
trade-offs in mechanization of activities in this chain. Further removed are the
second round employment effects induced by expenditure of incomes earned
by farmers in the course of agricultural growth. They depend on who in
agriculture is most likely to receive income gains from mechanization, and
what may result from their expenditure patterns.

POLICY INTERVENTION

Various government interventions have an impact on the speed and success of
adoption of mechanization, on its productivity and equity effects, and on
domestic  industrialization.

Policy distortions affecting mechanization may occur outside mechaniza-
tion activities themselves. If irrigation water is cheap, for example, and
machinery expensive, it is rational for farmers to use a lot of water in a trade-off
for less farm power, for wet cultivation, especially of rice, and for weed control,
a trade-off for both machines and chemicals. This pattern fits Sri Lanka,
which also is experiencing attempts to induce dry cultivation using tractors.
Some observers argue that while tractors are necessary for completely dry
cultivation, other options include cultivation on early rains or residual rains,
for which animal draft is adequate (6, 11).

We will focus on the following policy areas:

* policies affecting the cost of buying and operating machines: exchange
rate regimes, credit subsidies, tariffs or tariff exemptions, taxation of parts
or fuels;

* policies affecting supply of machinery, spare parts, and fuels: foreign
exchange regulations, quotas, preferential trade arrangements, credit
rationing;

* policies affecting the development of a domestic industrial capacity:
patent laws; licensing and foreign collaboration; domestic content laws;
standardization; tariffs and regulations governing importation of
machines, materials, and parts; provision of transport and communica-
tions infrastructure;

* policies influencing availability and price of labor: unionization, mini-
mum wages;

* policies regarding land tenure and settlement; and

* project interventions such as tractor hire schemes; animal draft projects;
foreign assistance in research and development; tied aid; training schemes
for operators and mechanics.
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Table 3. Intercountry cross-section data.

Agricultural  output Agricultural labor Tractors
(thousand wheat units) force (thousand) (thousand)

Country

1970 1978 1970 1978 1970 1978
Burundi 3581 4246 1458 1610 - -
Cameroon 7695 8435 2804 3100 0.2 0.4
Kenya 9056 12257 3538 4403 7.2 6.4
Malawi 3103 4774 1764 2083 0.9 1.1
Nigeria 33737 33689 16115 16592 3.0 8.1
Tanzania 12142 13909 5024 6037 17.7 18.4
Zambia 1985 2566 1184 1333 3.2 4.4
Zimbabwe 5725 8002 1136 1313 17.0 19.8
Thailand 62596 95781 13589 16285 8.0 33.09

@Excludes tractors under 45 hp, of which there were possibly around 300,000 in Thailand in
1978.

Machinery costs

Policies concerning the costs of purchasing or operating farm machinery
usually give mechanized techniques an advantage over other techniques. The
most common are overvalued exchange rates and subsidized credit. We
advocate more strenuous efforts by international lending agencies to change
these policies, and not to be associated with financing farm machinery where
exchange rates are strongly distorted or credit subsidized. The latter will be
the most difficult to attain, because provision of credit for tractors and other
machines is highly attractive to banks since it allows relatively large, discrete,
medium or long-term loans to be disbursed against items readily attachable as
collateral. Subsidized credit is also highly advantageous to larger farmers, and
tends to end up in their hands because they are preferred customers, on risk
and collateral grounds, when credit has to be rationed. Since such policies do
not enhance efficiency and are likely to have an unusually adverse equity
impact, they should not be supported. It is important also to analyze carefully
the effects of tariffs commonly applied to the farm machinery trade, and
particularly the adverse consequences of applying higher tariffs to spare parts
than to new machines.

Machinery supply

In examining policies which affect the supply of machinery, spare parts, etc., it
is relevant to examine the effects of practices such as the World Bank’s
requirements in a range of situations, inasmuch as they bear upon problems of
matching implements to power sources and provision of spare parts. It is likely
that regulating foreign exchange and rationing credit mean machinery mostly
in the hands of larger farmers, as well as nonemergence of locally adapted
machine designs and manufacture. Case studies may be developed to illustrate
the effects of standardization interventions by governments, beginning with
the observation for Pakistan, that “by controlling imports, the government has
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effectively removed competition among tractor sellers, resulting in poor
service, inadequate supply of spare parts, and lack of interest in training in
tractor use and machinery maintenance facilities” (9).

In Pakistan in the late 1950s, at least 30 makes or models of tractors were
operating, but the government in 1978 restricted imports to 7 makes. There
are currently five licensed foreign manufacturers, and until recently imports
were restricted to 2 horsepower categories, medium (about 40) and high (about
60). Additional production capacity is now permitted for tractors in the
20-30 hp range.

In Thailand, an initially crowded field of foreign tractor brands sorted itself
out and was reduced to manageable proportions without substantial govern-
ment interference.

In Thailand in the late 1960s, 27 brands of tractors were imported from 22
countries, but a much smaller number later dominated the market (5). By the
late 1970s, more than 85% of imported tractors came from 3 countries and in
most size categories, more than 80% of imports were of two brands (16).

In discussing preferential trade arrangements, a review is also needed of
counter trade deals and their likely impact on supply and use of farm
machinery.

Domestic industry

One important backward linkage of farm mechanization is to domestic
manufacturing industries. More emphasis is needed on ties between policies in
agriculture and industry, which are frequently overlooked. We argue for
minimal protection of domestic industry, except for measures to help build up
local capabilities in early stages.

In Thailand, after local manufacturers of small tractors continually
complained they were not protected, but actually discriminated against, the
Government in 1982 increased tariff rates on imported machines and engines,
and established import quotas (8). During the late 1970s, in spite of “negative
protection,” local tractor production increased at almost 14%/yr, while
imports in the market dropped to below 7%. In 1981, imports had begun a
vigorous comeback in secondhand tractors. However, it takes strong political
will to resist pressures for protection under such conditions.

Many countries protect their farm machinery manufacturing or assembly
industries from the beginning. In Argentina, domestic production of tractors
built up during the 1950s, protected by tightly rationed foreign exchange plus
generous tax incentives to farmers, and credit at substantially negative real
interest rates, together amounting to a 50% subsidy on the purchase price.
Even these subsidies did not compensate fully for domestic manufacturing
costs considerably higher than world prices (17).

In Turkey, quantitative restrictions in 1981 added an estimated 16%, for a
32% implicit tariff rate. Implicit tariffs on agricultural machines and diesel
engines were still higher at 67% and 78%, respectively. Except for brief periods
in the early 1960s and 1970s, the official exchange rate was also overvalued
until 1980 (19).
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Some argue that it is difficult to establish local manufacture of spare parts
without local manufacture or assembly of the machines themselves. While
specialized manufacture of spare parts by firms other than the machinery
makers is an irritant to the latter, such competition may serve the end-users of
machinery well by keeping down costs of spare parts. The scope and
importance of problems relating to false labeling, i.e., violation of parent laws,
need to be assessed. For the network of reaper and maintenance facilities to
function well, with adequate and timely supplies of spare parts, good
transport/communications infrastructure is of prime importance. This is a
major area where public support for mechanization can be valuable.

Labor wages and land tenure

Rising wages for labor encourage mechanization, whether caused by changes
in demand and supply, labor organization, or minimum wage legislation. It
seems that unionization and legislation have done little to induce mechaniza-
tion compared with demand and supply changes in labor markets. There is
truth, however, in the assertion that “machines are more docile than men”
(Joan Robinson), with its implication that nonwage costs may contribute to
perceived diseconomies of scale in handling large labor forces. If so, there may
be a payoff to explicit development of labor supervision techniques and skills
rather than meeting the challenge with mechanization. Regarding land tenure,
in those cases where mechanization tends to lead to an increase in farm size,
land ceiling laws may be useful to prevent accumulation of land and minimize
adverse equity effects from this source.

The evidence for increases in farm size in Pakistan as a result of
mechanization was reviewed at an ecarlier IRRI conference (9). We hope to
examine this matter further by analyzing data from the 1980 census of
agriculture.

Animal draft
The change from animal draft to mechanical draft is a change in technique, but
the initial introduction of animal traction is a change in farming system.
Sub-Saharan Africa contains large areas that have yet to make the transition
from hand hoe agriculture to animal draft. The transition is a direct result of
increasing population pressure on the land (whether such pressure arises from
natural population growth, immigration, or restriction on movement into new
lands), or of improved access to markets. The agricultural system, in response,
changes from forest fallow to annual cultivation, and eventually to multiple
cropping. This change is a necessary, but not sufficient, condition, for a switch
from human power to animal power, which will take place when it becomes
profitable to plow. This profitability is, in turn, determined by the workability
of soils, the place in the toposequence where farming is concentrated,
responses of crops to tillage, and the degree to which equipment can be used to
potential capacity.

The important concerns in successful transition from hand methods to
animal draft are animal health, feeding, a blacksmith industry, and training of
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livestock. Projects containing these components, with credit backing where
necessary, should be continued. Once a few farmers in any new area have
learned how to train animals for draft, this component no longer needs to be in
the public domain.

Project initiatives
A strong argument can be made for training, particularly for tractor operators
and mechanics, and foreign technical assistance can be helpful. We distinguish
between merely driving a tractor, which requires little skill, and operating it
for high performance. Some estimates suggest that repair costs for a typical
driver may be three to four times as high as for a good operator. One aim in
training is to arrive at a situation where preventive maintenance rather than
forced repairs is the rule. Because of turnover in such occupations, the training
task is large and continuing, but can spread knowledge of mechanized
technology throughout the economy. It is therefore appropriate for public
sector involvement, especially in the early stages of farm mechanization. On
the other hand, we argue strongly against public involvement in farm
machinery, manufacture, marketing and finance, operation, repairs and
maintenance, all of which are commercial activities. They do not flourish
under public sector management. In particular, involvement of the public
sector in machinery hire schemes and maintenance workshops has been
singularly unsuccessful.

In a detailed study of 21 examples of public farm machinery hire schemes
(mostly for tractors), only one was judged an economic success (14).

Adverse equity cases

Within the overall assessment of growth and equity consequences of
mechanization, we must look carefully at cases where equity effects are
unusually adverse and offsetting growth effects unlikely. One example is the
introduction of combine-harvesting equipment into areas where major output
effects from higher-yielding crop varieties have already been experienced. Put
starkly, the question may be something like, “Should combine-harvesters be
restricted or taxed in the Indian Punjab?”

Another example is the introduction of modern milling equipment which
would reduce employment opportunities for women under circumstances
where the resulting income losses would not be readily replaceable.

In Bangladesh it is estimated that modernized rice milling techniques have
already eliminated productive part-time employment for 1.4-2.0 million rural
women, and that a further 100,000 to 140,000 women are being displaced each
year. For landless women, the loss is calculated to represent 55% of their
annual income, and 15% of family income (13). All who work in development
planning must be aware of such losses that so markedly reduce equity. In
examining such a case in the USA, Schmitz and Seckler (12) concluded: “the
talents of science and industry combine to create enormously productive
innovations, but the very success of these sectors of society create con-
sequences which bear unfavorably . . . on less organized and therefore more
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vulnerable sectors . . . it is the social scientist’s task to devise a variety of
institutional structures appropriate to the problems with which society is
afflicted.”

These are difficult policy questions because of the need to take into account
the ways incomes and work are allocated within rural households, and the
options for creating employment opportunities in other sectors of the
economy. If discouraging mechanization is desirable, we advocate inter-
ventions through the price mechanism rather than quantitative controls, in
order not to stifle the exceptions.
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MECHANIZATION FOR RICE IN
JAPAN AND KOREA

R. M. LANTIN

Regional Network for Agricultural Machinery
Los Bafios, Philippines

Among the countries of Asia, Japan and the Republic of Korea (hereafter
called Korea) have the most intensive use of mechanical power technology for
agriculture and no longer use animal power for rice cultivation.

This paper traces the development of mechanization in Japan and Korea
and analyzes their unique experiences and the common grounds which
triggered and sustained development. The paper also identifies some sig-
nificant problems and describes how the government reacted to or solved
them.

MECHANIZATION IN JAPAN

Historical development
During the early Meiji era, hand tools were used for farm operations and animals
only for transportation.

During World War I, mechanical power was used for rice milling and water
lifting, but not for cultivation. In the 1920s, manufacturing expanded and
engineers from the U.S. were invited to develop stationary petrol engines for
agricultural use.

Power threshers were among the first engine-powered machines used in
agriculture. Application of mechanical power to tillage started only when foreign-
made farm machines were introduced in the 1920s. As tractors were unsuitable for
wetland farming, Japan looked to an appropriate power unit, the power tiller.
Commercial production started in about 1925. The development of petroleum
engines boosted the popular use of power tillers, power threshers, and self-feeding
threshers.

Kisu (3) divided the development of farm mechanization after World War 11
into three-decade stages starting in 1950 (Fig. 1).

1950-60. During 1950-60 farm labor started moving to nonfarm jobs as a
result of the phenomenal rapid economic growth. Furthermore, the govern-
ment encouraged mechanization by enacting the Agricultural Mechanization
Promotion Law in 1953.



36 SMALL FARM EQUIPMENT

Machineries (no.) on farms
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1. Development and diffusion of major farm machineries, 1950-80 (3).

Manufacturers rapidly developed machinery and improved the engine as a
suitable power unit. Farmers willingly adopted agricultural innovations.

1960-70. During 1960-70, the walking tractor totally replaced animal
power.

In 1961, the Agricultural Basic Law was enacted to enlarge the scale of farm
management. It stimulated land improvement and consolidation, policies for
subsidies to promote cooperatives, and efficient use of large machinery
including riding tractors. Interest shifted from small to medium or large
machines.



MECHANIZATION FOR RICE IN JAPAN AND KOREA 37

Two significant milestones in the mechanization of rice farming were the
development of rice transplanters and harvesters, and the introduction of
storage facilities such as rice milling and country elevators.

1970-80. During 1970-80, medium and large machines were developed;
riding tractors replaced power tillers as the core power unit. The rapid shift
from walking to riding tractors began in 1972 when high-lug tires for soft soil
and four-wheel drive were adopted, even for smaller riding tractors.

During this decade, rice cultivation in Japan became fully mechanized.
Thus, the labor requirement was drastically reduced from 1,960 h/ha in 1952
to only 720 h in 1978. Beyond rice mechanization, machines for animal
husbandry and horticulture were developed.

1980-90. The 1980s are characterized by totally mechanized, automated
systems and increased popularity of four-wheel tractors. In 1983, 94% of
Japan’s rice area was transplanted mechanically. There were 1.58 million
riding tractors in 1983.

In the early 1980s, quality and performance of farm machines rapidly
improved. The direction was toward high-powered four-wheel tractors,
multirow riding rice transplanters, and greater automation in head-feed
combines.

Manufacturers not only supplied the domestic market but also exported an
ever increasing volume of machinery.

Development of major farm machinery

Since the enactment of the Agricultural Mechanization Promotion Law in
1953, manufacturers responded with vigorous production especially since the
early 1960s. The development of four machines from 1965 is outlined here.

Riding tractor. Riding tractors of 10-20 hp range were already marketed in
the early 1960s and were used for rotary tilling and puddling of paddy fields.
These modified versions of imported tractors were heavy and lacked
waterproofing for working in flooded paddy fields. Manufacturing increased
in the early 1970s when high-lug tire and four-wheel drive features were
added. Recent demand for the 20-30 hp class has increased.

Figure 2 illustrates the trends leading to the total replacement of animals
with walking tractors (1950-63) and to partial substitution of riding tractors
for walking tractors (1970-80).

Rice transplanter. The first patent for a mechanical rice transplanter was
granted in 1980, but a satisfactory machine was not developed until the end of
the 1950s. In response to the acute labor shortage of the early 1960s, several
types of transplanters were developed but not sold until 1965. The man-
powered, single-row transplanter was sold in 1966 but lost its market by 1970.
It was overtaken by the engine-powered, 2-row rice transplanter which
captured 84% of the market in 1975.

Figure 3 shows the trend in rice transplanter usage with the corresponding
trend in labor requirements.

Plant protection machinery. Until the 1950s, manual sprayers were used to
apply chemicals in liquid form; however, hand dusters were popular during
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the 1960s. After 1965, engine-powered sprayers took over, reaching peak
popularity in the late 1960s. In the mid-1960s the pipe-duster, consisting of
duster and boom with perforated polyethylene hose, started to become
popular.

Hand rotary weeders were very popular during the late 1950s but were
almost completely out by 1970. The powered, three-row rotary weeder in
paddy fields started to become popular in the mid-1970s.

Herbicide use increased since 1960. The knapsack power duster having a
boom-type blower with 20- to 30-m swath has become more popular than the
power sprayer. Figure 4 shows the pattern of changes in type of machinery
used and labor requirements for crop protection.

Harvesting machine. Before 1950, rice was harvested by sickle and bound
into 10- to 30-cm-diameter bundles, left in the field or hung on racks to dry.
Powered reapers and droppers reached peak sales of 10,000 and 15,000 units
until the 3-row powered binders were sold in 1966. The Il-row type
predominates, but demand declined after a peak of about 330,000 units in
1970. Though the reaper-binder conformed with conventional harvesting, it
required much labor. The self-propelled threshers were developed along with
the reaper-binder and shared 84% of the total thresher sales in 1979.
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4. Changing pattern in the use of plant protection equipment and resources and labor
requirements for weeding.
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The present trend in combines is toward multipurpose machines to harvest
wheat and other grains. Efforts are also directed toward improving durability,
safety, automatic bagging, steering, travel speed, height of cut, and feed depth
controls.

Figure 5 shows the pattern in the use of harvesting/threshing machines and
the declining labor requirements.

JAPANESE POLICIES AND STRATEGIES

Agricultural Mechanization Promotion Law

To stimulate mechanization, the government passed the Agricultural Mechaniza-
tion Promotion Law of 1953. Implementation of the Japanese reform program
increased the enthusiasm of owner-farmers in improving their farming operations.
The law was also a response to the phenomenal exodus of rural labor to meet rapid
economic growth in the early 1950s. The law obliges central and local governments
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5. Changing patterns in the use of rice harvesters/threshers and labor requirements for

harvesting (3).
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(prefectures) to train, guide, conduct experiments and research, and assist farmers
in the purchase of farm machineries necessary to accelerate agricultural mechani-
zation.

In anticipation of over-investment — an increasing apprehension — the law
required establishing guidelines for the introduction of high-powered machinery,
testing farm machinery and implements, and the setting up of the Agricultural
Mechanization Council (AMC) and the Institute of Agricultural Machinery
(IAM).

Guidelines for developing farm machinerv. The Ministry of Agriculture,
Forestry, and Fisheries (MAFF) made basic guidelines for developing 13
types of farm machinery: wheel tractor, trencher, rice transplanter, speed
sprayer, self-propelled duster, binder, self-propelled sprayer, head-feed
combine, pass-through combine, forage harvester, beet harvester, bean harvester,
and sugarcane harvester.

Farm machinery testing. The main problems after World War I were the
shortage of raw materials for the manufacture of machinery and the generally
poor quality and performance of machinery. To improve machinery quality,
MAFF issued in 1949 a regulation on commissioned testing of farm
machinery.

The procedure was as follows: upon request of a manufacturer or other
clients, the machine undergoes testing. If it passes the test and meets the
criteria set by MAFF, IAM issues a certificate and returns the machine and
test results to the client. MAFF makes the results public. The client labels the
machine “PASSED THE TEST” when he sells it. To ascertain that
subsequent units of approved machines conform to standards, the government
spot tests approved models. Violations may incur revoked accreditation.

Agricultural Mechanization Council. To help MAFF ensure proper imple-
mentation of the Agricultural Mechanization Promotion Law, AMC is
empowered to study and deliberate upon matters pertaining to farm
mechanization, eg., preparation of basic guidelines for the introduction of
high-powered machinery, decision on types of farm machinery subject to
testing, and test methodology.

Institute of Agricultural Machinery. 1AM, jointly sponsored by the state and
private sector, aims to accelerate farm mechanization, expand research
activities, and strengthen farm machinery. Established in 1962, IAM has
provided important results from basic research for the development and
improvement of various machines, conducted testing and evaluation of farm
machinery, and collected and published studies and data on agricultural
machinery.

Production and marketing of farm machinery

The extreme shortage of production materials from 1945 to 1950 impeded the
production and supply of farm machinery. MAFF allocated materials among
machinery manufacturers and rationed the farm machinery supply to ease the
situation. In 1951, the manufacture and distribution of agricultural machinery
was decontrolled.



42 SMALL FARM EQUIPMENT

The Ministry of International Trade and Industry (MITI) provided
guidelines in manufacturing while MAFF provided guidelines in tech-
nological aspects, including machinery performance. MITI facilitated low-
interest loans and advised on reducing production costs and improving farm
machinery quality. It also implemented standardization of components and
spare parts of agricultural machinery in accordance with the Japan Industrial
Standard (JIS) Law.

Farm machinery is distributed by commercial traders and agricultural
cooperatives. Since 1962, MAFF has designated commercial traders as
eligible for assistance under the Small and Medium Industries Modernization
Law, which provides low-interest loans, tax exemptions or deductions, and
guidance on management.

Extension and training in farm mechanization

Agricultural extension. The Agricultural Improvement Promotion Law of 1984
provides for agricultural extension services jointly by national and prefectural
governments. More than 9,500 extension agents disseminate new knowledge
and technology among farmers through training and visits. Of 680 subject
matter specialists in farming, 37 work in farm machinery in 37 of 47
prefectures.

Introduction and demonstration of new machinery. The national government
subsidized the prefectural governments to encourage demonstration and
training in the use of power tillers, and for purchasing equipment required for
automobile services including trouble shooting.

Prefectures were responsible for providing guidance in the use of farm
agriculture, especially with large machines. It established 11 farm mechaniza-
tion testing centers in villages for studying the use of high-powered machines.

Starting in 1964, a 3-yr project tested the practicality of Western type
pass-through combines. In 1968, the national government subsidized research
into adaptability to local conditions of rice transplanters, binders, and head-
feed combines already manufactured in the country.

Agricultural mechanization training unit. The Agricultural Mechanization
Training Unit was established at Uchihara, Ibaraki Prefecture in 1960 as a
national institution for training in farm mechanization. It subsequently
became the Agricultural Mechanization Training Institute (AMTI). AMTI is
now the national training center for agricultural extension agents, trainers
from prefectural farm mechanization training centers, leaders of mechaniza-
tion farming units, and MAFF officials. Since 1963, the national government
has subsidized prefectural mechanization training centers.

Education for efficient and safe use of farm machines. Because of accidents
involving high-powered machinery, the national government has, since 1965,
subsidized prefecture governments in educating farmers on efficient use and
safe operation of farm machines. In 1976, it expanded the subsidies to cities,
towns, and villages. The mass media, including nationwide television, have
been used in the educational campaign.

The government has also required safety standards in farming operations,
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standards for daily and periodic check on farm machinery, and safety
standards in their manufacture.

Other assistance to promote farm machinery
The government subsidized the subsoil improvement project, 1951-71, to
enable deep tillage cultivation of areas with poor volcanic ash and heavy clay
soils. A deep tillage project initiated in 1960 encouraged the use of large
tractors and application of compost in less productive areas. This project
boosted the development of tractorized farming.
Three sources of loans made available to farmers for purchase of farm
machinery follow:
* Agricultural Improvement Farming Scheme — interest-free loans for
specified purposes;
* Agricultural Modernization Farm Scheme — loans at reduced interest rates
subsidized by national and prefectural governments; and
¢ Agricultural Forestry and Fisheries Corporation — long-term loans at low
interest rates to complement the first two schemes.
The government provided schemes for land consolidation, acquisition of
farm machinery, and other joint-venture facilities to modernize agriculture
through a plan to ultimately cover about 3,000 areas.

IMPACT OF AGRICULTURAL MODERNIZATION IN JAPAN

According to Kagayama (2), chairman of the Agricultural Mechanization
Council in Tokyo, government measures to promote farm mechanization have
been overshadowed by the efforts and enthusiasm of manufacturers to develop
machinery appropriate to Japanese conditions.

Use of agricultural machinery

Total mechanization of rice cultivation reduced the labor input/ha by more
than half — from 1,410 h in 1965 to only 640 h in 1981 (Fig. 6). In general,
farm machines are owned individually by farmers exclusively for their own
use.

The cooperative or joint use of high-powered machines such as large
tractors, combines and rice transplanters amounted to only 10% of total farm
machinery use. The average machine use per year is reported to be 67.5 h for
riding tractors, 17.2 h for rice transplanters, and 29.3 h for head-feed
combines.

Agricultural machinery investment

The average farm household in Japan increased the annual value of farm
machinery purchased from 37,000 yen in 1965 to 160,000 yen in 1982. Its
proportion to agricultural income increased from 10% in 1965 to 17% in 1982.
Such investments, however, represent only 3 to 4% of the average farm
household income and show a recent decline because of the increase of farm
household income shown in Table 1 (5).
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6. Trends in labor input and productivity in lowland rice production (5). Figures in parentheses
show actual numbers.

Societal impact

The development of agricultural mechanization in Japan, as elsewhere, should
be considered as part of the total socioeconomic and technological develop-
ment. The level and type of mechanization constitute a response to the change
from an agricultural to an agro-industrial and largely industrial economy
during the last two and one-half decades. There have been decreases in farm
households, in agricultural income as a percentage of total farm household
income, in agricultural land area, in relative growth of agriculture, in per
capita consumption of rice, and in labor input per hectare. Concurrently, farm
labor movement to the industrial and service sectors creates a vacuum in the
agricultural sector (4).

This transformation is unique in that farming was continued through heavy
infusion of locally designed and manufactured machinery. Farming has
largely become a part-time job. Farm labor is essentially being supplied by
women and the elderly (over 65 yr old).

To combat apprehension about over-investment in farm machinery, steps
are being taken to rationalize the management of machinery through joint or
cooperative use.



MECHANIZATION FOR RICE IN JAPAN AND KOREA 45

Table 1. Trends in purchase of farm machinery and implements.

Thousand yen/av farm household

Purchase of

Farm farm Percentage share
Year household Agricultural machinery and -

income income implements C/A C/B

(A) (8) ©

1965 835 365 37 4.5 10.2
1970 1,592 508 52 3.3 10.2
1975 3,961 1,146 160 4.0 13.9
1977 4.671 1,173 180 3.9 15.3
1980 5,594 952 169 3.0 17.7
1981 5,920 968 152 26 15.7
19824 6,047 943 159 2.6 16.8

Source: Ministry of Agriculture, Forestry and Fisheries, Farm Household Economy Surveys,
@Provisional.

In spite of situations pointing toward noneconomic use of machinery, the
farmers have opted to invest in them. Tsuchiya (6) enumerates five theories on
adoption of power tillers:

Income effect theory. The farmer’s income has increased and, irrespective of
its source, the income enables him to afford the machine. The farmer is
induced to this investment not because of a favorable result of farm
management analysis but because household economy and business enter-
prises are not clearly distinguished in Japanese agriculture. The motive for
purchasing power tillers is similar to that for purchasing durable consumer
goods, such as a washing machine, rather than that for pure producer goods.

Demonstration effect theory. Farmers buy power tillers to compete with
next-door farmers who already use them. Again, the assumption is that power
tillers are regarded as consumer rather than producer goods.

Disintegration of patriarchal family theory. Power tillers stimulate sons and
daughters, who might abandon family farms, to remain in agriculture.

Increased leisure evaluation theory. Power tillers are not bought to increase
earnings but rather to increase leisure time.

Farmers’ physical mutation theory. The increased schooling time of children
has deprived them of early training in farm work, decreasing body strength;
they shy from hard work and adopt power tillers.

The machinery banking system also helps to neutralize the uneconomic
effects of over-investment. Through agricultural cooperatives, farmers can
turn in their machine for hiring services. The system, together with individual
custom services and joint ownership/operation, is a model of mechanization at
the farm level.

Efficiency is also encouraged through land consolidation, training of
operators, ensuring safety, promoting the market for used farm machineries,
strengthening repair and maintenance work, intensifying research and
development, and testing and evaluating farm machineries.
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Marketing and distribution
In Japan, the private sector and agricultural cooperatives almost equally share
the market.

No sales taxes are imposed on farm machinery. Instead, government
schemes and projects give as much as 50% subsidy to buyers of high-powered
machinery and equipment for common use. Individual purchases are often
facilitated through credit arrangements providing installment payments just
like for automobiles.

After-sales services

The success of mechanization can be attributed to farmers’ confidence in
machine performance and in services from manufacturers and distributors.
Competition generates good attitudes of service personnel, mutually benefit-
ing farmers and distributors. One farm machinery distributor operates 22
service stations with 4-7 technicians per station, providing a ratio of 1
technician to every 500 farm households. Farm machinery dealers have
initiated a reconstruction program for used machines, which are either resold
at low prices or exported.

Research and development

Four types of institutions conduct research and development of machinery
including testing and evaluation, to ensure efficiency and safety and to meet
farmers’ needs:

* universities conducting basic research,

* JAM in prototype design and invention of new machinery,

* factories working in close collaboration with IAM and the universities,

and

* national and prefectural agricultural experiment stations on the use of

farm machines.

The Asian Agricultural Machinery Institute, established by a Japanese firm
and based in Bangkok, Thailand, reflects the desire of the firm to develop
appropriate machines for tropical agriculture. If successful, it might lead to
joint manufacturing ventures, however, it might also stifle the fledgling local
machinery manufacturing industry.

MECHANIZATION IN KOREA

The Republic of Korea achieved a phenomenal 8.3% annual economic growth
rate with the success of 4 consecutive 5-yr economic plans during the last 2
decades. In the last decade, rapid industrialization caused a yearly decline of
1.8% in the proportion of rural farm population. The rural farm population is
now only 25% of the total population. Farm labor shortage has increased farm
wages. As a result, labor-saving farm machinery was adopted to cope with
agricultural production needs. About 65% of farmers 25 yr old or younger felt a
great need to acquire farm machinery.

Agricultural mechanization, starting in the late 1960s, ushered in an
increasing supply of farm machinery in the 1970s. Early mechanization
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revolved around the power tiller, equipped with 8 to 10 hp engine and used for
pumping, threshing, hauling, and tillage.

Other developing countries of Asia with small farms may note the fact that
the Korean average landholding of 1.35 ha has not hindered agricultural
mechanization. In 1983, about 50% of farm households owned 3 machines:
power tiller, rice transplanter, and reaper binder.

Like Japan, Korea used human and animal draft technology before the
1960s. In 1965, mechanical power ownership was only 47% of animal power;
by 1979, it had increased more than three times. Draft animals continue to be
used in hilly areas, but with present plans for mechanization, at least 50% of the
hilly areas will be using mechanical power by the end of the 1980s.

DEVELOPMENT OF FARM MECHANIZATION

Powered machines used in Korea before the 1960s were mainly postharvest
equipment, not field machinery. The power tiller started to become popular as
the basic power unit in the early 1960s, but the rate of diffusion was slow until
after the middle 1960s.

Chung (1) divides the development of mechanization into two stages:
infancy and rapid promotion.

Infancy (1967-76)

In the two Five-Year Economic Development Plan (FYEP) periods, 1967-71
and 1972-76, the industrial sector grew rapidly, outpacing the agricultural
sector. Industrial growth attracted farm labor, and by 1968, labor shortage
obliged agricultural leaders to establish policies and plan for farm mechaniza-
tion. Accordingly, with fledgling private enterprises and farmers still in-
capable of pushing through agricultural mechanization on their own, the
government in 1974 established the Farm Mechanization Division (FMD) in
the Ministry of Agriculture and Fisheries (MAF) to plan and execute farm
mechanization development.

During the second FYEP, the first national agricultural mechanization
program emphasized dissemination of irrigation water pumps and power
sprayers. During the third (1972-76), power tillers, pest control machinery,
water pumps, and threshers were disseminated rapidly. Animal draft power
for plowing, harrowing, and hauling was displaced by power tillers.

Until 1971, the farm households relied on government loans and subsidies
for machinery purchases.

Rapid promotion of farm mechanization (1977-82)
Farm mechanization was further strengthened and led to the rapid dispersal of
machinery, starting with mostly imported machines or those manufactured
locally under joint-venture schemes.

In 1979, the Agricultural Mechanization Promotion Law was enacted to
strengthen production, supply, and utilization of farm machinery; creation of
funds; inspection; and other activities.
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High effectiveness (1983 onwards)

The Agricultural Mechanization Institute, Rural Development Administra-
tion, anticipates that by 1983 manufacture of all kinds of machinery will be
completely localized.

Figure 7 shows the growth and projected use of farm machinery from 1950
to 2000.

KOREAN POLICIES AND STRATEGIES

Institutional infrastructure; role of government

Farm Mechanization Division of the MAF. As earlier indicated, the government
formulated a system to administer farm mechanization by establishing the
MAF-FMD in 1974.

Agricultural Mechanization Promotion Law. A 1979 legislation — the
Agricultural Mechanization Promotion Law — obliges the central and local
governments to promote agricultural mechanization. The law requires the
Minister of Agriculture and Fisheries to plan and execute the “Basic Program
for Agricultural Mechanization,” which should deal with demand and supply,
utilization promotion, technical training, ex post facto service, research,
development and inspection, safety control, financial support, and other
support for mechanization. The text of the law is in Appendix I

National Farm Mechanization Committee. This Committee was established
in 1979 upon recommendation of RNAM, in which Korea is a participating
country. Advisory to MAF, the committee is headed by the deputy minister of
MAF. It has 12 members representing offices and bureaus of ministries,
mostly at the director-general level, plus 3 technical persons nominated by
MAF from universities.

The committee has subcommittees for designating facilities for farm
machinery after-sales service, for farm machinery parts price control, and for
quality improvement measures.

The national involvement in farm mechanization is shown in Figure 8.

Licensing of manufacturers. For licensing, the government in 1977 classified
manufacturers into integrated farm machinery manufacturers (IFMM) and
specialized small-to-medium-sized manufacturers (SSMSM). The IFMM are
required to produce internal combustion engines for agriculture and at least one
machine classified in [IFMM; they should satisfy the facility, manpower, and
quality control requirements separately set by the governments; and their
products must pass the material inspection test. The SSMSM are expected to
manufacture at least one item classified in the SSMSM.

Agricultural Machinery Institute (AMI). AMI, located at Suweon, leads in the
promotion of 1) local manufacture of farm machinery, 2) laissez-faire system
of trading farm machineries, and 3) greater mechanization of paddy produc-
tion.

Research and survey results carried out by institutes, universities, and
manufacturers were collated and given to help shape government policy and
implementation of machine design improvement, after-sale service, and
marketing. The research and extension procedure is outlined in Figure 9.



MECHANIZATION FOR RICE IN JAPAN AND KOREA 49

-rmng pue quasaid 9sed :ea10Y Jo o1[qndoy 2Y) Ul UONBZIUBYISW WLIR] °L

1

AR Jemog aeyseIyy semog

J0ARidE s00g Jeysijod 31y
18(0Y #3(y

duind Jai0m

_rmEaEu_aE_ UMDIP-[DWIUD PUD - |DNUDJY _

fisuyoow spow Ajjpao) peouDAPY _

Aepess (onsDR

WBBAIIAD J0) guswe)di) |jous

CLIE NI
— AJguiydoDw WDy Jo aingopynuow snouabipu) _

IRA0I0L Jhmag

amfpuds |BRUDK

SjuRWe|dwy o004

AB|ili JemOg

ARyERIyy JemOg

suIqwen

i Jepuig

Anupdsundg 9305 edis-Buipiy

Jeguojdsuni) 931y subue auesoiey

fiaungoouw pajodu) _

FLIELTY

4043041 opug

Suigues IBjuBdsuay #Biy
11 L1 8

| | I IR Lo |

Jeyseiy) Bunposs)

W00} Wapy ||ows

[CLLFTRY
1 1 1 1

0002

c6 06 g8 08, oL oL 9 09,

Sg 0s



50 SMALL FARM EQUIPMENT
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8. National involvement in farm mechanization. MAF = Ministry of Agriculture and Fisheries, RDA
Rural Development Administration, NACF = National Agricultural Cooperative Federation,
NAMIO = National Agricultural Materials Inspection Office, KFMTIC = Korea Farm Machinery
and Tools Industrial Cooperative.

A well developed and funded institute, AMI has an exhibit of modern and
primitive machinery. Its training activities cater to participants ranging from
housewives and 4-H club members to farmers and engineers.

National Agricultural Materials Inspection Office (NAMIO). NAMIO
inspects machines before they are disseminated to farmers whose feedback
information is coursed to the appropriate division.

Integrated farm mechanization project. Every province has a mechanization
project servicing 300 ha. The national government subsidizes the purchase of
about 50 units of large and high-powered farm machines such as rice
transplanters, combines, tractors, and dryers and the ccnstruction of the
machinery shed, dryer warchouse, and paddy nurseries. The project aims to
hasten farm mechanization at the provincial level.

Government at the village level. The government links with agricultural
cooperatives and the Saemaul movement (see below) in promoting farm
mechanization. The village cooperative may have a Farm Mechanization
Centre (FMC) pilot or demonstration project servicing 30 to 50 ha of paddy
fields and administered through the National Agricultural Cooperative
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9. Research procedure for farm mechanization.

Federation (NACF) as an initial step in promoting farm mechanization. The
government provides low-interest-rate loans (70-80% of cost) for major farm
machinery purchases.

The Saemaul Mechanization Farming Group. The SMFG is a small cluster of
farmers (about 20 each) with common interest, organized through the
Ministry of Home Affairs. The SMFG purchases farm machines for members
and/or provides custom work for them through joint ownership and operation
of machines. As much as 40% of the cost is subsidized by the government. In
1981, 695 SMFGs were operating, and the government envisions 20,000
SMFGs by 1990.

Role of the private sector

Manufacturers responded to the government’s call to manufacture the needed
machinery. Firms are widely scattered throughout the country to serve even
the remote areas.

After-sales service system. Both the government (NACF) and the private
sector (repair centers) render after-sales services. Manufacturers are required
to produce and supply a fixed quantity of spare parts according to the quantity
of machines they have supplied. Provincial parts centers are linked sys-
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tematically to the smallest village unit service centers and repair shops. There
is a 12 billion won security fund for spare parts for private service centers.
April, August, and November have been designated as months of regular
joint-round after-sales service for remote areas. The mobile group of
technicians from the factories and dealers are equipped with repair shop tools
and parts.

MAF provides loans to manufacturers, dealers, and repair shop owners for
securing stocks of replacement parts. MAF also collaborates with the Ministry
of Trade and Industry (MTI) so that manufacturers can produce or import
replacement parts of old model machinery for the duration of its working life.
The MTI appoints specialized parts factories — some 260 in 1983.

Development plans

The Government expects that 100% of Korea’s farm machinery needs will be
produced locally in 1986 and mechanization of plain areas will be completed
by 1987.

Planners recognize the need to improve machines for harrowing, operations
on sloping areas, transplanting, and pest control. Comfortable riding tillers
need to be developed.

AMI is developing various attachments for the power tiller, specifically an
onion harvester, seeder, paddy harrow, and mower. The multipurpose power
tiller is much sought because it is light and simple.

Production of other crops may also be mechanized. AMI continues to survey
farmers’ experiences with machinery to get information on features to be
improved and developed. Results of eight surveys have already been used to
formulate government policy. A study to analyze the socioeconomic impact of
transplanters will be conducted in 1985-86.

ANALYSIS OF KOREA’S EXPERIENCE

The Government guided the development of agricultural mechanization and
enthusiastically pushed the rice production mechanization program.

Before planned mechanization started with the second FYEP (1967-71), the
machinery supply consisted largely of manual and animal-drawn implements.
Kerosene engines, water pumps, and power threshers were the first indi-
genously manufactured machines, starting in the late 1950s. Between the early
1950s and early 1970s, water pumps, power tillers, and power sprayers were
imported. By 1974, the mechanization technology picture was a mix: rapidly
declining numbers of manually operated tools and animal-drawn implements;
increasing numbers and improving quality of locally manufactured farm
machinery, especially water pumps, rice polishers, rice hullers, power
threshers, and power sprayers; and an introduction of imported high-powered
machinery consisting of riding tractors, combines, binders, and rice trans-
planters.

These developments were meticulously planned; and their implementation
was monitored and supported by institutional infrastructures, policies, and a
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law for mechanization. The plans were a clear response to the emerging rapid
economic growth which drew farm labor to the nonagricultural sector.

The private sector, especially industrialists, felt the Government’s en-
thusiasm and firmness in pushing mechanization. The light metal industry
saw very favorable environment for business, because the government set
clear-cut targets for the supply of machinery. In the beginning when farmers
were unable to acquire machinery because of low wages, the Government
heavily subsidized their purchases. When the farmers obtained high family
income from agriculture and industry, the Government gradually withdrew
the subsidies but retained the low-interest loans.

The private sector has manufactured the needed machinery and rendered
after-sales services. The Government has considered these services indis-
pensable to mechanization and has made sure the farmers get the right
machines through an inspection system. The manufacturers were supported
by a strong research and development group, and training and extension in
agricultural mechanization.

A current issue, fear of over-investment, is being mitigated by promotion of
joint or cooperative use of machinery. The extension arm is well-organized
and effectively reaches the village level.

The manufacturing industry has expanded from simple small-scale
machines to large ones employing modern techniques of industrial produc-
tion, especially combines, binders, and rice transplanters.

Korea is influencing other developing countries in its export of power tillers
and plow/tiller attachments. It has found markets in nearly all Southeast
Asian countries where the power tiller is popularly used and it competes with
Japan where the technology of design and manufacture originated.

The capability to export machinery began mostly through joint ventures in
manufacturing during the late 1970s. Since the manufacture of power tillers,
water pumps, pest control equipment, threshers, and grain mills has already
reached 100% domestic production, joint-venture manufacturing has ceased.
Although sophisticated machinery like tractors, combine harvesters, and
binders is still manufactured through joint venture programs, it is expected to
be 100% localized by 1986. As of the end of 1984, localization rates were as
follows: tractors, 60-98%; rice transplanters, 88-99%; combine harvester, 38-
74%; and binders, 75-90%. The joint ventures on 23 models by 5 large-scale
manufacturers are with USA, Japan, and Italy.

Korea’s example is worth emulating. The fast economic growth which
spawned the. promotion of mechanization was planned rationally and im-
plemented with determination to overcome a recessed economy, a situation
common among other developing countries.

SUMMARY

Mechanization development in Japan and Korea is recent. In fact, 20 yr ago, the 2
countries were practically in the same or worse situation as most other developing
countries are in today.
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The experience of Japan and Korea shows that farm mechanization does not
have to be limited by farm size. Japan and Korea went through a tenancy stage
before World War II and both underwent land reform; farmholdings now
range from 1 to 2 ha only. In some developing countries, farms are larger.

Geography and climate do not favor mechanization in Japan and Korea.
Although these countries are in the temperate zone, any advantage (except
possibly for the richer and unleached soils) seems doubtful. In fact, only one
crop per year can be raised compared with possible multiple cropping in the
tropics. Further, the two countries are less endowed with natural resources,
and the limited growing season pressures them.

The triggering device for mechanization in Japan and Korea was the
industrial development boosting economic growth. Mechanization has come
as a result of the exodus of farm labor to the nonagricultural sector. Japan led
Korea by almost 10 yr in this process.

This is not to argue that full or rapid industrial development must be
awaited before planning for mechanization. In fact, the two countries planned
ahead of development, and when the right time arrived, they pursued their
plans systematically, providing environment conducive to manufacturers and
farmers.
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Appendix

AGRICULTURAL MECHANIZATION PROMOTION LAW, 1979
REPUBLIC OF KOREA

Article 1. Purpose
The purpose of this law is to increase agricultural productivity and contribute to rural modernization

by the popularization and utilization of agricultural machinery.

Article 2. Definitions

The terms in this law are defined as follows:

A. “Agricultural Machinery” are the machines and implements needed to accomplish agricultural
operations such as: plowing, harrowing, seeding, transplanting, irrigation, fertilizing, cultivating,
pest and disease controlling, harvesting, processing and preparing, cattle breeding and like or
related activities. But “heavy equipment” referred to in paragraph 1, article 2, Heavy Equipment
Management Act is excluded.

B. “Agricultural Mechanization Project” is for improving the agricultural structure with advancing
agricultural production, technology in the area of production, popularization, utilization,
training, ex post facto service, safety control, research and survey on machinery.

Article 3. Governmental Obligations
Central and local governments are obliged to promote agricultural mechanization in accordance with

the national policies and strategies set forth in this law.
Article 4. Financial Supports
1. The Government can provide capital, in whole or pan, to those purchasing agricultural
machinery and building up facilities necessary for machinery utilization.
2. In order to popularize the Notified Machinery (see the provision ofarticle 7 of this law) smoothly,
the government can provide loans for machinery production to the manufacturers, in whole or
part.

Article 5. Basic Program for Agricultural Mechanization
1. Minister of Agriculture and Fisheries should plan “Basic Program for Agricultural Mechani-
zation” (hereinafter called “Basic Program™) and make public notice. And changing it, the
Minister should make public notice.
2. Following matters on the agricultural machinery should be mentioned in the Basic Program.
. Matters on the demand and supply.
. Matters on the utilization promotion.
. Matters on the technical training.
. Matters on the ex post facto service.
. Matters on the research, development, and inspection.
. Matters on the safety control.
. Matters on the financial supports and others for the mechanization.

QMmoo wp

Article 6. Execution Program
Minister of Agriculture and Fisheries should scheme the program to execute the Basic Program

every year.

Article 7. Notified Machinery
Minister of Agriculture and Fisheries should make public notice on the main kinds of the machinery
for promoting its production and popularization. Hereinafter it is called Notified Machinery.

Article 8. Establishment of the Fund
The government shall establish the Agricultural Mechanization Promotion Fund (hereinafter called
the Fund) to get financial resources for the mechanization promotion.
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Article 9. Sources of Fund
The Fund shall be built up with following sources:
A. Contributions from the government
B. Loans from other countries
C. Contributions from individuals or organizations
D. Profits from the operation of the Fund.

Article 10. Operation and Management of the Fund
1. The fund shall be used for supporting the following items on the agricultural machinery:
A. Purchase and production
B. Promotion of cooperative utilization
C. Research, development, and survey
D. Technical training and ex post facto service
E. Other project by Minister of Agriculture and Fisheries, by executing the Basic Program.
2. The Fund shall be managed by the Minister of Agriculture and Fisheries.
3. Details on the operation and management of the Fund shall be regulated in the Presidential
Decree.

Article 11. Control of the demand and supply

Minister of Agriculture and Fisheries can order the following items to the manufacturer or saler of
the notified machinery against the emergency situation like countermeasures against calamities.

A. Control of the balance on the production plant of the machinery.

B. Control of the regional balance on selling amounts of the machinery.

C. Control of the balance on the numbers of saler.

D. Special items for the countermeasure against calamities.

Article 12. Control of the Price
Minister of Agriculture and Fisheries can appoint the highest price of the Notified Machinery under
the provision of article 2, “Act on Price Stability and Fair Business” for the smooth popularization.

Article 13. Cooperative Utilization

In order to promote the cooperative utilization and heighten the utility of the agricultural
machinery, government can provide the performer with the capital needed for purchasing the
machinery, building up the accessory facilities and their operation and management, in whole or part.

Article 14. Inspection of the Notified Machinery

1. The manufacturer and importer of the Notified Machinery should have their Notified
Machinery inspected by Minister of Agriculture and Fisheries. Only to the imported Notified
Machinery, the inspection can be omitted in whole or part, according to the ordinance of Minister
of Agriculture and Fisheries.

2. To perform the inspection under the provision of paragraph 1, Minister of Agriculture and
Fisheries can make his officials inspect the accountbooks and other documents of the
manufacturer or importer, and collect the test samples.

3. To do inspection under the provision of paragraph 2, the official inspector should show the
inspectorial identification voucher to the manufacturer or importer.

4. The classifications of the inspection, test codes and procedures and custody or disposition of the
test samples shall be regulated in the ordinance of Minister of Agriculture and Fisheries.

Article 15. Ex Post Facto Service
1. The manufacturer or seller of the Notified Machinery should establish the ex post facto service
networks system under the ordinance of Minister of Agriculture and Fisheries.
2. Who will manage the workshop should have qualifications and facilities under ordinance of
Minister of Agriculture and Fisheries.
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Article 16. Safety Control
Minister of Agriculture and Fisheries can direct to attach the safety device to the manufacturer.

Article 17. Operating License
1. The operator of the agricultural machinery appointed by the presidential decree, should have the
license from Minister of Agriculture and Fisheries, but who has the automobile driving license by
the other act, shall not need the operating license under the ordinance of the Minister of
Agriculture and Fisheries.
2. The details on the operating license shall be regulated in the ordinance of Minister of Agriculture
and Fisheries.

Article 18. Registration of the Agricultural Machinery
The owner of the machinery under the provision of the paragraph 1, article 17, should register it to
the provincial governor.

Article 19. Consignment of the Agricultural Mechanization Project

Minister of Agriculture and Fisheries can consign some part of the Agricultural Mechanization
Project to the agricultural cooperatives (included National Agricultural Cooperative Federation:
NACF) and cooperations or organizations established for the agricultural mechanization promotion.

Article 20. Consignment of the Authority

In accordance with the presidential decree, Minister of Agriculture and Fisheries can consign some
parts of his authorities to provincial governors, Director of Office of Rural Development or Director of
National Agricultural Material Inspection Office.

Article 21. Penal Regulation

The manufacturer or importer who sell the Notified Machinery without inspection under the
provision of paragraph 1, article 14, shall be punished with a five not exceeding a million won for the
violation.

Article 22. Penal Regulation
Following offender each shall be punished with a fine not exceeding 50 thousands won for the fault.
A. One who drives the appointed machinery under the provision of paragraph 1, article 17, on the
road under the provision of “Road Act,” not withhold the driving licenses.
B. One who does not register the machinery against the provision of paragraph 1, article 18.

Article 23. Both Penal Regulation

In case that cooperations, its representatives, employers, and individuals are punished by the
provisions of article 21 and 22, not only the offenders but also the cooperations or individuals
concerned, shall be punished with a fine for the violation or fault.

Article 24. Presidential Decree
The needful matters to execute this law shall be regulated by the presidential decree.






SOME CONSEQUENCES OF
AGRICULTURAL MECHANIZATION
IN THE PHILIPPINES, THAILAND,
AND INDONESIA

B. DUFF
The International Rice Research Institute

Much of the controversy in using agricultural engineering technologies in the
developing countries revolves around the impact of machines on total
employment, labor and land productivity, and income levels and distribution.
Lack of empirical evidence clearly quantifying these impacts and character-
izing the underlying conditions accounts for much of the conjecture sur-
rounding small-farm mechanization issues. In the past 20 yr, numerous
studies dealing with mechanization have covered agroclimatic, agronomic,
and socioeconomic conditions. Most, however, are not directly comparable
nor are their results generalizable.

Table 1 contains indices describing the agroclimatic and economic status of
several Asian countries. The data highlight the difficulties in developing
general rules governing mechanization issues. Even countries at similar levels
of development as measured by Gross Domestic Product (GDP) per capita do
not necessarily show similar levels of agricultural mechanization. Contrast, for
example, tractor populations in Pakistan and Sri Lanka. In addition, the data
mask major regional differences in countries such as Indonesia, the People’s
Republic of China, and India. For guidance in planning projects, programs,
and policies, information should be location specific, systematically collected,
and rigorously analyzed.

Several papers presented io this volume enumerate in detail the conditions
for successful (and unsuccessful) development, introduction, and use of
equipment in national mechanization programs. Others describe experiences
with specific technologies. Representatives from the manufacturing sector
examine the requirements for success in the fabrication, marketing, and
servicing of farm equipment in small-scale agriculture. A restatement of these
issues is not necessary.

This paper briefly highlights the major research findings from a project to
examine consequences of small rice farm mechanization in selected countries
of Asia. The findings are confined to the issues of employment, production,
and income effects of mechanization.
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Table 1. Agricultural indices for selected Asian countries (6).

Country cDb cuItAivraetE:ad irrgr:taeld CuItivatz(r{é\éorlﬁ%rS/Pozglr?(t:t)l?u re Tractors
($/capita) (%) (%)  (halcapita) a %) (thousand/ha)
Bangladesh 121 64 18 .10 2.8 83.8 45
Burma 138 15 10 .28 7 51.8 93
China na‘ 10 46 .10 2.8 59.8 7.46
India 205 51 23 .25 1.0 63.2 247
Indonesia 331 10 28 A3 1.5 58.9 .67
Japan 8627 13 67 .04 14 11.0 224.50
Nepal 129 17 10 16 1.7 92.6 22
Pakistan 291 25 70 .23 0.6 535 2.26
Philippines 646 33 13 .20 0.8 46.0 1.71
Sri Lanka 240 33 24 14 1.3 532 11.30
Thailand 590 35 15 .38 0.9 75.4 2.06

aNot applicable.

THE CONSEQUENCES OF MECHANIZATION PROJECT

Recognizing the limitations of previous attempts to measure the impact of
mechanization, IRRI, in cooperation with a number of collaborating institu-
tions in Asia and with the Agricultural Development Council, developed a
research project to assess the effects of agricultural engineering technology on
employment, income, and production in small rice farming environments.
Although components of the project were in nearly all countries of South and
Southeast Asia, major field surveys were undertaken in the Philippines,
Thailand, and Indonesia. Four survey sites were selected in the three countries
and information was gathered from more than 1,200 farm and landless
households over a 2-yr period.

Ancillary case studies were also carried out on topics of special interest at
each site and a special farm record-keeping component encompassing a subset
of the household sample was introduced. Sample characteristics are sum-
marized in Table 2. The sample at each site had seven to eight villages. A
census was carried out in each village. From the pooled census data, a stratified
sample was drawn to include mechanized, nonmechanized, irrigated, rainfed,
and landless households. The details of the sampling methodology are
presented elsewhere (8).

Intensive data collection began in 1979, over a period of three to four
seasons. Two survey rounds were conducted each season, one after land
preparation and the other after harvest.

The “with and without mechanization” procedure used in the Conse-
quences Project is subject to numerous limitations. Failure to incorporate all
important institutional variables is an example. Also, cross-sectional data
often had insufficient variability in the economic variables to permit
meaningful statistical comparisons. A challenge of the study was therefore to
explore and develop new analytical approaches to examine the mechanization
question.
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Table 2. Characteristics of sample villages derived from household census data.?

Site
Characteristic
Nueva Ecija Supanburi West Java South Sulawesi
Occupation (no.)
Farm operator 1,042 892 1.021 1,367 ( 9,529)
Landless laborer 233 63 331 15
Nonagricultural worker 401 75 19 197
Total 1,676 1,030 1,371 (22,582) 1,579 (13,375)
Irrigation status (ha)
Irrigated 1,033 1,813 2,022 (10,397) 1,465 ( 13,596)
Rainfed 1,112 2,616 0( 943) 526 ( 1,406)
Total 2,114 4,429 2,022 (11,340) 1,990 (15,002)
Average farm size (ha) 2.06 4.96 1.98 1.46

@ Numbers in parentheses are values for the entire village as derived from secondary data.

Subsequent analysis has included application of a wide range of method-
ologies including decomposition (25), regression and covariance analysis (13,
14, 15, 16), factor share and domestic resource cost analysis (22, 23, 24), and a
series of simulation and general equilibrium models (2, 26).

PRODUCTION IMPACT OF MECHANIZATION

One issue in the mechanization controversy is the impact of machines on
small-farm production. Mechanization may provide a direct increase in land
productivity by increasing yields or reducing losses, increasing crop intensi-
fication, or expanding cultivated area.

The Consequences Project examined the yield, crop intensification, and
cultivated area components of mechanization.

Yield effects
Land productivity did not significantly differ between farms employing
tractors and those using animal or manual power for land preparation. This
finding confirms many previous investigations addressing the same issue (4).
The data in Figure 1 compare yields from mechanized and nonmechanized
farms for wet and dry seasons at each site, and those for irrigated and rainfed
farms in the Philippines and South Sulawesi. During wet season, there were
no significant yield differences between farms using tractors and power tillers
for land preparation and those using manual or animal techniques. During dry
season, use of minitractors in South Sulawesi appeared to have increased
rainfed yields by about 1 t/ha. Of the four sites, only South Sulawesi
demonstrated improved yields directly attributable to use of machinery (18).
Table 3 compares yields and selected inputs for West Java, the Philippines,
and Thailand. Statistical analysis does not demonstrate a significant difference
in yield by mechanization class. When the yield figures in West Java were
adjusted to represent an equivalent level of fertilizer use, the yield differences
disappeared (23).
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1. Yield, by mechanization class, in rice farm households in selected villages of the Philippines,
Thailand, West Java, and South Sulawesi, crop year 1979-81.

Effects on cropping intensity

It is often argued that machinery allows more rapid, timely performance of
crop production tasks, thereby permitting intensified cropping. The historical
evidence on this issue is relatively clear. Japan, Taiwan, and Korea all achieved
their highest levels of cropping intensification prior to widespread adoption of
mechanized techniques (7). Intensification in general was not constrained by
lack of power for field work, but by scarcity of irrigation water. Data in Table 4
show no significant differences in cropping intensity between mechanization
classes, although intensity differs between rainfed and irrigated farms.
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Table 3. Yield and production inputsfor mechanized, partially mechanized, and nonmechanized
farms in West Java, Philippines, and Thailand, 1979-81.

. . Partially Non-
Site Mechanized mechanized mechanized
West Java, Indonesia (irrigated)
Yield (t/ha) 4.76 - 4.4
Fertilizer (kg/ha) 231 - 202
Tractor (h/ha) 24 - -
Philippines (irrigated)
Yield (t/ha) 3.80 3.86 -
Nitrogen (kg/ha) 52 52 -
Tractor (h/ha) 42 23 -
Thailand (irrigated)
Yield (t/ha) 3.18 3.60°
Fertilizer (kg/ha) 233 286
Tractor (h/ha) 49 49

aTwo-wheel tractor.

Table 4. Cropping intensity index in rice farm households in selected villages of the Philippines,
South Sulawesi, and West Java, crop year 1979-81.

Cropping intensity index

Location Rainfed Irrigated

Nonmechanized Mechanized = Nonmechanized Partially ~ Mechanized

mechanized
Philippines 117 124 196 199
South Sulawesi 141 136 167 171
West Java 188 182

Related to crop intensification is the question of timeliness. This issue was
examined in two ways. First, a cumulative frequency distribution relating
time of planting with percentage of total area planted was developed at each
site. Within the distribution was a further breakdown by mechanization class.
Figure 2 shows the relative time required for land preparation in the irrigated
areas of South Sulawesi (3). While mechanized farms began land preparation
sooner, manual and animal-powered households quickly overtook them,
finishing land preparation 2-3 wk earlier. The tractor was able to begin land
preparation earlier because of its increased capacity to handle dry soils. With
the onset of rains, nonmechanized farmers quickly mobilized their land
preparation  resources.

During wet season, rainfed farmers in the Philippines showed no major
differences in the speed of land preparation between mechanized and
nonmechanized farms (Fig. 3). In Figure 4, a similar picture emerges for dry
season. Land preparation took much less time, regardless of the technique
employed, but was completed in slightly less time with mechanization than
without it.
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2. Cumulative frequency distribution of land preparation time for sample cooperators in South
Sulawesi, Indonesia, 1979-80 wet season.
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3. Cumulative frequency distribution of land preparation time for rainfed farms, Central Luzon,
Philippines, 1980 wet season.
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4. Cumulative frequency distribution of area planted, by date of planting and by type of mechanization
on rainfed farms, Central Luzon, Philippines, 1980 dry season.

Mechanized farmers were slower in completing land preparation in gravity
irrigated areas during wet season than farmers using animal power (Fig. 5),
perhaps because many farmers depended on contract services. But during dry
season, the gravity irrigated farms using machines were able to start and
complete land preparation earlier than their nonmechanized neighbors
(Fig. 6).

A second approach used to examine the timeliness issue is to measure the
length of the turnaround interval. Jayasuriya et al (9) speculated that at current
prices for mechanical power, the supply of mechanical horsepower available
in Central Luzon and South Sulawesi was inadequate to achieve a major
change in timeliness or turnaround time. They argued that with animal power
available at a rate which establishes a competitive equilibrium contract rate
lower than required to induce additional investment in the stock of mechanical
power, major reductions in turnaround time and increased timeliness were not
likely. An increase in the cost of animal power or the introduction of a lower
cost mechanical alternative could change this conclusion. This scenario
assumes that timing and availability of water deliveries are not constraints in
modifying land preparation or planting dates.

Table 5 summarizes the data relating to turnaround time in gravity and
pump irrigated villages in the study. While mechanized farms in the gravity
irrigated category were only slightly faster, those having access to supple-
mental irrigation water used mechanical power much more advantageously to
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5. Cumulative frequency distribution of area planted, by date of planting on gravity irrigated farms,
Central Luzon, Philippines, 1980 wet season.
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farms, Central Luzon, Philippines, 1980 dry season.
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Table 5. Turnaround time by mechanization level and irrigation
type. Luzon, Philippines, 1980-81.

Turnaround time (d)

Irrigation  type

Mechanized Nonmechanized
Gravity irrigated 72 78
Pump irrigated 20 61
All 69 74

reduce the turnaround interval. On the average, however, the sample did not
show a significant difference in turnaround time between mechanization
classes.

Juarez (11) demonstrated a similar finding in reviewing the use of
mechanical threshers in Iloilo. She found that farmers using mechanical
threshers initiated and completed threshing significantly earlier than those
using traditional techniques. However, the total turnaround time was not
significantly different from that of farmers wusing traditional threshing
techniques. Water availability again appeared to be the major constraint. The
synchronous planting schedule farmers used within each village to reduce pest
and rodent damage also contributed to the long intercrop interval. Farmers
using mechanical threshers, however, indicated that they used for other
productive tasks the time made available to them from use of the thresher.

Except for South Sulawesi, all sites studied were old established villages
with no scope for expanding the area cultivated. No evidence indicated an
eviction of tenant farmers following mechanization as Mclnerney et al (19)
observed in Pakistan. Tractor owners tended to rent slightly more land than
nonowners, but it was impossible to ascribe this to machine availability.

MECHANIZATION AND AGRICULTURAL EMPLOYMENT

The project examined the employment issue from three perspectives. First it
determined the quantity of labor used for each task in each farming
environment and each mechanization category. Secondly, it carefully exam-
ined patterns of labor use. This was of crucial concern because machines
released labor which became available for use in alternative tasks. Lastly, the
impact of mechanization on family and landless labor use in rice production
was evaluated.

Figure 7 presents labor use in wet and dry seasons and disaggregated by
irrigation and mechanization. Except for gravity irrigated farms, total labor
requirements were higher during dry than during wet season. Mechanization
clearly reduced labor requirement in land preparation in all classes.

Figure 8 describes the patterns of hired and family labor use. On rainfed
farms, mechanization reduced hired labor as a percent of total labor. For each
of the irrigated classes, hired labor was significantly higher for mechanized
farms in both dry and wet seasons. In absolute terms, hired labor increased on
farms using mechanical power. Use of family labor declined appreciably with
the introduction of machines.
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7. Labor use for rice production in selected villages, Guimba and Cabanatuan, Nueva Ecija,
Philippines. NM = nonmechanized, PM = partially mechanized.

West Java, the survey site with the highest population-to-land ratio and the
highest proportion of landless labor (35% of total households), also exhibited a
major shift in labor use with the introduction of mechanized land preparation
techniques. Until the mid-1970s, all land preparation in West Java was
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8. Contribution of hired and family labor to total labor requirement in selected villages, Guimba and
Cabanatuan, Nueva Ecija, Philippines, 1979-80. NM = nonmechanized, PM = partially mechanized,
FM = fully mechanized.

performed manually with as much as 65 labor d/ha required to prepare a plot
for transplanting. When 2-wheel tractors were introduced, the Jathilahur
irrigation project began to deliver significantly more water to farmers. Major
extension efforts were also under way to convince farmers to plant a third crop.
New varieties and attempts to introduce synchronized planting on 50,000-ha
blocks for pest control introduced a series of confounding factors into the West
Java study.

Data in Table 6 show the percentage differences in labor use between farms
using mechanized equipment (2-wheel tractors) and those using manual
methods. Total labor use declined only slightly in both wet and dry seasons,
with the largest decrease occurring during land preparation.

Changes in the composition of labor use by rice farming households are
shown in Table 7. The major source of labor decrease was the farm operator's
family. Permanent and seasonal hired labor were used differently during wet
and dry seasons, although in the Philippines absolute hired labor requirements
did not change significantly compared with farms using traditional land
preparation technology.

For South Sulawesi rainfed farms, labor use differed greatly between wet
and dry seasons. Land preparation labor requirements declined in both
seasons; however, total labor requirements for planting and crop care activities
also declined during dry season. The decline in land preparation labor
requirements for the dry season crop was highly significant as were the
increased requirements for harvest and postharvest operations. This may to
some degree reflect the higher yields attributed to mechanization on rainfed
farms in South Sulawesi.

In Table 8, changes by type of labor are shown for rainfed farms in South
Sulawesi. As in West Java and the Philippines, the farm operator and family
were affected most significantly by changes in land preparation technology.
Total labor did not change significantly. Irrigated farms showed no major
decrease in labor use in wet or dry season.
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Table 6. Percentage difference in labor use on mechanized compared
with nonmechanized farms, by activity. West Java, Indonesia, 1979-

80. -
Difference? (%)
Activity
Wetseason 1 Dry season 1

Land preparation —35.6*** -28.7*
Planting +2.6 +4.6
Cultivation -0.8 -6.1
Harvesting +8.8 +5.8

Total -13.0* -8.9

@ A negative sign signifies a reduction in labor use and a positive sign
an increase in labor use on mechanized farms. Significance at 0.1%
(***), 1.0% (**), and 5.0% (*) levels.

Table 7. Percentage differences in labor use on mechanized com-
pared with nonmechanized farms. West Java, Indonesia, 1979-80.

Difference = (%)

Source

Wetseason 1 Dry season 1
Operator -7.3 —58.0***
Family -88.2 —46.6*
Permanent -38.3 -29.0
Seasonal, hired -1.9 -12.0

@ Significant at 0.1% (***)and 5% (*) levels.

Table 8. Percentage difference in labor use on rainfed mechanized and
irrigated mechanized farms, by source. South Sulawesi, Indonesia,
1980.

Difference? (%)

Labor source
Wet season 2 Dry season 2

Rainfed mechanized

Farmer -65.3 -20.2**
Family -8.7 87.0
Seasonal 76.5 105.3
Others 28.0 -30.3
Total -23.0 28.9
Irrigated mechanized
Farmer 1.8 -15.0
Family -30.4 —-45.5
Seasonal 21.3 0.9
Others -1.3 -9.2
Total 4.6 -9.0

@ Significant at 1.0% (**) level.
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The findings show that mechanized farms required less labor per hectare
than those using traditional techniques. The major reduction in labor use was
from family and operator sources. Hired labor use increased on most
mechanized farms. Labor requirements per hectare declined, especially on
large farms.

IMPACT OF MECHANIZATION ON FARM INCOME

The income effects of mechanization are closely interlinked with the
employment issue. Total income and source by season are presented in Table 9
for the Philippine site. There were marked differences in income between
mechanized and nonmechanized classes in the gravity irrigated category.
Rainfed farms had lower yields and cropping intensities with consequent
lower income than irrigated farms in both seasons. Note, however, that the
percentage of total income derived from nonfarm incomes was highest for both
the nonmechanized and partially mechanized rainfed categories and lowest for
the fully mechanized gravity irrigated category.

An attempt was made to disaggregate farm categories based on size. Small
farms were 0.5-1.5 ha; medium farms, 1.5-2.5 ha; and large farms, 2.5-5 ha.
Figure 9 indicates small and insignificant differences in income levels for all
mechanized classes in small and medium categories. In the largest farm
category, however, partially and fully mechanized farms had significantly
higher per capita incomes than comparably sized nonmechanized farms.
Sources of total farm income for the Philippine sites are shown in Figure 10.
Mechanized farms in irrigated areas clearly derived a greater share of income
from on-farm sources. Conversely, mechanized rainfed farms produced more
income from nonfarm sources than their nonmechanized counterparts.

Table 9. Farm income? by source, in selected villages of Central Luzon, Philippines, 1979-80.

Farm income

Source Rainfed Gravity irrigated
Nonmechanized Partially Nonmechanized Partially Fully
mechanized mechanized mechanized
Wetseason
Total farm (P) 1300 1910 1820 4470 3730
% off-farm 4 10 15 2 0
% nonfarm 22 37 24 24 6
Dry season
Total farm (P) 1890 2300 3250 7280 6490
% off-farm 3 9 4 7 1
% nonfarm 22 26 16 10 5
Annual income
Total farm (P) 3190 4210 5430 11750 10220
% off-farm 3 9 8 5 1
% nonfarm 22 31 19 15 5

a4p7.60 = $1.
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9. Per capita income, by area class and mechanization group, in rice farm households in selected
villages of Cabanatuan and Guimba, Nueva Ecija, Philippines, crop year 1979-80. The 1980 exchange
rate was$7.60 = S1.

The study also examined differences in the distribution of income for the
mechanized and nonmechanized farm categories. A simple way of analyzing
this issue is to employ the concept of factor shares, which shows each
production factor’s contribution to total productivity. Figure 11 shows that in
all cases in the Philippines, the largest share accrued to the residual
representing the operator’s share. The second largest share was attributed to
labor. Slightly lower shares were attributed to labor on partially and fully
mechanized household farms, largely as a result of the decline in use of family
labor.

In contrast to the Philippines, in West Java a higher percentage of total
income for both mechanized and nonmechanized households came from
on-farm sources. Very little nonfarm income was included in total household
income for West Java. That was likely the result of the very high population of
landless families in the area that competed for off-farm and nonfarm
employment.

A factor share analysis for West Java in wet season (Fig. 12) indicates that
labor increased its share of earnings slightly on mechanized than on
nonmechanized farms. Hired labor’s share also increased and family labor
earnings declined.
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10. Percentage distribution of annual income sources, by mechanization class, in rice farm households
in rainfed and irrigated environments in selected villages of Guimba and Cabanatuan, Nueva Ecija,
Philippines, crop year 1979-80.
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Ecija, Philippines, crop year 1979-80.
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12. Factor shares, by mechanization class and category, in rice farm households in selected villages of
Subang and Indramayu, West Java, Indonesia, 1979-80 wet season.

Figure 13 shows the sources of income for households in South Sulawesi. Of
particular interest is the high percent of income derived by both rainfed and
irrigated mechanized farms from off-farm and nonfarm sources. Rainfed
farms were unable to fully use their land resources during dry season.
Mechanization allowed families on those farms a higher degree of flexibility in
seeking off-farm and nonfarm work.

THE ECONOMICS OF LAND PREPARATION

Table 10 shows the use of 2- and 4-wheel tractors at each survey site. The
benefit-to-cost ratio indicates that machines were operating at or near
economic levels. A notable exception was 2-wheel tractors in the Philippines
(20).

All machines were used for contract work, particularly 4-wheel tractors in
the Philippines and South Sulawesi. Rental services were very common in
Thailand; however, that is not shown in the data from the site survey because
contracting in Thailand was largely handled by nonfarmers. Figure 14 shows
changes in tractor use during a 5-yr period in South Sulawesi. As additional
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13. Percentage distribution of annual income sources, by mechanization class, in rice farm households
in rainfed and irrigated environments in selected villages of Sidrap and Pinrang, South Sulawesi,
Indonesia, crop year 1980-81.

tractors entered the contract market, total annual use and the quantity of
contract work declined markedly. Tractors purchased at the introductory
stage of the process were very profitable (17, 18). Those purchased in recent
years were much less profitable because of lower use and higher cost.

In South Sulawesi, inadequate service and maintenance of machines also
contributed to low use; Most tractors were small, 4-wheel imported units
provided on very liberal credit terms. One result of this policy was a poor
record of repayments and a high percentage of inoperable machines.

In a recent experiment in South Sulawesi, locally built 2-wheel tractors
were introduced and operated under conditions similar to those for 4-wheel
units. Figure 15 presents economic data derived from a study comparing
tractors operated in the Luwu area of South Sulawesi (21). During the 2-yr
period of the study, the 2-wheel machines offered substantial economic
advantages compared to the 4-wheel units.
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14. Tractor use in Pinrang and Sidrap districts, South Sulawesi, Indonesia, 1975-79.
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15. Break-even analysis for 4-wheel tractors at 2 alternative investment costs, and for 2-wheel tractors,
Luwu, South Sulawesi, Indonesia. BEP = break-even point.



78 SMALL FARM EQUIPMENT

Similar economic studies of threshing machinery in Thailand and the
Philippines indicated a high degree of economic viability during the in-
troductory stages. The rapid spread and high use of axial-flow threshing
equipment in Thailand and the Philippines indicate the profitability of the
machines (10, 12).

GENERAL EQUILIBRIUM MODELING OF MECHANIZATION

In addition to the direct, farm-level impact of mechanization on production,
employment, and income, secondary effects link the agricultural and non-
agricultural sectors. Farmers and laborers working in agriculture purchase
consumer and producer goods from nonagricultural sources. Conversely,
agriculture provides the nonagricultural sectors with goods and products used
for production and consumption. These relationships are presented con-
ceptually in Figure 16.

Farm machinery is an input in agricultural production. A farmer exchanges
goods or money to acquire a machine from a vendor who acquired it from an
importer or local manufacturer. The composition of the marketing chain
depends on the nature of the equipment and its source. If the product is
produced locally with a high domestic content, more resources will circulate in
the national economy and import leakage will be minimized. This strategy
produces a larger “multiplier” effect through enhanced production and

é;\

&
Forward
<
Nonagricultural sector Backwided 5 Agricultural sector

16. Diagram of linkages.
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consumption linkages with agriculture. Resources used to purchase the
equipment are, in turn, used by the manufacturers to acquire raw materials
and component assemblies from vendors, and to hire labor. Vendors, in turn,
use these funds for transportation, acquisition, fabrication of components, and
hiring labor. The chain effect from a single investment in agricultural
machinery is often called a backward linkage or multiplier effect.

To evaluate the multiplier effect on national employment and income, a
modified Leontiff-type input-output model was developed to describe the
production and consumption sectors in the Philippine economy (2, 1). This
question was posed what are the employment and income impacts of a 1%
increase in rice demand using alternative mechanization packages? The
employment effects are shown in Table 11. The model evaluated the impact of
obtaining the extra output from 1 of 13 alternative production subsectors
consisting of combinations of power, irrigation, and threshing technologies.

To maximize both direct and indirect employment effects from the increase
in demand, irrigation pumps are combined with animal land preparation and
manual threshing. The difference in total employment from this alternative
compared with the mechanized alternative of using a 2-wheel tractor and a
small portable thresher is not great. All three strategies have relatively high
backward production and consumption linkages, producing expanded employ-
ment in the nonagricultural sector. This contrasts with the strategy of relying
on imported tractors in combination with large axial-flow threshers. This
alternative has a much weaker direct effect on farm employment, and
decreases indirect employment because of weaker links with local industries
and higher reliance on imports.

The impact of these options on income distribution is shown in Table 12. As
with employment, the solution involving pumps, water buffalo, and manual
threshing produces the largest increment in national income. Total income is

Table 11. Employment impact of a 1% increase in demand for rice (2).

Production sector Workers (thousand)
Indirect:direct
Power Irrigation Threshing Increased Direct Indirect
employment

Carabao Gravity Hand 42 145 27.5 1.89
Tiller Gravity Hand 43 15.9 271 1.10
Tiller Gravity Small thresher 40 12.4 17.6 2.23
Tractor Gravity Large thresher 36 11.2 24.8 2.21
Carabao Pump Hand 55 23.7 31.3 1.32
Tiller Pump Hand 53 217 31.3 1.44
Tiller Pump Small-thresher 49 17.4 31.6 1.82
Tractor Pump Large-thresher 37 7.0 28.0 3.1
Carabao Rainfed Hand 31 11.0 20.0 1.81
Tiller Rainfed Hand 28 9.7 18.3 1.89
Tiller Rainfed Small thresher 27 7.3 19.7 2.70
Tractor Rainfed Large thresher 23 5.3 17.7 3.34

Carabao Upland Hand 18 5.1 12.9 2.53
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Table 12. Income distribution impact by sector from 1% increase in demand for rice (2).

Rice production sector Absolute increase

Power Irrigation  Thresher Rice farm Nonrice farm Nonfarm Incremental
— (millionP)

million # % million® % milion® %

Carabao Gravity Hand 121.0 28.0 95.3 22.2 2153 498 413.6
Tiller Gravity Hand 124.5 234 94.9 21.6 218.5 50.0 437.9

Tiller Gravity Small 122.3 28.5 91.6 214 2143 50.1 428.2
Tractor  Gravity Large 106.6 27.6 83.8 21.7 1955 50.7 385.9
Carabao Pump Hand 152.2 28.7 1183 223 260.2 49.0 530.7
Tiller Pump Hand 152.8 29.0 1151 21.8 259.1 49.2 527.0
Tiller Pump Small 147.7 29.0 1095 246 2502 494 507.7
Tractor  Pump Large 112.9 271 87.8 211 2158 51.8 416.5

nearly 200 million pesos larger using traditional techniques with irrigation
pumps, compared with using large mechanized equipment operated in gravity
irrigated  systems.

The model is most useful in exploring alternative policy options when
considering strategies to enhance output, employment, and. production.

CONCLUSIONS

The following are some general findings from the Mechanization Conse-
quences project.

1. Large farms are early innovators and adopt mechanization before small
farms.

2. At the early stages of mechanization, early innovators are able to realize
higher returns on investment.

3. Over time, annual use levels and contract rates for equipment use decline,
and contract rates reach anequilibrium with existing traditional methods.
For later investors, these equilibrium levels reduce the profitability of
equipment. Those acquiring equipment later are often unable to realize
the same economic benefits as early innovators.

4. Mechanization of paddy land preparation shows no significant impact on
crop yield, cropping intensity, or expanded cultivated area. An exception
was noted in South Sulawesi where rainfed yields were higher on
mechanized farms.

5. Threshers and 2-wheel and 4-wheel tractors have reduced labor require-
ments significantly.

6. Mechanization of land preparation and threshing has reduced family labor
requirements significantly more than hired labor.

7. Hired labor contributes a significantly higher proportion of total labor on
mechanized than on nonmechanized farms.
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8. The study did not find a major redistribution in income shares between
labor and capital as a result of small-scale mechanization. The analysis
does not, however, explicitly consider the landless class.

9. The machines introduced initially were substitutes for animal or human
power or both. The motivation was to reduce costs. Notable exceptions
were low-lift and tubewell pumps which augment irrigation and produce
higher yields and cropping intensities.

10. Backward linkages are normally underestimated or ignored, but should be
considered in developing mechanization strategies. Both employment and
income appear to be augmented more through investments in water
resource development. If the choice, however, is between alternative
mechanization technologies, a clear case can be made for small-scale
domestically produced equipment where local wages are low and capital
resources are scarce.

Adoption and use of machines on small farms in Asia is increasing. Contrary
to many predictions, engineering innovations in agriculture have not resulted
in major social upheavals. Evidence from the Philippines, Thailand, and
Indonesia do not strongly support findings of excessive labor displacements or
inequities in income distribution attributable to use of small machines.
Conversely, the relationship between mechanization and improved produc-
tivity measures — increased yields, cropping intensities, or expanded area
under cultivation — is weak or nonexistent. Currently, the major incentive to
mechanization in paddy production is to reduce costs.

The composition and growth of future mechanization will be strongly
dictated by government policies affecting exchange rates, credit availability,
indigenous manufacturing, research and development, and the development
of and support for an infrastructure capable of sustaining use of rural-based
machinery. Table 13 provides information for predicting in which countries
agricultural mechanization will likely grow. Nations with an abundance of
land per rural worker, a high or rising rural wage, a low to moderate draft
animal population, a reasonable ability to maintain and support mechaniza-
ation, and moderate paddy yields are better candidates for rapid expansion of
mechanization. Note, however, that the profitability of mechanization
depends on government policies. It is essential that programs or projects to
mechanize small farm agriculture consider technical, economic, and political
realities to avoid misallocation of resources.
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Farm mechanization is much debated in developing countries, especially in
those of Asia having dense rural populations and relatively few employment
opportunities outside agriculture. The selection of policies toward farm
mechanization and the effects of tractors are discussed here for four South
Asian countries — Bangladesh, India, Pakistan, and Sri Lanka. Ideally, this
review would assess the impact of all types of mechanized farm equipment.
However, government intervention has centered on the tractor market and
tractorization has been heavily researched.

Duff and Kaiser (17) indicate that mechanization levels remain low in South
Asia, especially in Bangladesh. Equipment is generally restricted to tractors,
threshers, sprayers, and pumps, with heavy investment in 4-wheel tractors
(4wts), as opposed to the concentration on 2-wheel tractors (2wts) in many
other Asian countries (Table 1).

Natural resource endowments of countries influence equipment choices.
For instance, Sri Lanka’s topography and hydrology lend themselves to
gravity irrigation, limiting opportunities for pump set investment. However,
mechanization also depends on the economic opportunities for, and con-
straints on, the deployment of production factors across a range of oppor-
tunities, and the extent to which government intervenes in resource allocation.

Given the imperfections in developing country markets, particularly in the
capital market, the role of the government in defining and implementing
policies toward farm mechanization assumes particular importance. Herdt
(31) summarizes official lines adopted in Asia:

* One view, associating mechanization with modernization, was adopted by
the People’s Republic of China in the 1970s, and made mechanization a
requirement and an indicator of development.

* A second view suggests that output will respond to increased power inputs
as it does, for instance, to fertilizer. Therefore development requires
power beyond that from traditional sources. This corresponds broadly
with Binswanger’s (7) net contribution view.

* A third view holds that mechanization can promote greater labor
absorption in agriculture by intensifying land use (75).
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Table 1. Estimated inventory of selected agricultural machinery per 100 ha of arable land,
1978-80 (17).

Water 2-wheel 4-wheel Hand Hand Power Reaper Combine
pump tractor tractor sprayer  thresher thresher
Japan 50.4 26.9 55.5 29.6 16.2
Taiwan 19.3 7.3 0.3 34.4 17.9 6.0 0.6 1.0
South Korea 9.0 11.4 0.1 41.3 13.2 9.7 0.6 0.02
Philippines 11 0.9 0.3 3.8 0.03 0.16
Thailand 2.0 14 0.3 5.9 - 0.03
Indonesia 0.03 0.02 0.01 2.1 0.01 0.01
Pakistan 0.9 - 0.38 0.08 - 0.08
Sri Lanka 1.1 1.0 1.8 15 0.01 0.05
India 0.24 0.01 0.23 0.49 —-— 049 —
Nepal 0.39 0.02 0.11 0.12 0.80 0.01
Bangladesh? 0.05

aData from Gill (24).

e A fourth view, critical of mechanization but not widely incorporated in
official policy in Asia, is that mechanization substitutes directly for labor
and is socially undesirable, given the high population density and limited
employment opportunities in most Asian countries. In many cases,
nonmarket forces have distorted the price ratio of labor to -capital,
accelerating mechanization.

Reviewing evidence from 12 Asian countries, Herdt (31) suggests a pattern
of rice mechanization, with countries at different points at any time according
to their physical and economic conditions. This sequence started with
improved water management in many countries before 1930, followed by
small manual threshers and small tractors in the 2-3 hp range, and culminating
in more mechanized areas with 8-12 hp 2wts and 60 hp 4wts, and with
mechanized threshing, transplanting, harvesting, and spraying. Based on this
sequence, Herdt postulates a four-stage mechanization process:

* Only a few tractors available for experimentation.

* Early adoption, with about 2.5 2wts/1000 ha.

* Take-off, with 20 2wts/1000 ha and about 20% of arable land served.

* Full mechanization, with 100 2wts/1000 ha and a variety of other

equipment.

Since mechanical power performs tasks traditionally done by hand or by
animal draft, the critical economic component in mechanization is the
opportunity cost of labor. In some East Asian countries experiencing rapid
industrial development, this cost became so high that a transfer of labor from
agriculture to industry became socially desirable (Table 2). Of the Southeast
Asian countries, Malaysia, Thailand, and Burma have high agricultural wages
relative to the price of rice, but in Thailand and Burma, the artificially low rice
price, and not a high opportunity cost of labor, generates this ratio.

In the four South Asian countries, the ratio is uniformly low, suggesting
that the take-off point in mechanization is remote (Table 2). The relatively
high concentration of 4wts there seems anomalous. This paper examines to
what extent this anomaly is real, considering the philosophy behind the move
to mechanize in South Asia, the policies supporting it, and its effects.
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CRITERIA FOR ASSESSING THE IMPACT OF TRACTORIZATION

Various advantages have been attributed to tractorization. The Pakistan Farm
Mechanization Committee (PFMC) predicted an increase in cultivated area,
yields, and cropping intensity, and a reduction in fallow and land allocated to
fodder (45). In Sri Lanka, improved timeliness (with secondary effects on
yields, cropping intensity, and production costs) was anticipated in irrigated
areas, with agricultural expansion in rainfed areas. Space does not allow
detailed analysis of the mechanisms (e.g., deeper tillage, reduced turnaround
times between crops) by which tractors were to achieve these benefits, but
Farrington and Abeysekera (21) have presented a detailed analysis for Sri
Lanka.

Binswanger (7) presents criteria suitable for analyzing findings from the
four countries examined here.

Cropping intensity

High annual cropping intensities have been achieved in many areas (coastal
Andhra Pradesh, Bihar, and Tamil Nadu in India; dry zone irrigation schemes
in Sri Lanka; and floodplain regimes in Bangladesh [7, 18, 23]) with use of
human labor and draft animals. However, tractors may generate benefits by
faster land preparation, thereby increasing cropping intensity.

Yield increase

The deeper plowing possible with tractors may improve yields directly,
although research suggests this is unlikely. See Tsuchiya (77) for Japan, and
Farrington and Abeysekera (21) for Sri Lanka. Yields seem more likely to
increase from secondary effects, e.g., improved timeliness, irrigation, and
agrochemical use.

Timeliness
A much vaunted benefit of tractorization, timeliness may improve yields in
rainfed areas and increase cropping intensity in irrigated or rainfed systems. It
may also induce a switch to higher value crops not previously grown because of
difficulty in meeting a target sowing date. However, there is a trade-off
between the degree of timeliness achievable and the capacity use of a tractor:
higher use will spread capital costs over more operating hours, but will reduce
timeliness because the area to be plowed will increase per tractor.
Mechanized threshers may release both tractors and draft animals for
plowing during the critical turnaround period between crops. Timeliness may
also be improved by seasonal migrant labor and by growing shorter-duration
varieties.

Value of crop production

The value of the crop may increase through cropping intensity, yield, cropping
patterns, a residual interaction between the three (7), and through product
price, where tractor hauling confers a marketing advantage. A cropping
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pattern benefit directly attributable to tractors is the extent to which fodder
crops may be replaced by those of higher value as bullock herds decline.
Cropping patterns may also be influenced by improvements in irrigation,
capital availability, and managerial ability.

Displacement effects

When tractors replace draft animals, land and fodder are released for other,
potentially more productive uses. Other resources released, such as family
labor for feeding bullocks, may have little opportunity cost, so social savings
may be slight or negative.

Regarding labor displacement, the pure net contributor view holds that all
labor input differences between bullock and tractor farms are due to tractor
technology. The pure substitution view holds that farmers deprived of tractors
would try to maintain all other inputs at existing levels, and would have to hire
labor and animals to replace the tractor, so labor use would increase beyond
that on bullock farms which never had tractors.

With the net contributor view, measuring difference in labor input per unit
of land between tractor and bullock farms is appropriate. With the pure
substitution view, measuring per unit of output is appropriate. The true labor
effect of tractors will generally lie between these extremes. Because other
factors influence labor input, causality is difficult to ascertain. Analysis should
include off-farm labor use and type of labor, e.g., permanent or casual.

Agricultural expansion

Expansion of the agricultural frontier, though receiving little attention in
Binswanger’s review, applies to Sri Lanka and to Pakistan. Expansion using
traditional methods (slash and burn, bullock plowing) may be slow and poorly
timed, missing critical periods for planting. Tractors can plow hard soil and
work in shifts without rest, generating net benefits through more rapid land
expansion.

POLICIES AND IMPACT IN SOUTH ASIAN COUNTRIES

Bangladesh
Bangladesh lacks an agricultural frontier, with virtually all agricultural land
already exploited and 68% of its land cultivated. Production would therefore
increase through intensifying cultivation. Population density is high, with 0.12
ha of cultivated land per person. Agriculture generates 53% of GNP and 84%
of the population depends on agriculture for a living. Only 14% of cultivated
land is irrigated, mainly by pump sets in the dry season (boro paddy and
dryland rabi crops). Timing of cultivation and cropping patterns during the
wet season are dominated by how rapidly monsoon floodwaters subside.
The low average farm size (1.25 ha) does not prevent highly unequal land
distribution. The lowest decile of farmers occupy only 1.1% of cultivated land,
while the top 10% occupy 35%. The Gini coefficient is 0.5 (23). Approximately
half the farmers have less than 0.81 ha, 12% own less than 0.2 ha, and 15% own
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no land. Rice is cultivated on 80% of farmland, generating 12.5 million t/yr.
Wheat production is 0.8 million t/yr. More than 1.5 million t of rice and 1.2
million t of wheat are imported each year to meet subsistence needs.

Agricultural mechanization policy for East Pakistan (later Bangladesh) was
defined by the PFMS’s reports (59, 60), which, Lockwood (45) argues, were
strongly influenced by the mechanistic application of a technical coefficient
(defined by FAO and a US Presidential Science Advisory Committee) of
0.5 hp/ha as a desirable minimum for third world countries. Bangladesh
independence prevented this policy’s implementation.

A few 4wts had been imported in the late 1950s, first for government farms,
and later for other public organizations. More were imported on aid terms and
sold at subsidized prices, as was the first large batch of 2wts in the mid-1 960s.
In 1972,500 2wts and 500 4wts were imported on concessional terms to make
up for losses of draft animals during the war of 1971. They were distributed
among government farms, cooperatives, tractor hire pools, and individuals.
From the early 1960s to 1983, 6,362 2wts were imported, with two-thirds sold
to the private sector on highly subsidized credit (35). However, bullocks now
plow an estimated 98% of Bangladesh land, with later operations done
manually or by animal draft.

Investment in irrigation pumps is substantial, with low-lift pumps (1/2
cusec) increasing to almost 40,000, shallow tubewells to 120,000, and deep
tubewell (2 cusec) pumps to 25,000 in 1985. Motorized pumps have generally
been sold at low-interest credit, but high rates of default make subsidy
expensive.

Hand tools and animal-drawn equipment are entirely supplied by national
producers, as have been 30,000 manually operated threshers (28).

Bangladesh was the first country in the region to express interest in
promoting appropriate technology: a cell representing this topic was in-
corporated into the Bangladesh Agriculture Research Council in 1975.

Subsidies for 2wt introduction in Bangladesh in 1980 (23) included

* an official exchange rate overvalued by 25%;

* 15% import duty, compared to 75% on trucks and buses;

8% handling charge, compared to the usual 25%;

* credit at 11.5%, compared to 15% or higher;

* similar import concessions for spare parts; and

* diesel fuel subsidized to about 50% of world price.

These subsidies lowered the retail price of a 2wt to approximately $1,800
compared to a true value of more than $4,100, or a 2.21 difference (23).

For 4wts, generally operated on hire-service from government pools,
subsidies were so high that revenue did not cover operating costs. Per hectare
hire charges were one-third of those for draft animals (23).

Diesel fuel is still priced at about half that of petrol, and tractor imports are
restricted by foreign exchange licensing.

Gill (23) reports the Bangladesh government agreed to locally manufacture
the IRRI PT3, a 2wt, but most components and materials had to be imported.
The 200 units manufactured in 1980-82 were not reliable and not readily
adopted.



MECHANIZATION POLICY AND TRACTORS IN SOUTH ASIA 91

The debate over desirability of mechanization in Bangladesh also involves
draft animal quality (34). However, reports from almost 100 yr ago state that
Bangladesh cattle have always been small (24). Cows are increasingly used as
draft animals, either indicating a worsening power situation or reflecting the
decline in farm size due to increasing population. This would make
maintenance of two multipurpose animals more economical than that of two
bullocks. Further, pregnancy and lactation are less likely to reduce work
output on small farms with low draft needs (50).

Currently, the draft animal herd is 10.3-10.9 million head, averaging 1.54
ha/pair. This work requirement would put poorly conditioned animals at
capacity.

Little analytical work was available when Binswanger reviewed tractor
effects in 1978. Studies now available include a frequent visit survey of 2wt use
conducted over 15 mo in 1977-79 by Gill (23) in Rangpur, Dacca, Nuakhali,
Munshiganj, Bogra, and Comilla (n=360); an extensive survey of 160 farmers
using 4wt hire services in Comilla in 1974-75 by Martius (48); and single
interview studies of 63 owners and 56 users of 2wts in Mymensingh and
Munshiganj in 1979-80 by Jabbar et al (35), and of 63 households, 11 paddy
processing groups, and 2 rice mill laborers in Mymensingh by Ahmed (2) in
1980.

Results of these studies are remarkably consistent (Table 3). Cropping
intensity effects are neutral or negative as are, on the whole, yield effects. Where
yields rise with tractorization, irrigation and fertilizer account for it. Gill
quotes extensive experiment station evidence showing no direct tractor effect
on yield. Both Jabbar et al and Martius note greatly reduced bullock capacity
per hectare. Gill, however, presents only reductions in use time, indicating
that all 2wt owners had disposed of their animals but that hired 4wts weren’t
yet reliable enough to permit widespread disposal of bullocks. In one village
surveyed by Jabbar et al, only 3% of 2wt owners had replaced all draft animals,
against 53% in the other village.

Labor use analysis is complicated by different methods of reporting data.
Jabbar et al note a 44% reduction in permanent hired labor. Reanalysis, of Gill’s
data indicates a 9.7% drop in casual labor use, and he contends permanent
hired labor is not a feature of the study locations. Martius indicates an overall
reduction in labor use, but hired labor rose 13% on irrigated farms and 29% on
nonirrigated farms.

Tractorization appears to substitute heavily for family labor as Farrington
and Abeyratne (18) noted for Sri Lanka. Martius notes large quantities of
female labor in postharvest work, of very low opportunity cost given social
restrictions (purdah) on work outside the household. Ahmed discusses this at
length (2). He notes postharvest processing by traditional methods (transport
from field to house, stacking, threshing, winnowing, soaking, parboiling,
drying, storing, husking, polishing, and cooking) accounts for about 25% of all
agricultural employment. He records a labor requirement of 36.7 d/t with
traditional methods, and higher in aus and boro seasons because of drying
problems. Apart from men threshing, accounting for 14% of postharvest
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labor, women perform all other operations, with 70% of this labor from within
the farm family.

Up to 1980, 1,000 engine-powered threshers had been introduced, at
380/yr. In the survey area, 37% of families had adopted mechanical hulling,
reducing family labor from 68 to 55% and hired labor from 32 to 16%. Using
Ahmed’s estimate of 52% of postharvest labor used in husking, the 29% drop in
husking by traditional methods reduces overall employment 15.1%, i.e. from
36.7 d/t to 31.2 d/t. Wages fell slightly for female labor in areas where mills
were introduced, and real wages fell substantially in areas with and without
mills.

Gill noted little difference in timeliness of cultivation between bullock- and
tractor-plowed plots in the critical aus-aman turnaround. Even with 2wts and
small farms, plots which had to queue for tractor service were likely to be
plowed later than animal-tilled plots.

Gill notes that cropping intensity varies more according to elevation and
irrigation available for boro and rabi crops than according to tractorization.
Smaller, more labor-intensive farms achieved higher cropping intensities, as
Martius also found. Gill found 2wt owners were more likely to grow potatoes,
a high-value, high-input crop. They planted potatoes significantly earlier than
did animal users and reduced costs by dispensing with manual labor for
breaking clods behind animal plowing.

Martius noted an increased preference for rice cultivation with tractoriza-
tion, and general streamlining of production into two or three main crops.
High-value, labor-intensive crops such as vegetables were left to bullock
farms. Tractor owners with high opportunity cost of labor may search for
crops needing little labor input and giving high return to labor, though not
necessarily to land or irrigation.

On tenant displacement, Gill notes that a subset of 5 2wt owners in
Munshiganj increased their holdings by 60%, of which 46% was newly
rented, 38% repossessed from tenants, 3% mortgaged, and 13% newly
purchased. Jabbar et al note tractor owners increased holdings by 46%, against
22% for nonowners. For 2wt owners, 38% of the increase came from land
repossessed from tenants, with tenancy declining 44%, from 4.5 to 2.5 per
farm.

In contrast with Pakistan and parts of India and Sri Lanka where cattle are
open-grazed, Bangladesh cattle are fed crop residues, thinnings, weeds, and
whatever is collected from roadsides. As Gill emphasizes, the opportunity cost
for animal feed is low.

India

India lacks an agricultural frontier, with little change in the 17 million ha of

cropped land. Approximately 25% of cultivated land receives some irrigation.

Rice (54 million t in 1981-82) and wheat (38 million t) account for 70% of food

grain production. Imports of food grains vary widely, from 0.5 to 10 million t.
Average landholding is small at 2 ha, but distribution is highly skewed —

36.8% ofholdings are below 0.5 ha. Skewness has worsened since 1953-54 (15).
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In 1981, 59% of the national work force relied on agriculture, but 38% of these
workers owned no land.

India has a wide range of mechanized and nonmechanized agricultural
equipment. On one hand, 70 million draft animals are used in tillage,
intercultivation, and stationary operations. Yet in 1984, lift irrigation relied on
over 8 million diesel and electric pump sets, and in 1985, 750,000 tractors were
in use.

All 4wt requirements were met by imports until 1961, when local
production began. This reached 60,000 4wts/yr, enough to displace imports
completely (Table 4). Further, installed capacity for 2wt production was
10,000 units/yr in the mid-1970s. In 1974-75, however, production was only
2,221 units (7).

Tractorization varies from one state to another, and is associated with
irrigation and with cropping intensity. For instance, the Punjab has more than
12 4wts/1,000 ha, and around 75% of its area is irrigated. The figures are
2.8/1,000 ha and 40% for Uttar Pradesh, and 1.0/1,000 ha and 9.2% for
Kerala (58).

To develop indigenous tractor manufacture, India restricted imports by
quotas and tariffs. Imports dropped to 1,000 units and domestic production
increased to 24,000 units in 1974. Tariffs have varied, but those imposed on a
consignment of British tractors in 1971-72-were typical: 30% import tariff, 10%
excise tax on ex-factory price, central sales tax of 3% on retail price, and state
taxes varying between 1 and 9%.

Before 1971, tractors were exempt from import and excise taxes. From 1971
to 1973, a gift scheme allowed citizens residing abroad to buy a tractor in
foreign currency and send it free of taxes to friends or relatives in India. All
imports were banned in 1973. As in Bangladesh, diesel fuel is heavily taxed and
retails at half the price of petrol. Taxes applied to domestically produced
tractors apply also to other inputs such as fertilizers. Internal taxes on tractors
amount to 30% of the ex-factory price, compared with 45% for cars. Interest on
credit for tractor purchase is concessional, at 10-12% against a general rate
of 20%.

Prices of imported tractors to farmers ranged from Rs 30,000 to 45,000,
almost double that of comparable domestic models (14).

To further promote domestic production, indigenous tractor prices were
raised slower than were foodgrain prices. From the early 1960s to 1968,

Table 4. Tractor stock and production trends in India (58).

4 wt (no.) National stock (no.)
Year
National Imports 4 wt 2 wt
production
1971-72 18,100 19,739 148,300 10,000
1973-74 24,425 1,000
1973-80 60,986 - 444,192 23,000

1983-84 81,000 - 800,000 (est.) 25,000 (est.)
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foodgrain prices rose 30% faster than tractor prices. By 1971, the balance had
evened somewhat, but the rate of tractor price increase still had not caught up
with that of food prices (49). From 1975 to 1979, however, tractor prices rose
25%, whereas those of cereals declined. This followed removal of controls on
prices and distribution in 1975, and the granting of $175 million by the
National Bank for Rural Development for tractor loan re-finance.

One explanation for the relatively slow adoption of 2wts is their high price
compared with that of 4wts. An 8-hp 2wt cost one-third of the price of a
30-60 hp 4wt between 1965 and 1980 (69), in contrast with other countries,
e.g. Sri Lanka where the ratio is between 1:4 and 1:5 (18).

The growth rate in irrigation, via pump sets, was twice that of tractors in the
1960s. In the 1970s, however, the situation reversed (69).

Threshing is highly mechanized in some areas. Virtually 100% of wheat in
the Punjab is mechanically threshed. By 1975, 160,000 motorized threshers,
all domestically manufactured, were used for wheat in the Punjab (3).
Combine harvesters in the Punjab number 600 self-propelled units and 2,500
tractor-drawn units. These are estimated to have harvested 15% of Punjab
paddy area and 7% of the wheat area in 1984-85 (pers. comm., S.R. Verma).

Virtually all tools and accessories, from hand tools to tractor-mounted
equipment, are entirely produced domestically.

In this broad-focus paper, it is impossible to more than briefly summarize
the research on the impact of tractorization in India. As the NCAER (58)
notes, more than 160 studies on this topic were conducted in India before
1980.

Binswanger (7) summarized the 4wt information up to the mid-1970s, and
the following information draws on his presentation.

The Punjab and Haryana studies reported by Binswanger (63,27,71,67,37,
13) give little evidence that tractors increased cropping intensity. Gains were
from zero to 10% more than those on animal-draft farms or those before
tractorization, with only one gain statistically significant. Virtually no increase
in intensity is reported from studies of Uttar Pradesh (72, 56) or of Delhi
Territory (54). In irrigated areas of Gujarat, the cropping intensity gain of
13.9% (66) was associated more with irrigation than with tractors, as was the
15.5% gain in the tobacco zone (62). Data from other studies show low (5.5%)
or no gains from tractors (16).

In semiarid areas (Gujarat, Maharashtra, Karnataka, Madhya Pradesh),
cropping is generally restricted to one season, so it is not surprising that
tractors do not seem to increase cropping intensity (52, 16). In fact, intensity
declined 5.7% in one area (12).

In Bihar and Andhra Pradesh (47,61), tractors generally did not increase
cropping intensity. Exceptions were in one area of Andha Pradesh (55) and in
Tamil Nadu (78).

The major NCAER study (58) after Binswanger’s review presents no
information contradicting the view that cropping intensity effects of tractors
are minimal. Table 5 shows tractor owners achieve 11% higher cropping
intensity than do bullock owners, and 5% higher than tractor users. However,
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the availability of irrigation is disproportionately higher (38 and 24%,
respectively), so it would be wrong to attribute the increased intensity to
tractors alone.

A major study on harvest combine impact in 1977-78 (44), using 116 users
and 63 nonusers in Punjab, Karnal, and Gonganagar, indicates that combine
use does not change cropping intensity in wheat or rice.

Singh and Goswami (73), in a study in Bihar, note a slight decrease in
cropping intensity with tractorization, but this may be largely a farm size effect
(Table 5).

Of studies reviewed by Binswanger, only Kahlon’s (37, 38) Punjab study
quantifies the extent tractors improve timeliness of cultivation. A 2-mo sowing
period is split into 4 periods of 2 wk for a wheat-wheat rotation. All four
categories of farmers (bullock owners, tractor hirers, tractor owners, tractor
and bullock owners) complete roughly one-third of their sowing in the first
period. Pure bullock farms do only marginally worse than tractor owning and
tractor hiring farms in sowing delayed to period four. Further, tractors are not
more advantageous in areas where they show the biggest yield advantage.

Of other crops, tractors clearly achieve greater timeliness only with
American cotton in the kharif season. In paddy and maize, no clear advantage
is detected.

Laxminarayan et al (44) indicate earlier completion of harvest with
combines: harvest was 75% completed by the third week in October compared
with 55% for nonusers; in another area, percentages were 65 for combines and
45 for nonusers. The third area showed no differences because combines were
hired out and queueing reduced timeliness. Combines also permitted earlier
sowing, but completion of sowing did not differ. Similar timing gains are
noted for the kharif wheat crop.

Jodha (36) indicates the more opportune sowing which tractors offer
motivated their spread in the dry, western part of Rajasthan. Tractor expenses
were partly covered by cultivating land formerly allocated to fodder and by
selling fodder after reducing the bullock herd by more than 50% in 1964-73.

In many studies, higher yields on tractorized farms are associated with
higher levels of fertilizer and irrigation use, but without statistical testing. An
exception is Kahlon’s Punjab study which found no statistically significant
yield effects. Where wheat yields increased significantly, fertilizer use
increased in one area. In the two other areas, the effect did not apply to all
farms. No significant differences for modem rice varieties (MVs) were found.
Differences were significant for maize in one area and cotton in another.

In Delhi Territory (54), yields increased significantly for paddy (13.7%),
wheat (15.9%), and sugarcane (29.7%). However, tractor farms used 35% more
fertilizer, so these increases cannot be entirely, if at all, attributed to tractors.
In Uttar Pradesh, tractors gave a yield advantage of 17.6% in sugarcane and
41% in wheat, but significance tests and fertilizer inputs were not re-
ported (72). In the NCAER study, yield increases with tractors accompanied
increased fertilizer use, but sample sizes were small. In other areas, large yield
increases were reported for summer paddy in Bihar (28.6%), for desi paddy in
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kharif (region III) and MV paddy (region IV) in Andhra Pradesh, and for
groundnuts in Coimbatore (23.9%). However, fertilizer applications were also
higher (Bihar, 31.8%; Andhra Pradesh, 36.3%; Coimbatore, 28.7%) so that
causality is not clear. Finally, Singh and Chancellor’s regression analysis (70)
on 26 maize farms in Meerut District shows no significant effect of
tractorization.

As Binswanger notes, only 6 of 118 instances reported show large yield
differences without large increases in fertilizer input.

The NCAER (58) study indicates that tractor owning farms obtained rice,
wheat, and sugarcane yields almost 20% higher than those on bullock farms.
Jowar yields were 72% higher and cotton 7% higher. Yields for tractor hirers
were usually intermediate. This study advances reasons against trying to
quantify the contributions inputs make to yield variations. However, Table 5
data clearly show that both irrigation and material inputs/ha are much higher
on tractor farms than on bullock farms, with tractor hirers intermediate.

Laxminarayan et al (44) report 6% grain loss in harvesting and threshing
with traditional methods, and 2-4% with combines. A multiple regression
analysis indicated that greater fertilizer use mainly explained combine users’
higher yields.

Singh and Goswami note complex yield effects in Bihar (Table 5). Early
MV rice yields are slightly higher with tractorization, late MV rice and maize
show massive yield increases, and MV wheat yields decrease slightly. No
adequate explanation of these results is provided by the authors or by studying
the input data.

Binswanger adopts value of crop production per ha per yr as a proxy to
determine any cropping effects attributable to tractorization. Production
value is a function of cropping intensity, yields, cropping patterns, and a
residual interactive effect (7). Since tractorization has increased the first two
only slightly, it is reasonable to suppose that the increase in production value is
attributable to a tractor-based cropping pattern or to another factor such as
irrigation, credit, or managerial capacity.

Binswanger finds a cropping pattern effect greater than 5% in 15 of 39 cases,
but not always unequivocally attributable to tractors. In areas I and II of
Kahlon’s (37,38) Punjab study, the substantial switch from fodder to higher-
value crops is clearly a tractor effect. In area II, the switch to potato appears
tractor-related. In the Delhi Territory, the cropping pattern effect is related to
fodder reductions, as well as to increased cultivation of rice MVs and other
high value crops. In other areas, cropping pattern effects seem due to a
combination of tractors, education, and irrigation. The precise impact of
tractors is difficult to identify, particularly since no study quantifies the effect
tractors may have had in capturing benefits of more opportune marketing.

The NCAER study notes increased concentration of tractor owners on rice
and wheat, a trend noted for the Punjab by Kahlon, and greater concentration
on commercial crops such as sugarcane, cotton, and tobacco. Tractor owners’
gross value of output was 63% higher than that of bullock owners, and that of
tractor hirers, 31% higher. This appears attributable more to yield increases
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(however caused) than to changes in cropping patterns. Singh and Goswami,
however, note negligible changes in gross output value/ha (Table 5).

Changes in labor use per hectare were tested for statistical significance in 19
of 58 bullock-tractor comparisons reported by Binswanger. Despite a range of
-22.6% to +24.4% in labor input, no difference proved significant. The
distribution was not skewed, so tractor use appears unassociated with
increased or decreased labor use per hectare. The largest increase is associated
with a switch in cropping pattern to potato, a labor-intensive crop.

Binswanger cites evidence of per hectare labor-use increases in Gujarat and
Nepal, but these appear more associated with irrigation than with tractors. He
dismisses all increased labor/ha as results of changes in cropping patterns or
irrigation, which are linked to “improved overall capital availability rather
than to tractors per se.” This doesn’t account for the cited contribution of
tractors to cropping pattern changes in Punjab and Delhi. Nor does it account
for the apparent contradiction in Patel and Patel’s (62) data for Gujarat in
which labor use falls by 25.2% in bullock and tractor owner comparisons, but
rises by 17.4% between bullock and tractor hirer farms. Krishna’s (42) analysis
of changes in labor/ha in the Punjab between 1968-69 and 1973-74 indicates
that tractor plowing accounts for only a 1% decline, compared with 12.7% for
mechanized threshing and 6.2% for the switch to pump set irrigation.
Although not mentioned by Binswanger, tractors contributed to the spread of
PTO-powered threshers, so the 12.7% cannot be attributed to threshers alone.

Labor reductions generally involve permanent labor, i.e., fewer bullock
drivers. Both family and casual hired labor increase somewhat.

Binswanger does not report reductions in labor on draft animal maintenance
(other than the permanent labor mentioned). That can be substantial, varying
in Sri Lanka between 100 and 600 d/4wt per yr (18). In contrast, labor
required for maintaining a 4wt is reported as only 18.6 to 22.2 d/yr (56,58).

Even if studies Binswanger analyzed. show little reduction in labor per
hectare, that in itself cannot establish that tractors do not displace labor. Such
a conclusion can be upheld only under an extreme net contributor view which
attributes all differences in production per ha to tractors. Other simultaneous
changes, e.g., irrigation and fertilizer use, would generally increase per ha
labor. Much of this increase appears nullified by reduced labor in mechanized
operations, so a finding of “no change’” does not adequately describe the
tractor effect.

The NCAER study reports an overall increase of 5.4% in labor/ha on tractor
owner farms, with negligible impact among tractor hirers. Overall means are
greatly influenced by increases of 53.5% for owners and 36.9% for hirers in
Mabharashtra, where irrigation use was 80% and 84% higher for tractor owners
and hirers than for bullock owners. Removing the Maharashtra data shows a
negative impact on labor use/ha: —5.3% for tractor owners and—7.3 for hirers.

Changes reported by NCAER in composition of the labor force with
tractorization differ markedly from those cited by Binswanger and from trends
in Bangladesh (23) where displacement mainly affected hired, not family,
labor. However, family labor displacement agrees with the pattern observed in
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Sri Lanka (18). According to NCAER, family labor in cropping is 37% of the
total on bullock farms (38.3 d/ha) but only 19% among tractor owners
(21.3 d/ha) and 26% among hirers (27.3 d/ha). Hired labor (no distinction
between casual and permanent) increases relatively and absolutely with
mechanization. Part of the apparent drop in per ha family labor is spurious,
insofar as the tractor owners’ sample has a larger average farm size than hirers
or bullock owners. Insofar as the reduction is real, it seems to represent a
withdrawal of female and child family labor into less arduous activities and the
channelling of male family labor into supervisory activities. Even when
adjusted for land area, family labor input on 4wt farms is 49% below that on
animal-draft farms, and 30% lower on 2wt farms.

Subsidiary employment (animal husbandry etc.) represents 55.6 d/ha per
year on bullock farms (87% family), 43.8 d on hirer farms (77% family), and
only 29.2% (60% family) on tractor owner farms. Employment generated by
tractor maintenance and repair has been estimated by NCAER (56, 58) at 18.6
and 22.2 d/tractor per year (3.5 and 2.3 d/cropped ha), and that in
manufacture and distribution of tractors and their implements at 403
d/tractor per year (40 d/cropped ha). Precise data are not available on labor for
bullock maintenance nor on manufacture and maintenance of bullock
equipment.

For traditional methods of harvesting and threshing wheat, Laxminarayan
et al (44) report labor use of 23.0 d/ha, reduced to 1.3 d/ha with combines. The
21.7 d replaced represents 13.7 d of casual (mainly migratory) labor, 5.0 d of
family and 3.0 d of permanent hired labor. In paddy, 43.3 d/ha are displaced:
36.1 d of casual migratory labor, 4.3 d of family labor, and 2.9 d of permanent
hired labor.

A combine operating on 117 ha/season of wheat in rotation with 85
ha/season of paddy will displace 6,232 d/yr. The 190 combines at survey time
(1977-78) covered only 0.97% of the Punjab wheat area and 2.67% of paddy
area, but displaced 3,947 labor years.

These results fit ecarlier, less rigorous observations which suggested
displacement of 37.3 labor d/ha by combine (51).

Harriss (30) calculates that modern rice mills (MRM — integrated drying,
parboiling, and rubber-roller hulling of 2-4 t/h capacity) are 12 times less
generative of employment than are traditional mills. For the capital cost of one
MRM, 50 small mills could be constructed, requiring 150 salaried employees
and 500 laborers. The MRMs surveyed operated at much higher cost per ton
than did traditional mills and were less able to cope with a range of paddy
varieties.

Singh and Goswami note a 27% decrease in labor d/ha per year on tractor
owner farms for Bihar, but only a 5.7% decrease among tractor hirers.

The studies Binswanger reviewed usually indicate reduced bullock use
with tractorization, with greater reduction in bullock hours than in bullock
numbers that indicates farmers retain bullocks for tasks difficult to mechanize
and, at least initially, for fear that tractors will prove unreliable. In most areas,
bullock hours dropped more than 60% with tractorization. In specific
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conditions (e.g.,in parts of Maharashtra where heavy soil makes tractor work
difficult in kharif), bullock hours are much less reduced.

The NCAER study confirms this trend, indicating an average 83% decline
in bullock hours between bullock owners and tractor owners, and 60% for
tractor hirers. Bullock stocks declined from 0.42/ha on bullock farms to
0.17/ha (-59.5%) on tractor owner farms and 0.25/ha (—40.5%) on tractor
user farms.

Mishra et al (51) report that introduction of combines in the Punjab
displaced 18.1 d/ha of bullock labor.

Singh and Goswami (Table 5) present the exception of much greater decline
in bullock time/ha per year than in bullock stocks/ha. No explanation is given.

Little information was available on impact of 2wts in India at the time of
Binswanger’s review. Citing the NCAER study (57), he notes that 2wts are
mainly used for puddling in mudland paddy. The 2wts reduced bullock stocks
more than 50% and labor inputs by 15%/ha. Effects on cropping intensity are
negligible, but crop value/ha more than doubled, evidently from yield
increases. However, lack of input data prevent precise detection of causality.

Pakistan

Pakistan has an open land frontier. About 38% of its land area is suitable for
agriculture, and of the two-thirds that has been cultivated (40), about 66%
receives some irrigation. Agriculture accounts for 36% of GNP, and over 50%
of the population depends on land for a living, chiefly as smallholders, tenants,
or landless laborers. The distribution of landholdings is highly skewed: 12% of
the population control 43% of land, and 28% with farms under 2 ha control less
than 5%.

Of principal food crops, rice and wheat occupy similar areas (1.9 million ha).
While rice generates foreign exchange of more than $200 million/yr, wheat
production has not reached self-sufficiency and 2 million t were imported in
1978-79.

Most cultivated land is irrigated (74%) by gravity, but the late 1960s and
early 70s witnessed expansion of canal capacity and tubewell investment,
parallel with increased use of agrochemicals and new varieties. This increased
the demand for farm power, which, up to 1965, had been provided by 10.5
million work animals and 10,000 tractors. Between 1966 and 1970, 18,000
tractors, mainly 36-55 hp, were imported, but increasing concern about
possible draft power shortages led to the establishment of a Farm Mechaniza-
tion Committee (FMC) (1968-70). Farm mechanization in Pakistan has
involved pervasive government intervention, the effects of which are outlined
below.

In 1968, the FMC estimated farm power of 0.1 hp/acre of cultivated
farmland, 14% supplied by tractors and 75% by work animals. The FMC
decided that more farm power would allow expansion of cultivated area,
reduce fallow, and increase cropping intensity and yields. It saw urgent need
to reduce the bullock population so land in fodder could be planted to higher
value crops. The FMC proposed import of tractors to raise the total in use to
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81,300 in 1980 and 122,400 in 1985, which would then meet 59% of national
power needs. As data in Table 6 show, imports to 1980-81 were in line with
these projected needs.

The FMC recognized that tractors would continue to be used mainly on
large farms which would repossess land cultivated by tenants. However, it
foresaw displaced tenants being employed as farm laborers, and felt displace-
ment would not be a problem on small farms.

The Pakistan Government attempted to standardize tractorization by
restricting to seven the makes of tractors imported after 1958. However, these
restrictions changed periodically as offers of tractor-aid were accepted, with 13
makes accepted in 1977, but restricted to 5 in 1978.

Policies have substantially supported tractorization. For instance, prices of
sugarcane, wheat, maize, and rice in the 1960s and 70s were fixed well above
world market prices (at an overvalued exchange rate). Additionally, Inter-
national Development Agency (IDA) credits for tractor purchase were
available at 6-7% interest compared with 12-15% charged by commercial
banks, and foreign exchange for purchasing tractors was available at the
official exchange rate of Rs 4.758, whereas its real value was widely held to be
twice that (46).

Further, tractors initially escaped duty and sales tax applied to other
imports. In 1970, however, a 5% import duty was imposed, plus a 15% sales tax
and a defense surcharge amounting to one-quarter of the sales tax. Since 1979,
all agricultural machinery has been imported free of duty, but a 5% sales tax
and defense surcharge have applied. Those qualifying for tractor loans were
generally in the more than 20 ha farm size group (less than 4% of farms). With
these supports, tractors were imported at about Rs 14,000 and had immediate
resale value of more than Rs 25,000, reflecting their true value in production.

Authority was granted in 1979 for import of 2,000 12 hp two-axle power
tillers of Chinese manufacture. These were subsidized by Rs 8,000 per unit
and sold to farmers at Rs 25,000 (41). Although 877 were imported, power
tillers have not proved popular in Pakistan. Operating costs are apparently
higher than for 4wts and they do not perform well on hard soils (64). In the late
1970s, 250 motorized paddy transplanters were imported from South Korea,
but poor land leveling, seedbed preparation, and water control discouraged
this technology.

Table 6. Pakistan 4-wheel tractor imports and number in working
order (45; ESCAP—RNAM, pers. comm.).

. . Units Cumulative Cumulative_ total
Period imported total assuming
(no.) 10-yr life
1965-66 1,665 10,828 10,828
197071 3,879 31,109 26,777
197576 10,809 60,395 43,787
1980-81 14,302 136,251 99,251

1983-84 31,000 158,845 120,000 (est.)
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Estimates of local manufacture of a range of equipment are provided by
Qureshi (64) and presented in Table 7. While normally favoring local
manufacture, the Pakistan government has not consistently followed this
policy. Bergman and Mai (6) indicate that local assembly of Massey Ferguson
(MF) tractors began in 1964 at Millat Tractors. This company was incor-
porated as a parastatal into the Pakistan Automobile Corp. in 1972 and
licensed to produce up to 10,000 units/yr of Fiat and MF. A further (private)
enterprise was licensed to produce annually 6,000 units of IMT and Belarus
tractors. Virtually all tractors above 40 hp are now locally produced, but local
content varies from 60% in MF 50 hp to 20% in most other models.

Khan and Khan report that in the early 1970s, the government banned
imports of small, high- and medium-speed diesel engines in the 6-12 hp range
to encourage local production. The ban introduced distortions, since local
production was extremely limited. The State Corporation produced only 300
units/yr of a 5.5-9.7 hp medium-speed diesel up to the late 1970s.
Consequently, many tubewells (estimated 150,000 units in 1979) were
powered by 15-20 hp diesels, delivering 0.75-1.5 cusecs, and subsidized by
$750-1500 per unit. The units were too large for smallholders, a situation
worsened by scarcity of smaller diesel pumps and lack of rural electrification.
Similarly, local production of motorized knapsack and FTO-powered sprayers
was hampered by policies restricting import of suitable engines, by the 50%
subsidy applied to imported sprayers (39), and by the subsidized aerial
spraying practiced until the early 1980s.

Import of combines, mainly of tractor-drawn models and some of Indian
manufacture, is recent and may, as Indian data indicate, severely displace

Table 7. Estimated local production and import of farm machinery

in Pakistan.
Locally manufactured Imported units (no.)
. units (no.) as assembled
Farm machinery
type, source 197879  1982-83  1978-79  1982-83
Wheel tractors?
3060 hp - - 74,041 88,400
Above 60 hp - - 2,000 3,000
Diesel engine 107,406 151,000 - -
Motors 71,077 74,000 - -
Power threshers 15,600 35,500 - —
Manual sprayers 16,190 61,200 - -
Power sprayers - - 3,238 9,100
Power weeder 60,832 113,700 - -
cultivators
Pumps 178,483 202,400 - -
Trailers 45,625 87,200 - -
Head feed combines - - 94 120
Tractor attached - - 315 430
combine

@In addition, 46,000 units of wheel tractors were imported on a
knocked-down basis in 1982-83.
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labor. About 400 tractor-drawn and 100 self-propelled combines are in use.
Since 1982, 2,000 4wt-mounted reapers have been manufactured per year, and
approximately 80,000 PTO-powered threshers, all locally manufactured, are
threshing about 90% of the wheat crop.

In all, 300 small and 100 medium-scale firms manufactured farm equip-
ment in 1982, with annual turnover of more than $60 million. They have been
hampered by scarcity of quality materials.

Initially, many tractor imports were financed by World Bank (IDA).
Credits totalled $43 million for mechanical power sources, associated
implements and irrigation facilities. By 1970, the Bank became concerned
about possible adverse effects of this strategy and commissioned a study by
J.P. Mclnerney and G.F. Donaldson, which was published in 1975. Their
report is considered below.

In spite of the problems outlined, the Pakistan Government remains
committed to a heavy program of 4wt-based mechanization. During the Sixth
Five-Year Plan, it proposed increasing 4wt stocks from 137,400 in 1982-83 to
250,000 by 1987-38, especially of smaller tractors of 20-35 hp.

Early studies of tractorization impact in Pakistan were commonly the
“predictive engineering” type (46), relying extensively on assumptions to
generalize findings from case-study data. Many of the effects later detected in
large surveys were foreshadowed in this work.

For example, Finney (22) predicted from an LP model that tenant
displacement would be high on large (60+ ha) farms, and fewer than half of
those displaced would find other agricultural work. Given sharecropping
prevalence in the Sind and Punjab (on 5.4 million ha), mechanization could
eventually displace 0.7 million tenants, making 1.4 million landless, equivalent
to 20% of adult labor in these areas. While private returns on these large farms
would increase with tractor use and tenant ejection, social returns would be
greatest in a less mechanized system relying only on motorized threshing,
improved bullock implements, and retention of sharecroppers. On smaller
farms (-20 ha), motorized threshing, plowing by traditional implements, and
retention of sharecroppers offer highest returns at private and social levels.
Finney set the opportunity cost of farm labor at zero in all cases.

Ahmed (1), adapting Gotsch’s model (76) and deriving coefficients from an
intensive survey of 50 farmers (bullock owners, tractor owners, and tractor
hirers, in three locations), distinguishes mechanization options according to
groundwater availability. The projected private rate of return at 1970-71
market prices for tractorization in sweetwater areas was around 40%, whereas
that in saline areas, with less prospect for intensification, was low. In the saline
areas, the motorized thresher brings higher private returns.

Divergent assumptions have led to contradictory findings among pro-
gramming studies. A well-known conflict is between findings of Bose and
Clark (9) and of Lawrence (43). Bose and Clark predicted a net social
disbenefit of Rs 130 million by 1975 (of total social cost of Rs 330 million)
attributable to tractorization. Lawrence showed strong social benefits,
assuming a 10-15% yield increase due to tillage, a further 5-10% to timeliness,



106 SMALL FARM EQUIPMENT

and an achievable cropping intensity of 200%, whereas Bose and Clark
assumed zero yield increase and a maximum intensity of 150%.

Gotsch (25) helped explain conflicting estimates of this kind, pointing out
variations in cropping intensity achievable in saline and nonsaline areas and
those attributable to market access. He concludes that yield and intensity
effects are likely to be so low that savings from substituting bullock power will
not generate net social returns. Private returns, though variable among areas,
are high. Both subsidies on tractorization and the capacity it affords for
displacing tenants and thereby permitting owners to capture full benefits of
new technologies in seeds, water supply, and agrochemicals, account for the
divergence between private and social costs and benefits.

Pressures for tractorization made it inevitable that larger-scale studies
would attempt to quantify principal issues more clearly. The most compre-
hensive of such studies (46, 45) are reviewed here.

Mclnerney and Donaldson’s study in 1969-70 was conducted at the World
Bank‘s request, following concern over the distributional impact of tractors
purchased through IDA credits in mid and late 1960s. The findings of their
comparative time series study (Table 8) indicate that overall improvement in
cropping intensity has been small (7%) and is likely somewhat attributable to
increased tubewell ownership (from 45 to 60% of farmers). This figure may be
overestimated, as it is based on land originally operated by tractor owners; that
repossessed from tenants may have had a higher original intensity.

Yield effects in rice, cotton, and sugarcane are negligible, but those in wheat
and maize rose substantially. These are associated with high increases in
fertilizer use, and the wheat yield increase may further be associated with
learning effects as wheat MVs were introduced in the mid-1960s.

MclInerney and Donaldson do not report effects on timeliness of cultivation,
and indicate that cropping patterns have changed little. They report a decline
of 79% in bullock use and of 38.9% in labor/ha. Much of this is due to tenant
displacement, amounting to 4.5 tenants/tractor over 4 yr. Some labor
displacement may relate to the spread of MVs and to changes in crop prices
which made farming more profitable. These may have stimulated cultivation
and land reclamation, but tractor adoption and tractor size (45-55 hp under
IDA credit) should also have encouraged farm expansion.

The 202 farms studied increased in size from 18.2 to 44 ha, but only 26.2% of
this was newly cultivated land; the remainder comprised reductions in land
rented out (32.3%), increased renting (28.6%), and land purchase (13%).

Lockwood’s (45) results agree broadly with Mclnerney and Donaldson’s
(Table 8). In particular, Lockwood notes a 91% increase in farm size among
tractor owners, of which 70% came via repossessing tenant land. Smaller farms
(=20 ha) increased in size more than larger ones, possibly to spread capital
costs of tractors over more hours use per year. Cropping intensity increases
were small (4-5%) but, again, nothing is known of intensity on previously
tenanted land. The only cropping pattern change directly attributable to
tractors was a 5% drop in area in fodder crops.



107

MECHANIZATION POLICY AND TRACTORS IN SOUTH ASIA

(%¥e
Aq "9'1) }BAUM JO BY/Y-UBW /9 O} LO] WOl paonpal aiam Bulysalyy Joj sjuswalinbal Joge| [ensed ‘uolippe u| ‘pajesado ey/ioge| jusuewlsad jo JA-uew
ur st JoqeT, "paseaddesip seniunpoddo JuswAoldwa awn-|ny Ay JsES)| JB “I0J0RI} YOBS UNAA "SIUBUS) pade|dsip Jo Joge| 8y} sapnjoul Joge| Ajwed ‘%Z'G/
Aq paseauoul JuswAhodwa |ensed ajIym ‘%,e'6G Aq paseslosp Joge| Jusuewsad pue Ajiwe ‘pue| painboe uo jey; |je sepnjoul jJuswade|dsip Joge ‘abem
Jayiom yusuewlad e Ag Joge| [enseo Joj sasuadxa panlasqo ay) Bulpialp Aq Jus|eAinba-uew awiy-||n} B 0} PaUSAUOD S| Joge| [ense) "pajelado ey/lh-uew ul
S| JogeT,, "Udje} 8ABY p|nom uoleziuojoely Japun Aysusjul buiddoio ayy usyy ‘(pasinboe sem yonw yoiym woly swiey jews jo Aususjul Buiddoso ybiy sy
uanb .mm__wmoa SI yolym) 9%9z1 uey} Jajealb usaq pey i Ji Inq ‘uonisnboe o} Joud pue| pasinboe jo Aysusiul buiddolo sy} uo sjge|jieAe jou aie eleq "pue|
mau jo uolyisinboe 8y} aiojeq pajesedo eale sy} 104 Ajuo si,81050q,, AlIsusiu| asn pueT, ‘psjesado ey Jad psumo sooling, "By Ob< = Al ‘BY 0%-0C = Ill
‘ey 6'6L-L°0L =1l ‘BY L'0L> = | ‘POOMYO0T IO ‘BY 8'Z/< = Al ‘BY 8'ZL9'8F = Il ‘BY 9'8%-€'¥Z = Il ‘BU £'%Z°0°0 = | "uospleuoq pue Asuisud|y Jo4 “u
-ez10}0eJ} Jae sdnoib 8zis uo paseq aie sasse(o 8zis-wie “/96) Ul painboe siem SI10j0Bl} JSO “£9-9961 O} SI8J4,810504,, ‘0L'6961 10} PLelos||00 BlEQ,

%021 olL-g
(9°1) g Al
%09+ ol-g
(8e'1) g 1
%0°C+ olL4d
(ge'1) g Il
%0°9E+ ol-g
(¥0'1) g |
%0+ %L~ %LL— ol4
(4] (6€°0) (51°0) g 6.-8.61
Jaye-aloleg 88 POOMYD0T]
%0 L1+ ol4
(56°0) g Al
%09~ ol4
(8z'1) g I[
%¥ 0L+ olL-g
(bee) g 1l
%012+ ol-g
(zz'1) g |
%L20L+  %TSLL+ %9 L+ %SO+ %LL—  %0°LE+ %0 L+ %06/~ %68~ ol-g 06961
(82) (¢62) (7'e8) (o01) (zeL) (zz1) (z11) (1€°0) #(6%°0) g 199961 uospjeuoq
Jaye-alojeg 202 9 Kausauop
(1sep)  (AW)
aziepy 201y 1eauUM aziep 801y JBsymMm Aysusyul (eyyou) (UlA)  osyedwon g189AApnis souslaey
%:_QQEO gSMooling JogeT ’ ‘azis s|dwes
(s¥) sinduj (eu/b) proIA

‘uejspjed ul sAaAins Jojoel) Jo S)NSay "g d|qel



108 SMALL FARM EQUIPMENT

At first glance, labor use appears to have increased: 184 permanent laborers
were employed in 1979 compared to 164 before tractor ownership. However,
17 of 88 owners sampled were not farmers before the survey, meaning that
permanent employees fell by 8%. Considering the increase in cultivated area,
this is a 17%/ha decline. Labor composition shifted also: 86 tenant families
were expelled. Even if tenants joined the casual labor pool, the amount of labor
retained on farms was reduced.

A further study in 1979 in the Pakistan Punjab by Bergman and Mai (6)
broadly confirms the cited results. This study, covering 94 farmers owning
tractors and tubewells, 186 owning tubewells only, and 202 owning neither,
produced these findings:

* Land area operated by tractor owners increased approximately 50%, with
14% attributable to repossession, 13% to cultivation of new land (due to
tubewell ownership), 7% to leasing, and 5% to purchase.

* Seventy-four tenants were evicted by the 94 owners.

* Bullock ownership dropped from 5.3 to 1.4/farm (0.17 to 0.05/ha).

* Cropping intensities rose from 1.5 to 1.7/yr, but the tractor effect was not
separable from tubewell owning.

* Yields were higher on tractor farms, but so were irrigation and
agrochemical use.

Sri Lanka

Sri Lanka has small average paddy holdings (0.9 ha) and a size distribution less
distorted than that in other countries in the region. Of paddy land, 63%
receives some irrigation, mainly canal. MVs are grown on 80% of the riceland
and fertilizer use (more than 200 kg/ha) is high. Herbicides are the major weed
control method. Less than 20% of riceland is transplanted.

The dry zone land frontier remains open.

Pressures for an official strategy of tractorization began to emerge in the late
1940s and early 1950s. These coincided with accelerated resettlement from the
wetter (south and west) to the drier (north and east) parts of the island, an
attempt to reduce food importation and relieve wet zone population pressure.

Tractorization was sought to solve two problems which emerged in the early
days of settlement policy. First, when land allocations were relatively large
(3 ha of irrigated land), settlers had to rely on hired labor for peak season
activities of land preparation-planting and harvesting-threshing. Labor was
often not available, since many potential laborers preferred to obtain their own
land allotments. Further, seasonal migrant labor had just begun to emerge.

Second, security-oriented strategies first used in dry zone village irrigation,
but later in settlement schemes, required irrigation tanks to hold water
sufficient for a complete season of paddy irrigation before land preparation
could begin. This scheme underused rainfall while the tank was filling and left
less water for minor-season cropping. Tractors were seen as a way to advance
and synchronize cultivation and increase productivity of irrigated land.

The tractorization strategy, initially with 4wts but since 1970 also with 2wts,
was pursued vigorously. Thus Sri Lanka now has a tractor density near that of
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the Indian Punjab, and 45% of paddy area is tractor-plowed. However, not
much other mechanized equipment has been introduced; threshing, for
instance, is by tractor wheels or animals.

Tractorization began with direct government intervention, followed by
support for private ownership.

Tractor pools. About 350 4wts were deployed in tractor hire pools, by
cooperatives, by the Food Production Department, and by the Department of
Agriculture in 1952-56. Thereafter, only tractors in the Department of
Agriculture continued to operate, on a reduced scale, up to the late 1960s.
Charges for plowing, equivalent to 100 kg paddy/ha, were much below those
for animal draft, and demand for hire services outstripped supply. However,
revenues were not adequate to cover operating costs, so tractor pools lost some
Rs 12 million of current account in 1952-65 and almost Rs 6 million on the
capital account. Official hire charges probably amounted to less than one-third
of the real cost of plowing, the remainder comprising the subsidy implicit in
the losses.

Private owrnership. Official tractor pools operated more tractors than did the
private sector from 1952 to 1955. Official support for the private sector later
included the following:

* A preferential import duty of 1% for tractors and spare parts until 1967,
when it became 10% on tractors and implements and 5% on spares.

* Preferential allocations of foreign exchange, in the 1950s and 1960s, for
tractor imports when other capital imports were severely limited. In 1968,
foreign exchange allocations were subjected to 45% levy under the
Foreign Exchange Entitlement Certificate Scheme (FEECS). In 1972,
the levy rose to 55% on 4wts, but 2wts had preferential treatment of a 25%
duty since 1970.

* Misvalued currency (the real value of foreign exchange in the late 1960s

and early 1970s was at least 100% above the official rate), so that imported
draft technology was heavily subsidized relative to indigenous tech-
nology.
Hidden subsidies, provided by several medium-term credit schemes for
tractor purchase from the mid-1960s. They featured concessionary rates of
interest and less strict criteria for borrowers. One scheme applied to
irrigation schemes involving purchase of 2wts in the early 1970s, another
to youth settlement schemes in the southern dry zone, and others to
rehabilitation of irrigation schemes. Rates of default on credit repayment
were high, and ability of the lending agency to repossess tractors was
limited, so tractor purchase cost was, in effect, heavily subsidized.

When the FEECS was abolished in 1977 and a floating exchange rate
adopted, much of the hidden subsidy on tractors was removed. By then,
however, 13,300 4wt and 6,150 2wt tractors were registered. Tractor use,
particularly short haul transport when truck imports were severely limited,
was highly profitable. Tractor imports increased under liberal foreign trade
policies following the 1977 general election, to satisfy pent up demand and the
expected profit from hiring operations.
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Two main subsidies remained after 1977. The Lump Sum Depreciation
Allowance was continued to March 1981. It allowed the full value of all capital
items used for agricultural production, including tractors, to be deducted from
gross income in paying taxes. This benefit promoted tractor purchase; tractor
advertisements in early 1980 frequently referred to it once the program's
impending discontinuance was known. Second, diesel fuel remained less taxed
than petrol, and cost about two-thirds its pump price.

Tractors are currently imported free of duty, but are subject to low,
nondiscriminatory sales taxes. Recently, subsidized credit schemes were
introduced for draft animal purchase.

The rapid increase in tractors, particularly in the late 1960s and late 1970s, is
indicated in Table 9.

Estimates of the impact of subsidies on tractorization are provided in
Table 10. The heavy subsidies granted to tractors during their introduction
(1950s) and again in the 1970s helped increase their popular appeal. By 1980,
however, with massive investment in dry zone development, support for
gravity irrigation was almost 50% of agricultural spending, fertilizer subsidy
33%, and tractor subsidy a mere 5% (20).

In spite of support for tractors, policies on local manufacture have not been
strong, and Sri Lanka, despite its tradition of engineering skills in ship-repair
and tea machinery maintenance, still lacks an agricultural engineering
industry producing engine-powered equipment.

The major advances have been in hand-tool manufacture: more than
300,000 heavy hoes were manufactured annually in the late 1970s, represent-
ing half the nation's need. Plans were to increase this to 1,000,000 by the
mid-1980s. Recently, a rice thresher was manufactured after trials of imported
models. During the 1960s, a local assembly line was erected for the British
Landmaster 2wt, but this was displaced with the import of more powerful and
sophisticated Japanese machines. In 1971, a syndicate of local manufacturers
formed to produce components (except engine) for a Sri Lankan 2wt. But in
reaction to civil disorder in 1970-71, many 2wts were imported, and the
potential market for a national product was saturated. National production of a
4wt has never been seriously considered.

Table 9. Draft power available? for agriculture in Sri Lanka.

Buffalo pairs

Year 4 wt 2 wt (thousand)
Units Densityb Units Density Units Density

1960 1,966 4.2 - - 161.9 344
1965 2,653 5.2 - - 150.6 292
1970 7,729 13.6 - - 139.1 244
1975 8,455 13.8 3,681 6.0 127.7 208
1980 11,950 18.1 9,590 14.6 116.4 179
1984 (estimated) 20,000 28.0 11,000 15.7 120.0 171

4Calculated by deducting estimated numbers in other uses. See Farrington and Abey ratne (18).
bper 1000 ha of land leveled and bunded for paddy cultivation.
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Two major surveys of the effects of farm tractors have been carried out. The
first, by Carr (11) in 1971-72, involved 150 owners of 4wts in the dry zone (30
in the intermediate zone), 40 owners of 2wts in the dry zone (10 in the
intermediate zone), and 60 buffalo owners. The second, an intensive daily-
recording survey by Farrington and Abeyratne (18), covered 14 mo in 1979-
80. It sampled 237 nonowners of draft power, most of whom hired tractors or
buffalo; and owners of 56 4wts, 72 2wts, and 56 buffalo at 3 dry zone irrigation
schemes selected to reflect resource pressures, infrastructures, and levels of
economic opportunity.

Because Carr found water management practices partly determined farm
power use and impact, Farrington and Abeyratne distinguished between
water-availability effects and those of farm power. Results of the studies are
summarized in Table 11, showing consistency in the criteria Binswanger set
forth.

Labor displacement effects are similar, as is the absence of a cropping intensity
effect, except Carr notes a positive intensity effect for 2wts not fully accounted
for. Rice yields are slightly higher among tractor owners, but fertilizer use is
considerably higher, so the effect is not likely due to mechanization per se.
Multivariate analysis by Farrington and Abeyratne indicated that fertilizer
and water inputs explained yield variations better than did power type.

These criteria, however, do not adequately describe effects of tractorization
in complex hydraulic regimes of Sri Lanka’s irrigation schemes. For instance,
irrigation water largely determines cultivation timing, not availability of
power. For these reasons, mechanized tillage shows no timing advantage over
animal draft. Paradoxically, low income farmers at tail ends of canal systems,
who generally rely on animal draft or manual methods, cultivate early for fear
they will lack irrigation water later in the season. Farmers who cultivate with
the first rains and therefore economize on irrigation water cannot use this
saving for the second crop, since water is released later at a time convenient for
everyone.

Further, the farmers’ (and extension workers’) lack of experience with
gravity irrigation on high value crops less resilient than paddy under
conditions of over- and under-watering and more susceptible to adverse soil
conditions, has prevented widespread diversification. Adoption of MVs has
proceeded independently of tractorization. In contrast, Carr reports that
tractor owners operating rainfed plots outside canal-irrigated areas have
improved timing and expanded land cultivated faster than they could have
with animal draft or slash-and-burn methods. Farrington and Abeyratne,
however, indicate that 4wt owners operated 2.23 ha of irrigated paddy in the
main monsoon season, against 1.02 ha for those who did not own draft power
(1.67 ha for 2wt owners, and 1.38 ha for buffalo owners). But the difference in
nonirrigated land operated, while relatively greater, was smaller in absolute
terms (0.66 ha for 4wt owners, 0.50 ha for 2wt owners, 0.53 ha for buffalo
owners, and 0.29 ha for nonowners).

Evidence is not clear, but tractor owners seem to have concentrated on
expanding their paddy holdings and diversifying into custom hiring and small
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nonfarm enterprises in areas (2 of 3 locations surveyed by Farrington and
Abeyratne) where adjacent rainfed land is not abundantly available. Con-
versely, where rainfed land is abundant and irrigation facilities relatively poor,
tractor owners have diversified into rainfed farming (Carr’s sample and the
remaining Farrington and Abeyratne location).

While 4wt owners generally operate twice the paddy land of nonowners, the
difference is small (1.2 ha). From a time-series investigation by Farrington and
Abeyratne, most of the increase in operated holding appears to have been
generated before tractor purchase. In irrigated areas, the scale diseconomies of
managing several fragmented plots appear to stop further land accumulation.
In contrast, Carr’s study in mostly rainfed areas indicated acquisition of about
110% for 4wt owners from their initial 6 ha of operated land. The limited land
accumulation within irrigated areas and the relatively open land frontier
outside them, suggest tenant displacement is not a major problem.

POLICIES AND IMPACT

Local conditions have strongly influenced development of the farm machinery
industry and the impact of tractorization across the four countries considered
here.

Local manufacture is restricted to less complex equipment in Bangladesh
and Sri Lanka. In Bangladesh, the market for tractors still appears too small to
warrant indigenous production; in Sri Lanka, local tractor production has
been thwarted by political expediency and concessional imports. In Sri Lanka,
local manufacture of hand tools, pumps, and threshers has made some
headway.

Pakistan intended to establish a national tractor industry, but the govern-
ment’s unwillingness to leave this in private hands with adequate incentives
and the inefficiency of government enterprises have hampered progress. The
subsidized import of 2wts, 4wts, and motorized sprayers has not promoted
local industry, and the ban on imports and low national production of a
high-speed small diesel engine has prevented growth of a 2wt industry and
biased the manufacture of pump sets toward larger sizes, suitable only for
larger farms.

In India, local manufacture of a wide range of equipment, including 4wts
and 2wts, has grown almost to self-sufficiency. Tariff protection, prior
development of engineering skills, opening of engineering supply channels,
holding down of prices in the machinery sector, and a large national market for
tractors have been keys to self-sufficiency. The Indian Government has
certainly recognized the social costs of tractorization, especially displacement
of laborers and tenants. It proposed in the Fourth Plan a strategy of “selective
mechanization.” However, such a strategy cannot be entirely based on
tractors: they are too mobile between areas and uses. The development of
small, operation-specific, static machinery would have been an alternative for
increasing production without displacing labor.
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The main trends in recent (approximately 1975-85) policy in the four
countries are presented in Table 12. Relative prices are for 1984-85. The
restrictive import policies accompanying establishment of local manufac-
turing in India are noted, as are the relatively low prices of 4wts in India, at
least partly attributable to this strategy. However, if the quality of the Indian
product is low, costs per hour of operation will rise toward those of imported
4wts in other countries. Draft animal prices are particularly high in
Bangladesh, possibly reflecting unsatisfied demand, although animal quality
is not high. The gap between 4wt and 2wt prices is wide in Bangladesh, but
narrow in India, possibly accounting for the limited popularity of 2wts in
India.

Regarding tractoc impact, Binswanger (7) presents a useful overview of
survey results. Based on data presented above, his summary is expanded
(Table 13).

Additional data consolidate Binswanger’s analysis: for 4wts, more surveys
show a reduction in per hectare labor of 10 to 30%. The 2wts increase crop
value/ha consistently higher than do 4wts, though the few observations
require cautious interpretation; the impact of fertilizer use appears greater
than that of 4wts, and displacement of labor more severe.

In spite of few 2wt observations, these differences may be real. Certainly in
Sri Lanka, and possibly elsewhere, 2wt owners were more serious farmers than
4wt owners, who divided their attention between farming and contract work,
the latter being essential considering the small 4wt farms. Consequently, the
additional fertilizer and increased yields are not a surprise. Again, 2wts are
mostly used in flooded paddy cultivation and provide a more complete total
tillage substitute for draft animals than do 4wts. With 4wts, substantial labor is
generally required for tidying up field corners, repairing damaged bunds, and
leveling.

The low contribution of tractors to cropping intensity and yields suggests
that they are more appropriately substitutes for labor than net contributors to
output. This argument is presented for Bangladesh by Gill (23) and for Sri
Lankan irrigated areas by Farrington and Abeyratne (18). The supply of labor
and animal draft (since separate fodder cultivation is not needed) incurs little
social cost to the economy in these cases, and tractorization substitutes a costly
resource for cheaper ones, with little net contribution to output. In drier parts
of Sri Lanka, Carr (11) has shown that tractorization can bring improved
timeliness and net production benefits. However, with the increased use of
tractors, advantages from timeliness are lost as Gill (23) and Binswanger (7)
have noted. The potential for increased cropping intensity diminishes also.
Perhaps the fear of timeliness losses has kept tractor-use hours low (7, 18).

In northern India and Pakistan, the situation differs because it is possible to
bring fodder land into higher-value production, and the relatively open
frontier in Pakistan allows net tractor benefits through land clearing and
reclamation. Benefits can be obtained in drier parts of India through the more
opportune seeding that tractors allow. Usually, however, the popularity of
tractors lies in the ease of farming larger areas, allowing owners to reap benefits
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of HYV technology, dispensing with some manual labor and tenants. Within
Punjab, Binswanger (8) finds the origins of tractorization in the rise in real
wages around 1968, as benefits of MV technology became apparent. This rise
attracted migrant labor from eastern India, but once power demands of new
rice and wheat technologies had been satisfied, real wages fell back in line with
those prevailing in the stagnant labor market in the rest of the economy.

Tenant displacement has been particularly strong in India and Pakistan,
where the size distribution of land holdings is already heavily skewed and
landlessness is a severe problem without, especially in Pakistan, effective land
reform (6). In Bangladesh, 2wts have allowed landlords to displace tenants,
but it is less so in Sri Lanka, where irrigation schemes offer some control of
land transactions and scale-diseconomies in managing several plots under
different irrigation channels.

The composition of labor displacement may vary systematically: in poor
areas of Bangladesh (23), hired labor is the first to be displaced; in wealthier
areas such as Comilla (48) and dry zone irrigated areas in Sri Lanka (18),
predominantly family labor is withdrawn into domestic activities for women
and children and into higher productivity activities for men, by both owners
and hirers of tractors.

Private tractor owners clearly benefit. Gill calculated a 254% internal rate of
return (IRR) for 2wts in Bangladesh. In Sri Lanka, Harriss (29) estimated an
average annual return on capital of 53.5% for 4wts and 58% for 2wts, with
payback periods of 2 yr and 18 mo, respectively. By 1981, Farrington and
Abeyratne (18) estimated payback periods at 5 and 3 yr, but at low use rates.
For Pakistan, Mclnerney and Donaldson (46) calculate an IRR of 57%.

With removal of subsidies, Gill's IRR falls to 48%. Attempts to shadow
price inputs and outputs, especially labor and foreign exchange, are less
common. Exploratory calculations by Farrington and Abeyratne for Sri
Lanka, however, indicate that the social benefits attributable to 4wts since
tractor imports began in the early 1950s have covered only 70% of their social
costs. For 2wts, only 44% of costs have been recovered. Mclnerney and
Donaldson calculate an economic rate of return at 24%, substantially below the
financial IRR of 57%. They stress this would be smaller if social accounting
methods were available for quantifying the deteriorations in wage employ-
ment and tenancy patterns.

CONCLUDING OBSERVATIONS

The patterns of mechanization and impact of tractors in the four South Asian
countries examined here are necessarily different from those in parts of East
and Southeast Asia. The high labor:land ratios are the crux of the issue. First,
they reflect a closed agricultural frontier, so that, in contrast with Thailand, for
example, net productivity gains from tractors can come only via farm
intensification. Such intensification (by higher yields, increased cropping
intensity, adoption of higher value crops) is rarely attributable to tractors
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alone, being commonly the result of improved irrigation, new varieties, and
more intensive use of agrochemicals. Tractors play, at best, a complementary
role.

Second, economies in which labor is abundant and heavily dependent on
agriculture are unlikely to achieve nonagricultural growth rates high enough to
increase wages, and therefore to permit tractors to stimulate growth through
reallocation of labor to more productive (nonagricultural) uses, as in Japan,
Korea, and Taiwan.

An elementary tenet of investment appraisal is commonly overlooked in
tractor studies, but repeatedly emphasized by Gill (23, 24) and Binswanger
(7), and implicit in Binswanger's concepts of the substitution and net
contribution effects of tractors: evidence of a high rate of return from tractors,
albeit at social prices, is not enough justification for investing in them.

In countries where capital, especially in the form of foreign currency, is
scarce, funds should, be allocated to the investment offering the highest social
rate of return. Gill calculates for Bangladesh, for instance, that to make good
the estimated (5) draft power shortage of some 2.1 million animals by 2wts, at a
substitution rate of one 2wt for 22 pairs of animals, would require 48,500 2wts
with an opportunity cost equivalent to 800,000 t of wheat. If spent on
fertilizers, the foreign exchange cost of these machines could produce 1.6
million t of rice, enough at current consumption rates for 10 million persons
for a year. Similarly, the 115 million litres of fuel required by these tractors
have an opportunity cost of 93,000 t of fertilizer, or, if allocated instead to
low-lift pumps, could irrigate up to 0.9 million ha of land.

These calculations give a broad impression of the alternatives to investment
in tractors. Empirical studies of the impact and social rate of return
attributable to tractors will be useful only if they include a broader assessment
of the opportunity cost of foreign exchange required by tractor programs.
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CURRENT STATE OF MECHANIZATION

Numbers of implements in use in Africa are usually estimated from rural
development project reports. Table 1 gives estimations, from CEEMAT
studies, of animal draft implements in 11 African countries.

Animal draft implements

Mechanization with animal power mainly concerns soil preparation (plows,
cultivators, ridgers), weed control, and transport. Planters were first used
for groundnuts and then for maize; some drills for rice seeding are being
distributed. These implements are first adapted for rainfed farming and can be
used with oxen, horses, and donkeys. There is no draft harvesting implement
except the groundnut lifter in Senegal. Hand (ultralow volume) sprayers are
widely used in cotton production in francophone countries.

African farmers prefer single-purpose tools over multipurpose implements,
given financial resources.

Distribution of implements depends on many factors:
historical introduction (Guinea),
traditional know-how (plowing in Mali),
weed control priority (plowing in Ivory Coast or Senegal),
long-term extension service influence (sowing in Senegal),
soil conditions (cultivators and sand soils), and
size of area (hydro-agricultural parceling in Niger).

Ratios of equipment available to area served are not usually meaningful; with
animal draft equipment, observed ratios often exceed calculated ones. For
instance:

¢ South of Mali: 6 ha/plow (cotton area)

® Senegal: 2-4 ha/planter according to climatic zone

1.5-2.7 planters/family in groundnut area
1.5-2.7 hoes/family in groundnut area
® Niger and Burkina Faso (Upper Volta): less mechanized than Senegal or
Mali but 1 cultivator/production unit is the ratio in some schemes.
® Whenever a farmer can, he buys a cart.
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Table 1. Animal draft implements in some African countries.

Implements (no.)

Country

Planters Hoes Carts Plows Ridgers Lifters
Senegal 145,000 228,000 101,000 52,000 8,900 67,000
Mali 11,000 55,000 52,000 107,000 - -
Ivory Coast - 9,000 4,000 - - -
Niger 3,000 14,200 19,000 8,500 2,300 6,000
Burkina Faso - 31,000 26,000 29,000 15,000 -
Benin - 10,100 5,600 - - 2,000
Mozambique - - - 36,000 - -
Ghana - - - 6,000 - -
Cameroon - - - 25,700 - -
Tchad - 5,800 19,000 79,000 5,800 -
Madagascar - 41,000 126,000 162,000 - -

Equipment use exceeds standards when animal draft cultivation reaches a
level that is part of the way of life. In Guinea, plows are used after many years
without extension services — the plow has become a traditional tool. Then,
implements are borrowed or rented extensively among farmers; differences
between levels of mechanization tend to disappear and field work requires
hand tools as well as draft equipment. This is the process in Senegal and Mali.

Draft cultivation generally increases productivity of human labor and
increases the area cultivated. A recent survey in Ivory Coast gives data
illustrating this. Two parallel scales show the progression between amount of
human and animal work needed in extensive and intensive situations when
cultivating 1 ha:

* from 10 to 70 h of animal work to cultivate 1 ha

* from 60 to 150 d/ha of human complementary work in a highly intensive

system.
The survey showed a maximum of 1.15-1, .20 ha/labor unit with hand tools and
1.20-1.27 hd/labor unit with animal-drawn equipment.

Motorized agriculture

Even a simple description of motorized agriculture has to distinguish between
pre-mediterranean countries plus South Africa, and countries south of the
Sahara. Here are tractor numbers for countries in these two groups:

South Africa 200,000 (1980) Nigeria 8,000 (1980)
Egypt 34,500 (1984) Kenya 7,500 (1982)
Algeria 43,700 (1980) Ivory Coast 2,500 1982)
Morocco 24,500 (1980) Zaire 3,500

Sudan 7,600 (1984)

In Algeria, Egypt, and Morocco, from 3,000 to 5,000 combines are in use.
Government ownership presents more problems than private ownership,

including technical choice, profit-earning capacity, and servicing difficulties.

That traditional farmers are rarely involved may explain many failures.
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Equipment ownership in the private sector depends largely on cash crops or
monetary flow between main towns and villages. For instance, more than half
of the 4-wheel tractors in Ivory Coast are located in the forest zone, paid for by
producers of banana, coffee, cacao, and pineapple. Tractors are used for
tillage, weed control, spraying, and transport. In some countries, such as
Zaire, tractors are used for nonagricultural transport.

Nonconventional motorized agriculture (intermediate technology)
Many countries have been thinking of intermediate technology since the
seventies: Europe, United States, the Philippines (IRRI), and French- and
English-speaking countries in Africa.

CEEMAT has no bias toward forms of power and implements, whether
human hand tools, animal-powered implements, or motorized equipment
such as tractors. The motorized equipment chosen in West Africa were
intended to

¢ allow the agricultural upper class (large availability of land and labor) to
proceed beyond the limits of animal power, and

¢ answer the humid country problem of diseases making animal power
impossible.

Intermediate motorization (Tractor Bouyer TE-20hp) began in 1977 in six
countries: Senegal, Mali, Burkina Faso, Ivory Coast, Cameroon, and Chad.
Concurrently, the tractor Tinkaby (hydraulic transmission) was introduced in
Swaziland.

CEEMAT observed that TE tractor use by 1985 totaled 853; 109 in Burkina
Faso, 463 in Ivory Coast, 77 in Mali, and 204 in Cameroon. Ten tractors were
irreversibly damaged. At the beginning (1977-80) the tractor was essentially a
prototype and many mechanical problems had to be solved. Operating costs
were high.

Tractors are bought directly by farmers in Burkina and Mali, and by groups
of farmers in Ivory Coast. A hiring system is established in Cameroon. Most
use is in cotton production, with programs to improve farmer knowledge and
tractor maintenance.

Tractors and implements are bought on credit (6-7 yr, 9-10% interest). A
down payment equal to the annual installment must be paid before delivery in
Burkina and Mali.

Farm size varies from 20 to 25 ha in Ivory Coast and Burkina to 30+ in Mali.
All farms use substantial human labor.

After 8 yr, these are the results:

* Cultivated 'area is stabilized around 1 ha/worker (more than 1 with
motorized agriculture, less than 1 or about 1 with animal draft agri-
culture). Farm size has increased little.

* Type of work is similar with tractor or animals, but tractor use is 3-6 times
more efficient, is more timely, and allows incorporation of manure or
straw into soil.

* Farmers keep animals for weed control, ridging (cotton, maize), and to
plow out stocks and roots. They usually hire out their animals rather than
their tractors.
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* Tractor use seems economical, with costs balanced by income from
increased crop production.
* Training and maintenance are easy; farmers learn quickly.

CRITICAL NEEDS TO INCREASE PRODUCTIVITY OF SMALLHOLDINGS

Crop harvesting is still largely unmechanized. Manual harvesting is slow,
increasing crop losses. With rural depopulation, even in Sahelian countries,
the labor supply is decreasing and cost is rising (example: palm-tree harvesting
in Ivory Coast). When intensification is successful, labor peaks increase.

Farmers and consumers are concerned about postharvest losses. Storing
and drying remain priorities for research and training.

With tuber crops such as cassava, processing into food products is
traditional and difficult to wvalorize. This is why research concerning
processing of tuber crops is a priority for CIRAD and CEEMAT.

For decades, research and extension organizations put all their effort into
cash crops (groundnut, cotton, maize, etc.). As a result, these crops are
partially mechanized. Cereal crops need similar attention from sowing to
harvesting, and tuber crops from tillage to harvesting.

The high cost of energy increases the production cost of many under-
developed countries. For example, in 7 yr in West Africa, the quantity of
cotton fiber needed to pay for one liter of diesel fuel has increased two to three
times. Even intensification in modern agricultural countries cannot respond to
such increases.

Therefore, research for alternative energy is a priority. Results look good for
gasification for stationary engines, and for liquid substitution of diesel fuel by
oil or alcohol for tractors and cars.

Survey of needs
In 1980-81, CEEMAT and SEDES surveyed need for agricultural mechani-
zation in African countries north of the equator. The survey involved these
stages:
* identification of homogenecous zones (soil, climate), rural and ethnic
population, density of population, crops, etc.;
* farming system analysis in every zone;
* mechanization approach and problems in each zone;
* identification of solutions through machines in use or through innova-
tions; descriptions of these innovations;
* typology of units of production;
* analysis of political decisions concerning mechanization in each country;
and
* socioeconomic analysis in each case.
This study covers agricultural needs, but market capacity also needs attention.
Table 2 gives the estimated needs for agricultural implements in 15 countries
for 10 yr beyond the 1980-81 survey.
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Table 2. Need for agricultural implements in 10 yr in Egypt, Moroc-
co, Algeria, Tunisia, Central African Republic, Guinea, Niger,
Senegal, Burkina Faso, Togo, Cameroon, Nigeria, Ivory Coast, Mali,

andBenin.
Implements No.
Animal draft implements 340,000
Two-axle tractors 78,700
Intermediate motorization 40,000
Conventional motorization 17,300
Tractors for forest 25,000
Rice harvesting equipment 580,000
Tuber harvesting equipment 100,000
Cotton harvesting equipment 43,000
Fruit harvesting equipment 3,000
Small pumps 120,000
CONCLUSIONS

Studies and projects have provided better sociological and socioeconomic
understanding of agricultural production units. Everyone notes differences
between development objectives and reality: labor organization, motivations
and priorities, time and space relationships, profit appreciation against vital
needs. Mechanization is an answer to a country’s specific characteristics and
problems; it cannot follow another country’s experience. Further, there is no
appropriate technology apart from appropriate human development.

In West Africa, farmers always depend on projects and schemes. This
permanent aid removes the farmer from voluntary effort. Experience in
intermediate tractorization shows that farmers can succeed when they have
responsibilities. Extension and training services must exchange information
with farmers, not take the farmers’ place in decision-making. Farmers need
advisers in learning how to manage farm resources; they do not need
controllers.

Whenever constraints to mechanization are analyzed, it is obvious that
credit, marketing, farm product prices, and input costs have major im-
portance. Mechanization constraints cannot be solved by technical proposals
alone. The level of mechanization, for instance of tractor or oxen power,
suitable for one zone will not necessarily fit another. There is no standard
solution for underdeveloped countries in Africa or elsewhere.

Factories are producing agricultural implements in such African countries
as Senegal, Mali, Ivory Coast, and Cameroon. Manufacturing animal draft
equipment adds local value and can aid a country’s trade balance. But this is
not necessarily true of motorized equipment if it only involves local assembly
of premounted elements. The system must also provide spare parts, training,
and advice to farmers. Yet manufacturers are likely to be partners with
development schemes and not with farmers. A decentralized system is
important — from a central level providing scale economies to the village
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blacksmiths, close to farmers. In countries where manufacture of implements
ceased (Guinea, Senegal), blacksmiths proved they could supply spare parts
and machines to farmers.

For intermediate technology to work, it requires intermediate levels of
manufacture. Local manufacturers, including blacksmiths, need training,
organization in steel supplying, additional tools and better quality materials,
and perhaps improved access to credit.

The agricultural infrastructure and organization must meet the farmers’
needs. The state, the development scheme, and the farmer are key factors of
production. But the farmer needs professional association to defend his
interest and create conditions for development. This lack of representation
holds back agricultural modernization, and mechanization is the first victim.
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The African hoe and the cutlass are the main tools for almost all African
cultural practices. The few attempts to improve the hoe by lengthening the
handle were probably done to correct the posture of the user rather than to
improve the hoe’s efficiency. Some of these long handled hoes are used in
Rwanda, Kenya, Burundi, northern Nigeria, and other places where hoeing is
practiced.

After bush clearing, land preparation and weeding are the most laborious
cultural practices. They limit the area cultivated and normally reduce farmers’
leeway to crop in time and space.

Since no manual tool is better than the African hoe for these operations,
IITA engineers have been looking into other alternatives. The search for
alternative tools for manual farming is not easy because of these reasons:

1. Different staple foods demand different cultural practices. Farmers grow
yam, cassava, maize, cowpea, sorghum, millet, groundnut, rice, and
vegetables like okra, amaranthus, garden egg, egusi melon, pepper, and
tomato.

2. Farmers vary their land preparation from heaps or ridges to tilling flat
fields.

3. Farmers have fused cultural practices like using the whole field for
growing rice seedlings where seeds are hill planted on the edges of small
ridges. When the seedlings are ready, farmers knock the ridges to cover
the weeds and spread the rice seedlings by random planting. Asian
wetland rice culture is also followed, mostly manually.

4. Farmers follow relay cropping, intercropping, and mixed cropping.

5. Farmers practice minimum tillage after bush fallow and Kkilling the
weeds.

6. Farmers’ most tedious, time-consuming, and ever-recurring practice is
clearing the bush fallow.

With these varied field activities, the selection of alternatives for mechani-
zation would involve considering agricultural priorities, commodity pre-
ferences, and cultural practices. Possibly a completely new cropping system
would facilitate appropriate mechanization. Earlier works of IITA engineers
focused on these priorities.
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With zero tillage for flat surface after clearing bush fallow, IITA developed

three packages for different size farms:

1. IITA selected the portable rolling injection planter (RIP), fertilizer band
applicator, and the 5-m boom sprayer. This package would help a farm

family to crop 3 to 5 ha/season (1).

2. Success with the RIP stimulated design and development of the
farmobile for spraying and fertilizing, using a power tiller as the prime
mover. This package could help a farmer with higher background in crop
production to farm from 15 to 20 ha/season (1).

3. A 6-rOw, 4-wheel tractor was developed for farming up to 32 ha/season
(1). Packages 2 and 3 require stumping of the area after bush clearing.

Commodity and cultural practice-oriented alternatives were also developed to

supplement the main priorities:

Tools

1. Cassava lifter

2. “Hampasan” rice and cowpea

thresher (rice)

. Maize sheller

. Bag holder and husking pin for
maize harvesting

IRRI transplanter

. IRRI thresher

. IRRI power tiller

. Rotary weeder

oW

NSRS o NV

and slashing
10. Row marker

11. Modified power tiller for ridging

and breaking ridges
12. Interrow sprayer

13. Modified mower for interrow weed-

ing and cowpea harvesting

14 Modified hammer mill for splitting

cowpea and grinding

15. IRRI row seeder for lowland rice

16. Electrodyne
17. Low volume sprayer
18. Turtle power tiller

“Includes harvesting, threshing, and cleaning.

Brush cutter for alley crop pruning

Capacity

100 to 150 kg/work h

80 to 100 kg/work h and 250 to
300 work h/ha¢

25 kg/work h

Faster than traditional

30 to 40 work h/ha
300 to 400 kg/work h

75 to 125 work h/ha
5 and 85 work h/ha

1 ha/day
New project

6 to 10 work h/ha
13.54 and 8 h/ha

New project

7-10 work h/ha

1 to 1.5 ha/8 h

Most of the listed implements were rated through experimentation or by
manufacturers (Tables 1-5). Most farmers have never seen these tools. These
ratings may be meaningless if they do not match farm use of these tools. Some
of them still need modifying to suit local conditions.
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Table 1. Mechanical weed control on no-ill cowpea, second season. a

Weeding time

Implement, frequency (man hiha) Yield (kg/ha)
Hoe 2x 362.54 d 1253.96 a
Brush cutter 1x 8262 ¢ 950.32 ab
Rototiller 1x 54.84 bc 894.14 abc
Cutter bar 1x 17.80 a 877.87 abc
Mower 1x 13.54 a 750.15 bc
No weeding 0.00 a 49318 ¢
CV 2643 27.65

@ Separation of means in a column by Duncan’s multiple range test
at the 5% level.

Extension workers in Nigeria are scarce and many of these tools are still new
to the extension workers. Therefore, the research program was modified to try
to make experimentation more effective and closer to end users.

Beginning in 1985, most testing and evaluation of agricultural tools is being
done in farmers’ fields. Participation of government agricultural agencies and
farmers is heavy.

Small-tool work now fucuses on inland valley swamps and other places
where rice is grown. This program includes adaptation or “Africanization” of
some Asian implements to suit local conditions and also the introduction of
powered tools for land preparation. The initial experiment centers on three
major practices: traditional land preparation vs land preparation with powered
tools, random planting vs straight row planting with the marker, and weed
control using rotary weeder vs traditional vs herbicide.

Initial testing has led to some useful improvements of tools. The sandy soil
settles rapidly after puddling and turns very hard soon, even when submerged.
This heavily affected the performance of the turtle power tiller when tried on
paddy field submerged 1 wk before puddling. Excessive pressure on the rotors
stopped and burned the V-belt. Tall grasses wrapped into the space between
the rotors and the transfer case. The handle was too short for the operator to
control the machine. The problems were minimized by knocking off some of
the rotor spikes on the inner and outer edges to reduce aggressive action of the
rotors, by welding a plain, cylindrical plate to the sides of the rotors to avoid
wrapping of the weeds, and by providing a longer handle to control the
machine with lighter pressure.

Plots were marked for straight row planting soon after final puddling before
the soil turned hard.

Because similar problems may affect weeding, the rotary weeder was
modified to work on a harder surface by converting the skid into a container for
additional weight, and making the front rotor narrower but with stronger tines
for a more aggressive action. Initial trial showed the rotary weeder can also be
used for weeding upland rice by adding weight in the skid.

In addition to these experiments, we also see to it that small tools which
generate farmer interest are made available by identifying local welders who
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Table 3. Average man-hours per hectare of cutting, pruning back and spreading cut materials
of 4-m-row alley crop Leucaena leucocephala. lITA Agricultural Engineering, 1984.

Man-h (no.)
Tool

1st cutting Spreading? Pruning back Spreading Total
HD shear 22.60 60.40 64.44 25.03 172.47
STD cutlass 15.55 62.20 20.74 20.05 118.57
Short cutlass 16.30 65.20 33.70 18.67 133.91
Thick blade cutlass 17.04 78.16 20.37 25.71 141.28
Modified machete 15.19 60.76 52.22 23.06 151.23
2.5 hp brush cutter 3.70 70.15 4.44 15.00 93.29
70 hp slasher 1.1 - 5.56° 15.00 2278

@Includes removal of branches of big stems. bPruning back was done by 2.5 hp brush cutter.

Table 4. Alley crop pruning perseason.?

Rate (h/ha) Dry weight (kg/ha)
Tool 25-cm 50-cm Stem at 25- Stem at 50- Leaves at Leaves at
cut cup? cm cut® cut® 25-cm cut  50-cm cut
Howard rotor- 6.66 a 6.67 a 88982 b 41343 b 99096 b 62498 b
slasher
Brush cutter 7.40 a 8.14 a 1676.98 ab  770.50 ab 1569.50 ab 989.86 ab
(2.5 hp)
Heavy duty shear 3963 b 87.04 b 1677.74 ab 770.84 ab 2191.00a 1381.83 a
Woodman's mate 4445 b 50.00 b 1862.12 a 855.56 a 2026.03 a 1381.83 a
Thick bladed cutlass 37.02 b 37.41 b 2185.17 a 1007.32 a 1751.66 a 1104.75 a
Standard thin 3741 b 36.30 b 1968.03 a 904.22 a 1474.98 ab 930.26 ab
bladed cutlass
CV (%) 35.57 32.89 28.17 28.05 21.64 21.64

4Spreading time not included. bsecond pruning was done by brush cutter. °Rotor-slasher stems
and leaves were chopped and spread all over during the process (not easy to collect).

Table 5. Cowpea harvesting experiment, 1984.2

Harvesting and Harvesting Threshed Harvesting Moisture

TooP windrowing  threshing grain losses content
(man-h/ha)  (man-h/ha) (kg/ha) (%) (%)
1 8.26 301.91 1036.67 5.12 12.66
2 70.83 327.43 1188.54 0.48 16.28
3 - 257.29 979.17 4.61 12.98
4 - 302.09 1315.00 5.56 21.37

@Manual pod picking alone = 451.07 man-h/ha, yield of 1.0 to 1.2
tha (FSP Agricultural Engineering 1982 annual report). ?1 =
mower windrower, hampasan threshing sieve cleaning; 2 = manual
windrowing, machine threshing and cleaning; 3 = hand pulling and
hampasan combined, sieve cleaning; 4 = hand pulling and hampasan
combined, machine cleaning.
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can fabricate them (see list in Appendix). These strategies will probably
perpetuate farmer interest if the tools being tested are effective. Since most
farmers are nonreaders, the extension work in the country is inadequate. If the
tools being tested are useful, the technology and skill of using them will be
transferred before the result of the experiment is written.
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SOME ADDRESSES OF ACTIVE MANUFACTURERS TO WHICH
TENDER NOTICES MAY BE SENT

Active manufacturers

1.

Ela Agric. Machinery Manufacturing
and Engineering Company

Attention: Mr. Lapido

E/9914B, Iwo Road

Ibadan

Mr. Patrick Awelewa

Polytechnic Road

Beside Success Twins Fish Company
Before Polytechnic South Campus Gate
Sango, Ibadan

Oke Osun Purethought Eng. Enterprises
Attention: Mr. L. O. Fawole

P. O. Box 8127, Mapo

Ibadan

A. J. Oduntan Engineering Works
Attention: Mr. Ola Odunta
Block Xl, Plot 26, K Close
Oluyole Estate, Ring Road

P. O. Box 4587

Telephone: 312073

Ibadan

Mr. David Ikpe

National Teaching Institute of Bahai
Sapele Road

Ogharefe

Bendel State

Mr. Emmanuel O. Obafemi

(Africa Welders)

Panel Beater and Welder, Iron Bender
Minna Garage

No. M23, Bida

Niger State

Passive manufacturers

7.

Steel Works Limited
Attention: Mr. E. A. Zard
P. O. Box 260

Ibadan

Western Nigeria Technical Co. Ltd.
Private Mail Bag 5148

Ougbe Area

Ibadan

Mr. Olukayode (Morohunfolu Original)
Oke Afin

P. O. Box 2

Oyo

Oyo State

1-row rolling injection planter
4-row rolling injection planter

Rolling injection planter
Small tools fabrication

Auto feed jab planter

1-row rolling injection planter
4-row rolling injection planter
Fertilizer band applicator

Maize sheller

Rolling injection planter
Small tools fabrication

Hampasan rice thresher
Rotary weeder

Small tools fabricator

1-row rolling injection planter
4-row rolling injection planter
Fertilizer band applicator
Cassava lever

Rice pedal thresher

Cassava lifter
1-row rolling injection planter
4-row rolling injection planter

Auto feed jab planter






Land preparation






POWER TILLER MANUFACTURING
IN THE PHILIPPINES

L. G. BERNAS
Kubota-Marsteel Machinery Co., Inc.
Philippines

Since farm mechanization began in the Philippines, more tractors have been
sold than power tillers, partly because mechanization started first in sugar
farming. Mechanization moved in to rice in the mid-60s when modern
varieties (MVs) were introduced with improved agricultural technology.

The boom in sugar from 1962 to 1964 boosted tractor sales, averaging
slightly over 800 units annually. With the implementation of the Central
Bank-International Bank for Reconstruction and Development (CB-IBRD)
Rural Credit Program, sales of imported power tillers significantly increased.

Tractor and power tiller sales, however, declined considerably in 1970 due
to the “de facto” devaluation (when the exchange rate of the peso relative to
the US dollar was allowed to float) which affected prices of imported
machinery.

From 1971 to 1975, sales of power equipment again climbed, averaging 18%
a year for tractors and 93% for power tillers. The substantial surge in sales in
1975 was generally attributed to the outbreak of hoof and mouth disease which
infected 14,000 work animals. In a special financing program, the Land Bank
of the Philippines (LBP) financed around 2,500 tillers while the Development
Bank of the Philippines (DBP) financed 600 four-wheel tractors.

Sales were also aided by the Land Reform Program, the introduction of
low-cost power tillers in 1972, and the availability of financing support for
locally built farm equipment from LBP. The 93% increase in sales during this
period was of locally made power tillers.

By 1975 there were 32 known power tiller manufacturers: 5 made the IRRI
type transmission and others the Bicol type started by (MAGICO) Machinery
Industries Co., Inc., of Naga City in 1967.

LOCAL POWER TILLER MANUFACTURERS

In 1975, an IRRI survey identified 32 power tiller manufacturers, 5

assemblers, and 11 distributors. The power tiller market then was 11,077.
In 1984, however, the total sales among the Agricultural Machinery

Manufacturing Association (AMMDA) members dropped to 1,233 units
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Table 1. Power tiller sales by AMMDA members, Philippines, 1978-84.

Engine 1978 1979 1980 1981 1982 1983 1984
Imported
Gasoline 2067 1078 568 440 512 367 146
Diesel 1508 975 899 812 402 331 220
Locally produced
Gasoline 4163 3209 1502 1256 1131 699 801
Diesel 65 117 117 393 112 238 66
Total 7803 5379 3036 2901 2157 1635 1233

(Table 1). The total industry sales were about 2,500 units, more than 85%
locally fabricated.

Luzon accounts for at least 70% of annual sales, with the rest in Visayas and
Mindanao.

During the early stage of local manufacture of power tillers, there were some
large firms. Size varied from 5 to more than 500 production workers. Smaller
firms limited their production to power tillers, while medium and large
companies also fabricated industrial or other agricultural machines.

The large firms expected continuous growth in demand for power tillers
which eventually peaked in 1975. However, as the market declined, medium
and large companies stopped production, leaving smaller companies to
continue, mostly on an intermittent basis.

Power tiller manufacturing is now dominated by small firms producing up
to 100 units a month. Many have much smaller capacities and serve only the
immediate farming area.

TECHNOLOGY

Locally fabricated tillers in the Philippines can be classified as either 1) the
IRRI types; 2) the Bicol type, now more popular among manufacturers; and 3)
the Turtle type.

Production of power tillers started in 1967 in Bicol, while the IRRI type was
introduced in 1971-72. Both are built from locally available materials
combined with imported components. When the industry started, major
components such as engines, bearings, gears, sprockets, roller chains, and
throttle control cables were all imported.

While the engines are still imported, local sources provide most other
components, including steel bars, round and hexagonal shaftings, gears and
sprockets, castings, belts, oil seals, nuts and bolts. The only imported parts are
bearings and chains.

Further, the tiller has been simplified, compared to those imported from
advanced countries. Although these tillers do not possess many of the
convenient features of the imported models, they are more acceptable because
they cost less, have fewer moving parts, are less troublesome, last longer, and
are suitable for local conditions.
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With more local parts, they are less sensitive to foreign exchange
fluctuations, and cost much less than imported tillers.

Manufacturers have modified their designs to differ from the IRRI, Bicol,
and turtle type tillers for these reasons:

* To avoid purchase of new machine tools, manufacturers adapted designs

and processes to fit their existing facilities.

* Sizes or dimensions of components were gradually changed to match field
conditions or to increase field capacities.

* Type of engines used influenced the design and dimensions. In general,
gasoline-driven models were built with light materials with double
bearings installed.

* The IRRI type has a more efficient transmission, but has more internal
reduction parts; consequently, fabrication of the gear box is more
complicated. Also the original design is suitable for a 5-hp gasoline engine
drive, regarded as small by those who opted to use 10-hp gasoline engines
with bigger tiller bodies. IRRI did not acknowledge this trend and never
built an upgraded model; however, it developed a power tiller with
steering clutch, up to now not regarded as necessary by manufacturers
and users.

* The type of implements to be used also influenced changes in the tiller
body.

The introduction of the spiral plow in 1975 boosted the Bicol type tiller,
as the spiral plow needed a more rigid power tiller frame and more engine
power. The spiral plow was popular in the early 80s. As the disk plow
requires less power than the spiral plow, manufacturers are again
fabricating lighter power tillers with smaller engines, lowering power
tiller cost.

At the peak of the power tiller market from 1975 until 1980, some
manufacturers adopted some features of imported tillers, such as multiple
speed transmission, steering clutch, and mounting of a rotary tiller. Because of
the added cost, technological problems, and market uncertainty, none of these
features were continued.

However, to keep up with the competition, some manufacturers developed
new implements such as the disk plow, and some concentrated on improving
the quality, craftsmanship, and durability of their machines. There has been
practically no significant change in the design and working concept of the
power tiller since its introduction.

Horizontal integration, an innovation in manufacturing, is very common
among power tiller manufacturers. The main components fabricated by
manufacturers are the transmission housing, handles, and implements. The
other components are supplied ready for assembly from machine shops,
foundries, and hardware stores.

Plant capacities are still relatively small, although adequate to supply
present demand. Some manufacturers keep regular production volumes and
are among the best quality producers. Others produce intermittently, using
their facilities to produce nonagricultural equipment.
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MARKETING AND BUYER PREFERENCES

Power tillers are used mainly for land preparation of lowland rice, but the type
or make varies among areas.

Southern Luzon

The Southern Tagalog region, particularly Laguna Province, has many power
tillers. Although large four-wheel tractors were available in the area because of
the sugarlands, few rice farmers attempted to use the tractors for rice
cultivation as they did in Central Luzon.

Mechanization of rice cultivation in Laguna started with the imported
power tiller. Japanese gasoline engine-driven power tillers and later on
Landmasters became very popular. Compared to other Southern Luzon
provinces, Laguna emphasized lightweight, imported power tillers because of
the deep field condition. Although IRRI’s presence in Laguna enhanced early
development of one of the largest manufacturers of axial-flow threshers,
Laguna or Southern Tagalog has no power tiller manufacturers, which
explains slow acceptance of local-made tillers in the area.

In the Bicol region, commonly known as southern Luzon, Camarines Sur
Province had one of the most successful power tiller manufacturers. But
internal squabbles among its shareholders created a split among owners that
stimulated the growth of other small manufacturers in the area. Since the
technology is simple, many small metal fabrication shops can make power
tillers.

As locally made power tillers are very popular in the area, production is
fragmented. The first and possibly the best manufacturer in Camarines Sur in
Naga expanded its market into Central and northern Luzon, 500 km away, and
suffered because of this distance from factory to market. Although this
manufacturer has constantly maintained or even improved product quality
many shops, some operated by the firm’s former employees, began to
compete.

Of the 20 manufacturers in Bicolor Camarines Sur in 1976, some built their
own manufacturing facilities in Central Luzon, employing technicians from
the original factory in Naga.

Central and northern Luzon

Central Luzon is by far the biggest market for locally made power tillers. In
this area, sugarmills originally used tractors for sugarcane land preparation.
Since most sugar planters owned riceland, they began using tractor-mounted
implements on rice. Tractors were used for land preparation and to drive the
McCormick type, large-capacity rice threshers.

When the implementation of Land Reform was intensified in the mid-
sixties, Central Luzon was a priority area. The fragmentation of landowner-
ship altered the level of technology in mechanization. The first CB-IBRD
program launched in 1965 contributed to an increase in sales of tiller business.
This was of great significance, as finally a pedestrian type machine had gained
acceptance where before only riding tractors were used.
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In 1970, the de facto devaluation of the peso reduced sales of tractors and
power tillers. In 1971, the first revaluation of the Japanese against the US
dollar came about, increasing the prices of power tiller imports from Japan,
then gaining acceptance in the Philippine market.

Although retail credit financing continued under the CB-IBRD Credit
Program, the escalating prices of imported machines made farmers look for
cheaper alternatives.

In 1972 the IRRI-type power tiller was introduced, apparently to support
IRRI’s success in increasing rice production with MVs and associated
technology. Many manufacturers, mostly in Metro Manila, manufactured the
IRRI-designed power tillers. Some of these firms were relatively large and
already distributed agricultural machinery. The entry of big firms in the
manufacture of IRRI power tillers gave a big boost to the industry. Some were
successful, and with aggressive promotion, locally made tillers became widely
known among farmers and among government agencies.

When LBP financed around 2,500 power tillers after the outbreak of hoof
and mouth diseases in 1975, most units financed were in Central Luzon,
making this area the biggest user of locally made power tillers.

Most power tillers sold were driven by gasoline engines, primarily because
of the popularity of a certain brand of engine; but continuing increase in the
cost of fuel prompted some farmers to use diesel engines. However, the price
difference between gasoline and diesel engines could not justify immediate
shift to diesel power.

In the early 80s the supply of the preferred gasoline engine was disrupted
and dealers of this engine took advantage of the situation by demanding
unrealistic prices. Some farmers shifted to diesels priced almost at the same
level as the popular 10-hp gasoline engine. Preference for type of engine
continues to be affected by technical considerations and by price.

Visayas and Mindanao

The province of Iloilo was the birth place of the turtle type tiller, primarily
developed to meet the extremely deep conditions of irrigated rice areas. The
initial success encouraged the manufacturers to expand into Luzon, but
expansion was not very successful. The machines were also introduced in
northern Mindanao and eventually in Cotabato, both areas being swampy
with deep or sometimes almost no hardpan. Due to the machine’s excellent
flotation, it rapidly gained acceptance. However, some farmers still prefer
IRRI or Bicol types because they are lightweight and easily transported with a
trailer.

As with the Bicol type, the original inventor and manufacturer of the turtle
type faces competition from new manufacturers in the area. Because of the
varying field conditions in Panay and Mindanao, it is difficult to determine
which type of locally made tiller is most preferred. With manufacturers of all
types in the area, markets seem to be expanding. The Cotabato area, for many
years a big, almost exclusive market for imported diesel power tillers, is now a
growing market for local manufacturers.
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DISTRIBUTION CHANNELS

Manufacturers usually sell their tillers directly to wusers, either from the
factory, or from a company branch as the market expands in areas away from
home base.

Another system is to appoint dealers. The dealer is a separate agency which
merely distributes the product and is not directly under the manufacturer’s
control.

Some manufacturers operate a combination of branches and dealers.

For 19 mo in 1984-85, until the International Monetary Fund (IMF)
approved to restructure our external debt, the Philippines could not obtain
any new loans or credit from external sources. Tight credit and increased
interest rates hurt all sectors, including power tiller manufacturers.

During this period, manufacturers’ major source of credit for manufac-
turing supplies, including engines, was the Binondo (Manila) hardware stores.
As business relationships between manufacturers and component suppliers
became well established, a new twist in the marketing and distribution of
power tillers evolved.

Hardware stores in Binondo, operating as dealers of engine distributors,
expanded their markets by appointing provincial subdealers. Gradually, a
swapping arrangement was established. The Binondo hardwares would accept
payment or locally fabricated power tillers in exchange for manufacturing
supplies and engines. The power tillers were shipped to their provincial
dealers. Small and medium size manufacturers preferred this arrangement, as
it assured them of a continuous supply of raw materials and guaranteed a sure
market. In fact, it was even possible to get cash advances for future deliveries.

Similar arrangements are in practice among manufacturers in Luzon, in
Visayas, and, to a limited extent, in Mindanao.

GOVERNMENT POLICIES

The general policy of the Philippine Government concerning farm mechaniza-
tion has been articulated in the country’s development plans since the early
1970s.

The Four-Year Development Plan, FY 1972-75, states that “in order to
provide timely land preparation, controlled and sufficient water for irrigation and
other requisites of increased farm output, a program providing
non-labor displacing agricultural machinery to the farmer will be intensified.”

Incidentally, sales of machinery, particularly power tillers, were signifi-
cantly high during this period. From a low level of 680 units of power tillers
sold in 1971, sales continued up to 11,077 in 1975.

In the succeeding 4-yr development plan, FY 1974-77, no mention was
made of the use of farm machinery as a policy. However, the 5-yr development
plan, 1978-82, states that “better farming systems will also be developed in
rainfed areas, in order to increase the productivity of these lands. Farm
mechanization will be applied on a selective basis and will be adapted to local
conditions and available resources.”
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Major government programs and policies affecting the power tiller industry
may be classified according to farm machinery supply, farm machinery prices,
and financing.

Farm machinery supply

Investment incentives. The Board of Investment (BOI) is the government
agency that implements the country’s farm investment loans, namely: RA
5186 or Investment Incentive Act, RA 6135 or the Export Incentives Act, RA
5455 or the Foreign Business Regulations Act, and PD 1159 or the
Agricultural Investment Incentive Act, currently undergoing revision at the
Batasan Pambansa under Cabinet Bill No. 3, also known as Agricultural
Investment Incentive Act of 1985. These Acts are designed to speed the
country’s industrialization and to raise living standards through increased
economic opportunities and a more equitable distribution of the benefits of
development. The BOI also prepares annually priority plans which indicate
the areas of economic activity considered essential to the country’s economic
development. These preferred areas can avail of various incentives specified in
the Acts.

* Investment Priority Plan (IPP). Since the first IPP in 1968, the BOI has
listed agricultural machinery as a preferred area of manufacturing. This
listing allows both local and foreign entrepreneurs to avail of the set of
incentives granted by the Investment Incentives Act (5186) for the
production of agricultural equipment in the country. These incentives are
mostly in the form of tax deductions that will enhance the commercial
viability of preferred manufacturing activities. Farm machinery listed
annually in the IPP follows:

1. 1968 — Agricultural machinery and equipment such as power tillers,
agricultural tractors, plows, rice and maize milling machinery, crop
drying equipment, etc.

2. 1969 — Power tillers. The BOI removes certain areas of manufacturing
activity from the IPP when the demand has been met by production
capacities of registered manufacturers of products listed under the
plan; or when such products are found to be not economically feasible
to manufacture.

As of 1980, power tillers and various other machines have been removed
from the list because production capacities have already met industry
requirements. Ironically, these capacities have most likely been filled by
non-BOI registered firms, an apparent indication that the incentives were not
attractive enough.

* Agricultural Investment Priorities Plan (AIPP). The Agricultural In-
vestment Incentive Act provides the mechanisms for preparing an annual
AIPP, which is a listing of specific agricultural activities that can qualify
for incentives.

Formulated jointly by BOI and the Ministry of Agriculture and Food
(MAF), AIPP lists projects that are being promoted in line with the
long-range plan of the government for balanced development of urban
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and rural sectors and to achieve the immediate national objective of
self-sufficiency in basic food and raw material requirements. Although
AIPP is primarily concerned with food and feed grain production, it also
indirectly affects farm mechanization and, thus, the power tiller industry.
AIPP opens up incentives and opportunities for the private sector to
provide tractor pools, irrigation, pest control, and other specialized
service. As earlier mentioned, AIPP is currently undergoing revision at
the Batasan Pambansa and one of its noted criticisms is its apparent lack of
a strong provision that could fit the small farmer, that would enable him
to adopt better farming technology and equipment that perhaps could
contribute to the growth of the power tiller industry.

Tariff and tax policies. 1. Tariff. Under the present tariff and customs mode of
the Philippines, imported power tillers are allowed to enter the country and are
subjected to a 30% + 5% ad valorem rate of duty. The ad valorem rate of duty is
imposed on this type of imported agricultural machinery which is being produced
in the country in quantities sufficient to meet the local demand. This rate of duty
has invariably protected the local power tiller manufacturing industry.

To discourage importation and thus conserve foreign exchange, and
apparently to minimize technical smuggling, the duty becomes payable at the
time of the opening of the foreign letter of credit.

Power tillers fall under Tariff Heading 87.01, description B: Power tillers or
walking tractors.

2. Advance sales tax. An advance sales tax of 10% is currently imposed on all
types of agricultural machinery intended for resale in the same form or on
imports of raw materials, used for the manufacture of such machinery for
eventual sale. The tax is payable prior to withdrawal of the machinery from the
custom custody and is computed on the basis of the published dutiable volume
or price plus other various charges and a mark-up of 25% of the total landed
cost. The total advance sales tax effective rate amounts to about 12.5% of the
total landed cost of the imported machinery.

With the combined effect of excessive taxes and duty and the present
deteriorating value of the peso, power tiller importation has practically
stopped or dropped to an insignificant volume.

Agricultural Machinery Testing and Evaluation Cenrer (AMTEC). The
establishment of AMTEC was approved on 11 May 1976, with project
development and implementation in 1977. AMTEC is a joint undertaking of
MAF and the University of the Philippines at Los Bafios (UPLB).

AMTEC intends to establish a system for testing and evaluating agri-
cultural machinery to promote agricultural mechanization through the
development of the manufacturing industry. Specifically, its objective is to
test and evaluate locally manufactured power tillers and other locally
fabricated agricultural machineries.

In the process, AMTEC also contributes to the improvement or redesign of
locally fabricated machines in cooperation with manufacturers. It has also
been given the function of doing the technical evaluation of machines for the
Agricultural Machinery Distributors Accreditation Committee (AMDAC).



POWER TILLER MANUFACTURING IN THE PHILIPPINES 149

Farm machinery financing

Various government programs have been designed to extend financing
assistance for the acquisition of farm machinery. The programs were
undertaken mainly by government financial institutions namely, the Central
Bank of the Philippines through the Rural Banks, Development Bank of the
Philippines (DBP), and LBP. But the most active bank in supporting the
financing of locally produced power tillers was LBP, specifically through
branches in Baliwag, Bulacan; Cabanatuan City; and San Fernando,
Pampanga.

Because of the relatively lower cost of locally fabricated tillers, financing to
farmers was also undertaken by manufacturers, dealers, and rice traders.
Usually a down payment was required prior to delivery and the balance
payable after the first and second cropping.

Other programs and policies

The continuous drive of the government to attain self-sufficiency in food and
feed grains brought about programs and policies which also contribute to the
growth of the industry. This includes irrigation programs, introduction of
high yielding varieties, land reform, wage policies, and price policies for major
food crops and export crops as well as prices of fuel and finally foreign
exchange policies. The implementation of these programs and policies has
directly and indirectly affected the demand for agricultural machineries
including power tillers.

CONCLUSION

Many consider power tiller manufacture as the backbone of the local farm
machinery industry, although rice thresher manufacturing has also evolved
into a major industry.

Price levels are kept at acceptable limits, but a primary setback is the high
cost of imported engines. Despite lack of local engine manufacturers, taxes and
duties remain high. High priced engines increase the total cost of a complete
power tiller.

Local manufacturing capability is adequate; in fact, plant capacity and local
skilled labor are underutilized in spite of overseas employment and migration
of Filipino workers.

The power tiller industry remains in the development stage because of the
depressed and uncertain market. Manufacturing technology and the basic
simple design characteristics will remain while demand remains slow.

Any favorable change in the overall economy that will improve purchasing
power is expected to also change the level of manufacturing technology as
well as mechanical function and design. Future tillers may be more attractive,
with features for comfortable easy operation.
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Thailand is a major world food exporter in Southeast Asia. The country has
held this position for over 20 yr. The political and economic upheavals of
colonial domination have never been experienced in Thailand. This has
contributed to the country’s economic stability and solid agricultural base.

Thailand has a tradition of small farmholdings. The current average farm
size is approximately 4 ha. The country’s agriculture produces annual
surpluses of rice, maize, tapioca, and sugar. Agricultural products account for
40% of all exports, with rice being the major export commodity. A record 3.6
million t of rice was expected to be exported during 1984.

Thailand’s fifth Five-Year National Economic and Social Development
Plan, 1982-86, called for an increase in agricultural production efficiency,
coupled with a target annual growth rate of 4.5%. To facilitate such an
increase, the government emphasized the need to switch, from increasing
production by expanding the areas under cultivation, to increasing production
by increasing yields per hectare. The sixth five-year plan now being developed
emphasizes the need to increase farm productivity through mechanization.

BACKGROUND

The steam-powered tractor was first experimented with in Thailand in Samut
Prakarn during 1891-92. In 1907 the Government of Australia sent an expert
to Thailand to introduce an Australian engine plow. The plan was to enable
farmers to prepare land before the monsoon rain started each year. The
Australian plow performed well in the Rangsit area. In about 1910, an engine
plow from Austria was tried, but there is no record of its performance or
adoption by Thai farmers. The imported steam plow was costly and faced
some technical constraints. The imported machines used for land preparation
performed better than the native implements in dry season; during wet season,
however, the steam plows were too heavy and cumbersome in the submerged
rice fields.

In the first Bangkok Agricultural Show in 1910, imported farm implements
were displayed. The 1911 exhibition compared the performance of the farm
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implements. The American iron plow won first prize for being able to plow the
land deeper and maneuver in the field better than the conventional Thai
plows. But Thai farmers rejected it because it was heavier and more expensive.

In 1919, the Thai Government established an agricultural experiment
station in Rangsit. The station experimented with imported tractors,
harvesters, threshers, and combines. Reports from the experiment station
supported the use of farm machinery because land preparation with tractors
saved valuable time. But high prices prevented farmers from buying the new
machines (4).

Two important events contributed to the slow introduction of farm
machinery in Thailand: the great depression of the 1930s and World War II.
After the war, farm mechanization began to arouse public interest. Thailand
developed other production technology such as irrigation facilities, expanded
research and extension services, and developed local farm machinery manu-
facturing capability,

The introduction and extension of tractors to farmers can be traced back to
the early 1950s when a tractor station was started, using imported tractors.
The station rented the imported tractors to farmers in the Rangsit and
Pathumthani areas. Farmers were reluctant to accept mechanization because
they believed the heavy tractors would compact the soil and reduce yields.
Some thought the tractors plowed too deep and would turn the underground
lime onto the soil surface. Many farmers worried that the oil dripping from the
tractors during operation would spoil their soil. The tractors also met
mechanical problems, especially the presence of many buried tree stumps.

After the establishment of the rice department in 1953, research on farm
machinery was given to the Agricultural Engineering Division of the
Department of Agriculture. M. R. Debriddhi Tavakul started developing a
small walking tractor during 1953. His idea was to power the tractor with the
same small engine being used with the low-lift pump which he had developed.
Therefore, the early models of his walking tractor used a small Lister diesel
engine rated at 4.5 hp.

Modifications continued to be made on the two-wheel tractor until the small
four-wheel tractor known as the “Iron Buffalo” came along. Since a seat and
the added weight of the operator was included on the Iron Buffalo, the engine
size was increased to around 8.5 hp. The specifications and details of the
performance of the Iron Buffalo are presented in Table 1. During the mid-
1960s, the Engineering Division terminated development of the four-wheel
tractor and released the designs to private manufacturers. That tractor is
illustrated in Figure 1. Manufacturers designed the tractor for use in paddy
fields and felt the price of the tractor and components should be as cheap as
possible. They also attempted to produce a tractor to work in all types of field
conditions. However, the industry was not successful in producing an
acceptable four-wheel tractor due to inefficient production capability. The
commercial tractor sold for 30,000 baht and could not compete with cheaper
imported models. Twelve years later, improved production technology and
the invention of a simple gear system enabled commercial production of three
four-wheel tractor models.
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Table 1. Specifications of the Iron Buffalo.

Inventor M. R. Debriddhi Tavakul

Engine Lister, air-cooled diesel engine
2 cylinder — 4 stroke cycle
8.5 hp at 1800 rev/min

Tractor speed at 1800 rev/min
1st gear 3.16 km/h
2d gear 4.56 km/h
3d gear 8.74 km/h
reverse 2.86 km/h

Pull at rated drawbar hp

Rubber tires Pull (kg) Drawbar hp
Dry asphalt surface 800 5.6
Dry paddy field 610 44
Steering wheel on the rear
in wet paddy field 413 3.1
Wheel sizes Front rubber tire 400 x 15 -4
Rear rubber tire 7.00 x 30-4
Steel wheel
(32 bladers) 1.00 m x .30 m

1. A four-wheel tractor prototype being field tested.

The original Thai four-wheel tractor was powered with a 12 hp diesel engine
operating at 2000 rev/min. The chassis of one of the first models manu-
factured by J. Charoenchai of Ayutthaya is shown in Figure 2. Power to the
rear wheels was transmitted through three V-belts. The drive sheave was
approximately 10 cm in diameter with a maximum forward speed of 15 km/h.
Typically, the three belts needed replacing three times in a crop season.
Improvements in the drive design increased belt life by increasing the size of
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2. An early model of the four-wheel tractor produced by J. Charoenchai Co.
of Ayutthaya, Thailand.

the drive pulley, adding a belt idler and belt tightening mechanism, and
improving the shift gears. The belt-driven models are still being manu-
factured, providing farmers with relatively inexpensive and simple four-wheel
tractors. New models can be purchased with a direct mechanical drive shaft
from the engine to the rear wheels.

Some of the first four-wheel tractor models used the articulated steering
principle, i.e., the front and rear wheels turned at the center of the tractor
chassis. Someone then added two wheels onto the back of the two-wheel
tractor to make it an articulated steering four-wheel tractor. It was used in
heavy clay soils but did not become widely accepted, even though the price was
lower. Turning was accomplished through a chain and sprocket arrangement
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connected to the steering wheel. Tests conducted by the Agricultural
Engineering Division found the tractor turning radius averaged 5.1 m on
concrete at a speed of 2.5 km/h (5). The new models now provide front wheel
steering through a gearbox or with hydraulic assist steering.

The Thai four-wheel tractor was originally used primarily for land
preparation in rice paddy. As the market expanded, manufacturers found the
tractor not suitable for upland preparation. A brief description of the types of
tractors produced is as follows:

Thai four wheel tractor

1. Standard type

a. single bar hitch, manual lift
b. single bar hitch, hydraulic lift
c. three-point hitch, hydraulic lift
2. Articulated type
a. single bar hitch, manual lift, 1 speed
b. single bar hitch, hydraulic lift, 1 speed
¢ single bar hitch, manual lift, multispeed
d. single bar hitch, hydraulic lift, multispeed

The tractor weight-to-horsepower ratio was low and additional weight was
needed to improve performance of the small four-wheel tractor with upland
crops. Heavier, higher horsepower and more expensive imported tractors are
used for heavy-duty crop operations. Additional implements for planting,
weeding, and harvesting are being developed, necessitating a more versatile
tractor.

The origin of the 21 firms which produced four-wheel tractors varied:

* five firms originally made four-wheel tractors,

* four firms started by repairing and making two-wheel tractors,

* one firm was started by a former employee of another four-wheel tractor

manufacturer, and

* two firms started by making other farm implements.

The cost of manufacturing a four-wheel tractor depends on the size of the
manufacturer, and cost of materials, labor, and interest rates. In 1979, the
Bank of Thailand estimated the proportionate costs of inputs in manufactur-
ing a standard four-wheel tractor (Table 2). The manufacturing cost and
average estimated selling prices for 1980 are presented in Table 3. Although
the data are not current, the figures can be compared on a relative basis.

Table 2. Four-wheel standard tractor cost breakdown.

Type of cost Percentage
Material 68.5
Labor 14.6
Utilities 7.8
Others 9.1

Total 100.0
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Table 3. Manufacturing costs and selling prices of four-wheel trac-

tors, 1980.2
Type of tractor Manufacturing cost Selling price
($) $)
Articulated
Large 690.00 1,035.00
Medium 715.00 935.00
Standard —with manual lift
Large 1,092.50 1,322.50
Medium 1,100.00 1,210.00
Small 935.00 1,650.00
Standard —with  hydraulic  lift
Large 1,495.00 2,070.00
Medium 1,540.00 1,925.00
Small 1,485.00 2,035.00

4The 1985 figures are approximately double due to inflation and
devaluation of the baht.

PRODUCTION AND USE OF THE FOUR-WHEEL TRACTOR

Four-wheel tractors have been principally used for land preparation and
transportation. A four-wheel tractor can save labor by 74%, or 18.37 work days
per season. Rice farmers using buffalo power, two-wheel tractors, and small
four-wheel tractors require 875, 613, and 482 work hours per hectare,
respectively. From 1974 through 1978, the average annual demand for four-
wheel tractors was 3,000 to 4,000 units, compared to 37,000 to 42,000 units for
the two-wheel tractor (2). The current estimated demand is 4,000-5,000 units
a year. The average annual growth rate from 1974 through 1978 for two-wheel,
small four-wheel, and large four-wheel tractors was 20, 16, and 20%,
respectively. Two-wheel tractors are still the predominant mechanical power
for Thai farmers (Table 4). The economy of Thailand depends heavily on having a
more efficient agricultural sector, so that continued priority will be given to
mechanization and increasing productivity.

Mechanization generates employment in the farm machinery and parts
industries. The number of workers manufacturing four-wheel tractors varies
seasonally, from 684 during the peak production season in 1979 to 549 persons
in the slack season. Of total manufacturing cost for four-wheel tractors, labor
is approximately 10%, and marketing, including transportation, handling,
interest and profit margin for the dealer, is 15-20% of the factory price (7).

Figure 3 shows a 1985 four-wheel tractor being produced for Thailand and
also for export. Thailand exports to other countries, including Malaysia, Laos,
Philippines, Indonesia, and Burma. The agricultural industry is exporting
two-wheel tractors, four-wheel tractors, threshers, water pumps, and planters
throughout Southeast Asia. The industry realizes that improving the quality
and standardization of the Thai four-wheel tractor would increase its export.

Farmers who cannot afford the cost of a four-wheel tractor may hire services
through contract operators. The contract cost for land preparation varies
among crops and in 1984 ranged from 200 baht ($7.40) to 300 baht ($11.12) per
hectare, depending on the crop and location in the country. Farmers with
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Table 4. Number of two-wheel and four-wheel tractors (2).

Units (no.)
Type
1979 1980 1981 1982
Manufactured in the country
Two-wheel 54,124 51,000 49,500 39,495
Four-wheel 4,920 4,900 4,850 6,530
Total on farms

Two-wheel 230,591 280,591 284,351 323,846
Four-wheel 31,158 36,158 39,158 45,688

3. A 1985 four-wheel tractor produced in Thailand.

inadequate capital may also obtain loans through the BAAC (Bank for
Agriculture and Agricultural Cooperatives) or nongovernment financing
institutions to pay for contract services. Land preparation, planting, maize
shelling, and threshing are performed through contract services.

There are approximately 10 manufacturers of small four-wheel tractors in
the country. Except for hydraulic components and steering wheels, all parts,
including engines, are made in Thailand. Tractor size is increasing slightly.
Medium-size tractors with 25 to 40 hp and large tractors above 40 hp still are
imported, but the industry anticipates producing all sizes.

Asian countries including Pakistan, Malaysia, Philippines, and Indonesia
have purchased the Thai four-wheel tractor and evaluated it for use in their
agricultural production programs. Since the Thai tractor was initially simple
in design and was manufactured using many automobile parts, the tractor
could be accepted by other countries or used as a prototype.
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Tests in Pakistan indicated need for design modification to better accom-
modate local requirements. Therefore a new standard three-point linkage with
a spring-loaded, counterbalanced mechanical implement lift was developed.
Manufacturers' interest is high. It is not known how much effect the four-
wheel Thai tractor had in the development of the current mechanization in
Pakistan.

Agricultural engineers in Thailand considered developing a four-wheel
drive tractor by coupling two of the wheel tractors and attaching a seat for the
operator. The Thai-IRRI engineers considered this concept to have the
following advantages (pers. comm. with J. A. McMennamy, 26 Sep 1979):

1. The four-wheel drive tractor will have better traction.

2. Cost for equivalent horsepower may be lower.

3. There will be fuel savings (one engine for road transport, one engine for

powered implements).

4. A farmer owning a tiller could double his power capability by acquiring

one tiller and a coupling package.

5. In case of a breakdown, the farmer could uncouple the two and use the

good two-wheel tractor.

6. It will double the power range of a given tiller manufacturer with the

addition of a minimum of new parts:
a. little new tooling for production
b. few new parts for stock and service.

7. Existing implements will be adaptable.

Some disadvantages and questionable features are as follows:

1. Appearance.

2. Turning: a comparable turning radius to the Thai four-wheel tractor

would require 15% slip on all wheels.

Table 5. Field performance of the Thai four-wheel tractor (5, 6, 7).

Moldboard plow Disk plow
(2-bottom) (3-disk)
Tractor J. Charoenchai J. Charoenchai
Engine Yanmar ES 155C Yanmar ES 155C
Wheel spacing Front 99 cm Front 99 cm
Rear 114 cm Rear 114 cm
Tire size Rear 9-20 Rear 9-20
Width of cut 40 cm 55 cm
Depth of cut 18 cm 10cm
Type of soil Sandy loam Sandy loam
Av forward speed 3.75 km/h 3.90 km/h
Theoretical field 0.15 ha/h, 0.22 ha/h,
capacity 6.66 h/ha 4.50 h/ha
Effective field 0.09 ha/h, 0.14 ha/h,
capacity 11.0 h/ha 7.38 h/ha
Field efficiency 61.0% 60.9%
Fuel consumption 1.33 litres/h 1.14 litres/h

14.6 litres/ha

8.41 litres/ha
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3. Higher fuel consumption when using both engines.

4. Operator discomfort, for he would be located directly above the engine.

5. Nonsynchronization of the two engines.

Field performance results with the standard tractor plowing with a two-
bottom moldboard plow and a three-disk plow are summarized in Table 5.
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ESTABLISHMENT OF THE TRACTOR
INDUSTRY IN INDIA

C. MOHAN
Punjab Tractors Ltd.
Chandigarh, India

THE TRACTOR INDUSTRY IN INDIA — A PERSPECTIVE

Till independence, Indian agriculture followed tradition: dependence upon
rain except in a few isolated pockets irrigated through canals, tubewells, and
persian wheels; wooden plows drawn by 45 million sickly bullocks; seed strains
handed down through generations; and no chemical fertilizer or pesticides.
The country with 132 million ha under cultivation did not produce enough to
feed its 369 million people and famines were common.

After independence, agriculture received the highest priority of the national
government. In the 1950s, major initiatives were taken in agricultural
education and research, and agricultural mechanization began with the
introduction of imported tractors. Acceptance of mechanization was slow,
however, and by 1960, tractor numbers barely exceeded 10,000.

The beginning

The Indian tractor industry was born in 1959-65 when imports were restricted
and five tractor manufacturing units were set up by the private sector, all with
foreign collaboration. Despite government emphasis on rapid indigenization,
the activities of all five units during the early years consisted largely of
assembly of completely knocked down (CKD) kits. Indigenization was
confined to the simpler machined and sheet metal components. Total
indigenous production of tractors by 1965 had risen to 6,000.

With the successful introduction and acceptance of the high yielding seeds,
however, tractor demand surged after 1967, multiplying at an annual rate of
nearly 50% (1967: 13,000; 1970 33,000). The high demand and supply
shortage boosted tractor prices. To help meet demand, import of tractors was
liberalized and in 1970, 13,000 tractors were imported above the domestic
production of 20,000.

The second phase
Since indigenization of the five tractor manufacturing units was far below
expectations (local content varying between 50 and 70%), the government
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delicensed the tractor industry in 1968 and invited new entrepreneurs.
Eighteen fresh entrants approached the government, but most wanted quick
profits through sale of imported tractors. Nevertheless, six new manufacturers
entered the industry: four in the private sector and two in the government.
Combined output of the 11 units rose to 32,000 by 1975.

Two new units have come recently: one in the government sector with
United Kingdom collaboration, and the other in the private sector with Indian
know-how. Their production, however, remains marginal.

In 1984, India’s 13 tractor manufacturing units produced 81,000 tractors.
Although production capabilities are substantially higher, actual production
which simply meets demand is lower.

Of the 13 units, 7 manufacturers account for 95% of total production; 5 are
in the private sector and 2 in the government.

The maturing years

With the entry of the new units in 1970 and increasing government pressure,
the pace of indigenization picked up. By 1978, almost all tractors manufac-
tured were nearly 100% indigenous. Indigenization was aided by overall
industrialization, as ancillary manufacturers established themselves and began
supplying a wide variety of tractor components.

The liberalization of imports in 1970 sharply set back the nascent Indian
tractor industry from 1970 to 1973. Low-cost imports, particularly from East
European countries, became far more attractive. But in 1973, the government
ban on imports and increased competition boosted local production and
spurred  indigenization.

Domestic demand grew sharply from 1975 onwards (compound rate of
18%). However, industry suffered another major setback in 1982 when severe
credit restrictions by the government curtailed bank credit for retail purchase
of tractors by farmers and demand fell sharply by 19% to 68,000. The industry
is recovering, however, and 1985 sales are expected to be back to the 1981 level
of 85,000. Figure 1 shows the growth of the Indian tractor market/industry
over the years.

Choice of collaborators
In the choice of foreign know-how for local manufacture, India opted for the
widest (Table 1).

Choice of foreign collaborators was primarily dictated by the initial contact
between the prospective Indian entrepreneurs and the foreign manufacturers.
Massey Ferguson, International, Ford, Zetor, and Russian tractors had been
introduced earlier in the fully imported condition and had received farmer
acceptance. Choice also depended upon the interest which foreign colla-
borators showed in entering the Indian market as a part of their own global
strategy: either building a permanent market out of initial success with fully
built up tractors, or finding fresh export outlets for increasing production
capacities (Zetor, Leyland, Ursus).
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1. Growth of the tractor industry, 1963-84.
Table 1. Know-how origins.
Count Manufacturing International Local brand
ountry units (no.) brand name name
U.K. 4 Ford Ford
MasseyFerguson MasseyFerguson
International International
Harvester
British Leyland Pratap
West Germany 2 Eicher Eicher
Deutz Kirloskar-Deutz
Eastern Europe 4 Zetor, HMT-Zetor
Czechoslovakia
Zetor, Hindustan
Czechoslovakia
Ursus, Poland Escorts
Tractoroexport, Harsha
USSR
Purely Indian 3 Swaraj
Pittie

Veer-Pratap

84
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In addition to contributing know-how, almost all the foreign collaborators
from western Europe have an equity stake in the local companies:
International 17%, Ford 40%, Massey Ferguson 49%, Eicher 23.71%.

Of 13 units, 7 principal manufacturers accounted for 95% of the market of
81,000 in 1984:

Manufacturer Local brand name
Mabhindra & Mahindra Ltd., Bombay International
Eicher Good-earth Ltd., Faridabad (Delhi) Eicher

Escorts Ltd., Faridabad (Delhi) Escorts

HMT Ltd., Pinjore (Chandigarh) HMT Zetor
Escorts Tractors Ltd., Faridabad (Delhi) Ford

Tractors & Farm Equipment Ltd., Madras Massey Ferguson
Punjab Tractors Ltd., Mohali (Chandigarh) Swaraj

Choice of horsepower and size
In selecting models for local manufacture, Indian companies invariably chose
the lowest HP model then in production.

Of the manufacturers in 1960-65, U.K. collaborators opted for 35 hp
tractors, then the most common model in U.K., while Eicher opted for a 25 hp
tractor, the lowest power it made in West Germany.

In the second phase (1970-75), collaborators of West European firms
shifted to 45 hp models, then common in western Europe. Models were also
considerably more sophisticated in transmission, hydraulic controls, etc.

The choice of model in current production with the principals was a
technical necessity. Local manufacture always involved a period of phased
indigenization (at least 5 yr) and CKD kits were only available for models in
current production.

Today, when tractors in the United States are generally in the 100 hp range,
American principals will prove 100 hp tractors with all their sophistication as
the most suitable; European manufacturers will promote 60-70 hp tractors as
the eminent choice.

In such a situation, developing countries must decide for themselves what
serves their own needs best.

THE INDIAN TRACTOR TODAY — COMPETITION AND THE CUSTOMER

A highly competitive industry

Although the 13 manufacturers produced 81,000 tractors in 1984 and the
market is expected to grow to 85,000 in 1985, the industry’s production
capability is substantially larger. Competition to raise respective market shares
is therefore intense, a situation prevailing since 1977. This intense competition
has benefited customers in many ways.

Wider purchase options
Because of competition, manufacturers constantly introduce new models.
Today more than 30 models are available, ranging in horsepower from 15 to
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Table 2. Horsepower and price spectrum of Indian tractors.

Retail
Brand name Model Feature PTO HP price
(US $)
PTO 25 PTO hp tractors
1. Swaraj 720 Handle start 13 3950
2. Swaraj 720 Electric start 13 4200
3. Eicher 241 6-speed 18 4500
4. Eicher 242 8-speed 18 4650
5. Eicher 243 8-speed, 18 4850
Automatic hydraulics
6. HMT 2511 19 5000
7. Pratap 284 19 5250
8. Harsha T-25A 21 5450
2535 PTO hp tractors
9. Kirloskar D 3006K 27 6900
10. Escorts 330 Mechanical hydraulics 28 5550
11. Escorts 335 Automatic hydraulics 28 6150
12. Eicher 352 28 6250
13. Massey Ferguson 1035 28 6500
14.Escorts 345 29 6200
15.HMT 3511 30 5950
16. International B-275 31 6250
17. Swaraj 735 31 6450
35-45 PTO hp tractors
18. international B-444 37 6700
19. Hindustan G-453 37 7200
20. Kirloskar D 4006K 37 8150
21. Swaraj 855 38 8000
22. Ford 3600 39 8700
23. Escorts 355 40 7500
24. Massey Ferguson 245 42 9500
Above 45 PTO hp tractors
25. Hindustan HWD-50 46 7500
26. International 500 46 7550
27. HMT 5911 49 8450
28. Hindustan G614 53 8050

60. Almost all principal manufacturers offer a model in each of the main hp
ranges: 25-35, 35-45, and 45-60 (Table 2).

Manufacturers also offer product variants in each model including different
transmissions, mechanical or automatic hydraulics, mechanical or electrical
starting, and special features for regional needs.

Indian customers have a wide price range to choose from: from US$ 3,800 to
$9,500.

Customer service

With increasing competition, product quality and reliability have steadily
improved. In 1979, free-replacement warranty was universally increased from
6 mo to 12 mo. The depth of distribution and service also increased steadily.
About 81,000 tractors are retailed through nearly 3,000 direct outlets
franchised by the manufacturers, an annual average of 30 per outlet.
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Advantages of this wide distribution and service network are 1) availability of
outlets/service, 2) availability of spare parts, and 3) reduced down times and
higher availability of usage.

Most outlets employ technical staff trained at the shops or schools of the
manufacturers. Some manufacturers also train farmers in routine servicing, at
dealer premises.

Research and development

Because of intense competition and the need to enlarge the product range
constantly over the last 7-8 yr, Indian manufacturers have emphasized
development of their research and development (R&D) capabilities. Capital
investment in R&D facilities today approximates $5 million. Recurring R&D
expenditure is $2 million.

With more intense competition, R&D facilities are steadily becoming more
sophisticated and diversified. The process of absorption/assimilation of
foreign know-how is complete and Indian industry can grow on its own
strengths.

Implements

Implements commonly used with tractors in India today are cultivators, disk
harrows, levelers, trailers (generally two-wheeled), cage wheels for paddy
puddling, and threshers.

These relatively simple implements are manufactured by small-scale
industries. For reasons of economics, none of the tractor units manufactures
implements.

Although manufacture of implements by small-scale industry has its
drawbacks of inconsistency in quality, poor durability, etc., easy availability
through local industry has been an advantage. It has also helped spread
industry throughout the country. Contact of the local industries with farmers
has helped adapt implements to local requirements, and has stimulated
manufacture of new implements.

With the steady development of Indian agriculture and the recognition of
the importance of mechanization toward productivity/efficiency, the need is
for more sophisticated implements. The following have found increasing
acceptance over the last few years: potato planters and diggers, reapers,
tractor-drawn combine harvesters, disk plows, and sprayers.

Indian tractors and the international scenario

Indian tractor exports have been criticized. But it has to be appreciated that
the need of the Indian market is totally different from that of developed
countries.

Developed countries need much larger hp/size because of larger farms and
low labor availability. In developing countries, farmers of much larger farms
use a wide variety of implements with exceedingly sophisticated and versatile
tractors. Such versatility is not required in developing countries and
represents superfluous, unproductive investment.
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Less sophisticated, low-cost, low-horsepower tractors manufactured in
“sister developing countries” are likely to be more suitable in other developing
countries; South-South trade is a better answer. In fostering South-South
trade, however, a mechanism for arranging credit will have to be developed.

GOVERNMENT POLICIES AND THE TRACTOR INDUSTRY

As is inevitable in a changing scenario, government policies toward tractors
and the tractor industry have been changing over the last two and a half
decades. Government policies must be viewed in the context of the
government prevailing when the policies were framed.

Phase I (1959-70)

In 1959-70, the government encouraged the establishment of the Indian
tractor industry, favoring foreign collaboration and foreign equity participa-
tion. Fairly equitable, phased localization programs were approved in
consultation with manufacturers. Imports were also restricted. With this
positive approach, five units were established.

The industry, however, failed to live up to the promised indigenization
programs. The government soon recognized that indigenization was hindered
by the cost penalties local manufacture suffered vis-a-vis imports. To balance
production economics, duty on imported components was raised to 40% in
1969. Despite the heavy import duty, component import was cheaper,
particularly for intricate components, and industry continued imports.
Localization was also hampered by the large capital investments required for
local development. Import was certainly the softer and more economic option.

To encourage acceptance of tractors and mechanization, easy credit
facilities were organized through Cooperative Land Development Banks
established by the government in all parts of the country. Margins for credit
were low (generally 15%), interest was substantially lower than commercial
credit, and extended repayment periods up to 7 yr were allowed. Easy
availability of cheap credit spurred the rapid acceptance of tractors.

Fearing profiteering, the government imposed statutory price controls on
tractors in 1967-68. Controls were also imposed on their resale and distribu-
tion.

Phase II (1968-75)

With the Green Revolution beginning in 1967, tractor demand rose sharply.
Seeing the inability of the established five units to meet demand and their slow
pace of indigenization, the government delicensed the tractor industry in 1968
and invited new entrants. The government also decided to enter tractor
manufacture. Consequently, six new units emerged during 1971-75. Further,
imports of complete tractors were liberalized and rose to 16,000 in 1971.

By 1973, the government realized that its import liberalization had
disastrous consequences on the young tractor industry. It, therefore, banned
imports in 1973, primarily because the industry’s annual production of 23,500
was meeting the enlarged domestic demand.



168 SMALL FARM EQUIPMENT

By 1975, six new units had begun manufacture. Production of all 11 units
reached 32,400. The explosion in tractor demand after the onset of the Green
Revolution had also abated. Domestic supply and demand had reached a
balance, with adequate production capacity established to meet future growth.
With 11 production units balancing the growing domestic demand, a high but
comfortable degree of market competition had been ensured.

A healthy market situation having been reached, price and distribution
controls were removed in 1975 and the industry was allowed to grow on its
competitive strengths vis-a-vis the market.

During this period, the government stepped up its pressure on industry to
indigenize. By 1975, the older units had become near 100% indigenous and the
newer units were soon to follow suit.

Phase III (1973-81)

In recognition of the contribution of mechanization to agriculture develop-
ment and consequent need to increase tractor demand, credit channels for
farmers were widened. Agricultural lending, hitherto a neglected area in
Indian commercial banking, was made a high priority portfolio with clearcut
lending goals. As part of a national drive, commercial banks were forced to
open rural branches. The banking network today comprises nearly 60,000
branches spread in remote villages.

The government further augmented resources of commercial banks for
agricultural lending through refinancing by an apex Central Financing
Institution-Agricultural Refinance and Development Corporation (ARDC),
now restructured and renamed as the National Bank of Rural Development
(NABARD). NABARD?’s refinance toward tractor purchase in 1984 was $175
million.

With liberal and easy credit, tractor demand rose steadily after 1975 and a
growth of 18% multiplied demand to 84,000 by 1981. A spur to the high
growth rate was that in commercial banks, tractor loans were the most
attractive portfolio of agricultural lending, with the cleanest repayment
record.

Phase IV (1982-84)

In a bid to control inflation which had reached 13-15%, the government in the
latter half of 1981 decided to impose severe restrictions on all forms of bank
credit and the ax also fell on retail credit to farmers for tractor purchase.
Demand fell sharply and the tractor industry was suddenly faced with
mounting finished inventories. Drastic production cutbacks followed.

By the end of 1982, the government realized the disastrous impact of its
severely restricted credit measures on the Indian economy and industry, and
relaxed the credit restrictions. The tractor industry began to recover in early
1983, and 1985 demand is expected to return to 1981 levels.

The sharp setback after rapid expansion has stimulated introspection in the
tractor industry:

* Marketing networks were strengthened and enlarged by the principal

manufacturers.
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* Industry started paying more attention to the mechanization of agri-
culture in rice-growing areas. Rice areas in India have been slow to accept
mechanization and tractorization had virtually been confined to the wheat
areas.

* In-house R&D has assumed greater importance and new models or
product variants are being introduced at an increasing rate.

* Quality of service is steadily improving.

Phase V (1985 onwards)

After a turbulent 3 yr of readjustment, the Indian tractor industry is set for
orderly growth in a highly competitive market, with each manufacturer
gearing to meet the challenges of competition: emphasis on the customer and
his needs, and increased organization efficiency.

In the current environment of healthy competition, government emphasis

has shifted toward the following:

* Efforts to develop a coordinated long-term credit plan for tractors and
mechanization, which is linked to the growth of financial resources of the
banking sector. In this long-term planning a crucial role is planned for
NABARD which already has developed linkages with the entire banking
sector as regards rural credit.

* Encouraging industry to improve its products in terms of greater fuel
efficiency, improved operator comfort and convenience, and lesser
environmental pollution. National standards are being formulated or
implemented.

* Encouraging industry to rapidly diversify their product base to meet
specialized agricultural needs.

COULD THE INDIAN APPROACH BE BETTER?

Making judgments by hindsight is easy because the rationale behind decision-
making and the then prevailing environment and compulsions are most often
forgotten. Perception of situations by decision-making individuals will
inevitably vary, and in policy-framing such individuals are a most relevant
factor. Subsequent analysis should therefore be treated more as a guide to
thinking.

Should India have had 13 tractor manufacturing units with almost
equal collaborations?

This question is repeatedly asked, within and outside India: for a market
which even today is only 100,000 units, should the government have permitted
the establishment of 13 units? Should the government have approved so many
foreign collaborations, each with its own phased manufacturing program?
Would not concentration of resources into four or five units have conserved
foreign exchange, made investments more productive, and given advantages
of economies of scale? Were 13 units needed, if 7 units now cover 95% of the
total market?



170 SMALL FARM EQUIPMENT

In considering this criticism, it must be remembered that the government
initially permitted only five units or collaborations. Only when these units
were not indigenizing in line with their promises and stepping up production
to meet the needs did the government open its doors to new units in 1968.

It is also difficult to assess capabilities or seriousness of prospective
entrepreneurs. The last two units to enter could have easily been screened out,
particularly the one in the government sector which entailed substantial
investments. But its establishment was due to local compulsions, The other
was admitted in line with the national policy to encourage Indian know-how.

Looking to the brighter side of government decision-making, intense
competition among seven principal manufacturers is benefiting the customers.
The remaining six units which have not been able to keep pace with the
competition will perhaps fade out, an inevitable consequence of the process of
industrialization.

Should India have adopted technologies from different countries?
In setting up its tractor industry, India obtained technical know-how from
practically every developed country in the world. Each foreign collaboration
brought in different national standards (BSS, DIN, GOST, CSH, etc.) for
steel, fasteners, bearings, etc., with all the attendant problems of low volume
production and higher tooling costs. It also posed major problems in
indigenization and production costs. Some relief was provided by the Indian
Standards Institution which undertook a major exercise in rationalization of
steels in 1945-1970 to reduce the varieties to around 80. Manufacturers have
steadily adopted the “more common” steels for reasons of economics and
easier availability.

In the author’s view this aspect should be considered when deciding sources
of know-how. The totally open Indian approach is certainly detrimental.

Choice of technologies

An issue often faced by developing countries pertains to large capital
investments indicated for manufacture of “modern technology” tractors.
Investment figures varying between $100 million to 250 million are indicated
for production levels of 5-10,000 per annum and local content of around 50%.
The Indian experience has been totally different. Even in terms of today’s
costs, investments would not exceed $20-25 million.

Additionally, for a tractor plant to grow, an overall industrial infrastructure
must exist in the country: forging industry, foundries, specialized ancillary
manufacturers for items such as electricals, instrumentation, hydraulics, etc.
Without this industrial infrastructure and culture, “a large highly integrated
tractor plant” will come to grief. Management expertise for large integrated
complexes takes long to build in any country, as the Indian experience amply
proves.

Technologies adopted in India have been more “labor-oriented” than
“capital intensive” and such adaptation of manufacturing methods must be
deliberately pursued by any developing country. In selecting technologies, it is
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relevant to consult other developing countries that have gone through the
experience.

Local manufacturers vis-a-vis imports

Any developing country must appreciate the fact that “local manufacture”
would always be more expensive than imports for a substantial length of time,
till the domestic infrastructure and industry have grown to internationally
competitive volumes or organizational levels.

Whenever any developing country sets up local manufacture, it must
protect its nascent local industry against imports. This is all the more relevant
today when, due to recession, developing countries offer very attractive prices,
credits, etc. Developing countries cannot afford to feel shy against pro-
tectionism when the most developed countries are protecting their own
industries against the Japanese or Korean onslaught. Protective measures
should suit local conditions: import duties, import ban, equation of raw
material costs, etc. Policies should also be reviewed periodically to ensure
pragmatism in a changing environment.

In viewing protective measures, it should be appreciated that the local
industry generates local employment, particularly for the educated. It also
generates internal resources, and a steady increase in internal resource
generation is essential for national development.

Governments must also recognize that indigenous manufacture of com-
plicated equipment such as a tractor will involve a long period of localization,
which could easily vary between 5 and 10 yr. If industry has to proceed
systematically, governments should ensure adequate availability of foreign
exchange during the protracted period of localization. Erratic translocation of
foreign exchange would be a major setback.

Market growth must parallel establishment of local industry

To ensure steady growth of a local industry, the government must ensure a
steady growth of market. In developing the market, farmers’ purchasing
power is a major constraint in all developing countries. Steady flow of credit on
easy terms and credit channels are therefore essential prerequisites.

The Indian tractor industry would not have grown but for the government’s
steady increase in credit for farmers since 1965. Terms have always been easier
than for commercial credit. Parallel steps must be taken by the government to
ensure regular repayment of loans.

Research and development

Another issue often emphasized pertains to research and development for local
adaptation, establishment of local capabilities, and institutions for R&D, etc;
R&D often overshadows the manufacturing aspect.

In the Indian experience, for R&D to have relevance and widespread
acceptance beyond the laboratory, establishment of the manufacturing
industry must take precedence. Let developing countries start manufacture of
whatever equipment they are using extensively today. The start of the local
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manufacturing industry will develop managerial talent and capabilities and
industrial infrastructure and culture. Local R&D and its translation into
commercial technology could follow in the course of time, when local industry
has the technological and financial, strength to produce and market newly
developed products.



THE FLOATING POWER TILLER IN
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Millions of farmers in Asia and other parts of the world know from experience
that preparation of muddy, water-soaked, rice fields is a hard job; it is difficult
for farmers, water buffalo, and even for power tillers.

Frequently, the soft-mud layer is so deep that tillage becomes a near
hopeless task for men, animals, and machines. The time, human energy,
animal energy, mechanical energy, and expenses required are high and
seriously affect the cost of production, and also the income and standard of
living of the rural labor force.

For these reasons, we designed a floating power tiller.

We began years ago by purchasing a 24-ha riceland in Pototan, Iloilo.
Neighboring farmers had reasons to ridicule us. The land was uneven, heavily
waterlogged, full of tall reeds, and a swimming pool for ducks; land
preparation was an immensely difficult task. For months we were faced with a
rice field that defied cultivation. Much time was required. Laborers, animals,
and machines frequently got stuck in the mud. Energy input was excessive and
costs were high.

Could we, we wondered, introduce a mechanized approach that could
overcome the unfavorable conditions of our muddy riceland? Would it be
possible to do the job of tillage more efficiently by not having our small but
rather heavy power tiller get stuck in the mud? This was a frequent topic of our
daily family discussion.

Then an idea struck! At an offshore construction site of an oil company, I
noted they were welding pipelines in the middle of the ocean, using empty
drums to float their welding equipment. So I said, why not develop a buoyant
power tiller that could cultivate a flooded field?

With the help of my husband and brother, we began to develop a floating
power tiller. We produced the first prototype at our welding shop in Jaro,
Iloilo City. It took us 2 yr of patient trial and error research before we were able
to perfect the floating power tiller. The first unit was a simple, slow moving,
flat contraption, a floater with an engine, then an assembled unit of a hand
tractor on a floater, each time improving the machine’s speed and efficiency. It
was tested, adjusted, retested and readjusted. Finally, in 1976 a working
model of a Turtle power tiller (Fig. 1) was released and used on our own farm
in Pototan, Iloilo.
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1. Turtle power tiller (MSF model) with 14 hp air-cooled diesel engine.

We urgently needed a patent. How to get one is not something you learn in
college. I went to the Philippine Inventor’s Commission (PIC, now the PIDI),
and was referred to a patent examiner. I told him that we wanted to apply for
an “Invention Patent” but he rejected the idea for reasons that it would take
time, that the design was just an improvement of the existing hand tractor, and
it was better to just have a “Utility Model” (UM) patent. Being a greenhorn, I
took his advice and paid $2,000 for the whole patent application. I later
realized that it was just a “paper patent” which gave me no strong protection at
all, because 4 mo later, when I sold 2 units to a person in Bacolod City, he also
applied for a patent and it was granted.

My enthusiasm did not wane. I entered the Inventor’s Contest a year later
but was totally disappointed when one of the judges told me — “Your entry is
impractical.” The irony of it was that we had already sold, like hot cakes,
thousands of Turtle power tillers. From that time on, we never entered our
invented and designed products in any contest.

We started our small welding shop in 1964 with an initial working capital of
$25. In 1969, the first hand tractor was introduced in Iloilo. However, cage
wheels and other attachments of these imported power tillers were not suited
to the soil conditions of our area. It was a drum-like design that local importers
and distributors requested us to redesign.

We had no immediate intention to become industrialists. We just wanted to
solve our own farm cultivation problem. However, the news of our invention
spread. Farmers came and were eager to buy. With our small workshop, we
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could not accommodate the demand. We then applied to the Development
Bank of the Philippines (DBP) for SMI Loan and to the Private Development
Corporation of the Philippines (PDCP) to purchase some machineries. These
lending institutions were really very kind to us. In 1977, a World Bank
consultant visited us at Jaro and suggested that I take further technical
training through the BSMI-SBAC, Iloilo. I then went to mainland China for
such training under the UNIDO Study Mission on rural and medium
industry.

Farmers’ feedback on the operation of the initial models led us to introduce
a number of renovations and redesigns. We had initial problems:

1. The machine was too heavy and too big; we made it smaller and lighter.

2. Balance was a problem; we overcame it by redesigning.

3. Weeds wrapped around the crushing wheel shafts; we developed a device
that automatically cut wrapped weeds.

4. A more durable transmission was needed; we improved the chain
tightener, used a draw die to make the sides more accurate, and put a
quality control on the sprocket.

5. Tillage was not thorough enough; we increased the number of teeth on
the rototiller.

In general, design changed to a lighter, stronger, and more reliable machine.

We never followed the usual concept of marketing which is purely profit
oriented. Human needs (farmers’ needs) and service were our main concerns.

When we started, we manufactured, distributed, and marketed our
products; we opened branches; we partly subsidized dealers; and we also
house-financed some farmers who could not afford to purchase in cash. Later,
we established sales repair shops in Panay and Mindanao. Our great
advertisers and salesmen were satisfied farmers to whom we in turn gave
commissions for every unit they sold to a farmer-friend, neighbor or relative.

Our biggest distributor, based in Cebu City, has 23 branches located mostly
in Mindanao. Our branch operations now produce 60% of our sales. Our chief
sales area is the Central Philippines or the Visayas; next is Mindanao. Now we
are working on the Luzon market (Fig. 2).

In Figure 3, you can see our sales history and our expected sales for 1985. In
1980, the big OPEC oil price increase injured our business, and in 1983
inflation did the same. We are now coming out of this strongly. We started
exporting as early as 1977 to Indonesia, Thailand, Kenya, and Nigeria. SV
Agro-industries Enterprises, Inc., is a duly registered Board of Investment
(BOI) company.

The entire machine is made in our factory except some parts like bearings,
chains, pulleys, and oil seals purchased from local suppliers. Our work force is
highly motivated, working on incentives, and we have some craftsmen of great
skill in welding and machining. Most are out-of-school youth; some are
technical students from vocational schools whom we took in after they took the
practical training at our factory, a requirement for their graduation.

The patents for our machines give relatively little protection, but we have
worked hard to defend our designs. Initially we had seven large imitators. One
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2. Principal sales areas of the SV Turtle power tiller.

died, we won a court case against one, two went broke, one case is still to be
decided, and we are filing suit against the last two. Other small shops have
imitated on a smaller scale, but usually quit when we threatened suit.

Under Republic Act Number 3850, as amended by Presidential Decree
Number 1423, known as the “Philippine Inventors Incentive Act,” we were
granted tax shield for 5 yr.

I feel it necessary to briefly mention the alternative uses of the floating
power tiller concept for Asia and other countries. These alternative uses are
based on proven ability through trials.

E. J. Calilung and R. E. Stickney of the International Rice Research
Institute recently carried out field tests to compare the performance of various
types of tillage equipment used by rice farmers in the Philippines. Based on
their results for one soil type, they tentatively suggest that
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Table 1. Benefit-cost ratios for alternative tillage technologies at 3 levels of annual utilization
(25, 50, and 75 dlyr).?

Benefitcost ratio at annual utilization of

Technology
25 diyr 50 dfyr 75 dlyr
Buffalo/moldboard  plow? 0.50 0.26 0.18 0.78 0.44 0.31 0.97 0.59 0.43
HT/moldboard  plow® 0.83 1.1 1.26
HT/disk plow 0.91 1.23 141
HT/spiral plow 0.91 1.23 141
HT/cage wheels + harrow 0.99 1.33 1.52
Floating tiller 1.37 1.81 2.04

4Source: E. J. Calilung and R. E. Stickney. 1985. Comparison of tillage equipment for small
rice farms. International Rice Research Institute. °Three estimates for buffalo/moldboard plow
based on different assumptions (0%. 50%. and 100%) for the opportunity cost of labor required
for buffalo maintenance (i.e., watering and grazing). °HT = hand tractor (conventional two-
wheel power tiller).

1. The floating power tiller appears to be the most economical alternative of
the six technologies considered (Table 1). Contrary to general belief, this
tiller excels for normal soil condition as well as for the very soft conditions
(Table 2) for which it was originally designed.

2. The floating power tiller may be appropriate for other countries with
waterlogged areas.

Farmers prefer the floating power tiller, as already mentioned, because it
can plow wet rice fields where mud is knee deep, and also because of the
following advantages.

1. The machine can trim and clean rice fields near corner dikes.

2. It is very suitable for cutting weeds and rice straw from newly harvested

rice fields.

3. It can work in fields choked by tall reeds and on farmlands that have been
abandoned.

4. Tt is useful in fishpond operations: it cleans and removes grasses in
shallow fishponds; it loosens the hard pond soil to produce more and
better moss; and it levels the pond soil after loosening.
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Table 2. Summary of test data for first-pass tillage by alternative
technologies.?

Soil depth = Soil depth
Technology ? 10-20 cm > 30 cm
h/ha litres/ha h/ha litres/ha

Buffalo/moldboard  plow 24 0 y ¢
HT/moldboard plow 9.3 18 1(12 29
HT/disk plow 6.6 15 d d
HT/spiral plow 6.6 15
HT/cage wheels +harrow 6.6 15 9 23
Floating tiller 4.2 13 3.7 12

4Source: E. J. Calilung and R. E. Stickney. 1985. Comparison of
tillage equipment for small rice farms. International Rice Research
Institute. °HT = hand tractor (conventional two-wheel power tiller).
®Data not available for buffalo/moldboard plow for soil depth > 30
cm. quuipment not operable at soil depth > 30 cm.

To recapitulate, I have discussed our experience in the design, develop-
ment, and commercialization of the Turtle power tiller, particularly on

how the design was conceived;

how we decided to go into production of the Turtle;

obstacles encountered and how they were overcome;

modification of the design;

marketing strategies, local and export sales statistics, and geographical
locations of buyers;

influence of Philippine Patent Laws: waiver of paying income tax;
prevention of having other manufacturers copy Turtle design;

how many manufacturers have copied the design and how SV was able to
stop them; and

advantages in using the Turtle power tiller and why it is preferred to the
conventional power tiller under certain conditions.

Our company is also involved in the manufacture of threshers, maize
shellers, another model of power tiller (the “Snapper” power tiller), and many
other farm implements.

Lastly, I would like to express my thanks to IRRI and MAF-IRRI
Industrial Extension Program for their assistance in providing and sharing
their technical know-how with SV Agro-Industries Enterprises, Inc., and
other small and medium entrepreneurs.
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THE TWIN-TREADLE PUMP:
MANUAL IRRIGATION IN
BANGLADESH

G. BARNES
Lutheran World Federation/World Service (RDRS)

This paper analyzes — for the wider purpose of identifying patterns of
evolutions in agricultural implements — the little events that led to the
marketing and adoption of the treadle pump by small-scale farmers in
Bangladesh.

PLACE AND TIME

Rangpur/Dinajpur, Bangladesh
1977-1982

Although development and wider adoption continue, the first pump was
designed and made in November 1980.
AGENCY
Rangpur-Dinajpur Rehabilitation Service (RDRS) is a voluntary agency
operated by the Lutheran World Federation (LWF).
IMPLEMENT DESCRIPTION

The twin-treadle pump has three main parts (Fig. 1, 2, 3).
1. Twin (two identical, parallel) cylinders with suction inlet,
2. Two plungers with rope and pulley, and
3. Two treadles.

A framework holds the components in their positions, and in its normal
application the pump and framework are bedded in the soil.
FEATURES

* The pump makes use of the operator’s body weight and main muscles —
those of the legs. Operator fatigue depends on endurance in normal, brisk
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2. Paddy irrigation in North Bangladesh.
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3. Schematic of twin treadle pump components and operation.

walking. A seasoned operator can work in 2-h sequences, keeping up a
flow of 2-3 liters/s at 2- to 4-m lift.

There are no operational hazards. Children, 2-3 together, enjoy playing
the treadles.

It is a suction pump limited to 6-7 m lift.

Irrigation water is delivered at ground level, over the edge of the
cylinders. This is desirable if the land is level or sloping away from the
pump. However, irrigation of higher level land is difficult.

Tolerances are wide and noncritical; materials, components, and prin-
ciples used are familiar or understandable to most farmers. Although
beyond the designer’s intentions, the pump introduces farmers to a few
useful mechanical and hydrological principles, and demonstrates (one
may say too frequently) the need for and reward of regular maintenance of
mechanical devices.

The use of two parallel cylinders and alternating strokes can provide a
continuous flow with low pipe diameter-to-yield ratio, and little need of a
vacuum chamber.
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DESIGN CRITERIA

Minimum cost
Total cost of pump and installation was not to exceed the value of 1 bag paddy
rice. Sale against credit was ruled out.

Simplicity at all stages

The pump should be simple enough to be made locally, and installed and
maintained by the farmer or a village pump-contractor, using standard
materials and spare parts available in local shops.

Sustainable, high output

The pump should be friendly to the user, and have a sustainable output good
enough for at least 0.5 ha of wheat irrigation — the target farmer being one
who has no mechanized alternative.

LONGEVITY

High durability is normally incompatible with Jow cost in machinery. In the
desire to keep investment and capital costs low, no particular priority was
given to durability, though attempts were made with cheap, lasting material
such as concrete and glass-liners in concrete.

In the end, a useful life of 4 to 5 yr was aimed at.

RELEVANCE

Following a local rule of thumb, a dry season wheat crop needs at least 10 cm of
irrigation water to do well. That means 100 t/1000 m? (1 decare). There is no
denying this means hard work, and it is wishfulness to sit waiting for a manual
pump that can do it the easy way. In pumping hours, it means 28 h if the pump
issues one liter/s — a level obtainable only with considerable effort using
manual devices common in Bangladesh in 1980.

Yield of a swing basket is higher, but its elevation is limited to around 1 m.
Scarcity of power pumps and of land, and uncertainty of a good monsoon
harvest drove farmers to the buckets, swing baskets, or hand pumps.

Many agencies intensely wanted to find or produce a better alternative.

ALTERNATIVE DEVELOPMENT

Diaphragms, chain-and-washer devices, bicycle pedals, twin cylinders, and a
few tediously imported technologies gained initial attention, but later became
backyard rust-aways in the pursuance of excellence and small-farm revolution
in irrigated cropping.

Farmers were the least impressed and stuck to their traditions. UNICEF
wisely improved the old No. 6 cast-iron pitcher pump, and it was promoted on
a large scale for small-scale irrigation. The Rower pump — a direct-action,
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long-stroke, plunger pump using a standard PVC pipe for cylinder, did away
with the high costs, low output, rapid breakdowns, and the essentially hard
work characterizing most irrigation devices.

BACKGROUND TO THE TREADLE PUMP

With 200 agricultural extension workers posted in the villages and working in
disaster-prone areas, RDRS, in 1976 joined in the development of pumps by
fielding a pedal-operated, flywheel-assisted, one-cylinder plunger pump. It
gained some popularity, possibly because of the happy associations the
flywheel (a regular ox-card wheel) brought to the farmer’s mind. But it was
expensive and had a low yield because it lacked the essential double cylinder
setup (continuous flow).

The next pump, a very simple seesaw type, brought in the two cylinders, but
it had limited user appeal and probably didn’t deserve much either because it
exhausted the idling leg of the operator as much as the pumping leg.

A third device had the two cylinders placed in a Y-shape on top of the
suction pipe, had them buried in the ground, and had a foot- and hand-
operated rocking frame driving the two plungers. Its main significance was a
technical attractiveness and popularity sufficient to keep up our search for yet
better pumps.

Finally came the idea of using treadles connected with a rope to engage the
operator’s legs and full body weight. When the following day the first treadle
pump was assembled mostly from components at the workshop and installed
among other pumps on the roadside, it immediately attracted passing farmers
in a way other pumps had not. They sized up the ease of operation, the output,
and the price tag, and demanded their own specimen.

IRRIGATION, THE SMALL-SCALE FARMER IN BANGLADESH
AND HOW HE REACTED

Exploiting the groundwater

Large tracts of Bangladesh have annually recharged groundwater at less than
7-m depth. Diesel-operated centrifugal pumps often deliver around 12 liters/s
from wells only 15 m deep.

The use of one such pumping unit to service a dozen small farms, each with a
cheap bamboo shallow tubewell, would seem like a good proposition, and we
tried to introduce it.

Installing one deep tubewell, with a pump four times larger, to serve the
same farms plus some larger ones, appears less efficient, but it is a common
method, advanced by heavy subsidies.

These irrigation cooperatives are commonly exploited by the larger
hectarage farmers. Any mechanized method seemed to fail farmers with 1 ha.
They could not quite cope with the capital, logistics, and managerial problems,
or hold their own in a group. Few of them have, however, alternative
employment opportunity as good as in irrigation on their own farms.
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Calculations showed that by passing the current daily wage to manual-
pump operators, after investing only 10-15% of the initial capital needed for a
diesel-driven pump, the running cost of manual pumping would roughly come
out level with the running cost of the diesel unit.

In a society where mechanization tends to throw workers out of jobs, the
economic competitiveness of manual irrigation is important.

Philosophy in irrigation — extension

* Growing two crops instead of one works like doubling the available land.

* Irrigation, resulting in extra yield, provides good alternative employment
for small hectarage farmers.

* There is cost consciousness in both administration and recommendations.

* Shallow groundwater allows frequent spacing of wells and shorter
distribution canals.

* Quality in material and demonstrations is especially important in the early
stages. A small subsidy on the pumps provided opportunity for systematic
checks.

* Subsidized pumps were generally sold to appointed well contractors or
direct to users.

* Irrigation, a top priority service, was best promoted in a comprehensive
parcel of extension activities.

Training

Because of relative fragility, possibility of faulty installation, and only 4-6 yr
probable life span with frequent small repairs, we thought it important to
properly train craftsmen in each community, and check up on these teams until
the skills become a tradition.

The better of these teams (2-3 men), mostly with homemade tools, canmake
the bamboo pipes, strainers, and superstructure, and sink and install a pump
in a day, boring the 10-cm X 15-m well in their own ingenious traditional way
(Appendix).

Farmer’s motivation
We promoted irrigation as top priority, realizing that no other investment
could give similar returns to the small-scale farmers. To see an extra crop
through the dry season, he would need to spend 45-60 h on the pump for one
acre (0.4 ha) of land, a reasonable command-area for a pump (15 h/acre-inch=
100 t water).

Once a farmer knows he has an efficient tool, he will keep it operational (to
some degree), provided he does not have to consult a spare parts catalog to
do so.

HOW COULD THESE PUMPS BE IMPROVED?

Itchy problems
Suction only. On level land with shallow water levels having no push, only
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suction, there is no particular problem, In most other cases, deepset cylinders or
uphill or tank delivery would be advantageous.

Breakdowns. Wearing parts (rope, buckets pulley, and pins) are cheap, but
still worry small-income users. Alternative rope material such as bamboo tape
could be tried.

Lack of longevity. Useful life depends mostly on how much money the
general buyer will invest.

In Bangladesh, we aimed at the poorer investors, but even by careful
cost-trimming and designing pump and installation (including tubewell) for
USS$I15, we could not reach the poorest. We felt the longevity of these pumps
matched that of the tubewells (bamboo/coir) widely used.

The useful life of a bamboo pipe or post can be cheaply extended to 10-15 yr
by simple, in-field chemical treatment.

By increasing the thickness of the steel sheets used, say from 1.6 mm (16
SWG) to 2.0 mm (14 SWG) for the cylinders, one may expect 2 yr longer
useful life, while manufacture is probably still possible with the same simple
machines.

Improvements tried

Cylinders (Fig. 4a)

1. Alternative materials
* Concrete block containing the two cylinders, valves, and inlets was

tried. With high class workmanship, harder and better polished
cylinder surface, this could work.

* Glass lining was tried, worked well, but was vulnerable to cracking.

* Soldered, galvanized sheet cylinders, sometimes with bottom made
from hard wood, are not recommended. But a gifted farmer or village
craftsman can make pumps without using machinery.

Cast-iron cylinders work well, at a cost. They are very durable and
recommendable as an improved version.

* Bamboo cylinders have proven possible, very functional and cheap to
make from large bamboo sections, but they are not recommended for
general situations.

2. Cylinder length at present is 12 inches (30 cm) and allows 25-cm stroke,

which appears to be the maximum comfortable step-height.

Cylinders with asingle spout make it easy to collect clean drinking water.

4. Cylinder diameter has direct correlations with maximum yield and
comfortable lift height.

W

Comfortable
Cylinder diameter Max yield® lift height
3-1/2” ( 89.0 mm) 35 GPM (2.2 liters/s) 3-5m
4-3/4” (120.5 mm) 50 GPM (3 liters/s) 2-3 m
6” (152.4 mm) 65 GPM (4 liters/s) 2m
7”7 (178.0 mm) 75 GPM (4.7 liters/s) 1.2 m

“GPM = Imperial gallons/min.
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Yield and lift figures are approximate and flexible, and vary with operator
and quality of installation. Maximum lift height is about 7 m.

Plunger

* Leather seals (buckets) function smoother than plastic ones, and allow a
very simple design. Shrinking is a problem when common leather is left to
dry out.

* Disk plungers are designed for low-cost and fast flow. Traditional
plungers tended to restrict output.

Pulley and rope

* Several alternatives were tried and worked: bicycle chain and sprocket,
wire rope, and welded mild-steel wheel.

* A pulley made from babul (4cacia nilotica) wood and rope of nylon was
found economical and easy to mass-produce.

Treadles (Fig. 4b, c)

* Hardwood is better than bamboo, but the given situation will influence
the choice.

* We tested treadles made into triangles that could be operated with foot
and hand simultaneously, but found no ergometric advantage. Extra-
length treadles can be used, but they strain other components.

Frame. Pumps have been set in a frame as a compact unit to allow full

mobility for special uses.

Tubewells. A range of material can be used for filter and pipe: burnt clay

tubes, plastic (PVC, PE) pipes, bamboo, steel pipe, brass screen, coir rope, or
polypropylene cloth.

CONCLUSION AND PROSPECTS

Treadle pumps with twin cylinders, yielding from 1.5 to 5 liters/s were
developed for irrigation on flat or gently sloping land where the water table is
high (1-7 m) and where manual pump operation is acceptable. Possible
command area is 1/2-1 ha per unit. In the first 4 yr of manufacture, 27,000
small holders in Bangladesh bought these pumps.
The chief gains follow:
* more land is irrigated,
* there is security from dry spells,
* jobs are created,
* market widens because of low demand on investment capital, and
* as an alternative to mechanical pumping, it saves foreign exchange,
eliminates parts and fuel import, reduces lengthy breakdowns, and can
nurture a local industry.
We stuck with bamboo, coir rope, and used fertilizer bags (polypropylene
cloth) for small diameter wells. Bamboo pipe above groundwater level is
exposed to rotting, so we adapted a technique of chemical impregnation, using
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a small pressure container (Fig. 5),

a tire-pump,

copper sulfate as fungicide,

potassium or sodium chromate as fixing salt,

borax or boric acid as insecticide (optional) (arsenic pentoxide was
considered too dangerous),

acetic acid (vinegar) mainly as solvent, and

water (90%).

Copper sulfate at 100-200 g is deposited under pressure in the walls of an
average 6-m bamboo section.

Strainers are made by winding the coir rope or polypropylene cloth over a
skeleton of split bamboo.

Pipes are bamboo sections hollowed out by using a simple, cranked boring

rod.
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Cylinder diam Max capacity - Suitable lift Price
Mode of use
(i.d.) Y (GPM) range (m) (US$)
31/2 (89 mm) Burled head tubewell model 35 3-6 8
(at 4 m head) (max 7)
Mobile unit 35 3-6 13
(at 4 m head) (max 7)
434 (120.5 (mm) Buried head tubewell model 50 1.5-3.5 10
(at 2.5 m head)
Mobile unit 50 1.5-3.5 15
(at 2.5 m head)
6" Mobile unit 65 GPM 1.2-2.2 -
(at 1.8 m head)
7 Mobile unit 75 GPM 0.6-1.5 -

(at 1.2 m head)

4 GPM = imperial gallons/min.

6. Capacities and costs of various models of twin treadle pumps, Bangladesh.

Bangladesh market
During introduction, some extra benefits were offered.
* A small subsidy (about 15%) was offered on the pump. Thus a high quality
standard could be maintained for the infant technology.
* Tubewell contractors were trained, relevant follow-up was made, and
suitable tools were developed.
* Marginally suited areas were avoided.
* In special cases or areas of doubt, reimbursements were given if the
installation failed.
* Pump users received technical and agronomic advice.
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7. Sales of twin treadle pumps. Bangladesh, Nov 1980-Apr 1985.

Cost of the complete pump installation (ready for use) was around US$15-
20 (subsidies removed) (Fig. 6).

By April 1985, accumulated sales stood at around 38,000 pumps (Fig. 7).

Manufacturing is done mostly in very small private workshops. Over 80% of
the sales were through RDRS channels, and mostly in working areas in
northern Bangladesh.

The potentials for small farm irrigation in other large areas are equally good.

The technology is being taken to other countries where it will be relevant:
China, the Philippines, Mauritania, and Tanzania.
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APPENDIX MANUAL SLUDGE BORING OF WATER WELLS

Using the equipment
* Dig a sedimentation pool, about 1 x 1 m wide and 10-20 cm deep. To
catch the water as it spurts out of the drill stem, slope its sides toward the
pool.
Dig a starter hole for the bore stem, about 0.5 m deep, 10-15 cm diam,
connected to the pool via a 1-2 ft canal.
Erect 2 of the sticks half a meter behind the starter hole, half meter apart,
and bridge them with a third short pole that will double as a stand for the
drill operator and a fulcrum for the fourth stick (used as a handle to
pulsate the drill stem).
Tie the first short length of pipe to the handle with rope, using a slip-knot
on the pipe.
Fill water in the pool.
* Man the handle and the drill stem.
* The whole operation so far may be done in 15-20 min (provided water is
readily available), and drilling can begin.
* At first the water column in the pipe is short and does not have the weight
that later on will give high speed and large carrying capacity.

Boring the well

The work of two experienced operators is a rhythmic perfect coordination —
one using the handle to repeatedly jerk the drill-stem upwards in short strokes,
the other using his one hand to create a vacuum on top of the water column
during the upstroke, thereby pulling the whole column along and accelerating
it to a high speed at the end of the upstroke. At that point the water spurts out,
carrying with it sand, gravel, and clay from the bottom of the bore-hole. The
lumps of clay thrown out are sometimes long strings filling the whole diameter
of the pipe (1-1/2” diam), and the drill stem will then rapidly sink into the
ground, interrupted only briefly each time a new pipe needs to be added at top.

Performance

a. Under suitable conditions sludging is one of the fastest drilling methods;
an experienced team can often sink two 12-m wells/d at reasonable effort.
The secrets behind such high performance are
* a minimum of field transport,
* casy mounting,
* small team (minimum 2),
* a surprisingly high speed as the water spurts from the drill pipe, and
* continuous sludging out of mud.

b. Well sizes within 4-inch diam and 20-m depth are easiest to make, but
depths can be far deeper, and diam may be increased to 6 inches, usually
in 2 or 3 stages.
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THE AXIAL-FLOW LOW-LIFT PUMP
IN THAILAND
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and
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Thai-IRRI Small Farm Mechanization Project

The axial-flow pump is the most widely used small farm machine in Thailand.
It was designed to suit local requirements of low lift and high capacity. The
original design was not commercially available until 1957 when steel pipe and
shaft materials were used and the impeller was modified. Since 1957, the
pump has replaced the traditional wooden trough water-lift system. Using the
original bisic concept that met the requirements of small farmers, the private
sector provided most of the modifications and adaptation to use the 2-wheel
tractor as a power source. Over 600,000 units of the axial-flow pump were used
in Thailand during 1983.

The axial-flow pump has contributed a lot to Thai agriculture as well as to
the small farm machinery industry. It contributes about $3 million a year to
industry in Thailand. The pump enables single cropping in some areas, double
cropping in others, and continuous cropping in the central plain.

ORIGIN OF THE AXIAL-FLOW DESIGN

The wooden trough water lift had been the primary water-lifting device in
Thailand for years. The first axial-flow pump was designed in 1941 by the late
M. R. Debriddhi Tavakul, the founder of the Agricultural Engineering
Division (5). His objective was to design a simple, low-cost, efficient low-lift
pump that small manufacturers and farmers could fabricate. For the initial
design, most components were of wood. The square pipe was made of 2.5 x 35
cm and 2.5 x 31 cm lumber. Triangular wedges were placed along the
four inside comers of the pipe. The impellers, shaft, and drive pulley were
made of wood. Nine impellers, spaced 23 cm apart, were used for the 2.13-m-
long pipe. The pump was first demonstrated in 1941. It had greater capacity
than the wooden trough water lift, but no detail is available on its per-
formance. The successful pump was named Debriddhi pump by the Ministry
of Agriculture and Cooperatives, formerly the Department of Agriculture and
Fisheries. However, the initial design was not commercially available.
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In 1955, Tavakul modified the design (4) (Fig. 1). The main pipe and the
discharge pipe were made of sheet steel. The discharge pipe was attached to
the main pipe at right angles. The drive shaft was totally in the main pipe. The
single impeller, similar to that of the deep-well turbine pump, was attached to
the suction end. A screener was attached to the inlet end. Small gasoline
engines (3-5 hp) powered the 25- and 33-cm pumps. The design became
available to manufacturers in 1957. The use of a small 4-wheel tractor as a
power source was also introduced.

For the 25-cm pump, the capacity for 0.80-m head with a 30 degree
inclination was 2,346.7 liters/min at 1,400 rev/min impeller speed; for the
33-cm pump, it was 5,677.5 liters/min at 850 rev/min. Pumping in a vertical
position was possible using an electric motor (2). The capacity of the 33-cm
pump was much higher than that of the wooden trough water lift (1,700
liters/min) when operated at the same head (3).

1. Second version of the Debriddhi
pump, pumping in a vertical posi-
tion.
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MODIFICATION AND ADAPTATION

After dissemination of the second prototype to manufacturers in 1957, 80,000

units of the axial-flow pump were fabricated by at least 6 manufacturers in the

Bangkok area by 1967 (4). During this decade, Tavakul was still modifying and

adaptmg the pump:

* The impeller was provided with three blades (Fig. 2).

The discharge pipe was attached to the main pipe at a 30-degree angle.

* Pump sizes for commercial use were reduced to 10, 13, 15, 18, and 20 cm.

* The pump was modified so it could propel a boat (Fig. 3) as well as pump
water. For this version, separate impellers for pumping and propelling
were provided. To pump water while the pump was still on the boat, the
discharge pipe was longer than for the standard version. However, this
version was not popular.

AT 2. Three-blade impeller.

3. The Debriddhi pump propelling
a boat.
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Most pumps during this period were powered by small gasoline engines
attached to the axial shaft. Using the 10-cm pump, a capacity of 1,090
liters/min could be obtained (1).

The axial-flow pump spread very fast in the central plain during the late
1960s. From then on, the private sector modified and adapted the pump to
allow use of the 2-wheel tractor as a power source. At present, the two major
areas producing the axial-flow pump are Chachoengsao and Suphanburi
Provinces. However, pump designs differ.

In the Chachoengsao area,

* a straight pipe without a discharge pipe is used (Fig. 4);

* the drive shaft is outside the pipe, except at the impeller end; and

* a two-blade impeller made of cast aluminum is used. Two types of

impellers, low speed and high speed (Fig. 5), are available. The high-
speed impeller is used when a gasoline engine is the power source and the
low-speed impeller is used with a diesel engine.

These changes make the pump easier to fabricate and maintain, and require
less power because flow restriction is less. This design is popular in the lower
part of the central plain.

In the Suphanburi area, major modifications have been made on the design
of a low-speed impeller powered by a diesel engine. Figure 6 shows the present
design of the low-speed impeller in the Suphanburi area. This impeller has six
blades made of mild steel. The inlet portion of the pump is enlarged (Fig. 7).
This design is popular in the upper part of the central plain.

The efficiency of the 18-cm pump having a 6-blade impeller was greater than
that of 13-cm and 15-cm pumps with a 2-blade impeller. For the 18-cm pump,
a capacity of 4,260 liters/min could be obtained (6).

4. Present design of the axial-flow pump in the Chachoengsao area, Thailand.
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The latest modification was done in 1979 by C. Thammathorn, Aree-
Arthorn Manufacturer, with some technical assistance from the Thai-IRRI
Small Farm Mechanization Project. A double-suction impeller (Fig. 8) was
attached to the inlet end of the pump. The drive shaft is totally outside the
main pipe (Fig. 9). Two standard sizes are available, 15 cm and 20 cm in
diameter, both 5 m long with extension pipes 2.5 and 5 m. Capacity is 4,000
liters/min for the 15-cm pump and 6,000 liters/min for the 20-cm pump. The
pump can pump water from a river or canal.

5. Low speed (left) and high speed (right) impellers for the axial-flow pump in the Chachoengsao area,
Thailand.

6. Low-speed impeller for the axial-
flow pump in the Suphanburi area,
Thailand.
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7. Present design of the axial-flow pump in the Suphanburi area, Thailand.

8. Double-suction impeller.

9. Low-lift pump by Aree-Arthorn manufacturer.
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PRODUCTION

In 1957, a few manufacturers in the Bangkok area began producing the
axial-flow pump and those in the central plain started fabricating the pump
without technical assistance from the government. The number of pump
manufacturers is unknown, but most are in the central plain.

The axial-flow pumps gradually increased from 80,000 units in 1967 to
about 175,000 in 1975 (Table 1). With increase in irrigated land area and the
wide use of the 2-wheel tractor in the central plain, pumps increased to about
600,000 units in 1983. Most pumps are powered by 2-wheel tractors with 8-12
hp diesel engines. In other parts of the country, where 2-wheel tractors are less
used, many pumps are powered by small gasoline engines.

The pipe diameter of the most common commercially available pumps are
13, 15, 18, and 20 cm. Typical prices not including engines appear in Table 2.

Pump prices have increased only 50% during the last 14 yr — a 13-cm diam,
3-m-long pump was $22.22 in 1971 and $33.33 in 1985 — because of the
simple design of the pump, high volume of sales, and competition among
manufacturers.

Table 1. Number of axial-flow pumps and rice area in Thailand,
1967-83 (4, 6).

Pumps Axial-flow Area planted
Year (no.) pumps @ to rice
(no.) (thousand ha)
1967 - 80,000 -
1975 251,288 175,902 7,982.24
1976 277,084 193,959 8,896.32
1977 317,328 222,130 8,575.20
1978 359,308 251,516 9,031.04
1979 473,975 331,783 10,026.72
1980 517,975 362,583 9,435.36
1981 603,548 422,484 9,617.60
1982 780,610 546,427 9,595.20
1983 858,671 601,070 9,621.44

aAxial-flow pumps are estimated to be 70% of the total pumps.

Table 2. Typical prices of common axial-flow pumps. Thailand,

1985.
Length Pricee (US$)
(m) 13 cm diam 15 cm diam 18 cm diam 20 cm diam
3 33.33 37.04 38.89 40.74
4 38.89 48.15 50.00 51.85
5 46.30 53.70 57.41 59.26
6 55.56 59.26 62.96 66.67

aBased on the exchange rate of US$1 = Baht 27. Prices quoted by
J. Chaidee Panich, Chachoengsao.



202 SMALL FARM EQUIPMENT

DISCUSSION AND CONCLUSION

The axial-flow pump is a good example of local design for local needs. The
required pumping head in Thailand is usually not greater than 3 m. The low
lift but high capacity characteristics of the axial-flow pump together with its
low price make it more suitable and preferable to a more efficient centrifugal
pump. This indicates that efficiency alone does not always dictate success for
small farm equipment.

The pump has rapidly become popular with minimum assistance from the
government. The private sector modified the design and adapted it for use
with the 2-wheel tractor as a power source. The pump rapidly replaced the
traditional wooden trough water lift because of these advantages:

* higher capacity;

* portability and ease of setup. The axial-flow pump can be set up within 10

min; at least 2 h is required to set up the water trough;

* lower price. A water trough in 1985 costs at least 2 1/2 times as much as an
axial-flow pump. But the axial-flow pump has a service life of about 4 yr,
while the water trough has about 10 yr. The axial-flow pump is widely
used, but some water troughs are still in use, mainly for pumping saline
water.

Planted area (ha/pump)
50

40

ol— 1 1 1 1 ! | |
1975 1976 1977 978 1979 1980 198l 1982 1983

10. Rice area planted per axial-flow pump during 1975-83 in Thailand.
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The low price of the axial-flow pump is mainly due to its simple design.
Most axial-flow pumps in Thailand use wooden bushings instead of bearings
for submerged parts. Bushings cost only 7-11 cents (2-3 bahts) each, and can
be replaced by the farmers. However, they must be inspected frequently for
wear, especially those at the impeller end. When impeller bushings wear, the
impeller can make a swirling rotation and cut the pipe.

One farmer in Pathumthani Province indicated the total annual cost of the
axial-flow pump was about $100 (2,700 bahts) each for double-cropped 3.2 ha
(20 rai) of paddy land. With his average yield of 6.25 t/ha, the total annual cost
of the axial-flow pump is $2.5/t. This cost can be interpreted in many ways.
Without the pump, however, there is no guarantee for a second crop and for
the same high yield.

The planted rice area per unit of axial-flow pump was reduced from about
45 hd/pump in 1975 to 16 hd/pump in 1983 (Fig. 10). Even though most
pumps are now used in the central plain, use in other parts of the country is
increasing and production for replacement is required.
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RICE SEEDLING TRANSPLANTERS
IN CHINA

D. Z. QIANG
Chinese Academy of Agricultural Mechanization Sciences
The People’s Republic of China

Rice, a major crop in China, occupies more than 29% of the area sown with
grain crops and comprises more than 45% of grain crop production. Rice
seedlings have been hand transplanted for more than 1,000 yr. Because the rice
planting season is very short, timeliness of transplanting is essential to high
yield. Hand transplanting is laborious, low-efficiency work. Therefore,
working masses look forward to the improvement of working conditions and to
mechanization of paddy rice transplanting. As early as the Sung Dynasty,
there was a transplanting boat on which a peasant sat to transplant seedlings by
hand. To eliminate finger pains, peasants created a simple transplanting tool
made of bamboo. After the founding of the People’s Republic of China,
research work on rice seedling transplanting machines has advanced in a
planned way.

The development of rice transplanting machines has undergone three
stages. In the first stage (1953-60), engineers explored and created rice seedling
transplanters. In the second stage (1961-69), they built the machines and
began to develop power-operated machines. In the third stage (1970-80), the
transplanters were popularized, with the appearance of the dual-purpose rice
transplanter and a series of diversified hand-operated and power-operated
machines.

EXPLORATION AND CREATION

Organized research on rice seedling transplanters began in 1953. The East
China Agricultural Research Institute first explored the principle and
functional mechanism of the transplanter. In 1956 the preliminary seedling-
separating mechanism with vertical pulling by claw-grippers was researched;
it was continuously improved in later years. The first animal-drawn rice
planter developed in China was field tested in September 1956 and received
favorable comment.

Several technical exchange meetings on rice transplanters were organized
by the Ministry of Agriculture. When the fifth on-the-spot technical exchange
meeting on rice transplanters was convened in 1958, 40 models of rice
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transplanters were exhibited and 5 were recommended to the nation. At the
sixth meeting (1959), 63 models were evaluated and 18 were recommended for
trial production after some improvement. More than one million machines
were manufactured in 1960. Most were manual or animal-drawn. Because of
unstable performance with animal draft, the machines gradually fell into
disuse.

Regarding transplanting principles, seedling-feeding and seedling-separating
were gradually perfected. Longitudinal feeding combined with the transverse
moving of the seedling box, and the grippers picked the number of seedlings
cyclically from the seedling mass. On machine structure, the corrugated boat
body supported the weight of the machine. The boat body had advantages over
the flat sled: less clogging with soil and easier closing to the row.

REFINEMENT

Putting one million prototype machines into operation in 1960 showed that the
machines evaluated had unstable performance and could not satisfy the
agronomic requirements. The machine structure needed improvement. After
the establishment of the Ministry of Agricultural Machinery, close attention
was paid to improving and perfecting the transplanters. After several years,
the Guangxi-65 manual rice transplanter was evaluated and produced on small
scale in 1965. This machine was the first finalized hand-operated, pincers-type
machine, while the first comb-type manual machine, Jinggangshan-67 model,
was evaluated by Jiangxi Province and put into production in 1967.

The power-operated rice transplanter was developed by cooperation of
several research institutes. Dongfeng-2S self-propelled machine was evaluated
at the ministry level in 1967 and won the national invention award. It was the
first power-operated rice transplanter evaluated in China. It was driven by 3-4
hp petrol engine with a single front driving wheel and was suitable for
root-washed seedlings.

The Chinese Academy of Agricultural Mechanization Sciences (CAAMS)
played an important role in organization, promotion, and technical advising
during the development and evaluation of these machines.

POPULARIZATION

The development of rice transplanters turned from small-scale experiments to
large-scale operations after 1969. In 1970 the country had more than 150,000
manually operated machines, 4 times the quantity in 1967. Power-operated
machines grew to more than 2,000 units in 1970, 150 times that of 1967.

Because China has a vast region planted to rice and its agronomy is
complicated, two or three models of machines are inadequate for the needs of
peasants. In this period, besides further research on the machine for root-
washed seedlings, the machines for soil-bearing seedlings and dual purpose
were developed.
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Some rice transplanters evaluated in the 1970s became the main models
popularized in different regions. In 1975, about 100,000 manual machines
were produced. Power-operated machines manufactured in 1977 peaked at
about 30,000 units. Manual machines used peaked at 510,000 units in 1977,
while power-operated machines reached the peak of 100,000 units in use in
1979. Areas transplanted by machines peaked at more than 666,000 ha in 1976.

However, too many types of transplanters led to troubles in both
manufacture and popularization. Therefore, CAAMS unified work for the
power-operated rice transplanters in 1977. The power-operated machine
series was designed and evaluated in 1979 and put into production in 1980,
with a total output of more than 1,000 units. Interchangeability of assembly in
machines of this series comes to 70% and that of parts amounts to 85-95%. This
series is suited to paddy fields with depth of hardpan up to 400 mm and length
of root-washed seedlings 150-450 mm; it provides various plant and row
spacing to meet the needs of different regions.

Equipment for raising seedlings and transplanters for soil-bearing seedlings
were introduced from Japan in 1979-80. Their adaptability was tested in
several provinces and municipalities. Results showed this mechanized system
for rice cultivation was suitable for conditions in northeast China and single-
cropped rice and first crop of double-cropped rice in other regions.
Integrating the advantage of the Japanese equipment and our experience on
developing the rice transplanters led to several machines for soil-bearing
seedlings.

PRESENT SITUATION

Since 1980, agricultural mechanization plans have been revised and produc-
tion of agricultural machinery had turned from its peak to a stable developing
stage. With economic reform in rural areas, the agricultural production system
has greatly been reformed, and development of the specialized peasant
households and family-managed farms has not progressed much. Therefore,
production of rice transplanters is not high. But the equipment still is in use on
some state farms in northeast China and north China and in regions where the
cultivated area is large. For example, in 1984 the area transplanted by
machines accounts for 40% of the total area planted to rice in Jilin Province, the
highest level in China.

Research work today is progressing mainly on rice pulling machines
matched with rice transplanters, and on a new type of transplanter for hybrid
rice varieties.

Two types of rice transplanters are produced at present. The Dao Xiang
manual rice transplanter is suitable for root-washed seedlings. Its output was
12,413 units in 1984 and will come to 17,000 units in 1985. The 2ZT-935
power-operated transplanter is suitable for soil-bearing seedlings. Its output
reached 600 units in 1984 and will be 620 units in 1985.

The quantity of rice transplanters in use and area transplanted by machines
in 1980-84 is given in Table 1.
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Table 1. Quantity of rice transplanters in use and area transplanted by machines in China in

1980-84.

Manual Power-operated Area planted . a
Year transplanters transplanters P(c;w)er by machine Ri’/tlo

(no.) (no.) P (ha) (%)
1980 381,845 83,399 195,800 0.58
1981 279,037 65,355 250,880 133,800 0.4
1982 195,129 44,418 151,937 120,600 0.4
1983 149,942 27,936 97,132 123,540 0.37
1984 212,265 17,930 61,982 167,149 0.5

a0f area transplanted by machine to total area planted to rice.

Because the rice transplanters were developed for agricultural practice in
China, they have marked Chinese features:

1.

4,

The seedling-gripping principle is used seedlings are directly separated
from the seedling masses by an improved transverse and longitudinal
feeding mechanism. Seedling gripping is well-matched with seedling-
checking. The transplanter separates seedlings from the seedling mass,
gripping layer by layer, so as to ensure seedling-separating quality and to
improve seedling-separating efficiency. The contradiction between the
higher planting density and the lower rate of manual seedling-separating
is resolved. The principle of continual seedling-gripping is realized and
allows a manual machine field capacity up to 0.1-0.17 ha/labor-day and
power-operated machine, 0.33-0.53 ha/labor-d.

. To better anchor them, seedlings are planted without disturbing the soil

since furrow opening and covering are not easy operations in flooded
paddy. When a cycloid is used to follow a “zero-relative ground speed,”
the smaller spacing in a row cannot be ensured. Also, continuous
seedling-gripping at different spacings for power-operated machines is
difficult to attain. The power-operated rice transplanter in our country
uses the prolate cycloid transplanting mechanism which permits the
gripper to move with an unrestricted movement after the seedling has
been transplanted into soil.

. The overall design of rice transplanting machines shows driving wheels

with spade lugs and a high floating body structure. The design improves
flotation and mobility, thereby eliminating uneven transplanting caused
by irregular movement. A rice transplanter of this design and total weight
of 500 kg (machine plus operator plus seedlings), powered with a 3-4 hp
engine, can be satisfactorily operated with a 6-8% wheel slippage in fields
with hardpan depth up to 300 mm. This slippage is less than that of
conventional drive wheels used for paddy fields.

To meet the needs of a wvast territory and differing requirements of
peasants, the rice transplanter series consists of interchangeable com-
ponents. Peasants can more easily master the operating techniques of
machines and it is convenient to organize supply of spare parts.
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The developed transplanters are not perfect and they have to be extensively
investigated and continuously improved. The problems follow:

1.

Rice transplanters are not suitable for the current change in China’s
economic system. Use of the manual rice transplanter indicates relatively
high labor intensity. Field capacity of power-operated machines is too
high for the present rural production responsibility system in which the
area under cultivation per capita of labor is limited. Popularization of
these machines depends on development of the specialized peasant
households. If the area of paddy fields in the production unit is more than
7 ha, then it is possible to give full play to the superiority of mechanical
rice transplanting.

The rice seedling puller has not been used in production, which is
affecting the popularization of transplanters. Now transplanted rice
seedlings are mainly root-washed, and so a nursery seedling puller to
match the transplanters is needed. Although great progress has been
made in developing rice seedling pullers, they still cannot be used in
agricultural production. Therefore, more intensive research and devel-
opment work on them must be made.

Rice seedling transplanters do not meet the requirements of new rice
varieties. Existing machines cannot transplant hybrid rice. This affects
the popularization of hybrid rice which is one of the important
achievements in scientific research in China. Therefore intensive
research and development work will be done to resolve as early as possible
the problem of transplanting hybrid rice.

RECOMMENDATIONS

The technology of raising mat seedlings and the transplanter for soil-
bearing seedlings should be gradually popularized.

Research work on the rice seedling puller matched with rice transplanters
should be speeded.

Cooperation between the scientific and technical sectors of agricultural
machinery and agronomy should be strengthened. Beginning from the
technique of seedling raising, a systematic research on the mechanization
of rice seedling transplanting should be carried out.

The existing rice transplanters should be improved so as to meet the
needs of the specialized peasant households.

A new type of transplanter for hybrid rice varieties should be developed.






RICE SEEDLING TRANSPLANTERS
IN THE PHILIPPINES
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International Rice Research Institute

Hand transplanting of rice seedlings in puddled soils is the most common
method of planting rice in most Asian countries. It has the advantages of
requiring less precise land preparation than does direct seeding, of creating
conditions for better water and weed control, and above all, of saving up to 20 d
in crop use of the field.

Transplanting, however, is very labor intensive, requiring about 10-20
labor-d/ha (3). This high labor input often results in labor shortages during
the planting season. In areas practicing double-cropping, land preparation
and transplanting of the second crop and harvesting of the first crop take place
simultaneously, making it difficult to complete these operations quickly with
traditional methods. Consequently, farmers in the Philippines are changing
from transplanting to direct seeding at an increasing rate.

The traditional method of seedling preparation does not permit complete
mechanization. For several decades, engineers from rice producing countries,
notably Japan, China, and India, tried to mechanize the transplanting of rice
seedlings. Success came in the late 1960s when Japanese engineers developed a
new method of seedling preparation (1). The seedlings are grown in a wooden
or plastic tray with a perforated bottom, on a layer of specially prepared soil.
The soil holds the seedlings together. When removed from the tray with the
aid of a scraper, the seedlings look like a mat and so are known as mat-type
seedlings.

Use of mat seedlings facilitates mechanized rice transplanting. Pulling
single seedlings from the holding tray is easier, so a simpler picking
mechanism can be used. The soil helps protect the roots from damage by the
mechanical fingers. In Japan, where farm labor is acutely scarce, seedling
preparation is fully mechanized.

In China, traditional seedlings are used in machines. The Chinese have tried
to mechanize the pulling of the seedlings from the nursery bed, but without
success so far.

Japan and China are the forerunners in the export of rice transplanting
machines. The Japanese machines are mostly power-driven with sizes ranging
from 2 to 4 rows for the walking type and 6 to 8 rows for the riding type.
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The Chinese produce both manually operated and power-driven machines.
The powered machines from China have more rows but closer spacing
between rows (4). A disadvantage is the frequent reloading of seedlings.
Consequently, two seedling tenders ride on the machine with the driver.
Machines of other countries are generally patterned after the Japanese and
Chinese designs.

The price of imported power-driven transplanters is beyond the reach of
small farmers in developing countries. The complex design of power-driven
transplanters and the skill required to operate and maintain them may not suit
the ordinary farmer. Recognizing these problems, the IRRI Agricultural
Engineering Department designed and developed a manually operated
transplanter for transplanting mat seedlings. This paper summarizes IRRI’s
experiences with the transplanter, including recent extension efforts in the
Philippines with the MAF (Ministry of Agriculture and Food)-IRRI
Industrial Extension Program.

THE IRRI TR1 5-ROW TRANSPLANTER

Development

A feasibility study conducted at IRRI in 1977 (2) indicated that it may be too
costly for small rice farmers to use powered transplanters. As a result, the
IRRI Engineering Department began a low-cost manual transplanter project.
The initial work concentrated on redesigning a Chinese-type, 5-row machine
(Fig. 1) with 20-cm row spacing, to make it less expensive and easier to
operate. The machine was redesigned to simplify the picking and planting
mechanism. The original machine required four motions of the transplanting
arm (Fig. 2): opening the picker fingers, picking the seedlings from the tray,
pushing the seedlings into the soil, and then releasing the planted seedlings.
This operation was complicated and tiring to the operator. The redesign
(Fig. 3) involves only two motions: the downward stroke picks a group of
seedlings (3 to 7) from the tray and plants them into the soil, and the upward

1. Commercial model of Chinese-
type transplanter manufactured in
the Philippines.
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Upwur';t pull to rzlease seedlings.
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Downward push to plant seedlings.

e One foot step bockward. Repeat transplanting procedure . 2. Operating procedure for Chinese-

type, manual rice transplanter.

3. IRRI TRI 5-row rice trans-
planter.
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stroke releases them. The redesign replaced the pincer pickers, first with a
blade picker (Fig. 4a) and finally with a fork picker (Fig. 4b).

Each time the handle is pushed down, a simple pawl lever indexing
assembly (Fig. 5) moves the tray laterally to ensure that seedlings are in
position to be picked in the next cycle. After the seedlings are planted, the
handle is then pulled back toward the operator. Near the end of the retraction
stroke, a cam deflects the picker to prevent it from touching the seedlings
(Fig. 6). At the end of the retraction stroke, the operator continues to pull the
handle to slide the machine a desired distance to the next planting position.
The machine is provided with side markers to guide the operator for the next
pass. These changes produced a relatively lightweight (25 kg), low-cost
machine.

As the machine was being developed, a new seedling preparation method
evolved. Seedlings are prepared in a modified wet bed on 1-m-wide seedbeds.
Bottomless wooden frames with 5 compartments (the same size as the seedling
tray division) are arranged so that 10 frames can be accommodated on a
I-m-wide X 5.5-m-long bed (Fig. 7). Each compartment is filled with mud
and leveled to a uniform thickness of about 1.5 cm. About 180 ml of
pregerminated seeds is uniformly spread in each compartment and then
pressed lightly. The seeding rate is 40-50 kg/ha. After 15-20 d, the wooden
frames are carefully lifted. A sharp-edged seedling remover is pushed carefully
under the seedlings to severe the seedling mat from the seedbed. This cuts the
roots that have penetrated the seedbed but does not unduly harm the
seedlings.

INTRODUCTION

After extensive laboratory and field testing, the IRRI Industrial Extension
Section began to introduce the TR1 5-row transplanter. In 1978, the machine
was demonstrated in several Philippine locations to determine farmers’
interest. Blueprints were distributed to interested manufacturers. Except in a
corporate farm of the Philippine Packing Corporation (PPC) in Musuan,
Bukidnon, the transplanter failed to generate sustained interest.

b. Fork-type picker

4. Type ofrice seedling picker.
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6. Cam and picker assembly of IRRI
TRI 5-row rice transplanter.
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Double frame seedbed. Sowing the seed.

7. Seedling preparation for IRRI transplanter.

Beginning in 1981, the PPC rice farm used the transplanter for several
cropping seasons. They adopted their own method of seedling preparation, a
modified “dapog” method in which 1.0-1.5 cm of dry, screened soil mixed
with fertilizer is used as the seedling mat soil. The top of the seedbed is covered
with plastic, and wooden frames are placed around the edge of the seedbed,
thereby eliminating the more expensive compartment frames used in the
original method. An ordinary sickle can be used for cutting the seedling mat
(Fig. 8) which can be rolled for ease of transport.

In 1982, the MAF-IRRI Extension Program evaluated these experiences to
estimate the potential market for this machine. The principal results
follow (5):

1. For experienced transplanter operators at PPC, the average field capacity
was approximately 0.2 ha/d (7.5 h of operation), slightly lower than
IRRI’s estimate of 0.25 ha/d.

2. The middle row of the transplanted seedlings fell directly in the
operator’s footprints, increasing the percentage of floating hills.

3. Tension springs in the cam and in the picker holder lost their resilience
after only 2 wk of operation.
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[

/—-Wcuod pattern

8. PPC method of seedling prepara-
tion.

9. IRRI TR4 6-row rice trans-
planter.

4. It was difficult to move the unit from one paddy to another, especially
when the adjoining field was already transplanted.

5. Some operators, especially inexperienced ones, found the pulling effort
slightly heavy.

6. Seedling preparation needed further simplification. Farmers did not like
to use many wooden frames.

7. Manufacturers complained that the machine was difficult to fabricate
and had too many parts.

THE TR4 6-ROW TRANSPLANTER

Development
Improvement of the transplanter, begun in late 1982, produced the IRRI
6-row transplanter (Fig. 9), having the following features:

Increased field capacity. Changing the 5-row model to a 6-row version
increased the capacity to 0.3-0.4 ha/d, and reduced the percentage of floating
hills since the operator’s footprints fall between the 3d and 4th rows of the
transplanted seedlings. The tray length was also increased, reducing the
loading frequency.
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Better operator comfort. The pulling force was considerably reduced:

* Instead of a single, wide skid, two long, narrow skids are used. Thus skid

weight and drag are reduced.

* The total weight was further reduced to 20 kg.

* Rubber grips on the handle help prevent blisters on operators’ hands.

Easier fabrication. Redesign uses fewer parts, the seedling tray is now
straight instead of curved, and a bicycle free-wheel sprocket assembly (readily
available in rural areas) serves as a tray indexing assembly. Furthermore, the
whole transplanter mechanism can be bolted as one unit to the skids.

Less troublesome operation. The tension springs in both the cam and picker
assembly were eliminated by the new inertia control mechanism. The new
mechanism only requires a slight jerk at the start of the downward stroke so
that the picker lever will move forward against a stopper to position the picker
properly (Fig. 10). On the return stroke, the picker will not hit the seedlings
because the picker lever will move slightly backward against the opposite
stopper.

Versatility. To change seedling density, the number of teeth in the free
wheel sprocket assembly can be changed, varying the tray displacement per
stroke (Table 1).

When, on the last pass, rows to be planted are less than the number of tray
divisions, one of the skids is placed between the transplanted rows and the
seedling mats above the transplanted rows are removed (Fig. 11). This was not
possible with the old design.

To facilitate the adoption of the new transplanter, two simplified methods of
growing seedlings were developed. In the modified “dapog” method, minor
changes were made in the seedling preparation method used by the PPC rice
farm. Mud soil from the sides of the seedbed is placed on top of a surface
covered with plastic sheet or banana leaves to form a layer 1.0 to 1.5 cm thick.
This method requires a wooden frame around the seedbed.

An experienced operator from the PPC rice farm demonstrated that the
transplanter can be operated continuously for 8 h by one person. The directors

of the Irrigators’ Association were impressed with the transplanter per-
formance.

Picker lever
Stopper

10. Inertia control picking mechan-
ism.
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Table 1. Examples of tray travel adjustment, TR4 or TR5 IRRI rice transplanter.

Free wheel
Tray travel Free wheel description Seeding density
per stroke sprocket recommended of seedling mat
(cm) teeth
(no.) Brand Origin g/m2 Classification
0.9 16 SY Japan 800-1000 Higher
1.0 16 Rocket Taiwan 800-1000 Higher
1.0 16 Sport Compe Taiwan 800-1000 Higher
1.2 20 SY Japan 500-700 Lower
1.3 20 Rocket Taiwan 500-700 Lower
1.3 20 Sport Compe Taiwan 500-700 Lower

-y

-

11. Planting when remaining rows
are less than 6.

After the demonstration, farmers agreed to buy the first 9 units of the 6-row
transplanter, provided their operators would be trained. Six units were
ordered from three welding shops in Libmanan and three units were
fabricated at IRRI. The local manufacturers received technical assistance and
materials not available in the area.

A 2-wk training program was held 28 May to 8 Jun 1984 (Appendix A).
Trainees learned seedbed and seedling preparation; operation, maintenance
and adjustment of the machine; and trouble shooting. Units used during
training were sold at special prices to farmers.

Since many farmers used 15-cm row spacing, an 8-row model (TRY)
(Fig. 12) with 15-cm row spacing was fabricated in the IRRI prototype shop.
It was sent to Libmanan as a guide to manufacturers. One manufacturer had
built at least 10 units as of September 1984.

These experiences in Bicol guided transplanter promotion in other
Philippine areas. In Iloilo Province, for example, we collaborate with the
KABSAKA Program, a rainfed cropping systems project of the MAF. The
objective is to promote MAF-IRRI equipment, including the transplanter.
We provided 1-wk training at IRRI for 6 KABSAKA specialists and
cooperating manufacturers. The lone transplanter manufacturer in Iloilo has
sold more than 20 units.
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ke P R 12. IRRI TR5 8-row rice trans-
%—’ ' planter.

13-10 21-d-old
seedlings

13. Modified wet-bed method of seedling preparation.

TECHNICAL AND ECONOMIC STUDY

As the machine was being introduced in Bicol, a benchmark survey was
conducted with these objectives:

* to describe transplanting practices and problems,

* to describe the characteristics of the labor used for transplanting, and

* to compare the cost of present practices with the use of mechanical

transplanters.

The modified wet-bed method is a minor modification of the traditional

“laplap” method widely practiced in Bicol (Fig. 13). No wooden frames are
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Table 2. Comparison of the modified “dapog” method and the
modified wet-bed method of seedling preparation.

Advantages Disadvantages

Modified “dapog“

1. Seedling mats are easier 1. Seedbeds are more difficult
to handle. to prepare.

2. Thickness of mat is more 2. Wood frames are required.
uniform.

3. Seedling roots are not cut. 3. The practice is suitable for 13-

to 16-d-old seedlings only.

4. Less time is required to 4. Greater force is required to

cut seedling mats. pick seedlings.

5. This method is not suitable for
hand transplanting.

6. Frequent watering for the first
few days after sowing is

required.
Modified wet-bed method
1. Seedbed preparation is 1. More care is needed in
easier. handling the seedling mat.
2. Wood frames are not 2. Mat thickness is less uniform.

required.

3. The practice is suitable for 3. Seedling roots must be cut.
13- to 25-d-old seedlings.

4. Less force is needed to pick 4. A special knife is required.

seedlings.
5. The method is suitable 5. More time is required to cut
for hand transplanting. seedling mats.

needed. A special knife is used to cut the roots and the seedling mat into the
required dimension.
These two methods have advantages and disadvantages (Table 2).

Introduction
Machine performance greatly depends upon the quality of seedling prepara-
tion and somewhat on the quality of land preparation. This is the main reason
why the IRRI mechanical transplanter requires more time and effort to
promote than do other agricultural machines like threshers, reapers, and
power tillers.

Even though we developed an improved model, we did not have a simple
seedling preparation method which could be easily used by an average farmer
until we visited Libmanan, Camarines Sur, in the Bicol region in August 1983.
There, an IRRI-organized demonstration of the power tiller, reaper, and
transplanter was attended by members of the Libmanan-Cabusao Irrigators’
Association and IRRI cooperating manufacturers in Bicol.

Using the modified “dapog” seedlings brought from the IRRI nursery, the
TR4 6-row transplanter performed satisfactorily. Seedlings prepared from the
local “laplap” method were also tried and found suited to the machine.
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In the “laplap” method, instead of pulling and bundling, seedlings are cut
into mats 12-15 cm? with 0.5-0.7 cm thicksoil (Fig. 14). During transplanting
one hand holds a seedling mat and the other holds plants. Farmers claimed
that this method incorporates the best feature of the “dapog” and the ordinary
wet-bed methods (Table 3):

* Both young and old seedlings can be transplanted.

e It requires less seedbed area than the wet-bed method.

e Slicing seedling mats requires less time than pulling and bundling.

Farmers also devised a simple seedling transporter (Fig. 15) for easier
handling of seedling mats.

Manual transplanting practices and problems

Both random and one-way straight planting are practiced. Row spacings range
from 15 cm to 18 cm, and more farmers prefer the closer spacing. Bad weather
before, during, or shortly after transplanting is a big problem to most farmers
interviewed. It stops transplanting and farmers must continue to feed idle
laborers until work resumes.

o ';;J."f"'& .J: ey
PR by e L
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14. “Laplap” method of seedling
preparation.

15. Transporting seedlings in Bicol
region.
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Table 3. Comparison of different types of seedling preparation for hand transplanting.

Age of seedlings

Seedling Seedbedarea . Pulling and bundling  Mat cutting
preparation (mzlha) before tr?dn)splantmg (man-d/ha) (man-d/ha)
"Dapog" 10-15 10-13 - 0.2
"Laplap” 40-50 10-25 - 1.0
Wet-bed 400-500 25-35 4-5 -

Table 4. Problems during transplanting, reported by 98 farmers in Libmanan and Cabusao,
Camarines Sur, Philippines, 1984.

Respondents (no.) by farm size

Iltem

1.0 ha or less 1.1-2.0 ha 2.1-3.0 ha Over 3.0 ha All
Number reporting 19 28 24 27 98

Problems
Bad weather 11 13 10 22 56
Lack of labor 10 10 12 19 51
High cost of hand 10 12 6 17 45

transplanting

Poor quality of work 3 5 7 11 26
Supervision required 1 4 4 9 19

Lack of labor is also a problem. Farmers who cannot advance a portion of
the payment to workers find it very difficult to get workers.
Other problems are listed in Table 4.

Characteristics of labor for transplanting

Transplanting appears to be a light farm job as reflected by the age and sex of
transplanters. Women represent 63% of available labor. Labor is local: 80% of
workers reside in the village where they work (Table 5). Two-thirds of the
workers are regularly hired to do transplanting; farmers expect them to work
every season.

Economic analysis of the mechanical transplanter
The break-even point analysis (Fig. 16 and Appendix B) estimates that the
mechanical transplanter is more profitable than hand transplanting when the
annual use is greater than 4.4 ha, or at 6.2 ha if machine cost is increased to
£3,500. Break-even points are lower when wage rates are higher. This suggests
that a machine purchase is justified for a 2.2-ha farm planted twice a year.
Farmers who intended to buy the machine stated that they were not so much
concerned with reducing cost as they were in easing the problem of labor
procurement.

Nine months after the transplanter was introduced, owners of mechanical
transplanters were interviewed to examine adoption and use, to find out how
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Table 5. Characteristics of labor for transplanting, reported by 100 farmers in Libmanan and
Cabusao, Camarines Sur, Philippines, 1984.

Characteristics of labor (%) by farm size

ltem
1.0 ha or less 1.1-2.0 ha 2.1-3.0 ha Over 3.0 ha All

Age distribution

Below 12 yr 5 2 3 5 4

12-20 27 22 24 24 24

21-30 35 38 30 35 35

Over 30 33 38 43 3 37
Sex

Male 42 37 34 35 37

Female 58 63 66 65 63
Origin

Within village 82 81 78 70 78

Outside village 18 19 22 30 22
Status

Regular 74 67 53 72 66

Casual 26 33 47 28 34
Method of contact

Individual 40 25 21 14 24

Group 60 75 79 86 76
Manner of recruitment

Workers ask for work. 2 8 10 7 7

Farmers look for workers. 98 92 90 93 93

owner-users and non-users evaluate the transplanter’s performance, and to
assess changes in preplanting activities such as seedbed, seedling, and land
preparation.

The 15 owners surveyed owned 20 transplanters: 12 of the 6-row model and
8 of the 8-row model. Ten units were in an area where land is waterlogged and
flood prone. Two farmers owned 4 units in Ibid where soil and drainage
conditions are excellent. The follow-up survey showed that

1. Machine use was low on the waterlogged farms. In three cases, however,

machines were taken to places where soil and water control conditions
were better and where the machines. reportedly did well.

Some owners, after preparing seedlings to suit the machine, were not able
to use the machine because heavy rains and flooding scattered seeds and
rendered seedlings unfit for machine use.

Use was more successful in Ibid village with good soil condition and
drainage. Owners are using the transplanters on entire farms (22 ha) and
have rented them to neighboring farmers. They own water pumps to
supplement gravity irrigation. Both farmers have taught their neighbors
the proper way to raise seedlings to be used with their machines. Both
intend to buy more units and train operators to do custom transplanting.
There were no significant changes in seedling preparation methods,
except that the width of the seedbed was reduced to 1 m to produce
uniform seedlings.
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16. Comparative average costs for manual and mechanical methods of
transplanting. Exchange rate: $1 = P18.60.

SUMMARY AND RECOMMENDATIONS

1. Training of operators in seedbed and seedling preparation, operation,
maintenance and adjustments of the machine, and trouble shooting are
necessary components in the extension program of the mechanical
transplanter.

2. The required seedling preparation can be done by ordinary farmers.
Most farmers knew how to prepare good seedlings at a density suitable
for the IRRI transplanter. Farmers showed ingenuity in their method of
slicing the seedling mat to the required thickness by a special knife, and in
methods they employ in transporting the seedlings. This indigenous
technology was adopted by the researcher.

3. Most Japanese literature on seedling preparation for mechanical trans-
planters does not recommend the use of heavy clay for mat soil. Our
experience shows that with 1.0-cm-thick seedling mat, and with 1-3 cm
standing water in the field, the machine performed well with the clay mat
soil prevalent in Bicol.
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. Fabrication of the transplanter requires precision. To minimize errors,

manufacturers are given technical assistance in building jigs and fixtures.

. The machine fits areas where random and one-way straight planting are

usual practices. Field capacity will be much lower if uniform distance
between hills is required in both directions.

. The machine works well in a fairly level field and with a standing water

level of up to 5 cm.

. The main limitation is that the transplanter is not suitable for water-

logged areas since the skids will sink deeper, thereby reducing the stand
of seedlings. Such areas should be drained 3-7 d before transplanting.

. Carefully planned demonstrations are essential to avoid negative com-

ments from farmers. It is very hard to convince farmers once you have
failed them.

. The transplanter design should be adapted to farmers’ needs and

preferences. The TRS 8-row model was designed to meet the farmers’
15-cm row spacing. Likewise, the type of land preparation in Isabela,
northern Luzon, requires the optional attachment of a wooden leveler,
placed across the two skids to level the path of the machine.

Promotion of the mechanical transplanter, or of any farm equipment, will
be easier if coordinated with well-organized farmer associations.

To speed up the popularization of the mechanical transplanter, these actions

are

1.

recommended:

A simple instruction manual on seedling preparation and transplanter
operation and maintenance should be given to every buyer. It should be
in local dialects and have many illustrations and few words.

. In areas with labor shortages, the possibilities of helping landless workers

to acquire transplanter units on a loan basis should be explored. In this
way, the productivity of manual labor will be increased by as much as 3 to
5 times, avoiding delays in transplanting. This will also raise the income
of landless workers while discouraging the spread of direct seeding
practices which drastically displace labor.

. Several Philippine areas urgently need a manually operated transplanter

which can plant 30- to 40-d old seedlings in fields having 15-20 cm
standing water.

. For areas with extreme labor shortages and available hand tractors, a

transplanter attachment for lightweight hand tractors could be appro-
priate.
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APPENDIX A

IRRI TRANSPLANTER OPERATOR TRAINING COURSE
Libmanan, Camarines Sur

1st day

0800-0815 Welcome address

0815-0845 Opening remarks

0845-0915 Brief description of progress of the MAF-IRRI
Program

0915-1000 Introduction of the board of directors, trainees,
trainors, and manufacturers

1000-1015 Coffee break

1015-1100 Development of mechanical transplanter at IRRI

1100-1200 Economic consideration in the use of mechanical
transplanter

1200-1300 Lunch and short program

1300-1330 Brief description of the training program

1330-1500 Seedlings for mechanical transplanter

1500-1515 Coffee break

1515-1545 Transplanter construction and operation

1545-1700 Sequence of movements in mechanical transplanter
operation

2d day

0800-1000 Field practice — seedbed preparation and sowing

1000-1015 Coffee break

1015-1100 Seedling mat cutting and transport

1100-1200 Transplanter field operation without seedlings

1200-1300 Lunch

1300-1620 Transplanter field operation with seedlings (three
20-min intermittent operation per trainee)

3d day

0800-1000 Seedbed preparation and sowing
(1 m wide x 20 m long seedbed/trainee)

1000-1015 Coffee break

1015-1200 Seedling mat cutting and transport

1200-1300 Lunch

1300-1630 Transplanter field operation
(two 0.5-h intermittent operation per trainee)

4th day

0745-1700 Transplanter field operation
(two 1-h intermittent operation per trainee)

5th day

0700-1700 Transplanter field operation (two 1.5-h

intermittent operation per trainee)

6th - 11th day
0745-1700 Transplanter field operation (two 2-h continuous
operation per trainee)

12th day

0800-1200 Field day (a contest was held to determine the
3 best operators. They were judged on the
quality of planting, speed, straightness of row,
and uniformity of spacing.)

1200-1300 Lunch

1300-1500 Disassembly, assembly, and adjustment of the

machine
1500-1700 Graduation
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APPENDIXB

Breakeven point analysis for the 6-row transplanter

I. Basic information
A. Machine use

Machine cost F2500.00

Machine life 3 yr

Repair and maintenance 5% of machine cost
Interest on investment 25%

Salvage value Nil

Machine utilization 20 halyr

Machine capacity 0.33 ha/d

Labor requirement Two men alternating
Operator's wage £25.00/d

Food provided to operators

B. Manual method
Labor
Food provided to workers

(P6.25/worker per d x 16 workers)

II. Cost items
Fixed costs
Depreciation: Initial cost —.saIVége value
Machine life
# 2500.00 - 0
I e— £833.3
3
Repair and maintenance: Machine cost X 0.05 #125.00

F9.60/person per d

396.00
#100.00

231

Interest on = Machine cost + salvage value .
interest rate
2
£2500 + 0
——5— 025
2
Variable costs #312.50
Labor: $25.00/person per d x 3 d #150.00
X 2 persons

Food provision: F9.60/person per d x 3 d 57.60

Breakeven point:
Fixed cost
Variable cost for Variable cost for

manual method machine use

= 1270.83
#496.00 — F207.60

= 4.40 ha.




232 SMALL FARM EQUIPMENT

Average total cost per hectare by level of annual use (operator's
wage at R25.00/d).

Annual use Fixed cost Variable cost Total cost
(halyr) (P/ha) (B/ha) (P/ha)
1 1270.83 207.60 1478.43

2 635.42 207.60 843.02

3 423.61 207.60 631.21

4 317.71 207.60 525.31

5 25417 207.60 461.77

6 211.81 207.60 419.41

8 158.85 207.60 366.45

10 127.08 207.60 334.68
12 105.90 207.60 313.50
14 90.77 207.60 298.37
16 79.43 207.60 287.03
18 70.60 207.60 278.20

20 63.54 207.60 271.14




MECHANICAL RICE
TRANSPLANTERS IN BURMA

M. THEIN
Agricultural Mechanization Department
Ministry of Agriculture and Forests
Burma

Burma grows 4.8 million ha ofrice: 79% rainfed lowland, 17% irrigated, and 4%
upland. Traditional hand transplanting is laborious and costly. But large areas
must be transplanted quickly when rains come, when time is short and labor
scarce.

To overcome the problems, local authorities have evaluated many kinds of
mechanical transplanters. In 1980, an IRRI prototype, manual, 5-row
machine was introduced in Burma by the IRRI-Burma project. The
Agricultural Mechanization Department (AMD) evaluated it for adaptation
to Burma.

EVALUATION, ADAPTATION, AND MANUFACTURE

Based on the IRRI prototype, AMD produced six transplanters for testing
and evaluation, aiming to use local materials and to simplify the mechanism.
Next, AMD fabricated 30 transplanters and distributed them for further
evaluation in other locations. Since the transplanter seemed workable, 300
more machines were fabricated and widely distributed in Burma.

The AMD continued to improve the transplanter each year, with agri-
cultural engineers working in their townships and at the Agricultural Tractor
Station (ATS). After each transplanting season, seminars and meetings were
conducted on how to improve the transplanter. Machines were modified,
replaced, and refabricated for better efficiency and simplicity. After intensive
evaluations, AMD produced 1,000 machines in 1981 and in 1982. From 1983
onward, the Heavy Industries Corporation (HIC) continued production
(Table 1).

DESIGN CHANGES

Figure 1 shows design features, including the following changes made by
AMD.

Operating handle. The telescoping pipe was replaced with a continuous pipe
flattened at the ends, with holes to adjust length and to prevent the handle
from slipping off.
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Table 1. Manufacture of transplanters in Burma.

Year Manufacturer Number produced
1980 AMD 300
1981 AMD 1000
1982 AMD 1000
1983 HIC 1000
1984 HIC 500
1985 HIC 100

VIEW FROM "E"
TRANSPLANTER COMPONENTS

1. Skid assembly Carriage bar assembly

2. Main frame assembly (1) Rotchet assembly bracket
@ Operating handle Sprocket (ratchet )
Picker arm gssembly 13. Tray drive lever

5. Picker holder bar Turn buckle
Stop block 15. Seedling feeder
@ Cam and cam follower 16. Row guide

8. Pivot arm 17. Depth control bracket

9. Seedling feed tray 18. Feeding frame

1. Design changes in the IRRI 5-row transplanter.

Picker arm assembly. Extensive use distorted the picker arm holder frame. A
reinforcing bar was added between frame members to achieve smooth
retraction. Two tension coil springs were added between the reinforcing bar
and the picker holder bar.

The telescopic picker often twisted and the picker fork was distorted when
encountering a hard patch, resulting in uneven picking of seedlings. An
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inverted U-shape holder was introduced to hold the picker firmly.

An 8-gauge rod was used as picker fork. for good penetration and thorough
picking.

Cam and cam follower. In place of the spring-loaded cam, a freely hanging
counterweight cam was used on both sides for better retraction of the picker.

Carriage bar assembly. The original flat carriage bar was eliminated and the
carriage left to slide freely on the rear pipe frame for better movement of the
seed tray.

Stop block on pivot arm. An adjusting screw was added at the stop block to
adjust the picking angle.

Tray. An additional seedling guard plate was added at the seed tray to
prevent the seed mat from deforming from the back and forth tray movement.

Pin bracket. Additional reinforcement: brackets for each pivot pin of the
pivot arm were added for durability at that high pressure point.

Ratchet. The ratchet was replaced by a bicycle free wheel, and the chain
roller by a star wheel for proper movement and as antislip. Three ratchet
assembly brackets were combined into one piece and a reinforcing rod was
added for sturdiness.

Turn buckle. The turn buckle for planting depth adjustment was replaced by
a hook screw and nut for easier fabrication.

CHANGES IN SEEDLING PREPARATION

The manual rice transplanter’s usefulness depends on its ability to handle
seedlings; therefore, simple, low-cost seedling preparation is required. The
IRRI method used wooden frames, single and double frames with wire gauze.
The AMD and Agricultural Corporation (AC) personnel attempted to
improve this method by using banana leaves in place of wire gauze in the
seedbed. Further, bamboo slice walling was substituted for wooden frame,
without lining. In transplanting, seedlings were cut with a knife, and
measuring sticks were fitted into the transplanter tray. Farmers liked this
simple, low-cost method.

TRAINING TRANSPLANTER OPERATORS

AMD trained its tractor operators and AC personnel for machine operation,
then trained farmers at selected townships. To further improve skill and
efficiency, transplanting contests, supervised by local authorities, were held
among farmers.

TRANSPLANTER USE

After modifications, the machines became well adapted to field and crop
situations. The extensive training program supported transplanter use among
farmers (Table 2).

Transplanted area was largest in 1982 because of favorable weather. In
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Table 2. Transplanter use in Burma.

Year Townships Transplanters Transplanted
(no.) (no.) area (ha)
1982 12 750 4608
1983 35 1000 4219
1984 33 697 1624
1985 (target) 33 1400 8097

Table 3. Comparison of transplanting cork. 2

Seedling preparation and traditional hand transplanting cost for 10 acres

Plowing K 15.00 X 3d K 45.00
Harrowing K 15.00 X 2d K 30.00
Rotary puddling K 15.00 X 1d K 15.00
Seeds requirement K 12.00 X 10 basket K 120.00
Incubation and sowing K 6.00 X 2 man-d K 12.00
Uprooting and transport K 7.00X 40 man-d K 280.00
Hand transplanting K 6.00X 70man-d K420.00
Total K922.00
Seedling preparation and mechanical transplanting cost for 10 acres
Preparation of seedling bed K 6.00 X 3 man-d K 18.00
Incubation and sowing K 6.00 X 2 man-d K 12.00
Manure application K 15.00 X 1 cartload K 15.00
Seeds requirement K 12.00 X 15 baskets K 180.00
Seedling cutting, transporting, K 7.00 X 40 man-d K 280.00
and transplanting by machine
Cost of transplanter for 10 acres K 93.50
Maintenance cost for 10 acres (10%) K 935
Total K 607.85
Hand transplanting  cost K922.00 US$108.47 = US$26.79/ha
Transplanter planting cost K607.85 US$ 71.51 = US$17.66/ha
Amount saved K314.15 US$ 3696 = US$ 9.13/ha

8US$1 = kyats (K) 8.50. 1 basket of paddy = 20.86 kg. Cost of transplanter for 10 acres =
K935.00 x 0 aces y 4/5 yr = K93.50. The cost calculation was jointly prepared with the

20 acres
Agricultural Corporation.

1983, transplanted area declined because the monsoon came too late at sowing
time and water was unavailable at transplanting time. Lack of fine tilth and
level fields was another problem due to lack of water management.

The government will continue to promote transplanters. Hand trans-
planting costs $26.79/ha while manualmachine transplanting costs $17.66, a
difference of $9.13 per ha (Table 3).

CONCLUSION

The AMD’s agricultural engineers have continuously improved machine
performance and component functions, simplifying the mechanisms and
handling. The AMD research team has evaluated other farm implements,
including transplanters from other countries. The government now has a
project with UNDP for evaluating and producing 2,000 more transplanters
and other small farm machinery.
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Hand transplanting is one of the most laborious operations in rice production
in Korea as in other Asian countries. In addition, labor demand peaks during
rice transplanting because of overlapping operations such as barley harvesting.

Until the mid-1960s, no effort for mechanizing rice transplanting had been
made. After the successful completion of the first five-year economic
development plan (1962-66), however, the need for mechanized transplanting
was recognized due to the labor shortage resulting from off-farm migration.

This paper reviews the evaluation, modification, and distribution of
transplanters in Korea.

CHANGES IN AGRICULTURE

During the past two decades, great changes in Korean agriculture accelerated
mechanization. Industrialization and consequent growth in the nonfarm
sector, stemming from a series of successful economic development plans,
provided off-farm employment for agricultural workers.

From 1960 to 1984, the farm population decreased 38.1% (Table 1) even
though the total population increased 62.6%. Farm mechanization is clearly
viewed as the replacement for the diminishing farm labor force. Due to the
decline in farm population and the rapid economic growth, farm wages rose
29.8 times in constant prices from 1967 to 1984, whereas the price of rice rose
11.2 times and that of power tillers 4.6 times for the same period (Table 2).
Rising farm wages pressured farmers to mechanize.

DEVELOPMENT OF RICE TRANSPLANTERS IN JAPAN

Japan developed the first rice transplanters, with the first patent obtained in
1898 (3). But development did not progress until the 1960s when massive
research work was attempted to develop commercial transplanters.

In 1965, a rice transplanter for seedlings with washed roots was marketed.
In 1966, another type of rice transplanter for soil-bearing seedlings was first
marketed. Thereafter, various transplanters were developed (4).
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Table 1. Decrease in farm population (9).

Total Farm population
Year population
(thousand) Thousand Percent

1960 24,954 14,559 58.3
1965 28,705 15,811 55.1
1970 31,435 14,421 45.9
1975 34,681 13,244 38.2
1980 38,124 10,826 28.9
1984 40,578 9,014 222

Table 2. Increases in farm wages relative to prices of rice and power

tillers? (8, 9).
Daily Price of Price of 10-hp
Year wages (male) 80-kg bag power ftiller
(W) rice (W) (W)
1967 307 (100) 5,150 (100) 285,405 (100)
1976 1,903 (620) 23,200 (450) 642,700 (225)
1984 9,134 (2,975) 57,650 (1,120) 1,309,800 (459)

41967 base is 100. Figures in parentheses are percentages. US$1
won (W) 880.

Japanese transplanters can be classified according to types of seedlings
used (7).

Washed-root seedlings

Plants are pulled from the nursery. Soil is washed from the roots, and then the
plants are placed in transplanters. The seedlings are the same age as those for
hand transplanting.

Soil-bearing seedlings
The seeds are sown and grown in a nursery box, then transplanted with the soil
in the root zone.

Soil-bearing seedlings are grown by four methods. In the strip type, the
seedlings are grown in narrow strips of soil in a box, originally between plastic
folded partitions. The strips were fed into the machine which clipped a
segment and placed it in the soil, at the desired depth.

Later, plastic molded boxes (Fig. 1) were developed to increase the leaves
through better root development in the field soil under the box.

In the continuous strip type, seedlings are grown in continuous strips in a box
between plastic folded partitions (Fig. 2).

The seedlings are taken out of the box and fed into the machine in the
continuous strip. To increase the tensile strength of the strip, a film of porous
artificial fibers is laid in the bottoms of boxes.

These seedlings reduced the percentage of missing hills to an acceptable
level, but required high labor and costly materials. This type is no longer used.



RICE TRANSPLANTING MACHINERY IN KOREA 239

]

Lo 580 J % §%E

8 8 —

a’ | T —[ vl ——

5

7/, (VA — —

[ ———C———]

1. Nursery box for strip seedlings.

(a) Nursery box (b) Plastic—folded partitions

2. Nursery box (a) and partitions (b) for continuous strip seedlings.

In the mat type, seeds are broadcast in a box (Fig. 3a). After 20 to 35 d, the
seedlings look like a mat, as the name indicates.

They are removed from the boxes and placed on the sloped seedling tray of
the machine. Seedlings are taken out and placed in the soil by a planting
device.

Commonly, holes in the bottoms of boxes help increase the leaves through
further root development in the field soil.

This type of seedling is most widely used because of its low cost and labor
requirements for the nursery.

Pot type seeds are sown and grown in rectangular columns of soil of a
honeycomb-like nursery box and placed in the field nursery bed (Fig. 3b).

At transplanting, the roots developed under the box are cut. The seedling
boxes are placed in the machine, which pushes out the seedling pots one by one
and places them in the soil as the box moves sideways and downward.

This seedling method is obsolete because of high cost and labor requirement
and high percentage of missing hills.
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3. Nursery boxes for mat-type (a) and pot-type (b) seedlings.

MODIFICATIONS AND ADAPTATIONS OF RICE TRANSPLANTERS IN KOREA

Transplanters for root-washed seedlings

In 1967, the Agricultural Mechanization Institute (AMI, previously the
Institute of Agricultural Engineering and Utilization) manufactured a
prototype manual transplanter (6) from drawings obtained from the Massey
Ferguson Co., England (Fig. 4).

The machine is a manually operated 5-row transplanter for conventional
root-washed seedlings. A lever linkage closes and opens fingers for separating
and releasing the seedlings. The operator’s grip works the lever. Attempts
were made to reduce the excessively high percentage of missing hills, but
without success. Another attempt to develop a manual 2-row transplanter
using root-washed seedlings made no further improvement.

In the same year, AMI tested two Japanese transplanters (Mametora UP-2,
SHIBAURA GE-135K). These 2-row transplanters attach to small 4-ps
power tillers. The planting mechanism consists of the pincette rod, planting
arm, and planting claws.

The drawbacks of the transplanters were a high percentage of missing hills
(11-34%) and high labor requirement for seedling preparation. No further
attempt to develop a transplanter for conventional seedlings with washed roots
followed.

From 1979 to 1980, three transplanters for root-washed seedlings (Tang-
Hong 28, Annapurna 77, Daedonggang 6) were tested as a Regional Network
for Agricultural Machinery (RNAM) subnetwork activity. The machines left
an excessively high percentage (15-35%) of missing hills (7, 10).



RICE TRANSPLANTING MACHINERY IN KOREA 241

I U

A §

AN W P77

Y
I HIm " il

WJ’WI r 22T, 7 ;//)yf L
15 1 W
74 T— 01— 1 Qﬂﬂ

'y

wvioov o~

4. Manual rice transplanter. 1 = pull bar, 2 = transplanting handle, 3 = pincette lever, 4 = pincette
spring, 5 = seedling tray, 6 = pincette, 7 = skid.

Transplanters for soil-bearing seedlings
From 1967 through 1972, AMI evaluated several transplanters (Table 3) for
soil-bearing seedlings, imported from Japan.

Strip type. In 1967, a hand-push, one-row transplanter (KANRYU) was
tested. It was regarded as suitable for Korean agriculture because of its
simplicity and low cost. A belt conveyor conveys each seedling strip to the
feeding roller (Fig. 5a). A planting hoe in a circular disk clips the root zone of
the seedlings and carries it to the ground. This machine left a high percentage
of missing hills (13.5%) caused by frequent disconnections between the
seedling strips (1).

Continuous strip type. In 1967, three engine-powered, two-row transplanters
(YANMAR FP-2A, MITSUBISHI PA-202, DAIKIN TL-20N) on the
market in Japan were evaluated at AMI (8).

The planting mechanism of MITSUBISHI PA-202 was basically the same
as for the strip-type transplanter shown in Figure 5a. The planting mechanism
of YANMAR FP-2A is shown in Figure 5b. The percentage of missing hills
for these transplanters was as low as 1.1-1.5%, since the seedling strips in a box
are fed continuously. DAIKIN TL-20N is unique in that it uses free fall or
gravity.

These machines were expensive, as were the nursery boxes and materials to
make continuous strips.
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Table 3. Japanese transplanters evaluated at AMI, 1967-72 (8).

Missing
Make and model Seedling type R;z\gj hills Year
' (%)
KANRYU Strip 1 13.5 1967
YANMAR FP-ZA Continuous  strip 2 1.1 1967
DAIKIN  TL-20N Continuous  strip 2 1.3 1967
MITSUBISHI PA-202 Continuous strip 2 1.5 1967
SHIBAURA GE-135K Washed roots 2 10.8 1967
MAMETORA UP-2 Washed roots 2 34.0 1967
SATOH PS-20 Mat 2 5.6 1971-72
KUBOTA SPS-28 Mat 2 3.9 1971-72
ISEKI PC-20 Mat 2 24 1971-72
MINORU LTD-2F-B Pot 2 5.5 1972
Planting hoe
— Feeding roller
(a)
_
' Planting hoe
Rocker \ \o
Feeding roller
Crank / /
(b)

5. Schematic diagrams of transplanting mechanisms for strip-type (a) and continuous strip-type (b)
seedlings.

In 1967, AMI started developing a hand-push transplanter for continuous-
strip seedlings since this type seemed most suitable for reducing the cost of
machine and percentage of missing hills. The planting mechanism was
basically the same as that of the YANMAR FP-2A, shown in Figure 5b (11).
Modifications continued until 1971 (3). In 1972, 10 of the prototypes (Fig. 6)
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6. AMI manual rice transplanter using continuous strip seedling. 1 = handle, 2 = planting mechanism,
3 = rubber feeding roller, 4 = float, 5 = seedling tray, 6 = seedling tray 6 = wheel, 7 = sprocket, 8 =
feeding roller handle, 9 = gear box.

manufactured for farmer trials met no acceptance. The machine was difficult
to push and labor requirement for growing seedlings was high.

Mat type. In 1971, AMI evaluated the engine-powered two-row trans-
planters (SATOH PS-20, ISEKI PC-20, KUBOTA SPS-28) using mat-type
seedlings imported from Japan. The percentage of missing hills for these
machines was slightly higher than for the continuous strip seedlings. The cost
and labor required for growing mat seedlings were much less than with
continuous-strip seedlings (1).

From 1975 through 1978, a 4-row transplanter (Fig. 7) for a small power
tiller (5 hp) had been developed at AMI. The planting mechanism was the
same as for the Japanese mat-seedling transplanters. Twenty of the prototypes
were manufactured in 1979, and are still under farmers’ evaluation. Draw-
backs include difficulty in machine operation and a longer turning radius.

In 1977, a comparative test was done on 4-row transplanters using mat and
strip seedlings. Machine performance was almost the same; the strip machine
had a slightly lower transplanting capacity but better planting accuracy
(Table 4).

In 1980, an IRRI-RT mat type transplanter was tested as a RNAM
subnetwork activity. The major drawbacks were the high percentage of
missing hills and damaged hills and difficulty of machine operation.

In 1981, AMI developed a hand-push two-row transplanter using mat
seedlings, similar to the conventional mat type transplanters. In 1982, 12
prototypes of the transplanter were manufactured for experimental purpose
by farmers. But operation of the machine was arduous.
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7. Schematic drawing of AMI 4-row rice transplanter using mat seedlings. 1 = engine, 2 = shelves of
reserve seedlings, 3 = brake, 4 = main clutch, 5 = handle bar, 6 = side clutch, 7 = transplanting clutch,
8 = seedling tray, 9 = transplanting arm, 10 = guider, 11 = traction wheel, 12 = float, 13 = fork.

Table 4. Field capacity and planting accuracy of 4-row transplanters using mat type and strip
type seedlings (8).

Capacity (min/0.1 ha) Planting accuracy
Machine Nursery Transplanting Total Percent Plants  Planting Percent
missing per depth damaged
hills hill (cm) hills
4-row mat type 471 79 550 23 32 2.94 1.3
(ISEKI PF 450)
4-row strip type 462 88 550 2.0 4.1 2.95 0.4

(MINORU  LT-4F-D)

MECHANIZATION OF RICE TRANSPLANTING IN KOREA

Size and type of transplanters distributed

Since 1973, a number of 4-row transplanters using mat seedlings have been
imported from Japan and distributed for farmers to evaluate their adaptability
(Fig. 8).

To offset labor loss to off-farm migration, the Government of Korea has
provided farmers with equipment loans since 1977. As a result, the distribu-
tion of transplanters increased rapidly (Table 5).

In 1978, 34 transplanters using strip seedlings were first distributed, and the
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8. Schematic diagram of 4-row mat-type transplanter (Kukje KP 400). 1 = seedling tray, 2 = hydraulic
lever, 3 = transplanting clutch, 4 = main clutch, 5 = side clutch, 6 = side guide bar, 7 = float, 8§ =
engine, 9 = center guide bar, 10 = seedling shelf, 11 = transmission lever.

Table 5. Distribution of rice transplanters in Korea (6).

Rice transplanters (no.)

Year Supplied with Total in
government use
loan
1973 - 6
1974 - 12
1975 - 16
1976 - 24
1977 53 121
1978 320 531
1979 1,758 2,416
1980 9,033 11,061
1981 4,114 15,271
1982 4,236 19,660
1983 6,914 24,818
1984 7,670 30,893

number increased to 2,983 in 1984 (Table 6). The advantages of these machine
are as follows:
1. The seedlings can be grown better since the roots can penetrate fully into
the field nursery bed.
2. No hand transplanting is required along the levees unlike with the
transplanters using mat seedlings. Transplanters using mat seedling
leave at least one row unplanted since they have side-floats for stability.
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Table 6. Types of rim transplanters distributed with Government loan (8).

Rice transplanters (no.)

Particulars
1977 1978 1979 1980 1981 1982 1983 1984 1985

4-row mat type 53 286 1,221 8,888 4114 4186 6,097 5,304 7,0009

2-row mat type 0 0 0 0 0 0 95 170 20
4-row strip type 0 34 537 145 0 50 722 2196 2,983
6-raw mat type 0 0 0 0 0 0 0 0 300

Total 53 320 1,758 9,033 4,114 4,236 6,914 7,670 10,303

@Estimated.

Since 1983, 2-row transplanters distributed to small farmers have not
seemed attractive because of lower capacity and difficulty in operation.

In 1985, 6-row ride-type transplanters were first distributed for the joint-
use groups named “Saemaul Mechanized Farming” (Fig. 9).

Table 7 lists the specifications of the rice transplanters produced in Korea.

Domestic production of transplanters
It was inevitable to domestically produce transplanters far better after-sale
service and lower machine price.
In 1980, following the government mandate, Korean firms started manufac-
turing transplanters in cooperation with Japanese firms as shown in Table 8.
Ahead of the government schedule, the goal for complete domestic
production of 4-row mat-type transplanters has almost been achieved as
shown in Table 9.

. 10
9
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9. Schematic diagram of 6-row mat-type transplanter (Gold Star MPR 601D). 1 = transmission lever,
2 = guide bar, 3 = front wheel, 4 = rear wheel, 5 = float, 6 = ground marker, 7 = seedling shelves, 8 =
seedling tray, 9 = transplanting clutch, 10 = hydraulic lever.
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Table 8. Import of technology for rice transplanters (8).

Model Source Period
Daedong NS 4006 Kubota, Japan 19 Dec 1980-18 Dec 1983
Kukje KP-400 Yanmar, Japan 19 Dec 1980-18 Dec 1983
Kukje LT4F-D2S Minoru, Japan 1 Oct 1984-1 Sep 1987
Dongyang PF 451 Iseki, Japan 19 Dec 1980-18 Dec 1984
Asia MSP4U Mametora, Japan 26 Jan 1981-25 Jan 1984
Gold Star MPR 601D Mitsubishi, Japan 16 Feb 1984-15 Feb 1987

Table 9. Domestic production rate of rice transplanters (6).?

Type 1980 1981 1982 1983 1984 1985
4-row mat type 25.0 315 82.2 90.0 96.6 -

(25) (50.0) (70.0) (85.0) (100)
6-row mat type - - - - 40.1 -
4-row strip type - - 10 26 60.3 -

@Numbers in parentheses indicate the government mandate.

Government policy

Subsidies and loans. Government subsidies and loans were provided, along
with a training program for operators of farm machinery. Through 1984,
30,893 transplanters had been distributed (Table 5). This is only a beginning,
considering the two million farms.

Through 1983, amounts equal to purchase prices of transplanters and
nursery boxes were loaned for 5 yr to private owners; 60% was loaned to
joint-use cooperatives and the rest was subsidized.

Since 1984, only 80% of the purchase price has been loaned with the same
repayment period to private owners, because of the tightened government
budget. The interest rate was increased from 6 to 10%. The percentage loaned
to joint-use cooperatives decreased from 60 to 50%.

Training. Training programs in Korea so far have depended heavily on
government action, in contrast to Japan where the machinery industry has
played a major role in training.

As shown in Table 10, from 1977 through 1984 operators for transplanters
were trained at various levels. Since 1979, only the county-level machinery
training centers have trained operators.

Table 10. Transplanter operators trained at various centers (6).

Operators trained (no.)

Level

1977 1978 1979 1980 1981 1982 1983 1984
National 76 1,304 805 - - - - -
Provincial - - 1,938 - - - - B

County - - 14,410 20,000 22,112 10,564 5,620 6,774
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After-sale service. Repair services are a major concern to farmers. The
government has increased the number of service centers for agricultural
machinery. There are about 3,000 service facilities, one for every 700 farms
(Table 11).

Joint utilization. Farm sizes have not increased even though the farm
population has decreased rapidly (Table 12). As of 1984, the average farm size
was only 1.1 ha, too small for owning a transplanter.

To achieve an economical utilization rate for large-scale machinery from
1977 to 1981, 513 public hire service centers were established through
government organizations such as the National Agricultural Cooperative
Federation and the Association for Land Improvement. But these schemes
have been unsuccessful primarily because of management problems and
bureaucracy.

Since 1981, the government has been encouraging the farmers to form their
own farming groups named “Saemaul Mechanized Farming Groups.” Forty
percent of transplanters’ price is subsidized for the cooperatives. Table 13
shows the status of the groups and the number of transplanters they owned.

Survey of farms. According to the AMI survey results in 1983, farmers
prefer larger transplanters. About 60% of the farmers wanted to buy 4-row
transplanters, and 38% 6-row transplanters.

Of the major problems encountered by transplanter owner (Table 14),
frequent breakdowns gave the greatest concern, and difficulty in machine
operation was a close second. The complaint on frequent breakdowns is
attributed partly to the rapid domestic production of transplanters.

The average annual utilization was 7.6 ha in 1983. The average custom rates
were W67,000/ha for transplanting only and W156,800/ha for transplanting
plus seedlings.

Table 11. Service facilities for agricultural machinery (6).

Facilities (no.)

Particulars
1978 1979 1980 1981 1982 1983 1984
Dealers 322 366 508 537 552 587 608
Servicecenters - 150 465 790 1203 1441 1607
Total 322 516 973 1327 1755 2028 2914

Table 12. Trend in farm sizes (9).

Farms (no.) of given size

Households Av size
Year (no.) Less than 1.0-2.0 2.0-3.0 3.0 (ha)
1.0 ha ha ha ha
1965 2,506,899 67.3 25.9 54 14 0.90
1970 2,483,318 68.0 255 5.0 1.5 0.92
1975 2,379,058 67.8 26.0 4.7 1.5 0.94
1980 2,155,073 64.4 29.2 5.0 1.4 1.02

1984 1,973,539 66.6 27.9 4.3 1.2 1.09
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Table 13. Transplanters distributed to the joint-use groups (Saemaul Mechanized Farming
Groups) (6).

Particulars 1981 1982 1983 1984 Total

Number
Groups 612 1,010 1,005 1,058 3,685
Farmers-participating 9,600 18,500 16,700 17,500 62,300
Transplanters distributed 4,153 4,435 6,914 7,670 23,172
Transplanters distributed 716 1,269 1,335 1,664 4,984

to the groups
Percent
17.2 28.6 19.3 21.7 21.5

Table 14. Problems associated with transplanter utilization (1).

Responses

Problem area
Number Percent
Frequent equipment breakdown 11 32.3
Low field capacity 2 5.9
Machine repair parts difficult to find 5 14.7
Machine operation difficult 8 235
Operation cost too high 4 11.8
Others 4 11.8
Total 34 100.0

Cost analysis. Cost indicators have been worked out for machine trans-
planting as well as hand transplanting (Table 15, 16). The total operating cost
of mechanical transplanting with either 2-row or 4-row transplanters is higher
than labor cost of hand transplanting for the average farm size of 1.1 ha. The
break-even point appeared to be 2.1 ha for 2-row transplanters and 2.8 ha for
4-row transplanters. Lowering depreciation cost by increasing the trans-
planted area is indispensable for lowering operating cost.

Table 17 illustrates how the break-even points have dropped and would
drop further in the future. The driving force for lowering the break-even
points would be a sharp increase in farm wages.

LIMITATIONS ON MECHANICAL TRANSPLANTING

Mechanical transplanters have been distributed slowly compared with other
small-scale machinery such as power tillers, power sprayers, and power
threshers (Table 18).

Growing period

Because of Korea’s temperate climate and limited growing season for rice, the
duration from seed germination to maturity must be kept in mind. This
duration is fairly well fixed by variety. When rice is transplanted, the duration
period is divided into two parts: time in the nursery and time in the field. If less
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Table 16. Cost indicators for hand transplanting of rice.

Particulars Nursery Transplanting Total
Labor (h/ha) 95.7 184.0 279.7
Wages (won/d) 9,134 9,134 -
Work hour (h/d) 8 8 -
Cost (won/ha) 109,265 210,082 319,347

Table 17. Trend in break-even points for major machinery (4).

Breakeven point (ha)

Machine

1971 1976 1981 1986 1991
4-row transplanter 11.1 8.1 41 1.9 1.0
2-row binder 16.3 11.2 4.3 2.8 0.9
Power tiller (8 hp) 8.2 6.1 3.2 1.5 0.6
Tractor (46 hp) 113.9 83.7 43.2 171 7.7
Combine (3-4 row) 32.0 243 13.4 5.9 2.6

time is spent in the nursery, more time must be spent in the field and vice
versa. Consequently, rice seedlings are mechanically transplanted at a younger
age than those transplanted by hand to avoid cold damage in the later growing
period.

Based on agronomic research, rice seedlings with 2.0-2.5 leaves must be
transplanted 7-10 d in advance of hand transplanting (Table 19). There will be
a time constraint on double cropping in the south. The transplanters have been
introduced further north where rice is grown alone. Seedlings could also be
grown up to the stage of 4.0-4.5 leaves, which is still younger than seedlings for
hand transplanting at 6.5-7.0 leaves. In this case, the time constraint on double
cropping will be lessened to 3-5 d, but the increased cost and labor for more
nursery boxes will increase the cost of mechanical transplanting and decrease
machine efficiency.

Paddy rearrangement and irrigation
Paddy rearrangement is a prerequisite to using rice transplanters, especially
the 4-row ones widely distributed at present. However, paddy rearrangement
projects have been implemented slowly (Table 20) because of high cost. The
projected area of paddy rearrangement is only 53.5% of the total paddy area.
Irrigation is also important for mechanical transplanting. Since younger
seedlings are mechanically transplanted earlier than for hand transplanting,
stable water supply is mandatory. But most reservoirs do not have enough
water for the extra period, and 30% of the total paddy area is still left
unirrigated.

Small landholdings

As mentioned previously, landholdings (1.1 ha average) are too small for a
transplanter, and transplanters distributed at present are too large and
expensive for most farms.
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Table 18. Major farm machinery on farms (6).

Farm machinery (no.)

Machine
1965 1970 1975 1980 1984

Tractor - 61 564 2,664 9,864
Power tiller 1,111 11,884 85,722 289,779 538,273
Transplanter 0 0 16 11,061 30,893
Power sprayer - - 32,956 108,632 244,802
Mist-and-duster 7,578 71,200 104,742 222,031 227,383
Binder 0 0 0 13,652 22,635
Combine 0 0 56 1,211 8,417
Power thresher 18,909 41,038 127,105 219,896 186,647

Table 19. Characteristics of various seedlings (4).

Seedlings for mechanical

transplanters Seedlings for hand

Particulars transplanters
Younger Medium (matured)
Use of box Yes Yes No
Boxes (no.)/ha 150-200 250-400 -
Depth of seedbed 2.5cm 2.5 cm Not limited
Density of sowing 180-200 g/box 110-130 g/box 250 g/3.3 m2
Days after seeding 15-20 35+5 4045
Leafstage 2.0-2.5 4.04.5 6.5-7.0
Height 10-15¢cm 15-20 cm 15-20 cm
Delays in heading 710 d 35d 0

Table 20. Status of paddy rearrangement and irrigation (9).

Rearranged Irrigated
Year
Thousand ha Percent Thousand ha Percent

1945 43 3.3 - -
1975 278 21.1 790 59.8
1980 369 28.0 893 67.7
1981 383 29.0 908 68.8
1982 400 30.3 917 69.5
1983 415 314 929 70.4
1984 431 32.6 - -

Most transplanter owners provide hire services to lower their operating
costs. However, using custom hire services reduces income of farmers,
especially hurting those who lack off-farm employment.

The government has been encouraging farmers to form the Saemaul
Mechanized Farming Groups 10 reduce operating costs and alleviate labor
shortages. Mechanization of rice transplanting in Korea depends heavily on
the successes in these groups even though the human nature for private
ownership and the importance of timely transplanting are limiting factors.
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Recently, the government launched a new project to establish so-called
“agriculture-industry complexes” in the rural areas, which can create off-farm
wage income for small farmers.

SUMMARY

After the successful completion of the first five-year economic development
plan (1962-1966), the need for mechanized rice transplanting was recognized
because of labor shortages resulting from off-farm migration.

Since 1967, engineers have been developing simple low-cost transplanters
suitable for Korea with its small landholdings and intensive management.

Transplanters using root-washed seedlings lacked planting accuracy.
Manual transplanters using soil-bearing seedlings were developed but not
accepted by farmers primarily because of arduous machine operation and low
capacity.

In 1973, six mat-type transplanters imported from Japan were distributed
to farmers. Since 1977, government subsidies and loans have been provided to
speed dissemination of transplanters. Through 1984, about 31,000 trans-
planters had been distributed, only a beginning compared with the total of two
million farms.

The major drawback of conventional transplanters is the high operation cost
due primarily to the high machine price and the small landholdings. Joint
utilization through Saemaul Mechanized Farming Groups has been strongly
recommended by the government.
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SEED-CUM-FERTILIZER DRILLS IN
INDIA

S, R. VENA
Punjab Agricultural University
Ludhiana, India

India has made spectacular progress in agricultural production during the last
two decades. The country recorded an all-time high production of 150 million
t of food grains in 1984 as against 55 million t in 1950-51.

Prior to 1960, the traditional methods for sowing crops included hand
broadcasting, kera (drawing furrows by a country plow and dropping seeds by
hand), and pora (dropping seeds in the furrow through a bamboo or metal
funnel attached to a country plow). For small areas, dibbling (making holes or
slits by a stick or tool and dropping seeds by hand) was practiced. Those
methods did not uniformly distribute or accurately place seeds at the desired
depth; therefore they reduced the plant population and yield.

A new agricultural strategy was evolved in India by the beginning of the 60s.
Two important earlier events were the consolidation of fragmented farm-
holdings and augmentation of irrigation facilities. The new strategy aimed to
enhance farm production and productivity through intensive farming and
multiple cropping by using biological, chemical, and mechanical inputs: high
yielding seed varieties, higher and balanced doses of fertilizer, water,
pesticides, improved sources of power, and better farming tools.

Experiments by agricultural scientists and engineers at various research
stations, agricultural universities, and Intensive Agricultural District Projects
(IADP) in six districts proved that an indispensable tool for judicious
application of seed and fertilizer inputs was the mechanical drill that could
apply the right quantity of seed and fertilizer inputs at the right time and in the
right place. A crop sown by a seed-cum-fertilizer drill gave, on the average, 8
to 10% higher yield per hectare than a crop sown by traditional methods. The
increase was attributed to uniform seed distribution, accurate band placement
of fertilizer, and regulated depth of sowing, which increased plant populations
and fertilizer use efficiency. Timeliness of operation was crucial, correlating
positively with yield per hectare. Wheat yields declined by 100 kg/ha for each
week of delay beyond the optimum time of sowing.

The drill also enabled higher work output, reduced cost and labor
requirements, and eased weeding and hoeing in the crops sown in lines. Today
more than 100,000 tractor-operated and 200,000 animal-drawn seed-cum-
fertilizer drills are in use in India.
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DEVELOPMENT OF SEED-CUM-FERTILIZER DRILLS IN INDIA

Although a few, imported, tractor-driven seed drills could be found in India,
mainly at government and big private farms during the 50s, the research and
development (R&D) effort for the evolution of seed-cum-fertilizer application
equipment suited to Indian conditions essentially commenced in the early 60s.
At first, manufacturers developed seeding attachments (Fig. 1, 2) for local
equipment, viz., plows, cultivators, and bhakhar. Soon, however, prototypes
of seed-cum-fertilizer drills were designed and developed by agricultural
engineers in various institutions and research centers. The new equipment was
accepted for commercial production by the small-scale manufacturers (6, 8).
Many tractor companies started producing tractors in India by the mid-60s
and as the demand grew, the demand for seedbed preparation and seedling
equipment also rose (8).

The Massey Ferguson seeding attachment (Fig. 1), mounted on a tine-
cultivator from U.K, was promptly adopted by Indian farmers. Using the
design, some manufacturers made models of tractor-operated drills. One
notable contribution was made by Swastik Limited, Secunderabad (A.P.),
which manufactured animal- and tractor-operated drills in the early 60s. This
design was developed through the joint efforts of Indian agricultural
engineers, Ford Foundation specialists, and the manufacturer. By the mid-
60s, several manufacturers in the Punjab were manufacturing drills (8).

About this time, the Punjab Government gave a subsidy of 33% to all
farmers buying drills. A target for introducing about 50,000 improved drills
set in 1968-69 was reached. Animal- and tractor-operated seed planters also
developed in the late 60s were sold to farmers. During the 70s R&D work was
devoted to developing new models, refining the seed metering mechanisms,
power transmission systems, frame designs, and evolving suitable types of
furrow openers. A notable achievement was a planting attachment which
could be mounted on a conventional animal- or tractor-drawn seed drill.

Seed box

Cultivator

1. A 9-row seeding attachment for a tractor-mounted cultivator.
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Evaluation and testing of various types of drills and planters under varying
soil and field conditions also intensified during the 70s. Indian Standards
Institution (ISI) formulated several standards relevant to the seeding
equipment (5). The manufacturers considerably improved equipment quality
and started using jigs and fixtures for making components. R&D in the 80s
focused on drills for rainfed areas and more difficult clod-forming soils, and
drills for no-till conditions or reduced tillage. Details of the types of
equipment developed in India during the last two decades are given in the
literature cited (1, 2, 3, 6, 9, 10, 11, 12, 22) and briefly discussed in the
following paragraphs.

COMMON TYPES OF DRILLS AND ASSOCIATED EQUIPMENT

Seed and fertilizer attachments to local soil-working tools

The simplest device for line sowing of seeds and band placement of fertilizer is
a bamboo or metal pipe with a bowl, attached to a country plow or local
implement. Such devices, used in many parts of India, are made for one to five
rows (Fig. 3). Seeds and fertilizer are metered and dropped by hand; accuracy
depends on the operator’s skill and experience. This method is superior to
hand broadcasting of seed and fertilizer and leads to better fertilizer use
efficiency. To improve this system, mechanical metering replaced hand
metering (Fig. 2).

Seed box

. Fertilizer box

. Drive wheel

Chain

Adjustable link

Seed tube

Fertilizer tube

Seed and fertilizer opening lever
. Seed and fertilizer rate adjustor

O ~NOOPEN

2. Single-row seed and fertilizer attachments for a country plow.
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..

Fertilizer bowl
Seed tube
Fertilizer tube
Seed furrow opener
Fertilizer furrow opener
Fertilizer pipe clamp
Support

Handle

Body

Beam

SODNOOBUN

pury

3. Three-row seed and fertilizer attachments for local implement used in heavier soils in southern
states of India.

8 4. A manually operated seed and fertilizer
* 1 broadcaster.

Manually operated broadcasters

Manually operated knapsack seed and fertilizer broadcasters have been
developed in India by agricultural engineers of agricultural universities at
Panmagar and Ludhiana (Fig. 4). These devices consist of a metallic box, a
circular disk with dividing ribs, and a gear box. A handcrank rotates the disk,
provided under the hopper, at about 360 rev/min. A sliding plate adjusts the
size of the opening for dispensing seed or fertilizer. The opening adjustment
and forward speed determine the application rate. The seed or fertilizer
falling on the disk is spread unifromly in front of the broadcaster. Table 1
compares the tool's performance with hand broadcasting.

Manually operated drills

Manually operated seed-cum-fertilizer drills (Fig.2), suitable for small
holdings in the plain and hilly tracts, have been developed at the Indian
Agricultural Research Institute of Agricultural Engineers (CIAE) in Bhopal.
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The drills use gravity or fluted-feed metering devices to control seed and
fertilizer rates. An agitator is usually provided to ensure uniform flow with
gravity metering. Usually, two persons are required to operate such drills.
Field capacity ranges from 0.3 to 0.4 ha per 8-h day.

Animal-drawn drills

Several designs of 2- to 5-row animal-drawn drills with variations in metering
services, power transmission systems, and frame and furrow openers were
developed during the last two decades in India (Fig. 5). The seed and fertilizer
are held in different compartments. Draft of a typical 3-row animal-drawn
drill varies from 80 to 175 kg and area covered from 1 to 1.6 ha/d. Seed

Table 1. Comparative performance of a manually operated fertilizer broadcaster and hand
broadcasting (22).

Effective Av field Uniformity of Time Approximate
Application method width of capacity distribution required cost of
swath (m) (ha/h) (% variation) (h/ha) operation?
(Rs/ha)
Urea (60 kg/ha)
Hand broadcasting 3.35 0.36 35.0 2.78 3.47
Manually operated 6.40 1.20 25.0 0.84 1.35
broadcaster
Diammonium phosphate (60 kg/ha)
Hand broadcasting 3.55 0.345 30.4 6.5 8.12
Manually operated 6.30 1.18 17.5 3.39 5.50
broadcaster

@Indian Rs 12 = US$1.

5. a) A two-row, animal-drawn seed-cum-fertilizer drill with cast-wheels, hoe type openers, and
V-belt drive with an idler pulley to serve as clutch. b) A three-row, animal-drawn drill with a planter
attachment.
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metering is done either by fluted-feed rollers, vertical rotors with cells or
grooves on the periphery, or by gravity with an adjustable opening with an
agitator. Granular fertilizer usually is metered by gravity with an adjustable
opening with agitator disk or spur wheel (Fig. 6). An agitator prevents
fertilizer from bridging over the opening and ensures uniform flow. The seed
and fertilizer are conducted through transparent plastic tubes and dropped in
the furrows opened by the furrow openers. Transparent plastic tubes help in
detecting the clogging of the seed or fertilizer and also avoid corrosion.

Serrated Driving
shaft
Driving
shoft = j Spur wheel
Adjustable
nofeh 7 Adjustable
* orifice
1
Gravity feed with serrated . )
i i ifice Gravity feed with spur wheel
AR, 4 ol merdti St and adjustable orifice
Primary
hopper ’/:"P ’4%er, =— Fertilizer
Vertical rotor
with cells

Driving shaft Star

wheel
Funnel
) Bevel Delivery
Delivery gear tube
be
Positive feed with vertical rotor Pinion
having cells (grooves) on periphery Star wheel fesd

Hopper

Agitator rod
Revolving plate

Fertilizer delivery
tube

............

Revolving plate fertilizer
feed device used on plonters

6. Common types of fertilizer metering devices used on Indian seed-cum-fertilizer drills.
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Main features of animal-drawn drills are summarized in Table 2. Even
though specifications have been laid in IS:6813-1973 by the ISI, the design
features vary widely (5).

Table 3 gives information on the suitability of different furrow openers
(Fig. 7) for various soil and field conditions. The split-boot furrow opener,
commonly known as single-hoe double pore opener, is the most common
opener used on animal-drawn drills in northern India because of its simple
design, low cost, and low draft. Adequate space is available between openers,
thereby avoiding chances of clogging by weeds and stubble and ensuring
proper placement of seed and fertilizer. This type places the fertilizer in a band
about 2.5 cm to the side and about 2.5 cm deeper than the seed.

Animal-drawn planters

Mechanical sowing equipment developed in India during the last 1-1/2
decades can be broadly categorized as solid drills and precision planters. In
solid drilling, the seeds are dropped continuously and randomly without
controlling the seed-to-seed distance precisely. In precision planting, the
distance between individual seeds or hills is precisely regulated. Examples of

Table 2. Features of animal-drawn fertilizer seed drills in use in
India.

Item Specifications and details

No. of rows
Hopper capacity

Row-to-row spacing
No. of tool bars
Types of hoppers

Type of metering

Power transmission
Type of furrow openers
Type of furrow shovels

Diameter of wheels
Speed ratios

Gross weight of empty drill
(without beam)

2and 3
Seed: 15 to 20 kg (about 56 kg/
row). Fertilizer: 20-25 kg
Adjustable, 8-20 cm.
Two, with holes at 25cm distance
Continuous, trapezoidal in
X-section made of M. S. sheet
Forseed
1. External fluted-feed rollers
2. Vertical rotors with cells on
the periphery
3. Gravity with adjustable
opening and agitators
For fertilizer
1. Gravity with adjustable
openings with spur wheel
or serrated disks
2. Vertical rotors with cells on
the periphery
Chain and sprockets, V-belt and
pulleys
Hoe-type with reversible shovels
with split boot or double-pores
M.S. angle, box or channel sections
22.5 to 40 cm
Ground wheel-to-seed metering
shaft and ground wheel-to-
fertilizer shaft = 1:2 to 2.5
60-110 kg
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Table 3. Suitability of types of furrow openers used in seed-cum-fertilizer drills and planters.

Type of furrow opener Description Suitability

Hoe type Single or double pointed shovel

with one or two pores/boots.

Suitable for light, medium
soils, free of excessive trash.
Has good penetration.

Widely used on row crop
planters. Suitable for

Resembles a curved sword with
a thin sharp cutting edge with
single or double boots at the rear.

Stub or full curved runner

Single disk opener

Double disk opener

Chisel-type furrow opener

One disk slightly curved,
fastened to the boot and
set to run at a slight angle.

Two disks facing each other,
placed at a slight angle.

A body with bar shape.
Has the shape point
projecting over the shoe.

shallow sowing. Sharp
blade cuts through the
clods and sod. Low draft
and minimum soil
disturbance.

Good penetration, cuts the
trash, and does not clog.

Suitable for deep sowing at
relatively higher speeds.
Ideal for sowing small
seeds in trashy seedbeds.

Especially suited to very
hard and cloddy soils
typical in the black soil
belt in the rainfed areas of
Madhya Pradesh and
Maharashtra.

Hoe-type

Full or curved runner

Single disk

Double disk

7. Common types of furrow openers used on seed-cum-fertilizer drills and planters.
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crops sown through solid drilling in India are wheat, barley, paddy (when
directly sown), oats, oilseeds, fodder crops like maize, and sorghum. For solid
drilling, fluted-feed rollers, or vertical rotors with cells on the periphery or
gravity metering devices with adjustable openings with rubber rollers or flaps
are used.

For precision planting on the other hand, these metering devices are in use
(Fig. 8):

* vertical rotors with seed cells or indents,

* inclined seed plates with seed cells,

* vertical seed plates with seed cells, and

* horizontal seed plates with seed cells.

The commonly planted crops in India are maize, cotton, groundnut,
soybean, and pigeonpea. Figures 9 and 10 show the animal-drawn planters
with inclined and vertical seed plates.

For each seed type, a separate seed plate with a specified number of cells is
used. Fertilizer metering is done by a revolving plate with a stationary plow or
gravity (Fig. 6). One type is a positive metering device which meters both
powdered and granular fertilizers. The second is the gravity device. The
weight of an animal-drawn planter varies from 75 to 100 kg. Hoe, runner, and
disk furrow openers are in use. Band plates are provided on runner openers to

-

Hopper

Vertical rotor
with grooves
on periphery Primary

happer

Secondary
hoppar
Delivery tube
Vertical rotor with
grooves/cells
Hopper
Helical rubber
Squore shaft % roller Cut off - Ejector
| \ @ groove
|1 |
‘% ] = ] E Saction A-A'
f ~Seed plate
—i E’— with cells
Slot
il

Z Sliding sheet

Gravity seed matering device with
halical rubber rollar

Vertical seed plate

8. Common types of seed metering devices used on drills and planters.
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. Fertilizer box

Seed hopper
Frame

. Ground wheel
. Furrow opener
. Fertilizer metering lever

Seed cut-off lever
Beam

9. A three-row, animal-drawn planter with fertilizer application provision.

10. An animal-drawn, single-row seed planter with fertilizer attachment.
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adjust and control planting depth (Fig. 10). The plant-to-plant spacing is
adjusted by using the right size of pockets or change gears and seed plates of
specified number of cells for a given crop. The manufacturers supply the seed
plates and change gears/sprockets to get the desired plant-to-plant spacings in
different crops.

Tractor-operated drills

Several types of tractor-operated drills (Fig. 11, 12) and seed planters with
fertilizer attachments (Fig. 13, 14) have been developed and introduced in
India. For ease of maneuvering and transport, these devices are mounted on
the three-point linkage of the tractor. Drill size ranges from 7 to 15 rows for
tractors of 20 to 55 hp. Figure 15 shows the common types of ground wheels.
Seed-metering devices are in Figures 8 and 16 and fertilizer metering devices
are in Figures 6 and 17. Furrow openers are shown in Figure 7. Once again, the
most common seed-metering device in drills is the external fluted-feed roller
and that on planters is the inclined or vertical plate with cells. All Indian drills
and planters band place fertilizer usually on one side of the seed at the same or
slightly higher depth than the seed. Agronomic research shows fertilizer
placement in a band about 2.5 cm to the side and about 2.5 cm deeper than the
seed leads to about 8 to 10% increase in, the yield of wheat and other cereal
crops. Table 4 gives salient features of tractor-operated drills and planters in
use in India.

1 | Seed box 6 | Single-hoe double-pore opener
2 | Seed rate control lever T | Seed covering attachment

3 | Fluted rollers 8 | Frame

4 | Plastic delivery tubes 9 | Chain drive

5 | Ground wheel with lugs 10 | Chain cover

11. A typical, tractor-mounted seed-cum-fertilizer drill.
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Ground wheel

Chisel-type
furrow opener

12. A tractor-mounted seed-cum-fertilizer drill with chisel-type furrow opener and ground drive
wheel with pegs, for clod-forming soils.

Planting attachment

13. A tractor-mounted seed-cum-fertilizer drill with planting attachment.

Tables 5 through 7 give the results of laboratory and field calibration at
different settings of the rate control lever and forward speed for seed with two
types of metering devices commonly used on tractor-operated drills. A close
examination reveals that fluted rollers perform better in inter-row uniformity
of seed distribution. Tables 8 and 9 show results for the fertilizer calibration. A
positive metering device with vertical rotors with cells on the periphery leads
to comparatively low inter-row variation compared to gravity metering with
adjustable opening with spur wheel or serrated agitator plates. Therefore, the
type of metering device significantly affects drill performance in uniformity
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- Land markers 1
. Fertilizer hoppers

. Seed hoppers

. Press wheels

. Furrow opener

. Ground wheel with lugs

DBy —

14. A typical four-row tractor-mounted seed-cum-fertilizer planter.

Plain wheel Wheel with lugs Wheel with pegs

15. Common types of ground wheels used on seed-cum-fertilizer drills in India.

and distribution of fertilizer in the rows. Tables show that in the drill with a
positive metering device, increasing the fertilizer rate does not change the
percent variation much. In the gravity metering device, however, percent
variation generally decreases as the fertilizer rate is increased by increasing the
opening size. This can be attributed to better flow of fertilizer with no or
minimum bridging when the opening is larger.

Tables 10 and 11 give the qualitative performance of the metering devices
used with Indian drills.
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16. Two common types of seed-metering devices used on animal- and tractor-operated drills.
a) external fluted-feed rollers, b) vertical rotors with seed cells on the periphery.

17. Two common types of gravity-type fertilizer metering systems used in animal- and tractor-
operated drills: a) with adjustable orifices and serrated agitator plates; b) with adjustable orifices with
spur wheels and augers.
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Table 4. Features of tractor-drawn drills used in India (18).

Iltem

Specifications, details

Size (no. of rows)
Hopper capacity

No. of tool bars

Row-to-row spacing
Type of hoppers

Type of metering device

Power transmission system

Type of furrow openers

Speed ratio

No. of ground wheels

Depth-adjusting arrangement

Diameter of ground wheels
Gross weight of the empty drill
Hardness of shovels

Draft requirements at a
forward speed of 4 km/h to

5 km/h (sandy loam, soil 10%
moisture content and 5 to 6
cm depth)

Field capacity

Interrow variation in dropping
of seed and fertilizer

Range of seed rate per hectare
Wheel slippage

Provision of instant cut-off
device

7 to 15 for tractors of 20 to 55 hp
Seed = 50-70 kg: fertilizer = 80-
100 kg
Two with holes at 55 mm and 10
mm diam
Adjustable, 20-22 cm
Continuous, trapezoidal in cross
section
For seed
1. External fluted-feed rollers
2. Vertical rotors with cells on
the periphery
For fertilizer
1. Gravity type, adjustable
opening with spur wheel or
serrated disks
2. Vertical rotor with cells on
the periphery
Chain and sprocket or belt and
pulley
Hoe-type with reversible shovel
with double split boots (single
hoe double pore opener), chisel
type or disk openers.
1.Ground wheel-to-seed
metering shaft 1:2-2.5
2.Ground  wheel-to-fertiltzer
metering shaft 1:2-2.5
One, two, and three wheels with
drive from one or two wheels
By raising or lowering the depth/
ground wheel along with axle or
adjustable screw or by moving
furrow openers up or down by
holes in the shanks
40 to 60 cm
280 to 300 kg
120 to 140 Brinell hardness no.
(BHN) as against 350 to 450 BHN
specified by ISI
175-230 kg

0.65 to 0.8 ha/h
Seed

1. +14 to —-12% (fluted-feed
rollers)

2. +20 to —40% (gravity with
adjustable opening)

Fertilizer

1. +240 to —-90% (gravity with
adjustable opening)

2. +10 to —16% (vertical rotors
with cells on the periphery)
(permissible variation: 76%
seed and 12.5% of fertilizer)

Seed: UP to 125 kg/ha

Fertilizer: up to 250-1000 kg/ha
14 to 25% (normally should not
exceed 10%)

Rarely available

269
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Table 5. Results of laboratory seed-calibration for a 9-row, tractor-
mounted seed-cum-fertilizer drill equipped with fluted-feed roller
metering device at different rate settings and forward speeds.?

Variation between
Seed Manufacturer's ~ Observedrate  furrow openers (% over

index stated seed rate (kg/ha) at average)
setting (kg/ha)

. 5.0 3.5 km/h 5.0 km/h

km/h  km/h

+ - + -

3.0 445 37.46 4430 9.11 6.25 9.02 2.62
4.0 61.8 54.33 60.13 7.69 4.47 477 420
5.0 79.0 7413 7866 3.58 6.89 296 274
6.0 96.3 91.30 96.86 5.12 3.09 3.10 5.53

@Using wheat variety WG-357 at 20-cm row spacing.

Table 6. Results of laboratory seed-calibration for a 9-row, tractor-
mounted seedcum-fertilizer drill equipped with adjustable stationary
lopening with an agitator at different rate settings and forward

speeds.?
Variation between
Observed rate furrow openers (%
Seed Manufacturer’s (kg/ha) at over average)
index stated seed rate
setting (kg/ha) 3.5 km/h 6 km/h 3.5 km/h 6 km/h
+ — + —
25 26.2 455 358 23.7 405 259 496
3.0 40.6 97.8 63.5 109 7.8 241 645
35 87.5 141.5 987 100 74 116 8.8
4.0 N.A. 225.0 141.7 6.0 18.0 11.1 126

4Row spacing: 20 cm.

Drills with planting attachment

An example of a drill with planting attachment is the multicrop-seed-cum-
fertilizer drill shown in Figure 13. When a farmer grows both the solid-drilled
and planted crops, he needs a seed-cum-fertilizer drill as well as planter. The
combined cost ranges from $800 to 900, rather prohibitive for many farmers.
Researchers in the Department of Farm Power and Machinery, Punjab
Agricultural University, Ludhiana, developed a new concept, involving the
use of a planter attachment on an animal- or tractor-operated drill. Thus, the
farmer can use the same machine for drilling and planting. Several manu-
facturers in the Punjab fabricate such equipment.

An important consideration in planter design is the height from which the
seed is dropped. Ideally, it should be 50 cm or less. Therefore, the planting
attachment is bolted on the tool bar of the drill at the lowest possible height. It
uses a continuous hopper with standard inclined or vertical seed plates with
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Table 7. Results of field calibration of tractor-mounted seedcum-fertilizer drills equipped with
different seed (wheat) and fertilizer (calcium ammonium nitrate) metering devices at different
rate settings and at about 4.5 to 5 km/h. @

Expected rate sup- Percentage error

Position of rate plied by the manu- Observed rate over expected Wheel
setting lever for facturer slippage
Seed Fertilizer Seed Fertilizer (%)
Seed Fertilizer Seed Fertilizer  (kg/ha) (kg/ha)
(kg/ha) (kg/ha)
Seed metering — fluted-feed rollers
Fertilizer metering — adjustable stationary opening
14 4 75 125 76.5 105.0 +20 -20.0 25.2
15 5 - - 89.5 211.0 na na 274
16 6 _ - 93.0 259.0 na na 25.2
Seed metering — fluted-feed roller
Fertilizer metering — grooved peripheral disks
3.0 5.0 na 137 52.5 118.8 - -13.3 23.0
4.0 4.0 75.0 175.0 68.0 194.0 -9.3 +10.8 25.2
5.0 35 na na 93.0 237.0 - - 25.2
6.0 112.50 - 19.5 - +6.2 - 25.2
Seed metering — adjustable stationary opening
Fertilizer metering — adjustable with serrated disks
2.0 - 125 71.50 157.50 na +30.5 17.3
2.15 3.0 - - 77.0 186.19 na na 21.8
2.25 3.25 75.0 - 103.50 230.50 +38.0 na 17.3
25 35 87.50 - 139.0 315.0 +58.8 na 17.3

@ na = not applicable.

Table 8. Results of fertilizer calibration for a 9-row, tractor-mounted seed-cum-fertilizer drill
equipped with a gravity-type fertilizer metering device, with adjustable opening and agitator at
different rate settings and forward speeds (1).

Maximum variation between rows

Observed fertilizer rate (% overaverage)

Position of (kg/ha)

rate setting 3 km/h 5 km/h
lever 3 km/h 5 km/h

+ - + -
Calcium ammonium nitrate (granular)
2.0 66.46 67.38 30.82 29.92 21.93 20.01
3.0 180.17 17213 13.62 21.25 14.53 10.35
35 311.92 269.75 17.36 18.02 12.07 9.37
4.0 423.75 369.93 18.10 13.06 10.23 7.53
Urea (prills)

1.5 68.58 47.42 66.19 52.57 63.02 66.05
2.0 101.13 80.96 42.37 33.87 42.98 58.61
25 151.71 118.50 50.84 56.27 43.85 54.91
3.0 228.33 178.08 26.18 36.72 33.41 51.57
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Table 9. Results of fertilizer calibration for an 11-row, tractor-mounted seedcum-fertilizer drill
equipped with a positive metering device of vertical wheel with grooves at different rate settings
and forward speeds (1).

Maximum variation between rows

Observed fertilizer rate (% over average)
Position of (kg/ha)
rate setting 3 km/h 5 km/h
lever 3 km/h 5 km/h
+ - + -

Calcium ammonium nitrate (granular)

0 540.0 533.0 7.55 13.50 5.4 9.4
3 346.0 356.0 6.20 8.80 7.0 8.9
4 256.0 251.0 9.10 11.80 10.5 12.3
5 194.0 196.8 11.84 16.0 13.7 16.0
Urea (prills)
0 517.75 459.75 5.85 9.24 11.91 8.72
3 272.50 261.16 7.31 9.17 6.0 6.0
5 153.25 143.31 11.79 10.4 10.77 8.37

cells (Fig. 13). The desired row-to-row spacing is adjusted by laterally shifting
the furrow openers. The seed chamber for a particular seed plate can also be
blanked/plugged, if needed. The number of rows which can be planted is
shown in Table 12. The planting attachment is detached when the machine is
used as a drill. While planting a crop, seed plates with specified number of cells
and sprockets with a given number of teeth are used (Table 13). Tables 14 and
15 give the field capacity and approximate cost of the seeding and planting
equipment currently in use in India.

Tractor-mounted fertilizer broadcaster

There are two types of tractor-operated fertilizer broadcasters (Fig. 18). Table
11 gives the types of metering devices and their comparative performance. The
oscillating spout fertilizer spreader can also be used for topdressing fertilizer
in row crops by providing a band-spreading attachment.

A tractor-operated fertilizer broadcaster has a hopper capacity of 250 to 300
kg fertilizer. It spreads the fertilizer over a swath 6 to 8 m wide and requires a
35 to 40 hp tractor. It distributes uniformly and is recommended for applying
free-flowing granular fertilizers in soils with adequate moisture.

ROLE OF AGENCIES IN EVOLUTION AND EXTENSION OF DRILLS

These agencies contributed toward the design, development, evaluation,
manufacture, testing, and adoption of drills in India during the last two
decades:

1. R&D organizations such as research and development centers in the
agricultural engineering departments or colleges of state agricultural
universities, ICAR, and CSIR

2. Farm machinery manufacturers
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Table 12. Number of rows for crops sown by the multicrop drill-
cum-planter.

No. of rows drilled/planted

Crop
Animal-drawn Tractor-operated

Wheat
Barley
Paddy
Oats
Bajra
Taramira
Rapeseed
Groundnut
Maize
Cotton
Soybean
Peas
Okra
Arhar

NPNNNDNMNNDWWWWWWWW
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Table 13. Speed of seed plates and size of sprockets for crops.

Seed plate Plant-to-plant Row-to-row  Sprocket

Crop cell distance spacing teeth

(no.) (cm) (cm) (no.)
Groundnut 8 15 30 9
Soybean 16 7.5 45 9
Maize (corn) 8 22 60 13
Pigeonpea 8 25 75 13
Cotton (local) 8 30 60 16
Peas 32 75 45 16
Cotton  (America) 6 45 60 19

Central and state departments of agriculture and rural development
Voluntary organizations
National Research and Development Corporation of India
Indian Standards Institution
Government of India testing and training centers
State corporations: agro-industrial corporations, state farms, National
Seeds Corporation, etc.

9. Farmers’ training centers

10. Banking institutions

11. Rural polytechnics

12. Farmers

Significant contributions toward the design, development, and perfection
of the drills have been made by public and private institutions and
organizations. Several improved designs of drills and planters have been
evolved under ICAR Coordinated Project on Farm Machinery and Imple-
ments, and the Dryland Agriculture Project. Various state governments have

P NN B W
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Table 14. Size and field capacity of seed and fertilizer application equipment for power sources

used in India.

output
Equipment Size Power source capacity Remarks
(ha/d)
Seed-cum- 1 -row Two persons 0.30 - 0.40 Requires 2 persons to operate
fertilizer  drill
1-row Pair of oxen 0.40 - 0.60
3-row, Pair of oxen 12 -15 Sows at recommended row-to-row
20 cm spacing and depth. Ensures band
placement of fertilizer
6-row, Tractor of 40 - 45 Sows at recommended row-to-row
1213 m 20 hp spacing and depth. Ensures band
placement of fertilizer
9-row, Tractor of 50 - 6.0 Sows at recommended row-to-row
282 m 35 hp spacing and depth. Ensures band
or higher placement of fertilizer
11-row, Tractor of 7.0 - 80 Sows at recommended row-to-row
3.2 m 45 hp or spacing and depth. Ensures band
higher placement of fertilizer
Seed-planter 1-row Pair of 0.60 - 0.75 Ensures accurate seed-to-seed
with  fertilizer animals spacing at proper row spacing and
attachment depth. Also band placement of
fertilizer
2-row Tractor of 20 - 25
25 hp or
higher
4-row Tractor of 25 - 3.0
35 hp or
higher

Table 15. Approximate cost of animal and tractor-drawn drills with
or without planting attachment currently in usa in India.

Rows ; a
Al t t
Type of dril sown pproximate ~cos
(Rs)
(no.)
Animal-drawn seed-cum- 3 800-1000
fertilizer  drill
Animal-drawn planter 1 800-1000
Animal-drawn  seed-cum- 2-3 1000-1200
fertilizer drill  with
planter  attachment
Tractor-drawn  seed- 9 4000-5000
cum-drill
Tractor-drawn seed planter 2.4 5000-5500
with  fertilizer attachment
Tractor-drawn  seed-cum- 6-9 6000-6500
fertilizer drill  with
planter attachment

@ Indian Rs 12 = US$1.
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18. Common types of fertilizer metering and stirring devices for tractor-mounted fertilizer spreaders.
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made significant contributions by strengthening the farm mechanization
research and development base in various agricultural universities. Testing
agencies have also played a vital role in this direction. Indian Standards
Institution through its Technical Committee AFDCS59: Sowing, Fertilizer
and Manure Application Equipment, has developed specifications and test
procedures for seeding and planting equipment. The private manufacturers,
usually comparable to artisan shops, have manufactured seeding and planting
equipment based on the improved designs evolved by research organizations
and incorporated significant improvements based on farmers’ suggestions.

Demonstrations on the use of drills through the National Demonstration
Project and extension engineers of agricultural universities and state depart-
ments of agriculture/directorates of agricultural engineering resulted in faster
adoption. Training in proper adjustments, calibration, use, and care promoted
much-needed awareness. Demonstrations on farmers’ fields brought out the
advantages of a drill in uniform distribution and accurate placement of the
seed and fertilizer, establishment of recommended plant population, ease of
weeding and hoeing in line-sown crops, economy in seed and fertilizer rates,
saving in time, money and drudgery. The cumulative effort led to an 8 to 10%
increase in yield per hectare.

R&D engineers have contributed by judicious selection and design of
proper metering devices, simple and rugged power transmission systems,
adapted ground wheels to minimize slippage, simple adjustments during
operation and transport, and the right type of furrow openers to ensure proper
functioning of the drill under varying soil-field conditions. The seed drills and
planters were designed in sizes compatible with the draft capacity of the
animals and the drawbar hp and hydraulic lift capacity of Indian tractors.
Construction materials have also been selected and incorporated in the designs
to provide proper resistance and strength as well as ensure easy availability and
workability with the shop facilities and gadgets available in the small artisan
shops.

R&D organizations have helped manufacturers by supplying blueprints and
lending prototypes and technical guidance during fabrication. ICAR, through
its coordinated research project on manufacture of prototypes, has multiplied
promising designs, making it possible to conduct feasibility trials under
different soil and crop conditions. After evaluation, designs were modified,
improved, and propagated in various areas. The National Farm Machinery
Release Committee of the Ministry of Agriculture and Rural Development is
helping in prompt release of well-tested and proven designs of seed-cum-
fertilizer application equipment developed by various R&D centers and other
agencies.

The role of manufacturers and fabricators in introducing drills has also been
noteworthy. They have developed appropriate tools, jigs, and fixtures for
manufacturing various components and producing the machines, and have
demonstrated to farmers, through agricultural fairs and exhibitions, the
function and utility of various designs.

Farmers’ organizations including the Indian Farmers Fertilizer Coopera-
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tive, National Marketing and Cooperative Federation, Farmers’ Clubs,
Young Farmers’ Forums, and many individual progressive farmers have
contributed toward speedy transfer of the know-how about drills. Adoption by
progressive farmers induced other farmers to adopt drills and thus realize
higher yields.

Government policies helped too. The Government provided subsidies of 25
to 33% to small and marginal farmers under the Integrated Rural Develop-
ment Programme of the Ministry of Agriculture, and other incentives.
Banking institutions provided credit for buying the equipment. The estab-
lishment of the National Bank for Agricultural and Rural Development during
the Sixth Five-Year Plan also helped the farmers and artisans in this direction.
More than 20,000 agro-service centers and the agro-industries corporations
setup in almost all states also helped in manufacture, marketing, and custom-
hiring of the seeding and planting equipment in India.

STANDARDIZATION OF SOWING AND FERTILIZER APPLICATION EQUIPMENT

Because of the importance of interchangeability, proper material, requisite
tolerance in critical components, and proper quality control, formulation of
relevant standards for sowing and fertilizer application equipment assumed
crucial importance. The ISI has been engaged in this task since early 60s. A
separate technical committee, AFDC 59: Sowing, Fertilizer and Manure
Application Equipment, was constituted in the early 80s. The following
standards, test codes, and other documents have been issued by the ISI for
wider adoption:

IS:

3310-1965 Single row cotton drill, animal drawn

6316-1971 Test code for seed-cum-fertilizer drill

6813-1973  Seed-cum-fertilizer drills

6816 (Part I)-1973 Fluted-feed roller type seed-metering mechanism: Part I
Seed feed rollers

6816 (Part 1I)-1973 Fluted-feed roller type seed-metering mechanism: Part II
Seed feed cut-off

6816 (Part II)-1973 Fluted-feed roller type seed-metering mechanism: Part
III Retaining ring and cover

6816 (Part IV)-1973 Fluted-feed roller type seed-metering mechanism: Part
IV Seed feed cup

6817 (Part 1)-1973 Plate type seed-metering mechanism: Part I Seed plates

6817 (Part II)-1973 Plate type seed-metering mechanism: Part II Seed feed
roller

8781-1978 Single-row jute seed drills manually operated

9219-1979 Seeding attachment for animal-driven cultivators

9855-1981 Glossary of terms relating to sowing, planting, fertilizer, and

manure application equipment.
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Efforts are being made to formulate standards for specifications of fertilizer
metering devices and other drill components.

The Test Codes have enabled the testing of drills on a uniform basis to
ensure comparable results. The standards on specifications have provided
necessary information regarding functional requirements, shape, size,
construction materials, tolerances, hardness, and quality control of various
components and complete machines. Some components, especially fluted-
feed rollers, are now being produced according to ISI specifications. Thus,
ISI has played a pivotal role not only in bringing together agencies, namely,
R&D engineers, manufacturers, farmers, and government agencies on a
common platform, but has helped to formulate guidelines, codes, and
standards for minimizing variations, enabling interchangeability and pro-
moting necessary quality control in equipment.

MANUFACTURE OF DRILLS

Drills are being manufactured by many private firms in India, especially in the
states of Punjab and Haryana, where more than 100 small-scale firms are
producing drills and planters driven by animal and tractor power. A 1978
study by the Department of Farm Power and Machinery, College of
Agricultural Engineering, PAU, Ludhiana, indicated that drills’ components
were being fabricated without employing modern production techniques and
processes (7). That led to variations in dimensions of components, hindering
interchangeability. The study also revealed that nonstandardized metering
mechanisms resulted in as much as 30 to 59% inter-row variation.

Almost all shops manufacturing drills buy chains and sprockets, V-belts and
pulleys as well as metering components, viz., fluted-feed roller assemblies,
vertical rotors with cells, spur wheels, agitators, plastic tubes, bearings, and
fasteners from the local market. However, seed and fertilizer hoppers, frame,
ground wheels, and furrow opener assemblies are fabricated in shops. Some
manufacturers make their own chains, sprockets, and V-pulleys, and some
specialize in casting of fluted-feed rollers, vertical seed rotors, spur wheels,
augers, and agitators. Fairly simple and low-cost die-casting processes have
been developed which led to good quality casting of fluted-feed rollers and
seed cup assemblies. However, almost all manufacturers of drills and planters
follow fabrication methods rather than batch or assembly-line production.

Most manufacturing units are owned by skilled technicians or artisans who
lack formal technical education. Very few work with blueprints and produc-
tion drawings. Quality control is, therefore, the major casualty in manufacture
of components. Proper fits and tolerances are rarely maintained. This, then, is
an area open to improvements and is crucial to better the quality, inter-
changeability, and durability of components and complete equipment.
Industrial extension services must be strengthened to promote awareness
among manufacturers. Design and adoption of appropriate jigs and fixtures
for components will help improve quality, enhance productivity, and reduce
cost.
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Most manufacturers own lathes, shapers, drills, welding sets, hacksaws, and
mechanical/hydraulic presses. Hand- and power-operated roller-type bend-
ing machines are used for bending sheets, flats, angles, squares, and rounds.
For cutting material to required sizes, hand- and power-operated shears or
mechanical/hydraulic presses are used. Progressive manufacturers use jigs
and fixtures for fabrication of ground wheels, frames, seed, and fertilizer
hoppers and furrow openers.

CHALLENGES, TRENDS, AND PROBLEMS

In the coming years, seed-cum-fertilizer drills will get widely adopted in many
more areas where farming is predominantly rainfed. Interchangeability,
quality control, and precision are likely to improve considerably in the coming
years. R&D organizations are likely to develop new, precise, and versatile
mechanisms. Evaluation of imported seeding and fertilizer equipment will get
intensified. Aspects needing attention include

* testing of spiral versus straight fluted-feed rollers for inter-row and
intra-row variation in seed distribution;

* feasibility studies on comparative advantages and disadvantages of nylon
versus metallic fluted-feed rollers and other components for seed and
fertilizer metering;

* critical evaluation of drills, planters, and drill with planting attachments;

* development and evaluation of pneumatic drills and planters;

* comparative evaluation of types of furrow openers under varying soil and
field conditions and standardizing of three or four main types suited to
Indian soil, crop, and field conditions;

* designing and developing furrow openers for sowing pregerminated seeds
in puddled fields;

* design, development, and evaluation of fertilizer application equipment
for wetland conditions, especially in puddled fields with standing water;

* intensifying research on reducing draft and power requirements of
animal- and tractor-operated drills for dry farming areas, especially for
both bed and furrow as well as flat planting of such crops as maize,
groundnut, sorghum, millets, and pigeonpea (Fig. 19);

* intensifying research and development of no-till drill equipment
(Fig. 20);

* intensifying industrial extension activities on drills to motivate and
educate manufacturers in selection of proper raw materials, heat treat-
ment, manufacturing techniques, and tools;

* standardization of vital components, namely, metering devices for
planters, depth-regulating mechanisms, ground wheels, and power
transmission systems to minimize variations and permit interchange-
ability and quality control; and

* design and development of appropriate jigs and fixtures for manufacture
of various components of drills and educating small-scale manufacturers
in their adoption and use.
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19. A two-row, tractor-mounted
ridge planter for maize

Colter

20. A 9-row, tractor-mounted, no-till seed-cum-fertilizer drill with colter-attachment.

R&D work on drills and planters in India is being directed toward refining
and standardizing the methods and equipment to suit different soil eco-
systems.

Problems being discussed include the following:

Inadequate design data

Even though several designs of drills, planters and broadcasters have been
developed and adopted during the last two decades, adequate design and
performance data for different seeds and fertilizers under various soil and field
conditions are still lacking. Data are scattered and heterogeneous. Batch
testing of drills under different soil-field conditions may help to generate
reliable data. The promising metering devices for seed and fertilizer as well as
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furrow openers for irrigated, dry and wetland conditions including black soils
(Vertisols) need to be standardized for different regions or zones. It will help to
optimize the seed and fertilizer use efficiency and minimize wastage.

Standardization and quality control of components
The major concentration of drills is in northwestern states of Punjab, Haryana,
Uttar Pradesh, Madhya Pradesh, Rajasthan, and Gujarat. Most drills use
gravity metering systems, leading to nonuniform distribution of seed and
fertilizer. Unless components are manufactured with utmost precision and
farmers use machines carefully, gravity metering devices leave up to 50%
inter-row variation. This defeats the very purpose of using a drill. There is a
need to identify and standardize metering systems, especially for fertilizers.
Performance efficiency also depends on the furrow openers. The different
furrow openers developed for different field conditions need improvement in
standardization, construction material, and manufacturing techniques.
Precision and accuracy in the dispensing parts is the first prerequisite to
attain high application efficiency. Small-scale manufacturers are, by and large,
ignorant and rarely appreciate the need for stringent standards and tolerances
in the dimensions of the dispensing parts. Manufacturing processes often are
improper. There is a need to standardize these parts and entrust their
manufacturing to a few selected manufacturers. All components must
conform to ISI or ISO standards. Industrial extension education must also be
geared up to promote awareness of needed improvements.

Good quality raw materials

Even though material for drill components has been specified in the Indian
standards, its quality varies greatly. This affects the durability and per-
formance of equipment. Corrosion of fertilizer hoppers and metering systems
is common. These components should be made of corrosion-resistant
materials or painted against chemical deterioration. Information is needed on
use of fiberglass, nylon and other polymer materials for hoppers and metering
components.

Instant closing of delivery opening

Many drills waste fertilizer, especially while turning comers, because they lack
a way to instantly close delivery openings. A hand-actuated or tractor
hydraulic lift-operated mechanism should be provided in all drills to close the
delivery openings.

Design of ground wheels

Drive to the metering shafts is provided from the ground wheels. Excess
wheel-slippage impairs field performance. Standardization of the shape, size,
and other parameters of ground wheels for different soil and field conditions
for animal- and tractor-drawn drills can minimize slippage and improve
performance.
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Dependable calibration

Drills need proper indexing plates and calibration charts. Constantly, farmers
find it hard to calibrate the drills and maintain the required rates. All drills
need easy and dependable rate control mechanisms, calibration charts, and
operators’ manuals.

Ease of maintenance

Leftover fertilizer corrodes the components. Many drills do not last for their
designed life because of improper maintenance and difficulty in cleaning
components after use. With many drills, it is difficult to empty hoppers,
especially fertilizer hoppers, and time-consuming to dismantle agitators and
components of metering mechanism for cleaning.
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PEST CONTROL EQUIPMENT FOR
SMALL-SCALE FARMERS

G. A. MATTHEWS
Imperial College
Berks, England

Pesticide use in tropical countries is low compared to extensive use on farms in
North America and Europe. This has often been attributed to the lack of
foreign exchange and to a plentiful supply of labor for hand weeding or hoeing.
Nevertheless, small-scale farmers have increased their use of pesticides,
particularly on certain crops such as cotton, and where they have changed
agronomic practices, such as direct seeding of rice.

Traditionally, modifying pesticide application recommendations for small-
scale farmers has centered on the use of manually operated knapsack sprayers.
Principal exceptions are use of motorized equipment to project spray into tree
crops and application of granules when the pesticide is systemic or too
hazardous to apply as a spray.

For knapsack equipment, the farmer has been expected to dilute the
pesticide in at least 200 liters of water/ha. This quantity of water may be
readily available in lowland irrigated rice, but on most small-scale farms the
supply is irregular and far from the fields requiring treatment. Reduction of
spray volume with smaller nozzles has been advocated (18), but this approach
is often impractical because sand or other particles in the water may block the
nozzles.

Even when water is available, farmers seldom have sufficient instruction or
the ancillary equipment to measure out, mix, and dilute correct quantities of
the pesticide. There is little chance of the correct dosage being applied. In the
Philippines, Litsinger et al (8) reported that even when farmers did mix the
correct spray concentration, the manual effort needed to operate the sprayer
pump was such that many farmers failed to apply the correct volume; rice
fields received less than half the recommended dosage.

Considerable criticism of pesticide use by small-scale farmers arises from
incidents of pesticide poisoning, not always fully documented in official
records (2). Farmers are highly exposed to contamination while measuring out
the concentrate and mixing it. Further, studies indicate that, as operators
invariably hold lances in front of them during spraying, they are heavily
contaminated on their legs (12). Most equipment breaks down rapidly and as
spare parts are seldom available, leakage from trigger valves, hoses, and spray
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tanks increases operator contamination. Hot climates not only tire users,
favoring accidents, but restrict the choice of protective clothing (12).

High temperature and low humidity increase evaporation of water-based
sprays, and heavy rainfall washes away water-based spray deposits (1 1).
Further, the ideal knapsack sprayer does not exist; each design has poor as well
as good features (4).

The small-scale farmer needs a lightweight, durable sprayer, easily operated
with little energy and with preset pesticide dosage rates. Research toward
these requirements led to ultra-low-volume (ULV) spraying that significantly
reduces the water used and, more recently, to controlled droplet application
with electrostatic charging of the spray droplets (3).

This paper presents case histories of the use of knapsack, ULV, and
electrostatic ~ sprayers.

CASE STUDIES

Spraying cotton in Central Africa

Recommendations were made in 1960 to modify a knapsack sprayer to adjust
the spray volume in relation to plant height and direct spray to the rear of the
operator, thus reducing the risk of contamination (16). This method reached
about 25% of the farmers in areas with boreholes, and they increased
production significantly (7). Farmers were provided with prepacked sachets
containing sufficient product for one knapsack load, and a calibrated mixing
drum so that correct spray concentration was achieved easily. Several spraying
machines were tested to assess their durability (13, 9). Even if a sprayer was
slightly more expensive, the importance of meeting design criteria was
stressed to ensure reliability throughout the season. This led to the publication
of a Central African Standard for knapsack sprayers. The extension service
had to keep appropriate spare parts in farm centers accessible to farmers.

Lack of water prevented extension of this technique. Some farmers
collected rainwater in polyethylene sheets on house roofs or in small ponds;
but these systems were impractical on the scale needed.

Research from 1969 to 1972 was, therefore, aimed at ULV spraying. It led to
recommendations for the use of hand-carried, battery-operated, spinning-
disk sprayers (10). The technique was adopted elsewhere in Africa on cotton,
particularly in francophone West Africa and in Tanzania, Mozambique, and,
more recently, in Indonesia. In some cases, spraying was organized centrally
with mobile spray teams. In Malawi, the high cost of the relatively involatile
solvent-based formulations led to further research with wettable powder
formulations applied through the spinning-disk sprayers (14), used in Gambia
and in Zimbabwe where molasses is added to the spray (6). These spinning-
disk sprayers required eight or more D-size batteries, which are costly and are
often inadequate to provide the power needed.

Cotton in Nigeria
In the 1960s, few farmers followed the recommendations to protect their
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cotton with insecticides because yield increases were poor on crops sown late.
The first priority for most farmers was to sow their food crops and keep them
weeded; only later would they have time for crops such as cotton. Through
specially financed development schemes, spinning-disk sprayers were used in
the 1970s. A major problem was that farmers could only buy the insecticides
in 25-liter drums, more than what they required. This led to between-season
loss during storage when containers leaked.

Herbicide application

Recognizing that labor was insufficient on many farms during critical periods,
Ciba-Geigy pioneered the use of spinning-disk sprayers for herbicide
application in collaboration with Micron Sprayers (1). Initially atrazine was
recommended for weed control in maize using a handy sprayer. Later
developments broadened the range of products, and Ciba-Geigy has promoted
a manually operated spinning-disk knapsack sprayer, the Birky, especially for
herbicides. A significant adoption of spinning-disk sprayers for weed control
is in plantation crops in Southeast Asia (17). Other equipment being tested
include the Pullalong sprayer having a shrouded spinning disk and a peristaltic
pump so dosage is related to walking speed (5).

Electrodynamic spraying
Coffee (3) described a new low energy system, marketed by International
Cotton Institute, using a prepacked “Bozzle” of specially formulated pesticide
with a nozzle and flow restrictor preset in the factory. Using only 4 D size
batteries, the nozzle is operated at 25 kV to produce electrostatically charged
spray droplets. Improved deposition on foliage is achieved, although penetra-
tion of crop canopies is less than with other spraying techniques. This system,
initially evaluated on cotton, is being extended to crops such as cowpea.
Studies in India illustrate the considerable advantage in time and labor
achieved with the Electrodyn compared to other spraying techniques (Table
1, 2). This technique eliminates the need for water and does not expose the
operator to contamination during mixing. The range of products suitable for

Table 1. Estimated time required to spray 1 ha with different sprayers (15).

Time (h)
Equipment Spraying Calibration Preparing  Refilling Operator  Total
spray mix tank rest

For cotton

Knapsack sprayer 20.45 0.3 2.82 2.64 3.41 29.62
Mist blower 7.58 0.16 1.19 1.54 1.26 11.73
ULV sprayer 3.69 - - - 0.31 4.00
Electrodyn sprayer 5.32 - - - 0.44 5.76
For okra

Knapsack sprayer 16.64 0.21 2.7 2.26 2.77 24.58

Electrodyn sprayer 4.91 - - 0.41 5.32
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Table 2. Cost? of operation for spraying 1 ha with different sprayers (15).

Labor ? Energy other than labor

Equipment Total

Hours Rate/h Cost Spraying  Rate/h Energy

(no.) (Rs) time cost (Rs)

(h)

For cotton
Knapsack sprayer 29.62 1.88 55.70 - - - 55.7
Mist blower 11.73 1.88 21.05 7.58 7.20 54.55 75.6
ULV sprayer 4.00 1.88 7.50 3.69 1.90 7.00 14.5
Electrodyn sprayer 5.77 1.88 10.85 5.32 0.35 1.85 12.7
For okra
Electrodyn sprayer 5.31 1.88 10.00 4.91 0.35 1.70 117
Knapsack sprayer 24.59 1.88 46.20 — — - 46.2

4In Indian rupees (Rs). US$1 = Rs 12.07. »Cost of labor is Rs 15/d of 8 working hours.

Table 3. Basic requirements for pesticide application on small-cale farms.

Farmer needs
Knapsack sprayer, durable and modified, if necessary, e.g., tailboom
Appropriate nozzles with filters, e.g., Y3 Cone + 50 mesh filter
Prepacked pesticides — in knapsack loads, e.g., 90 g carbaryl 85 to make 0.5% ai spray in 3
gallons, or dispenser to measure out correct quantity
Ancillary equipment — calibrated mixing drum with spout and filter
Protective clothing — overalls or at least long trousers, long sleeved shirt, hat and boots
Water supply — sufficient to treat crop plus water for washing and clean water to drink
Soap - for washing
Spare parts, e.g., nozzles, washers, pump seal
Training, e.g., operation of equipment, mixing procedure, walking speed while spraying,
pumping rate to achieve recommended pressure, maintenance/replacement of worn parts
Time: An estimated 4 d/ha.

In areas where water or time is less readily available
CDA sprayer (e.%, spinning disk; electrodynamic sprayer)
Batteries D size, or rechargeable type with access to recharging unit
Prepacked pesticides, e.g., ULV formulation
Water and soap for washing
Water to drink, if necessary, as work involved is less arduous
Protective clothing — overalls, or at least long trousers, long-sleeved shirt, hat, and boots
Access to repair facilities, e.g., motor on spinning disk
Training, e.g., operation of equipment, use of batteries, walking speed and cleaning procedures
Time: Less than 0.75 d/ha

this system needs to be increased to make it more appropriate to a farming
system rather than to individual crops.

In each of these examples, successful adoption of a system has depended on
integrating all the components, including proper packaging of appropriate
formulations, supplying all items the farmer requires (e.g., batteries and spare
parts), and providing suitable training (Table 3). Often with one missing
component, the farmer gives up and grows crops which require less effort.
Some agrochemical companies have attempted to meet the challenge of
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promoting their products in new areas, but the task of extension work to large
numbers of small farmers has restricted this primarily to international aid
schemes and on cash crops, especially cotton. Government policies of cheap
food have seldom given developing country farmers the incentive to invest in
more inputs to achieve higher yields.

THE FUTURE

Because use of water-based pesticides will undoubtedly continue despite the
enormous amount of time and effort needed with application equipment,
improvements are needed in the packaging of pesticides, supply of simple
measuring devices and mixing containers, and design of equipment with
appropriate spare parts. Nevertheless, the adoption of the newer ULV
spinning disk and electrodynamic types of equipment must be encouraged
especially where water supplies are uncertain. Poor-quality and expensive
batteries for sprayers have contributed to the delay in their adoption, but will
increase interest in photovoltaic recharging systems and use of rechargeable
batteries.

Perhaps more agrochemical companies can tap the potentially enormous
market in the developing countries, and assist with the development of more
appropriate application technology for small-scale farms. This includes the
need for new formulations of less hazardous pesticides and methodology for
herbicide application. We also need pest management training to optimize the
rapid and timely use of pesticides in relation to economic threshold levels and
provide more durable chemical control. A crucial need is independent
research on pesticide application, thus far largely ignored, so that entire
programs appropriate to particular farming systems can be developed and
introduced in the farming community.
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EFFICIENT FERTILIZER INJECTORS
FOR PADDY FARME RS
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BACKGROUND

Asia has substantially increased its rice production through increased use of
inorganic fertilizers. In 1983, Asian use of nitrogen (N) and phosphate (P)
fertilizer accounted for about 38% and 27% of world use, respectively (7). Urea
has emerged as an important N fertilizer in rice production. About 30% of
world use of N fertilizer is in urea. In Asia, exclusive of China, urea accounts
for 69% of N used (Table 1).

In spite of this high use of urea and other nitrogenous fertilizers, average
paddy yields in Asia are still quite low. Only 15% to 35% of the total applied N
is recovered by the rice plant. Any improvement in fertilizer use efficiencies
can have an immense economic impact in tropical Asian countries. For
example, a 10% increase in fertilizer use efficiency can reduce N fertilizer
consumption by 2.53 million metric tons, saving about $460 million at current
prices.

Many efforts have been made to improve fertilizer use efficiencies in
lowland rice production. As early as 1941, research in Japan demonstrated that
deep placement of fertilizer in flooded fields can increase yields. Numerous
experiments at IRRI and in China subsequently demonstrated that fertilizer
use efficiencies could be doubled, from about 30 to 60%, when fertilizer is deep
placed in flooded soils. Generally, placement depth was thought to be the
reason for improved fertilizer use efficiency in the experiments, so a 10-15 cm
placement depth was recommended (6).

Unfortunately, farmers have not been able to benefit from these findings,
primarily because they lack suitable fertilizer placement equipment. Because
of the difficulties of deep placing commercially available prilled urea (PU) in
wet fields, large urea supergranules (USG) have been developed to be deep
placed manually in flooded soils. In experiments, USG has demonstrated
fairly high fertilizer efficiency; however, manual placement is laborious,
requiring 64,000 placements/ha.

In Philippine experiments, no significant yield differences have been
observed between USG and PU whenever PU was properly deep placed (5). A
disadvantage of USG is that it costs 15-20% more than PU, the most popular
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Table 1. Total global and regional nitrogen consumption and percentage, by form, 1981 (nutri-
entbasis) (1).

% of total N as

. Total
Region (thousand t) Ammonium  Ammonium U Other
sulfate nitrate rea straights Compounds

Western Europe 10,045 4 47 10 8 31
Eastern Europe 5,180 8 46 26 2 19
USSR 8,383 4 42 22 13 19
Africa 1,936 6 34 33 2 26
North America 11,002 1 9 11 58 22
Central America 1,397 28 5 36 17 14
South America 1,191 17 11 47 2 24
Oceania 295 22 8 39 14 16
Asia (excluding China) 10,000 6 4 69 1 20
China 11,285 2 7 38 52 2
World 60,714 5 22 30 24 19

commercially available fertilizer currently used in rice. Since USG use is still
experimental, widespread use in rice production, at least soon, is doubtful.

More recently, incorporation of PU in drained fields has been advocated for
increasing fertilizer efficiency (7). Rice farmers are generally reluctant to drain
fields because irrigation water is scarce. Sometimes it is difficult to drain fields
during the wet season because of rains. It is doubtful that Asian rice farmers
would accept this practice on a large scale.

So far, deep placement of commercially available fertilizers with some type
of equipment seems the most practical way to increase fertilizer use
efficiencies in lowland fields. Since the early 1940s in Japan and China,
attempts to develop deep placement applicators have had little success. IRRI
scientists have been developing deep placement applicators for over 10 yr.
Machines have generally performed inconsistently on farms even though they
successfully met placement depth and covering criteria.

REASONS FOR POOR APPLICATOR PERFORMANCE

Since fertilizer use efficiencies in upland farming are much higher than in
flooded cultivation, we felt that the presence of floodwater was affecting
applicator performance and reducing fertilizer use efficiencies. Therefore, a
series of simulated fertilizer placement experiments, with different water
regimes, was conducted by the IRRI Agricultural Engineering Department
(3). The amount of fertilizer transferred to floodwater was surprisingly high in
all the experiments (Fig. 1). The experiments profoundly affected applicator
designs for improving fertilizer use efficiencies in lowland rice. The major
conclusions follow:
1. Dissolution of fertilizer in floodwater, rather than placement depth, is the
critical factor affecting fertilizer use efficiencies in lowland rice. With
greater dissolution in floodwater, N volatilization losses are high.
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Days after application

. Depositing fertilizer in a flooded open furrow and then closing the furrow

was not suitable; 80 to 90% of the fertilizer was almost instantly
transferred to floodwater.

. The variations in floodwater level and the amount of fertilizer dissolved

in floodwater were mainly responsible for the variable performance of
applicators.

. Minimizing contact between fertilizer and floodwater is critical for

improving fertilizer use efficiencies in lowland rice. Injecting fertilizer
into soil through tubes to avoid contact with floodwater can substantially
increase fertilizer use efficiencies.

. In Maahas clay soils, sealing the deposited fertilizer with a 3- to 5-cm soil

layer can keep it from diffusing to floodwater. Thus, a placement depth of
3-5 cm will improve fertilizer use efficiency.

Based on these findings, an applicator concept (Fig. 2) was developed for
continuous injection of prilled or granular fertilizers into flooded soils with
minimum dissolution in floodwater.

Plunger metering
In 1982 IRRI developed a deep placement applicator (Fig. 3) which used an
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oscillating plunger to meter and inject fertilizer into flooded soils (2). The
machine was discarded because the delivery tube frequently clogged due to
fertilizer wetting. This applicator, however, metered fertilizer accurately at
different rates by simply changing the plunger stroke length. Also, the
fertilizer metering cavity was thoroughly flushed during each stroke of the
plunger. This prevented fertilizer from accumulating in the metering cavity,
resulting in a highly uniform fertilizer discharge.

A laboratory study assessed the plunger’s metering performance. A 13-mm
diameter plunger, inclined at 30 degrees from the horizontal and oscillating at
45 strokes/min, could meter PU at 56 kg N/ha to 100 kg N/ha with plunger
stroke lengths ranging from 30 to 70 mm. The tests also indicated that

* variations in the metering rate increased from 6 to 10% with increasing

stroke length; and

* the fertilizer metering rate increased steadily with increasing oscillation

speed.

Underground
closure

i A
e
\ Delivered fertilizer
Fertilizer

e Rear viewe

2. Combined underground and surface closure for minimizing N transter to floodwater during deep
placement.

3. The oscillating plunger appli-
cator.
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Auger injection
Experience with an earlier IRRI wire auger applicator (Fig. 4) and the
conventional augers of fertilizer applicators in China indicated that an auger
could satisfactorily convey fertilizer into flooded soils (4). Augers were,
however, not accurate for metering. The wire auger used with an earlier IRRI
machine permitted free flow of fertilizer through its hollow central core,
distributing fertilizer unevenly in the row. To overcome these problems, a
spiral auger, made of a sheet metal strip (Fig. 5), was tested in the laboratory
with these results:

1. The 16-mm-diam sheet spiral auger could inject PU into flooded soils at a

maximum rate of 85 kg N/ha.

4. The spring auger applicator.

Delivery pipe

Sheet auger

Delivery pipe

Wire ouger

Outlet

5. Sheet (a) and wire (b) augers used

in fertilizer applicators.
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2. The fertilizer delivery rate increased slightly when the pitch/diameter
ratio was increased from 1.00 to 1.75; however, this change was not linear.
The rotational speed and the angle of inclination of the auger had a small
influence on fertilizer delivery.
The findings of these laboratory studies were used to develop a new hybrid
machine with a plunger for metering fertilizer and a sheet auger for injecting it
into the soil,

THE PLUNGER-AUGER FERTILIZER INJECTOR

Using findings of the preceding studies and criteria developed in consultation
with IRRI scientists (Table 2), a new fertilizer injector was developed (Fig.
6, 7). The machine places fertilizer 4-5 cm deep in flooded soils with minimal
dissolution in floodwater. The two-row machine has two hoppers, each fitted
with a plunger to meter the desired amount of fertilizer. Fertilizer metering

Table 2. Design features of manually operated deep fertilizer appli-
cator.

Essential features

® Must apply prilled fertilizer 5 to 10 cm deep

Continuous (non-intermittent) operation

Must apply commercial-grade fertilizer without further grading
Rate of application 45 and 75 kg N/ha (2 to 3 bags urea)

Must function in up to 5-cm-deep standing water

Must be capable of functioning from 5 to 20 d after transplanting
Maximum labor requirement — 8-12 h/ha per application
Lightweight (10-18 kg) so it could be lifted at the end of row
Approximate selling price: £400-2800 ($30-60)

Must adequately seal ground placement opening

Sturdy to last at least 4-6 seasons

Pulling or pushing force of 7 to 10 kg

Smooth unidirectional manual movement during operation

Desirable features

® Could be used for both prilled or USG
Rotary rather than oscillating mechanism
Rolling on wheels rather than on skids
Push-type for post-transplant operation
Multirow operation, 2 to 4 rows
Nonfurrow opener type

Mechanical injector type

Easy to manufacture by small shops
Should not need high precision in production
Pull type for pretransplant operation

Can also be used for random seeded crop

Undesirable features

® Intermittent operation

Multidirection action during operation
Use of liquid conveying mechanism
Complex mechanisms

Delicate mechanisms
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can be controlled by selecting the proper plunger stroke length (Fig. 8). Each
hopper is fitted with an oscillating wire agitator to ensure smooth flow of
fertilizer into the metering plunger cavity.

As the machine is pushed in the field, the plungers deliver metered fertilizer
into the groundwheel-driven augers. The augers convey and inject fertilizer
into the soil. The two skids momentarily displace water from the auger tubes
while fertilizer is being injected. The auger tubes extend 4 cm below the skid to
deposit the fertilizer at 4 to 5 cm depth. Small furrow openers, mounted ahead
of the auger tubes, open V-shaped furrows to ensure precise placement depth.
Two furrow closers and a press plate, located at the trailing end of the auger
tubes, push soil back into the furrows to help seal the fertilizer.

{]] Adjustable
Hopper handle
a Handle
height adjusting
Auger driven bracket
sprocket

Drive sprocket

Drive wheel W
[ :

Auger tube Metering plunger

Metering tube

Press plate

Furrow closers

Furrow opener

b] //— Hopper

Driven sprocke! r Agitator
Dirive wheel —\

/
é .
Skid— ! \~Plunger drive cronk

L
Sheet auger —-—:: Crvve: aprochel

¥

6. a) Schematic drawing of the plunger-auger fertilizer injector for PU. b) Exploded
view of fertilizer injector showing the left plunger-auger assembly.
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7. Two views of the plunger-auger
injector.

Micro odjustment for

ferhlizer rote
[oplional)}

Selling 5= mox m\le\\
Sething 4- med high rate

- Selting 3- med rote ——
Setting 2+ med low rate ——o
— Sethng 1+ min rote ——— - —.

8. Plunger-auger injector showing method of setting fertilizer rate.
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The machine can apply PU and other commercially available granulated
fertilizers at five different rates. Because of its light weight, 7.5 kg, the machine
is easy to transport to fields and to push during operation (Fig. 9). The row
spacing width can be adjusted from 15 to 22.5 cm (Fig. 10). The machine can
be used to apply fertilizer as late as 4 wk after transplanting. It requires 16 h to
apply 1 ha (see Appendix for more details).

The machine can also be used in fields that are randomly direct seeded by
applying fertilizer 21 d after direct seeding. In such fields, the skids trample
some plants; however, that does not reduce yield since plant population in
direct-seeded rice is generally quite high.

TEST AND EVALUATION RESULTS

The machine has been extensively field tested to determine fertilizer metering
accuracy. An increasing fertilizer rate with increasing plunger stroke length
was observed. With coarser grain, the fertilizer rate was slightly higher than
with fine powdery PU. Fertilizer metering variations with any kind of
fertilizer material were less than 10% during these tests.

The plunger auger injector has consistently demonstrated high fertilizer use
efficiency in tests conducted. In 6 farmers’ field trials in Laguna, Philippines,
an average yield increase of 0.73 t/ha was obtained with the machine compared
to farmers’ traditional broadcast methods. This represented an average
increase of 41% in fertilizer use efficiency (kg grain/kg N) over traditional
broadcast practice (Table 3).

Many deep placement studies have demonstrated that the benefits of deep
placement are relatively more pronounced at lower fertilizer rates. In another
set of farmer trials with this machine, deep placement of 50 kg N/ha and 80 kg
N/ha (Table 4) produced the same yields. Thus, the machine can be especially
effective for small farmers who generally apply fertilizers at fairly low rates due
to increasing costs.

9. Plunger-auger injector a) operating in flooded field, and b) being transported to field.



304 SMALL FARM EQUIPMENT

10. Arrangement for setting row spacing from 15 to 22.5 cm.

Table 3. Plunger-auger injector farmer trials by the IRRI Agricultural Engineering Department.
Calauan, Laguna, Philippines, 1985 dry season.

Mode of Fertilizer Yield Fertilizer Increase (%)
Farmer, cooperator . rate (t/ha) efficiency in fertilizer
application o 'Njha)  14%MC (kg grainkg N)  efficiency
L. Calong-calong Broadcast 90.0 5.37 59.55
Machine 79.5 5.69 71.62 20.76
A. Velecina Broadcast 96.0 4.36 46.40
Machine 80.0 5.68 71.01 53.04
A. Sarmiento Broadcast 119.0 6.03 50.70
Machine 83.0 6.82 82.08 61.89
L. San Gabriel Broadcast 71.0 4.74 66.63
Machine 70.0 5.85 83.85 25.84
F. Belen Broadcast 81.5 4.39 53.76
Machine 82.5 5.06 61.27 13.97
N. Mendoza Broadcast 138.0 6.18 44.83
Machine 83.0 6.34 76.43 70.49

Average = 40.92%

Table 4. N application trials in farmers' field by Bureau of Soils and IRRI Agricultural Engi-
neering Department. Pagsanjan, Laguna, Philippines, 1985 dry season.

Grain yield (t/ha) Fertilizer ~efficiency

Treatment .
Site1 Site2 Site3  Mean (kg grainkg N)
Zero N 4.54 4.54 4.85 465 ¢ -
Farmer's practice (50 kg N) 5.82. 5.94 6.40 6.05 b 28.0
Researcher's split (80 kg N) 7.16 6.90 7.66 7.24 a 324

Plunger-auger injector (50 kg N) 7.08 6.88 7.06 7.01 a 47.2
Plunger-auger injector (80 kg N) 6.94 7.20 712 7.09 a 30.5
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PRESENT STATUS OF THE MACHINE

IRRI is currently evaluating and test marketing the plunger-auger machine in
the Philippines in cooperation with three agencies of the Philippine Ministry
of Agriculture and Food (RIARS, NFAC, and Bureau of Soils). The machine
is also being evaluated by the Philippine Phosphate Fertilizer Corp and the
IRRI Training and Technology Transfer and Agronomy Departments.
Several farmers in Laguna and Bicol Provinces showed interest in these
machines after they observed the agronomic advantages and fertilizer savings.
The farmers borrowed or purchased applicators to use on their farms during
the current season.

Two manufacturers in the Philippines have started limited production
(Fig. 11) and test marketing at a price of P1,200 ($65.00). Three other firms
are fabricating prototype units for inspection and approval of IRRI. The
machine is expected to be released for regular commercial production in the
Philippines by the end of this year.

Wing bolt
Lock wing nut \\

15ecm !
— 175 cm ——

200cm
= 225cm

11. The plunger-auger injector being manufactured on an experimental basis by a small shop in the
Philippines.
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Several Asian countries have shown interest in popularizing this machine
among rice farmers. A few units are being evaluated in Bangladesh, Indonesia,
and Thailand. Requests have been received from Burma and Madagascar for
machines which could apply fertilizer in 15-cm-deep floodwater. Machines
modified for operation in this deep floodwater are being tested at IRRI. The
Republic of Vietnam has also requested manufacturing drawings.

SUMMARY

The finding that minimizing N transfer to floodwater was critical for
increasing fertilizer use efficiency in flooded fields helped to explain the poor
performance of earlier applicators. This led to the development of the plunger-
auger applicator which has consistently performed well in the field. This
machine has potential to substantially increase efficiencies of commercially
available fertilizers in Asian rice production.
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APPENDIX

IRRI plunger-auger fertilizer injector
for lowland paddy cultivation

Saves fertilizer and increases paddy yields.

Recent experiments at the International Rice Research Institute have demonstrated that
dissolution of fertilizer in floodwater during placement plays a significant role in reducing
fertilizer use efficiencies in lowland rice production. These findings have led to the develop-
ment of this plunger-auger fertilizer injector which continuously injects commercially avail-
able fertilizers, 3-5 cm below the soil surface, without dissolving it in floodwater. Rice
farmers can now save fertilizer and increase paddy yields through the use of this machine.
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FEATURES

Increases fertilizer use efficiency
Can inject fertilizer in bands 4 to 5 cm in
flooded fields to increase fertilizer use efficiency
by 30 to 60% over broadcast method.

Versatile

: Applies urea, ammonium sulfate, or any small
granular fertilizers at five different rates. Permits
use in paddy grown at 15- to 22.5-cm row
spacing.

Easy fertilizer rate adjustment

Can apply 1-4 bags (50 kg each) of fertilizer per
ha. Easy to set fertilizer rates.

Simple and economic to operate and maintain

Simple and lightweight construction for con-
venient operation. Easy to push in flooded
paddies. Requires few adjustments. Low cost,
pays for itself in one season's use.

Machine specifications:

Powerrequirement
Fertilizer hopper capacity

.... Manual—-1person
2 kg/lhopper

Outputperday About 0.5 ha
Labor requirement ...... About 16 man-h/ha
Width of swath covered per pass 4 plant rows
Plant row spacing Adjustable from 15 to 22.5 cm

45 cm
0.5 to 5 cm
1 to 4 wk after transplanting

Thin wall tube, sheet metal and wood

Depth of injection
Floodwater depth at application
Time of application .........
Construction material

Machine weight (without fertilizer)
Machine length
Machine  width




IMPROVED WEEDING AND
CULTIVATION SYSTEMS IN
ZAMBOANGA DEL SUR, PHILIPPINES

B. J. SHORT and B. T. OLE
Zamboanga del Sur, Philippines

The Zamboanga del Sur Development Project (ZDSDP) is an integrated rural
development project jointly funded by the Philippine and Australian
Governments and covers the Province of Zamboanga del Sur. While the major
emphasis was on road construction, agricultural programs received more
attention during the latter half of the 10-yr project. The major agricultural
program was the Multiple Cropping Project (MCP) which sought to increase
and diversify the production of small upland farmers. The counterpart agency
of ZDSDP for the MCP was the Ministry of Agriculture and Food (MAF).
The Agricultural Engineering Program commenced in late 1981 as part of
the MCP. The objectives were
1. to assist in developing tools, implements, and technology appropriate for
small farm production;
2. to assist local industry to manufacture and service this equipment;
3. to improve the capability of MAF, farmers, and others to identify and
find solutions to agricultural engineering problems.
This paper describes the evolution of the Agricultural Engineering Program
in terms of
1. responding to identified farmer needs to develop appropriate tech-
nologies for cultivation and weeding on small upland farms;
2. developing a research and development system to test the proposed
equipment;
3. developing a manufacturing and distribution system appropriate to local
conditions; and
4. specifying the extension methods used to reach the upland farmers.

FARM SITUATION AND PRACTICES

Upland farms, averaging 3 ha, occupy about 80% of the agricultural area of
Zamboanga del Sur. The traditional farm is a mixed enterprise with a cropping
pattern of maize followed by maize with small areas of upland rice and grain
legumes. Coconuts are grown on about 30% of farms. Currently, land is not a
constraint to increased productivity and most farms have idle land suitable for
cropping or land under coconuts suitable for intercropping.
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The average household income in the province is $490/yr, with a median of
$325 (2). Almost all farmers have a large subsistence food component in their
agricultural production. Most augment their income with sales of livestock,
mostly poultry and swine, and goats to a lesser extent. The importance of
off-farm income to total available income is a function of the overall
productivity and enterprise mix of the farm, farm area, and proximity to roads
and population centers.

Most farmers are above the subsistence level and consider themselves above
the primary basic needs of food, shelter, or clothing (1). The major staple food
is white maize, with rice used only for fiestas and special occasions.

The traditional and most common system of crop cultivation involves

1. a primary cultivation consisting of two or three plowings using a carabao-
drawn steel, moldboard plow;

2. secondary cultivation using a spike-tooth harrow;

3. planting by opening a furrow with the moldboard plow and placing seeds
at a certain spacing by hand and then covering the seed and firming the
soil by foot;

4. weed control varying with types of crop. With maize, control consists of
off-barring at 10-15 d after emergence (DE) and hilling up at 25 DE with
a moldboard plow. With upland rice and grain legumes, the most
common methods uses a weeding knife (“bolo” or “bunlay”). Hand
weeding is usually done by a group of workers: family members or hired
laborers. The hired laborers are normally paid in cash, rarely in a harvest
share; and

5. harvesting is most commonly done by hired laborers paid in a harvest
share.

IDENTIFICATION OF FARMER PROBLEMS

Early in 1981, an Agricultural Monitoring and Evaluation Unit was
established within the MAF/ZDSDP structure to examine MCP. The unit
carried out farmer case studies, surveyed MCP cooperators, and collected
farmer yield performance data, so as to

1. identify characteristics of target farmer cooperators,

2. monitor and evaluate crop and technology performance, and

3. examine farmer acceptance of technology.

A socioeconomic study of the province (1) provided data both on household
and farm conditions and facilitated comparison of cooperators with the overall
farming sector.

A series of crop budgets and labor budgets were made for each of the crops
(Table 1, 2). The inclusion of traditional native maize was necessary for
comparison with the MCP crops. The increased input levels for the MCP
crops were financed through a credit scheme which lacked allowance for labor
cost; it was felt that farmers should have some financial input and therefore
more commitment to the crop. The program moved away from the medium
technology levels of the first 4 yr, to a low technology—low input—local
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variety system. This was a result of unacceptable risk associated with the
medium technology and the inability of farmers to cope with or accept the
higher level of technology.

A major difference between the MCP crops and traditional maize was the
labor input level. MCP crops required almost twice the labor of traditional
maize, mainly for weeding upland rice and grain legume crops because the
narrower row spacing prohibited using the moldboard plow.

In 1982, the MCP was expanding and repayment percentages were
averaging 87%. However, the Monitoring and Evaluation Unit found that the
proportion of farmers achieving break-even yield level was much less than the
proportion repaying loans: The unit found too that an average of 47% of
cooperators had left the MCP each cropping and had not returned to the
program. Therefore, while the MCP has a high repayment rate, indicating
acceptance and success, the exit rate was also high. This indicates technology
acceptance, success and exit for self-financing, or technology rejection.

Exit farmers were surveyed to determine reasons for exit. Surveys after
different cropping seasons produced similar results, showing these major
reasons for exit:

1. low yield or low profitability—57%

2. high labor input— 15%

3. no carabao or draft animal — 12%

Exit farmers had significantly smaller farms (2.1 ha) than the continuing
cooperators (3 ha). They also had a smaller area of coconut and rainfed lowland
rice, both considered reliable cash crops. However, they had not fully rejected
the MCP technology. They tended to retain components of the various
technologies, especially crop varieties and fertilizer inputs. The exit farmers
retained a higher level of crop diversification than did non-MCP farmers.
While they applied less fertilizer than recommended, their fertilizer use was
well above that expected for non-MCP farmers.

The implication was that technology levels were too high for most farmers,
especially smaller farmers. This resulted in the current technology approach of
MCP. Another implication was that many farmers lacked crop management
capability sufficient for the MCP crops; more training and extension input was
needed to improve crop husbandry.

Farmers continuously referred to the high labor input of MCP. Their low
cash availability, especially during the first cropping after the dry season,
prevented them from hiring weeding laborers. Project staff decided to
emphasize crop weeding. With this background, the agricultural component
began its work on the development and extension of crop weeding tech-
nologies.

SELECTION OF TOOLS AND IMPLEMENTS

Traditional tools
The upland farmers of Zamboanga del Sur have three basic tools and
implements for land preparation and weed control:
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The moldboard plow (Vargas type). The moldboard plow is made of steel. It
is constructed and produced by most blacksmiths in the province. The beam is
reused many times. The share is fashioned from broken truck springs and is
replaced several times before the main moldboard has to be remade. The plow
is used for primary and subsequent plowings, furrowing, and weed control in
maize.

The peg-tooth harrow. Harrows are made from lumber and steel spikes.
Frame shapes may be square, rectangular, trapezoid, and triangular. Harrows
are used to break down large clods, for seedbed preparation, and for a final
light weeding prior to planting. Some shops make harrows totally of steel,
costing more but lasting longer.

The hand bolo or bunlay. Every farmer in the province owns a hand bolo, a
simple flat piece of sharp-ended spring steel fitted to a wooden handle. This is
the only tool available to farmers on the steep upland who practice the
“kaingin” system of a slash and bum or shifting agriculture, and who do not
have access to a carabao. The hand bolo is used to prepare the hillside, for hand
planting, and weeding. Farmers who own a carabao and plow still use the hand
bolo for hand weeding and narrow-row crops such as upland rice (25-35 cm
row spacing) or mungbean, soybean, and peanut (50-60 cm).

Introduced tools
Any new tools or implements introduced were required to fit the following
criteria:

1. be suitable for crops with row spacings of 25-60 cm,

2. be able to perform the traditional task to an equal or higher standard,

3. be cost effective and affordable to most farmers,

4. be capable of being manufactured locally without establishing a new

infrastructure, and

5. be strong and durable.

Introductions were based on knowledge and experience with suitable tools
in Australia and the Philippines.

Three-pronged cultivator. The three-pronged cultivator is a light weeder
widely used by home and market gardeners throughout Australia. The
Australian version is a factory-produced assembly, using forged and stamped
components bolted together. This manufacturing technique was unsuitable
for local conditions so the tool was redesigned into a fully welded assembly.
The prongs of early versions were fabricated from low carbon steel square bar.
However, these bend under field use and are now being fashioned from spring
steel by blacksmiths (3). The effective working width is 10 cm, which makes it
ideal for weeding upland rice planted at 25-cm row spacing.

Five-pronged cultivator. The grain legume crops grown in the MCP are
planted in rows spaced 50-60 cm apart. An enlarged version of the three-
pronged cultivator with working width of 20 cm was designed for this spacing.

Push-pull hoe. A flat, cutting blade sharpened on both edges is attached to a
wooden handle. A pivot arrangement allows 20 degrees of movement. During
operation, this hoe is pushed and pulled by the operator so that the sharp
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cutting edges dig shallow in the soil to cut and lift the weeds. This implement
was recommended to ZDSDP by International Rice Research Institute
(IRRI) staff. It is an effective weeder, but local workers don’t like the effort
required to use it. Its design (moving parts) makes its long-term durability
doubtful.

The chipping hoe. The chipping hoe is widely used in Australian cotton fields
and in most countries throughout the world, but is not common in southern
Philippines. Available in a variety of shapes and sizes, its simplicity, strength,
and wide range of uses makes it an obvious choice for introduction. A sample
with a blade 10 cm wide and 17 cm long was introduced in Zamboanga del Sur.
The full forged factory sample has been modified to a welded assembly for
local manufacture.

Digging or spading fork. The digging or spading fork was introduced to lift
peanuts, especially during the drier second cropping. Peanut pod loss can be
high when soils are hard and considerable hand sifting of soil is required to
retrieve the pods. Local blacksmiths make the fork with thin strips of truck
spring fitted to a handle fashioned from water pipe. A wide, curved foot rest
has been fitted for barefoot work.

Minifurrower (miniplow). The minifurrower is a light implement originally
designed by Eng. Jun Manalac, Ipil, Zamboanga del Sur. It looks like a
miniature plow with a double winged furrower, and was introduced as a
furrower for the shallow planting of soybean and as an interrow weeder of
legume crops and upland rice.

The minifurrower originally was very lightly constructed and did not
withstand constant use with animal draft. Its advantage was a fast work rate
combined with a satisfactory capital cost. Subsequent improvements to ensure
durability have significantly increased the cost. Nevertheless, the implement
is keenly sought by farmers (see Table 3).

Lithao. The lithao has only recently been introduced (April 1985). It was
copied from implements in use in Batangas Province, Luzon. Three proto-
types have been constructed for trial. Evaluation is currently under way to
determine the most efficient combination of practices with which this
implement can be used. Preliminary results indicate that labor savings are
possible in both planting and weeding.

RESEARCH AND DEVELOPMENT

Infrastructure
A temporary Agricultural Engineering workshop was established at the
Betinan Research Station (BRS). Much of the initial prototype construction
and testing was carried out there. To expand the activities of the Agricultural
Engineering Program (AEP) and to obtain more staff from MAF, a permanent
workshop was later established at the MAF complex in Pagadian City.

This facility has been used to

1. fabricate templates and welding fixtures,
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2. prepare extension materials (e.g., display boards and fitting of tool
handles),

3. prepare and predeliver blacksmith welding machines (see the section
Manufacture and Distribution),

4. construct prototypes,

5. train MAF staff in workshop techniques, and

6. carry out other AEP activities not related to weeding and cultivation.

Field testing of introduced tools
Field testing has been undertaken both at BRS and on nearby farms. Both
research-managed and farmer-practice trials have been possible.

Hand weeding tools. The three- and five-pronged cultivators, the chipping
hoe, and the push-pull hoe have been tested extensively during the last 3 yr.
All give faster work rates than the hand bolo. Rates vary between 7 and 15 d/ha
as compared to between 20 and 40 d/ha for the hand bolo. However, rates
depend on a) weed population, b) growth stage, c¢) condition and type of soil,
d) variation between different groups of laborers and working conditions at
the time of measurement, and e) the degree of control achieved (i.e., weed free
or farmer practice).

The three- and five-pronged cultivators and the push-pull hoe work well
when weeds are small and the soil is not hard. They do not dig deeply without
extra effort. Under favorable conditions, they allow a faster work rate than the
chipping hoe. The chipping hoe is most suitable when the weed population is
high, weeds are taller, and soil is hard.

Digging fork. The digging fork was introduced as a convenience tool to aid
peanut harvesting and for use in backyard gardens. Farmers’ response to the
half-price scheme (Table 3) indicated a firm demand. It has been field tested
for strength and durability and has had limited extension.

Minifurrower (miniplow). This implement offers the most significant labor
savings of all the weeding tools introduced by the ZDSDP agricultural
program. Early failures (3) have been rectified with the implement beam being
fashioned from spring steel. The average retail cost is $14.85. Work rates when
pulled by a carabao vary between 2 and 5 d/ha depending on the conditions
and row spacing. Farmers report a greater work rate from their carabao when
using a minifurrower. Presumably the lighter draft requirement does not tire
the animal as quickly and therefore it does not need to wallow as often.

The minifurrower can be pulled by a person. Farmers using Sloping
Agricultural Land Technology (SALT) on very steep slopes are buying the
minifurrower for human pulling (A.G. Kent, extension agronomist, Pagadian
City, pers. comm., 1985).

Lithao. The first research trial with this implement is under way at BRS and
will end after rice harvest in September 1985. Both planting and weeding
techniques are being studied. Preliminary data (unpubl.,, 1985) show that
planting times can be reduced by more than 50% when seed is broadcast
compared to traditional furrowing, hand drilling, and covering by foot.
Similar reductions in weeding times were achieved using a combination of
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lithao weeding and hand bolos as compared to two traditional weedings with
the hand bolo. Preliminary data, not replicated by site, indicate considerable
labor can be saved by introducing the lithao into present upland rice
production.

EVALUATION

An economic evaluation of the implements and tools in the agricultural
engineering program is summarized below:

1. Strip weeding is still needed when using the new tools. Results of
research trials have shown that weeding with the hand bolo alone or using
the pronged cultivators or minifurrower together with strip weeding (i.e.,
weeding with a hand bolo within the row) gives significantly higher yields
than use of the new tools without strip weeding.

2. The labor input was higher for the hand bolo alone. The pronged
cultivators plus strip weeding required similar inputs. The input for the
minifurrower plus strip weeding was significantly less, but still greater
than that for all the new tools without strip weeding.

3. Despite this, the profitability per hectare was highest for the crops
weeded with the hand bolo or weeded with the new tools plus strip
weeding. The yield difference was sufficiently high to overcome any
reduction in labor cost from using the new tools without strip weeding.

4. No significant difference was found in the return to labor between the
hand bolo treatments, the new tools plus strip weeding treatments, and
the new tools without strip weeding treatments.

In terms of overall profitability, traditional weeding with the hand bolo or
new tools plus strip weeding gave the highest net receipts per hectare.
However, other factors not relating to profit maximization may influence
farmers’ decision to adopt the new tools and implements.

1. Availability of cash. The lack of cash is a major constraint, especially after
the dry season. The main priority then is purchase of food for the family
until the first cropping harvest is completed. This means the farmer has
little cash available for hiring laborers to weed the crop at the crucial time.
The farmer who borrows money will likely pay an interest rate equivalent
to 20% to 30%.

2. Timeliness. Timing of weeding is crucial to the final crop yield. If the
farmer uses hand weeding with only family labor, weeding will be unduly
long; weeds will reduce yield.

3. Self-sufficiency. In many areas of the province, labor for weeding is
difficult to obtain. The laborers are usually farmers who, after complet-
ing the work on their farms (generally less than 2 ha), organize themselves
into groups to hand weed for other farmers. The difficulty of being able to
hire these laborers and to obtain them at the right time can reduce yields.
Farmers need to be self-sufficient; the use of the new cultivator and
minifurrower allows the farm family to do their own weeding or minimize
the number of persons hired.
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Some disadvantages of the new implements and tools should be considered:

1. Cost. While cost is not exorbitant, these tools may still be out of the reach
of many of the poorer farmers. Trying to keep the cost of the tools as low
as possible without decreasing their sturdiness has been a constant
problem for the program.

2. Distribution of wealth. If these new tools and implements are accepted,
then the demand for hired labor will decrease, thereby depriving poorer
farmers of a source of off-farm income. However, this adjustment will
occur gradually and as incomes rise due to increases in productivity and
new crop areas are opened up, then demand for hired labor should rise.

MANUFACTURE AND DISTRIBUTION

The response of farmers and technicians to initial extension activities
indicated that the ZDSDP-supported distribution of tools was not suitable.
The program was creating an undesirable artificial demand based on handouts
which were becoming increasingly difficult to sustain. There was little
likelihood of this system surviving after the completion of ZDSDP in 1985.
Farmers were asking if tools could be purchased from ZDSDP. However, the
Memorandum of Understanding between the Government of the Republic of
the Philippines and the Government of Australia prohibits the sale of goods to
private individuals. It was obvious that a capability to produce the tools closer
to the farmer needed to be established.

Manufacturing capability
There are three categories of metal working shops in Zamboanga del Sur:
1. engineering shops which specialize in engine overhaul,
2. small manufacturers of mechanical tillers for lowland rice (e.g.,
MAF/IRRI), and

3. blacksmiths.

The program centered its efforts on the blacksmith sector. Zamboanga del
Sur's blacksmith industry is well developed. The quality of implements is
generally good and most blacksmiths are adept at copying a sample.
Blacksmiths are well distributed throughout the province with most municipal
centers having one or more shops. The more intensive cropping areas are also
serviced.

Blacksmith activities prior to the ZDSDP included

1. manufacture and repair of steel moldboard plows,

2. manufacture of lowland and upland harrows, and

3. manufacture of the wide range of bladed tools used in the province (e.g.,

knives, grass slashing tools, coconut huskers, and the hand bolo).

Selection criteria

Two ZDSDP agricultural components, the Multiple Cropping Project and
the Agro-Forestry/Hillside Farming Projects cover 35 of the 41 municipalities
in the province. Sites for cooperating blacksmiths were selected to give as wide
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a coverage as possible to these projects. Priority was given to areas receiving
program assistance for the longest period. A goal of one blacksmith per
municipality was set; one per two municipalities has been achieved.

Minimum requirements
Cooperators were required to satisfy the following criteria:
1. have a reputation for quality and a regular clientele;
2. be highly visible and located centrally in a farming areas;
3. possess the basic blacksmith equipment (i.e., forges, bellows/blowers,
grinding wheels, and smithing tools);
4. possess a welding machine or have access to one, or have access to an
electricity supply; and
5. be recommended by the local Municipal Agricultural Officer, MAF
technician, or local official.

Evaluation of blacksmiths

Selected blacksmiths interested in becoming cooperators were provided with
samples of the tools and were asked to reproduce one item of each. Templates
and fixtures were not provided then, so as to assess their workmanship and
ingenuity. If the finished products were of acceptable quality and the
proprietor was willing to become a cooperator, establishment assistance was
then provided.

Establishment assistance

The tools and implements being introduced, although simple in design,
required a welding machine for fabrication. The rapid electrification of the
province by the local electricity cooperatives, which followed road construc-
tion by the ZDSDP, enabled some blacksmiths to acquire welding machines.
Cooperators were established in the following sequence:

1. those with full facilities (i.e., tools, forges, grinding wheels, and welding
machine), six sites;

2. those with full facilities except a welding machine, but with access to a
10 KVA electrical transformer, or where one could be installed upon
entry into a rental agreement with the local electrical cooperative, eight
sites; and

3. those with full facilities except a welding machine but where trans-
formers were only available by purchase, three sites.

Sites in group 3 were more expensive to establish than those in group 2;
however, they were situated in areas essential to the program with strong
farmer interest.

Upon the connection of the electricity supply, blacksmiths in groups 2 and 3
were provided with

1. the necessary electrical plans for submission to the electrical cooperative,

2. the electrical wiring and equipment necessary to install a welding
machine of 250-ampere capacity, and
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3. a 250-ampere welding machine and accessories. (These machines were
manufactured in the Philippines and were purchased at a cost which
varied between $85 and $100.)

Assistance cost about $170/blacksmith.

Technical and extension assistance
All cooperating blacksmiths were then supplied with

1. templates to ensure uniformity of components,

2. welding fixtures to enable mass production of tools to a uniform
standard,
specialized tools for fabrication of selected parts (eg, handle sockets),
a display board to show (visiting) farmers the tools available,

a set of tools for demonstrations to farmers, and
. copies of extension booklets (see Extension).

As of June 1985, 17 blacksmiths were cooperating in the MAF/ZDSDP
program (Fig. 1). Cooperators were provided with record books and asked to
record sales of each item, detailing the farmer’s name and location so that
follow-up surveys could be carried out.

v w

EXTENSION

The ZDSDP Agricultural Project has developed networks of field technicians.
The technicians live in barangays central to their alloted areas. The technician
network is based on the World Bank Training and Visit System.

The ZDSDP Agricultural Engineering Program did not develop a separate
group of field technicians because existing networks were suitable, staff were
not available, and local MAF officials did not regard extension as an
agricultural engineering role.

Extension activities began following field evaluation in 1982-83. Demon-
strations were held at barangay assemblies and field days and sample tools
were usually left with farmer leaders or barangay captains. This procedure led
to the realization that a commercial manufacturing capability must be
established before large-scale farmer extension could be undertaken. Exten-
sion activities were suspended until the first cooperating blacksmiths began
operation, and were progressively expanded as the blacksmith network grew.

Extension aids

A range of extension aids was developed based on the Visayan phrase “Ang
Bag-ong Galamiton sa Uma,” which means, “New tools for the farm.” The
components are as follows:

1. A display board containing each tool with the Visayan name underneath.
These boards were placed in blacksmith shops and municipal agricultural
offices.

2. A set of working tools, distributed to each technician in the cropping
programs. Technicians were encouraged to demonstrate these tools at
regular farm meetings, and to loan them to interested farmers.
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3. A series of comics-style extension booklets written in the Visayan dialect.
About 7,000 copies of each booklet have been distributed to farmers,
technicians, municipal agricultural officers, and blacksmiths. These
simple publications are designed to reinforce the principles of early weed
control, and to explain the labor-saving aspects of the introduced tools.

Field extension and training
Wherever possible, program staff attend the monthly farmer meetings
organized by the field technicians. These visits support the technician and
allow demonstrations of the tools by more experienced staff. The extension
booklets are distributed and farmers are informed of the nearest cooperating
blacksmiths.

Similar demonstrations are given at larger field days organized by the MCP
and at agroindustrial fairs held occasionally throughout the province. At MCP
training seminars, technicians are given refresher instruction on tool use.

Promotion and incentive schemes

Although sales at the blacksmith shops gradually increased, it was decided to
conclude the ZDSDP Agricultural Engineering Project with a scheme to
create a greater awareness of the new tools throughout the farming community
and to disseminate many tools to create a spin-off demand.

An incentive scheme which consisted of the following was devised:

1. A One-half-price Scheme, whereby the farmer purchased his tool from
the blacksmith at half-price and the ZDSDP reimbursed the blacksmith
for the balance.

2. A Technician Incentive Scheme, whereby technicians were paid a bonus
for each tool that a farmer purchased on his or her recommendation.

Both schemes used a system of numbered vouchers, which recorded
farmers’ and technicians’ names and locations, and which should be cross
checked.

Much equipment had been handed out free of obligation in the early days of
ZDSDP, and this hurt some later programs including Agricultural Engineer-
ing. Project staff felt that a farmer having to pay a portion of the cost of a tool
would value and use it more, and that any future survey results would show
more genuine answers than those involved with free handouts.

The technician incentive scheme was designed to encourage the technicians
to more actively promote and demonstrate the tools at their disposal, and to
provide a supplement to their low salaries and traveling allowances which were
not commensurate with their work load.

The scheme, commencing in late April 1985, proved to be a resounding
success with farmers (Table 3) and had to be closed down half-way through its
term because of a budget overrun.
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IMPACT AND ADOPTION

In the 3 yr from 1982 to 1985, there was only a slight acceptance of the new
cultivators and minifurrower (Table 3). This acceptance began to increase in
1984-85 as a result of the increased extension activities and outreach
distribution centers (blacksmiths). In a recent survey (December 1984), the
minifurrower was found to be the most common implement used by
cooperating MCP farmers. The major reasons for acceptance or non-
acceptance by farmers as recorded by the survey follow:

1. Minifurrower

— suitable for weeding, especially in upland rice crops.
— suitable for furrowing, especially in soybean crops.
— not suitable for stony areas.

2. Pronged cultivators

— suitable only for gardening.

— not suitable for use in wet soil.

— suitable only for seedling weeds.
3. Chipping hoe

— suitable for seedling weeds.

— not suitable for stony areas.

This survey showed reasonably bright prospects for the minifurrower.
However, farmer understanding of the uses for and benefits of the pronged
cultivators and chipping hoe seemed limited and further extension work was
required.

The research has shown that the implement most likely to be accepted is the
minifurrower, which does not maximize profit but allows for optimization
under various socioeconomic constraints as stated in Evaluation. This was
proven during the promotional one-half price scheme, when 721 mini-
furrowers were sold throughout the province. Despite the relatively high price
of $14.85, the minifurrower has gained acceptance as farmers realize its
benefits. Considerable numbers of pronged cultivators and chipping hoes
were also purchased under the scheme. The success of the scheme has justified
the decision to expand the distribution and manufacturing bases to private
commercial organization, namely the blacksmiths. It has also shown that the
extension component of the program has stimulated farmer awareness of
solutions to their problems and thereby created a demand for such technology.

A follow-up survey of farmers who purchased the tools and implements will
be conducted to determine use of items and the effectiveness with which they
do the tasks.
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CONCLUSION

Two major conclusions can be drawn from the Agricultural Engineering
Program in Zamboanga del Sur. First, any similar introduction of improved
technology should be moved into the commercial sector as soon as that
technology is proven to be viable to ensure the continued availability of service
to the farmer. Government agencies are constrained by policy and limited
resources, with their orientation being toward technical support.

Second, with the successful development of the commercial infrastructure,
the blacksmiths, it has been necessary to ensure successful use of the
introduced tools. Therefore, research and development must be comple-
mented by a strong extension effort to disseminate the necessary crop
husbandry techniques.
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WHEAT AND PADDY REAPERS IN
CHINA

BAI LING
The Chinese Academy of Agricultural
Mechanization Sciences,
China

It is nearly 10 yr since the first vertical windrowing reaper was born in 1976,
and its great development has been witnessed since then in China.

Its early prototype with a rear windrowing mechanism was matched with a
two-wheel tractor with acutting width of 1.85 m, mainly used in intercropped
fields. The machine conveyed standing cut crop backward and laid the crop
behind the tractor by the rear windrowing mechanism (Fig. 1).

The machine was likely to be blocked by the change of the moving direction
of the conveyed crop through 90 degrees and the long conveying distance. In
addition, it was limited to cutting intercropped plants with a cutting width of
1.85 m and therefore failed to be popular.

In average wheat and paddy areas, the machine was modified as a side
windrowing reaper with the rear windrowing mechanism removed. The
modification led to easier operation, and therefore has received popular
welcome. Furthermore, a new series of 7 vertical platforms with side
windrowing mechanisms was introduced in 1977 with cutting widths of 0.7 m,
1.0 m, 1.3 m, 1.6 m, 1.9 m, and 2.5 m, with the original structure of the
platform unchanged.

A great deal of field operation proved that this modification was far from
perfect in structure and reliable in performance, and so further improvements
were made in the following aspects from 1979 to the end of 1980.

1. The clearance between the ledger plate and the knife section is liable to
increase, leading to unsatisfactory cutting performance, breakage of the
knife back, and its short life.

2. Grass and straw can wrap around the star wheel, impairing performance.

3. The frame is liable to deform, impairing the drive.

Tests in 1980 proved that the improved platform was stable, performed
well, and was reliable. Nevertheless, mounting and power drive remained
unsatisfactory. For example, the belt drive was simple in construction but on
undulating ground the drive became unstable and, hence, platform per-
formance suffered. In addition, the machine was too heavy and used too much
metal.
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l I l 1. The model Beijing 4GL-1.85

reaper at work. 1 = star wheel lifter,
' _— — 2 = V-b.elt, 3 : star wheel, 4 =
compression spring, 5 = conveyor
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conveyor belt, 8 = rear conveyor
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To further improve performance, a new series was designed in 1984 with
cutting widths of 1.219 m, 1.524 m, and 1.828 m, and they have been put into
production. To meet the expanding market for the machines, a trade
cooperation of small reapers appeared, comprising 9 factories, each having a
yearly output of 2,000-5,000 machines.

The ever-increasing output of the machine at present cannot meet the
expanding need of the market. Figure 2 shows the trend for four factories.
According to incomplete statistics, China now has 80,000-100,000 machines.
The year 1985 will add about 30,000. Most machines are being used in North
China. They are less popular in the South because of the unsuitability of the
traveling mechanism to field conditions.
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304.8x5=1524

3. Working process of windrowing reaper.

PROBLEMS IN REAPER DESIGN AND DEVELOPMENT

Stability of the cut crop bunches on the vertical platform

Working process of the machine. When the machine travels at a given speed, the
divider separates the crop to be guided to the cutter bar with the help of the
star wheel, and the crop is cut by the cutter bar (Fig. 3). The cut crop is
conveyed to one side by the belt and windrowed with the ears sidewise and the
windrow and the moving direction of the machine forming an angle of 90
degrees for easy collection and bundling. For this purpose the machine must
convey the cut crop bunch on a vertical platform, continuously and without
any blockage.
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Conditions under which the standing cut crop can be conveyed on a vertical
position in the platform. The forces acting on the cut crop bunch on the vertical
platform can be seen in Figure 4. If the cut crop bunch is to be conveyed
standing transversely in a vertical position, the sum of torques which act on the
bunch should be zero.

where

SM=Ps-c+P;-b—Ps-a=0 0

= acting force by the lugs of the lower conveyor belt,
= acting force by the lugs of the upper conveyor belt.

Py=Q+T

= implicating force between cut crop bunches,
= friction force between the crop and perpendicular plate.

T=f(@P,+P;+P,)

= parameter of friction,
= reacting inertia force from the pull P,
= squeezing force from the uncut crop on the cut crop,

squeezing force from the compression spring and star wheel on the
crop bunch.

Two points should be regarded:

* The distance between the two conveyor belts are from 130 to 230 mm in
China as long as the torque is balanced.

* Two compression springs (one upper and one lower) are required in
designing. The nearer the acting point of the spring to the conveyor belt,
the better. In case of unbalance the spring compression should be

adjusted.
Ve
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4. Forces acting on cut crop bunch on platform.
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The bunches of the crop can be continuously conveyed without any blockage only

when the conveyed output per unit time is greater than or equal to the cut output,
that is:

QCOIIV. 2 QCU'(
h-B-py=p, -B2.V/V.  (Fig. 5)
then:

q-V, 2
where
h = height of lugs,
B = cutting width,
V., = traveling speed,
V. = speed of conveyor belt,
r, = density of plant in the field,
r, = density of cut crop on the vertical platform,

q = gathered cut crop parameter.

1

c
m (2w)2

=4m/C?

S, = 1 m? of area in the field;
S, = area of the circle of the bunched cut crop from 1 m? ofarea in the field,

its tightness being similar to the cut crop on the vertical platform; and
C = circumference of the cut crop bunch whose area is S,.

5. Relation between conveyor belt
B movement and machine forward
q_ travel.
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In this equation, the principal design parameters are closely related, i.e.,
height of lugs h, cutting width B, traveling speed V,,, gathered cut crop
parameter q, and the speed of conveyor belt V..

1. Determination of the speed of the conveyor belt V.. If V is too great, the
cut crop bunches will be roughly ejected instead of being smoothly
conveyed, resulting in uneven windrows and losses. Greater attention
should be paid in cutting paddy. If V is too small, the conveyor will fail to
handle the cut crop. In cutting wheat, V_ can be switched to higher speed,
say, 2.0-2.5 m/s, for the field conditions are good and the traveling speed
is high. In cutting paddy, V. usually ranges from 1.6 to 1.9 m/s.

2. q is closely related to the density of the crop, the diameter of stalks, and
the pressure in bundling cut crop. Generally the tightness of the bunches
of the crop (the value of c) should be as similar to the density of bunches
in the machines as possible, which requires experience. The value of q
varies with different areas in China. When the acting force was kept
constant, a greater value of C (i.e., a smaller value of q), which means a
high crop output, is preferred so as to increase the adaptability of the
machine.

3. Most wheat and paddy reapers in China are matched with two-wheel
tractors or four-miniwheeled tractors, requiring no special chassis. If the
traveling speed can meet the requirements of the speed ratios of the
working parts, it is considered possible. Take Changchun-12 Mini-
wheeled Tractor for example. The following speeds are appropriate for
reaping:

Ist gear: 4.5 km/h = 1.18 m/s
2d gear: 5.72 km/h = 1.59 m/s

In South China where ground conditions are bad for tractors but more
walking tractors are available, the traveling speed for reaping is more
often than not below 1 m/s.

4. From the equation, h=B . V_/q . V_, it can be seen that when h, V, q,
and V_ were kept constant, the increase of the cutting crop width alone
will mess the equation. The greater the value of B, the more the crop
bunches, when the value of h should be increased accordingly. Other-
wise, a dreadful mess will occur at the outlet if cut crop bunches cannot be
accessed by the lugs.

In calculating Q,,,,, cut crop bunches are supposed to be evenly distributed
on the vertical platforms at the density of p, Actually they are not (Fig. 6).
Instead, at the full cutting width the load is distributed triangularly with the
smallest density at the inlet and the greatest density at the outlet of the
conveyor. If only the cutting width B is increased, the value of q would be
extreme at the outlet and the machine would be blocked and would stop
working now and then.

With increase in cutting width, the conveyor belt will be Ilengthened
accordingly with sunk lugs and can hardly be tightened.
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belt at full cutting width.

Due to the interaction of the above parameters, the height of lugs should not
be arbitrary but should be matched with the star wheel, which is generally
situated above the knife. In China the height of lugs is usually 50 mm and the
cutting widths are 130 cm (1219 mm), 160 cm (1524 mm), and 190 cm (1820
mm). The cutting width over 2 m is not available at present.

Improved design of lifter
The original design of the lifter can be seen in Figure 7. Four improvements
were made.

1. The horizontal component velocity of the star wheel and the lugged
V-belt should be greater than or equal to the traveling speed of the
machine when they can do the job well, guiding the crop to the cutter bar,
or the crop will push the star wheel and the lugged V-belt. In some areas
of China, the lugged V-belts fail to meet the above requirements and are
therefore removed. In designing, the speed of the conveyor belt and the
star wheel are also increased.

2. To prevent weeds from winding around the star wheel and to ensure
proper working of the star wheel, two antiwind protectors (one upper and
one lower) are supplied, leaving only the star wheel teeth exposed for
working.

3. The welding point of the drop rod is made tangential to the lower part of
the bend pipe to avoid missing any crop.

4. To insert the lifter smoothly into the crop (not push it), the smaller the
angles of the cover, a or B, the better. And it is advisable to have B > a, as
the star wheel is involved with the side of angle 3. Experimentation shows
that it is preferable to change the deflection distance to 50 mm with a =
12° and B = 16° (Fig. 8).

The above modifications not only have improved the performance of the

lifter and raised its reliability but also markedly reduced the metal con-
sumption.
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7. Original prototype of lifter.

8. Modified lifter: 1 = antiwind pro-
tector for star wheel, 2 = star wheel,
3 = compression spring, 4 = bend
pipe, 5 = drop rod.

Modification of the cutter bar and its drive
Field experience shows that the life of the original knife back is rather short,
sometimes failing after cutting only 20-30 ha of crop.

Figure 9 shows the knife head drive of the original reaper. The knife back,
driven by the crank-connecting rod mechanism, moves in a reciprocating

motion via the triangular pin-plate with a deflection distance h of 90-100 mm,
which produces additional torque, whose magnitude is:

M = ph = (mrw?) + (ql+F).h
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9. Cutter bar drive.

m.r.w- = inertial force,
m = mass of knife back and part of connecting rod,
r = radius of crank,
w = angular acceleration of crank,
g.1 = cutting resistance,
q = resistance per meter length of knife bar, ranging from 40-50
kg/m with maximum of 70-80 kg/m in cutting wheat,
1 = length of cutter bar,
= sum of frictional forces including that of knife bar weight and
that due to improper installation and design.

The incessant variation of direction of the torque breaks the knife back at
sections E - E or F - F. From the above equation, methods have been found to
lengthen the life of the knife back.

* The value of M can be reduced by reducing the value of h. The smaller the

value of h, the better; however, the value of h of average machines is 80-90
mm.

* A proper crank speed is selected, say, 500-600 rev/min.

* An appropriate cutting width is fixed. It is not advisable to increase the
width blindly when other parameters are kept constant. A width not more
than 2 m is generally accepted in China so as to obtain steady
performance.

* The triangular pin-plate can be changed to a curved one (Fig. 9) to
distribute the stress evenly (Fig. 9, 10).

* The cutter bar can be changed to reduce the additional forces and the
cutting resistance.



338 SMALL FARM EQUIPMENT

10. The elastic test of pin-plate by light: stress of triangular pin-plate gathered together (top),
and stress of curved pin-plate distributed evenly (bottom).

s - ﬁ_ﬁ‘\_‘“,::_t
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11. Cutter bar of original prototype.

In the original cutter bar, a lipless guard is adopted with a clearance 6
between the ledger plate and the knife section (Fig. 1la). After working for a
period of time, clearance d increases with intrusion of weed, mud, and water
into the guide of the knife back to lift the knife back, resulting in changing 6 to
6’ (Fig. 11b). The cutting performance thereby drops with increase of cutting
resistance, unevenness of stubble, and tearing of the crop instead of cutting it;
the machine is then easily blocked and goes out of order.

These shortcomings can be overcome when the cutter bar is modified as
shown in Figure 12. Moreover, the punched guard is only 1/3 as heavy as the
cast guard, reducing the balance weight for two-wheel tractors and of the loads
on the front wheels for four-mini-wheeled tractors.

These modifications greatly improved machine performance and prolonged
the cutter bar life to more than 250 h.
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CONCLUSION

After several years of efforts using basic theory, we gradually improved the
design of the machine, perfected a stable and reliable performance, and
increased machine life by 3-5 times. Moreover, the operating speed range has
been expanded, the height of the frame lowered, the rigidity of the machine
increased, the weight of the consumed metal reduced by 20 kg/m of cutting
width, the processing technology simplified, manufacturing material saved,
and the cost thereby greatly reduced.

The machine has become one of the most commonly used harvesters in
China.

FUTURE PRIORITIES

1. To design handy walking harvesters for paddy fields and small plots.
2. To design stacking reapers for low output regions.
3. To further research binders.
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In the developing countries of South and Southeast Asia, nearly all paddy
fields of small farmers are reaped manually by groups of laborers using knives
or sickles (5,15, 18). Reaping (cutting only, not hauling or threshing) requires
a high labor input (10-16 d/ha) and, because it is the most strenuous activity of
rice production, the labor wage rate (in cash or in kind) is often substantially
higher than for other activities. Consequently, reaping is a major expense in
rice production. Moreover, in areas having labor shortages during the peak
harvest period, delaying reaping past the optimum date reduces grain yield
and quality (6). This problem is particularly serious in areas where typhoons
hamper harvest.

History indicates that reaping changes from a manual operation to a
mechanized operation when the cost of labor increases to the point that
machine use is more economical (2). Japan exemplifies this change, and similar
trends are occurring in Malaysia, Taiwan, and Korea. On the other hand,
mechanical reapers used in middle- and high-income countries are too costly
to be economically viable in low-income, developing countries. Furthermore,
these reapers are generally too large for small farms, too heavy for waterlogged
fields, insufficiently durable for intensive use, difficult to maintain, and costly
to repair.

Numerous efforts to develop a simple, low-cost reaper appropriate for small
farms in developing countries have not been particularly successful. However,
a reaper developed in the People’s Republic of China (1, 9) may be a
breakthrough. It has recently been modified by several institutions (11,12,17)
to adapt it to conditions in developing countries.

This paper summarizes International Rice Research Institute (IRRI)
experiences in adapting and promoting the Chinese reaper in the Philippines.
We describe the collaboration of the Chinese Academy of Agricultural
Mechanization Sciences (CAAMS) and IRRI to modify the original Chinese
reaper design so it better suits agricultural and industrial conditions of
developing countries in South and Southeast Asia. This collaboration is a
unique illustration of the potential benefits of technology transfer and
cooperation between countries and international organizations.
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We then briefly summarized the promotion of the CAAMS-IRRI reaper in
the Philippines by the Ministry of Agriculture and Food (MAF) and IRRI
This collaboration directly involves local manufacturers.

We also report results of technical and socioeconomic surveys to evaluate
the extension, performance, and impact of the reaper in the Philippines.

Finally, we pull together the lessons learned from this experience, including
suggestions for future work in the Philippines and other developing countries.

DEVELOPMENT OF THE CAAMS-IRRI REAPER

Development of the vertical-conveyor reaper in China began in the early 1960s
(1, 9). The advantages of this design compared with the conventional
horizontal or inclined conveyor designs are light weight, simple construction,
and ease of front-mounting on small two-wheel and four-wheel tractors to
improve maneuverability in small fields. Improvements were made during the
1960s and 1970s, and the design illustrated in Figure 1 was manufactured in
China beginning in the late 1970s. There were two principal innovations:
(Fig. 2)

1. Lugged V-belts and star wheels gather the crop and feed it to the cutting
mechanism. The star wheels also hold the crop during cutting and then
help feed the cut crop into the conveyor. The V-belt and star wheels are
driven (rotated) by direct contact with the moving lugs of the conveyor
belt.

1. Mechanical reaper developed in the People’s Republic of China.
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2. The conveyor consists of two flat belts with lugs suitable for transporting
the cut crop laterally across the reaper to the side where it is gently
released to fall into a uniform windrow on the ground. The cut crop is
held against the conveyor belt by pressure springs.

During a visit to China in the late 1970s, an IRRI engineer observed the
Chinese reaper and was enthusiastic about its potential applications in
developing countries. This led to the agreement between CAMS and IRRI
to collaborate in modifying the design for small rice farms in South and

Spring t

\ Conveyor lugs

L—

i Star wheel

Conveyor lugs

Cuftting blade

2. Schematic illustration of principal components of the Chinese reaper.
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Southeast Asia. In 1980 three Chinese engineers worked with IRRI engineers
in the Philippines to develop a simplified reaper which was lighter, less
expensive, and easier to fabricate with shop tools, materials, and components
(bearings, belts, etc.) generally available to small-scale manufacturers in the
Philippines and other developing countries. The design eliminated the lugged
V-belts and simplified the power takeoff, conveyor drive, and cutter
mechanism (11, 17). The reaper unit was designed as an attachment for hand
tractors which are also used for plowing, transport, and other operations. Two
models were developed: the 1.0-m-wide unit fits the IRRI PT5 hand tractor,
and the 1.6-m-wide unit matches larger conventional hand tractors.

EXTENSION OF THE CMS-IRRI REAPER IN THE PHILIPPINES

MAF-IRRI program

In 1981, MAF-IRRI started collaboration to develop and extend agricultural
equipment appropriate for small farms and produced by local industry in the
Philippines (14).

Over 200 manufacturers have become cooperators in the MAF-IRRI
program by signing a memorandum of agreement. These cooperators, located
throughout the Philippines (Fig. 3), range from small blacksmith and
metalcraft shops to large-scale industries. Special attention is given to
manufacturers located in agricultural areas, thereby ensuring availability of
parts and service while creating rural employment and stimulating innova-
tions and adaptations to local conditions and farmer preferences. The MAF-
IRRI program provides manufacturers with agricultural equipment designs,
training, and technical assistance. In turn, the cooperators agree to provide
annual production statistics and to sell units only after testing and authoriza-
tion by MAF-IRRIL

The program organized workshops for farmers, agricultural technicians, and
R&D engineers to help identify priorities for small farm equipment in the
Philippines (10). Identified as high priority was a mechanical reaper suitable
for small rice farms in areas having labor shortages at harvest time.
Consequently, the program began promoting the CAAMS-IRRI reaper to
cooperating manufacturers in 1982. The 1.0-m reaper was chosen over the
1.6-m model because of lower cost and better maneuverability in small fields.
A copy of the promotional leaflet for the 1.0-m reaper (Annex A) provides the
technical specifications. Because of its light weight and low cost, the reaper
could minimize problems encountered with imported reapers — which
Philippine rice farmers did not accept — and could compete with similar
machines recently imported from Japan.

Selection of target areas

The first task was to identify Philippine areas where the reaper might be
appropriate, i.e., areas where labor shortages lead to significant delays in
harvesting. Mindanao and the Cagayan Valley (principally Isabela) were
selected as the priority areas for reaper extension.
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3. Geographical location of cooperating manufacturers of the MAF-IRRI industrial extension
program for small farm equipment.

Field demonstrations, evaluations, trials

The second step was to conduct field demonstrations and evaluations of the
reaper in the major rice-producing areas of Mindanao and the Cagayan Valley.
The MAF-IRRI Regional Project engineers in these areas are regular
employees of the Ministry’s regional offices and experiment stations, and
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devote part of their time to the MAF-IRRI program. They were vital to the

coordination of the demonstrations, particularly in ensuring that the attendees

included outstanding farmers, leaders of cooperatives, local manufacturers,
agricultural extension technicians, and rural bank officials.
The demonstrations had these major results:

1. During evaluation sessions held immediately after the field demonstra-
tions, most farmers stated that the reaper would be appropriate and
beneficial in their areas;

2. Observing the enthusiasm of farmers for the reaper, many manufacturers
became interested in fabricating it;

3. The MAF-IRRI engineers became better acquainted with the manufac-
turers of the area, thereby recruiting new cooperators and bringing
technical assistance to those interested in fabricating the reaper.

Performance and durability of the reaper and hand tractor were intensively
tested in Mindanao on a 370-ha farm where rice is grown continuously during
the year. Reapers could be used regularly on up to 2.5 ha/d, 6 d a week,
throughout the year. The test results served as the basis for modifying the
reaper and hand tractor to improve operation and durability.

Training courses

A 2-d intensive training course on fabricating the reaper and hand tractor was
given twice in Manila during 1982 for cooperating manufacturers and MAF-
IRRI engineers. It was designed to help trainees to understand a) the
blueprints for the reaper and hand tractor, b) the main steps of fabrication and
assembly, c) operation, maintenance, and repair, and d) the economics of
fabrication and reaper use.

All 68 cooperators in the program were invited to attend the first course
(Feb 1982). Twenty-four (35%) attended. Ten attendees had successfully
fabricated at least one reaper and hand tractor by the end of the first survey
(May 1983).

For the second course (Aug 1982), 86 of 110 cooperators who had not
attended the first course, were invited. Nineteen (22%) attended, and 6
successfully fabricated at least 1 unit by survey time. Eleven cooperators who
did not attend either training course had also fabricated at least one reaper and
hand tractor.

Many attendees were from small-scale firms located in Mindanao and other
areas far from Manila, the training site. The attendees paid for their
transportation and lodging expenses, and the program provided them with
blueprints and instruction materials.

Technical assistance and prototype testing

MAF-IRRI engineers periodically visit cooperating manufacturers to provide
technical assistance in fabricating the reaper or other equipment (e.g.,
threshers and pumps) promoted by the program. If an engineer cannot
provide the requested assistance, he contacts the MAF-IRRI central office
for information or for help from an engineer familiar with the problem.
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These are the most common forms of technical assistance given:

1. Helping manufacturers understand the blueprints and locate suppliers of
special components (e.g., reaper blades).

2. Loaning the equipment (e.g., reaper) to manufacturers who have
difficulty reading blueprints.

3. Performing the prototype test of the first unit fabricated by a manufac-
turer. This test determines if the unit has been fabricated and assembled
correctly and if it functions properly in the field. It is also an opportunity
to advise manufacturers on critical adjustments and operating pro-
cedures. The manufacturer who passes the prototype test is authorized to
proceed with production.

4. Assisting manufacturers in field demonstrations for farmers (often at
meetings of farmers organizations) and, in a few instances, in loan
applications.

5. Maintaining two-way communication with manufacturers on both
problems and improvements in design, fabrication, or operation of
equipment promoted by the program.

TECHNICAL AND SOCIOECONOMIC EVALUATION OF THE CAAMS-IRRI REAPER

Reaper production statistics

Table 1 gives the number of CAAMS-IRRI reapers produced by MAF-IRRI
cooperating manufacturers 1982-84. Production rose sharply in early 1983,
but fell off during the second half of 1983 because of decreasing sales. Reasons
for the disappointing sales are discussed in the following sections.

1983 survey
One year after reaper introduction, the program surveyed cooperating
manufacturers to a) evaluate the impact of extension efforts, b) detect
problems encountered by manufacturers and owner-operators, and c) deter-
mine the actions to be taken to overcome the problems. The main conclusions
(7) follow:

1. Reaper introduction to manufacturers was rapid, with 27 firms success-

fully fabricating at least one unit within the first 15 mo.

Table 1. Production of CAAMS-IRRI reapers in the Philippines,

1982-84.7

Year Reapers produced Reaper manufacturers
(no.) (no.)

1982 68 18

1983 363 27

1984 40 12

@Based on annual surveys of cooperating manufacturers of the MAF-
IRRI Industrial Extension Program for Small Farm Equipment.
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2. Fabrication of the reaper and hand tractor was sufficiently simple for
small manufacturing firms having limited capital, personnel, and
equipment (Table 2).

3. Many firms, including small firms in agricultural areas far from Manila,
were willing to devote their own money and time to attend the reaper
training course.

4. Although the training course helped introduce the reaper to firms it was
not indispensable in all cases because 41% of the initial reaper manufac-
turers did not attend the course. Many of these untrained reaper
manufacturers either purchased reapers to copy or hired experienced
reaper fabricators (Table 3).

Table 2. Classification of cooperating firms according to assets, labor, reaper training, and
reaper manufacturing?. Data expressed as percentages.

Percent
Range All Trained Reaper manufacturers
cooperators cooperatorb
(124) (30) Trained Untrained®
(16) (11)
Capital assets?

< $10,000 44 40 31 45
$10,001 to $100,000 44 37 38 27
$100.001 to $400,000 10 13 25 9
> $400.000 2 10 6 18

Labor (no. of employees)
<5 29 20 31 36
6to 15 45 53 31 18
16 to 50 21 13 19 36
> 50 6 13 19 9

@Data as of 1 Mar 1983. Numbers in parentheses represent firms in the sample. ®Those who
attended the reaper training course. °“Those who have fabricated at least one reaper without
attending the training course. YApproximate conversion rate: 10 = US$1 in early 1983.

Table 3. Principal methods used by reaper manufacturers in fabrica-
ting their first prototype units? (7).

Manufacturers

Percentage

Method (no.) g
Followed blueprints 11 41
provided by MAF-IRRI
Utilized reaper loaned by 8 30
MAF-IRRP &P
Utilized reaper purchased 6 22
by firmP
Hired services of experienced 2 7
reaper fabricator?

Total 27 100

aMAF-IRRI loaned reapers only to manufacturers in the target
areas: Mindanao and Cagayan Valley. balso utilized blueprints pro-
vided by MAF-IRRI.
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5. Since most reaper manufacturers were unable to fabricate a machine
from engineering drawings alone, the program loaned them reapers to
copy.

6. Manufacturers identified aspects of the reaper design, fabrication, and
operation which should be improved (Table 4). Several manufacturers
made improvements (7).

7. Reaper sales were extremely low, primarily because of the depressed
economic conditions of Philippine rice farmers. Furthermore, farmers
were understandably reluctant to buy a new machine of unproven
performance and durability, or which may cause problems with hired
farm workers.

8. This early survey provided only preliminary information on sales but no
direct information on buyers (farm size, location, cropping intensity,
etc.) or on use (e.g., only on owners’ farms, contract work on other farms,
costs and returns, use rate [ha/yr], and labor displacement). Fernandez et
al (7) recommended that a second survey be conducted in 1984 to obtain
data on buyers and use, including a study of the positive and negative
impacts of the machine on those who own reapers, those who hire
reapers, and laborers who are displaced by reapers.

1984 surveys

IRRI economists and engineers collaborated in 1984 to study the status and
potential impact of the reaper in the Philippines (13,16). The first step was to
visit reaper manufacturers and dealers. This verified that sales of CAAMS-

Table 4. Manufacturers’ suggestions on improvements of the
CAAMS-IRRI reaper @ (7).

Suggestion Frequency ?

Increase width of cutter bar to 25 mm (1 inch)

Provide clutch to disengage reaper from hand
tractor PTO

Modify reaper skid to reduce bumping and 4
facilitate turning

Improve maneuverability of machine

Change hand tractor clutch lever to
motorcycle type

Increase diameter of 