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Preface

The Second International Conference on Agricultural Mechanization in
Developing Countries was held at the RAI Congress Centre in Amsterdam, the
Netherlands, 23-26 January 1984,

The Conference was held in association with the 13th International Fair
on Agricultural Machinery.

Specific themes of the Conference were:

- the actual status and the future development of agricultural mechaniza-
tion;

- the actual status and the future development of the agricultural machin-
ery industry.

These proceedings of the Conference include the final recommendations
and conclusicns, general reports, papers of the keynote speaketrs, country
reports, some reports on miscellaneous subjects and a list of participants.

Some 167 experts from 49 countries, mainly from Latin America, Africa
and Asia, took past in the Conference.

I trust that the large amount of up-to-date information from countries
world wide and the conclusions drawn during the Conference will provide the
readers with that information that they need for business, education,
research or any other activity.

Adrian Moens,
Chairman of the Scientific Committee



Avant-propos

La deuxiéme Conférence Internationale sur la Mécanisation de 1'Agricul-
ture dans les Pays en voie de Développement s'est tenue & Amsterdam du
23 au 26 Janvier 1984 dans le Centre des Congrés, R.A.I.

La Conférence a été organisée en ccllaboration avec la 13-é& Foire Inter-
nationale des Machines Agricoles. '

Les thémes specifiques de la Conférence ont été:

- 1'état actuel et le developpement futur de la mécanisation de l'agricul-
ture.
- 1'état actuel et le développement futur de l'industrie des machines agri-
celes.

Ce recueil des compte-~rendus de la Conférence contient des récomman-
dations finales et conclusions, des rapports généreaux, des communications
a4 sujets-clé, des rapports des pays, guelques communications a sujets
divers et la liste des participants.

Un nombre d'environ 167 experts provenant en grand partie des pays de
l'Amérique latine, de 1'Afrique et de l'Asie, ont participé i la conféren-
ce.

Je suis convaincu que la grande quantité d'information a jour, provenant
des pays du monde entier, ainsi gue les conclusions tirées pendant la
Conférence, fourniront aux lecteurs, les informations gqui sont nécessaires
pour leurs affairs, pour leurs instructions, pour leurs recherches ou

d'autres activiteés.

Adriaan Moens
Président du Comité Scientifique.



Opening address

E.M. Schoo

Minister for Development Cooperation

LADIES AND GENTLEMEN,

Let me say, first of all, how pleased I am to be here, and to make a
short address to this Conference on the Development of the Agricultural
Machinery Industry in Developing Countries.

I see that this Conference brings people from various disciplines to-
gether, from the world of science, the producers of food, people from
government agencies of developing countries and international. donor organi-
zations as the Worldbank, FAO and UNDRO. This will make it possible to look
at the issue from various points of view. I hope that the Conference will
produce new ideas and recommendations which will be useful in the formula-
tion and implementation of policies of governments, companies and inter-
national organizations alike.

What to think about the development of the agricultural machinery in-
dustry in developing countries. That is the question this conference is
going to discuss. I think this is a very important question, but a very
controversial one at the same time. It is an important gquestion because it
affects the lives of millions of people in the world. The fight against
hunger is one of the very first priorities of the Netherlands development
cooperation. More than a third of what we do is in one way or the other
aiming at the eradication of hunger or the improvement of the agricultural
production in developing countries. That is necessary, because more than
400 million people in the world still suffer daily from hunger. Another
400 million are suffering from malnutrition. If we don'nt take effective
action in this field, the situation will be hopeless. It is not just a
matter of food production, distribution and stabilizing of market condi-
tions. Sometimes we see population growth rates egqual, or even exceed,
economic growth rates. The result, however, is the same: misery, poverty
and starvation.

It is as I said not only an important but also a controversial question.
The problem is that hunger and malnutrition are concentrated in rural areas
where alsco the large majority of the working population lives. Some people
say that introduction of machinery might raise the food production but will



create mass unemployment at the same time. This will translate itself into
the horrible problem of slums in the large cities. In most developing
countries there is a shortage in capital but an abundant labour force. So
there is no real need, according to those people, for capital-intensive
machinery to replace man-power.

I certainly have sympathy for the point of view that we should be care-
ful in introducing labour-extensive eguipment for foed production in devel-
oping countries. On the other hand I think that we should be honest and
realistic. I am sure that it will not be possible to feed the billions of
pecple inhabiting the earth in the next century if we stick to traditional
small-scale food production and a conservative approach to the introduction
of modern technology. Rationalization of agricultural production is
inevitable, in developing countries as well.

The situation in variocus developing countries differs widely. In some
cases perhaps a congervative approach'with labour-intensive technologies
might still be appropriate. In other cases there might be rcom for a for-
ward looking approach by introducing more advanced, intermediate-scale and
labour-extensive technologies, which will raise food production and create
the basis for income generation and job creationm in the other fields as
well.

We know there is too little 'trickle dewn' to justify an exclusive
attention for the more advanced technologies and large-scale infrastruc-
tures for development. That is true, but it is equally true that an ex-
clusive attention for development from below will not bring the solution to
the enormocus problems of food and development in the coming years. Tradi-
tional and small-scale labour-intensive technologies just by itself will
not be able to improve the food-productive capacity of developing coun-
tries. A more rational approach is needed.

A conservative approach to the question of the introduction of agricul-
tural machinery in developing countries will inhibit the very progreés
which is vital for development. It runs the risk of condemning the people
in develcping countries to permanent backwardness and dependence on outside
aid. wWe should avoid that, and gear our policies at improving the possibil-
ities for real progress in developing countries by introducing more
advanced technologies for agricultural production. Creative solutions will
have to be found in developing technologies suited to the resources of the
poor, taking care of the urgent need for food production and the equally
important need for income generation for as many people as possible. Other-
wise a durable improvement in the food situation is not possible.

I know of interesting initiatives in this country of the agricultural
machinery together with project people in developing countries and people
in science in order to develop efficient but still small-scale equipement
in developing countries. ]

We should not make a dogmatic choise, but a pragmatic one, and adopt



flexible policies suited to different situations in different countries.
where possible and feasible, modern technologies and rational means of
agricultural production should be introduced. The question of what to think
of the development of the agricultural machinery industry is not a question
of yes or no. It is a question of how. And the answer to that gquestion is
the answer, I hope, this Conference is going to concentrate upon.

why is the answer important? Because strengthening of the food produc-
tion capacity, distribution and pricing policies in developing countries
themselves, is not only vital for the solution of the world food problem,
but equally vital for the solution of the problems of development at large.
This may be one of the most important lessons of the last ten years.
Strengthening of the position of developing countries in the world economy
by improving their own productive capacity in food as well as other sec-
tors, is the best contribution to a durable alleviation of poverty and
malnutrition. This formula of development from within, is in my view the
new way to solve the problems of £food security.in the years to come. Strong
international support and effective development cooperation policies
remain, however, necessary for the time being. Provided of course that aid
policies work in the same direction and aim at creating a sustainable
improvement of the productive capacity of developing countries and of the
situation of the poor and the hungry.

We have to target our aid to meet the every day needs of the poorest
groups, the landless labourers, sharecroppers, tenant farmers and urban
jobless, who make up the bottom 40 % of the Third World population. This
will mean aid for water supplies, sanitation, credit for small farmers,
nutrition improvement, basic education, primary health care, and, most
important of all, income generating activities.

Special attention should be given to the position of women and the role
of women in food production. Women should have equal access to facilities.
There should be no reason why women should loose their income when modern
technologies are introduced.

All this will, no doubt, have implications for the availability of funds
for local and recurrent cogts. Such an integrated rural development helps
solving the problem of development by solving the problem of hunger and
malnutrition first.

The focus on the alleviation of poverty should be maintained at the
design as well as the implementation phase of the policy. This should be
sharpened and reinforced by strong support for institutional improvements
in developing countries and modern technology development.

And here I am back at the issue of this Conference.

Ladies and gentlemen,

That is what I wanted to say to you about this issue. I extend a sincere
welcome to you all, wish you all the success you need, and have pleasure in
declaring this Conference open.



Recommendations and conclusions

1. Develeping countries should take immediate steps to formulate
national agricultural mechanization strategies, including strategies for
the implementation of necessary mechanization inputs and strategies for the
required development of agricultural industries to provide these inputs.
This action must be taken in the framework established by national devel-
opment objectives and policies, and must be aimed at optimizing the
effective and efficient delivery and support of mechanization inputs to the
farmer.

2. Procedures should be established within developing countries and
within the international community te ensure understanding of agricultural
mechanization objectives in the developing countries, and to effect an
integrated approach for achievement of common goals, taking into considera-
tion the natural, economic and social conditions including'%he employment
situation in the country.

3. Aid donor governments and international organizaticns should ensure
that their assistance programmes reflect the long-term nature of mechaniza-
tion as a development input. Particular attention should be given to the
long-term requirements for developing institutional support arrangements
and for establishment of the infrastructure for efficient operation, main-
tenance and repair of mechanization inputs, in order to make the mest
effective use of these capital sources.

4., To ensure effective and efficient support to farmers and industry,
agricultural mechanization research, development and extension programmes
should be designed and executed in a problem-solving context, with an
objective and realistic definition of problems as they exist at the farm
level, including the marketing and credit aspects.

5. Attention must be given to the complexity of farming systems and to
decisions that must be made on the merit of flexing receiving systems to
accommodate existing mechanization inputs or flexing the mechanization
inputs to accommodate existing receiving systems. Mechanization research
must be viewed as a combined responsibility, incorporating the resources of
industry, public institutions and farmer users.

6. Immediate steps should be taken by developing countries, in collabor-
ation with the international community, to develop innovative multidisci-
plinary approaches for the design and execution of manpower-training pro-
grammes required to ensure efficient and effective mechanization develop-
ment, selection and use. It should be recognized that the present classical



manpower-training schemes are inadequate to meet either the quantitative or
qualitative requirements of the future.

7. Tc encourage a free flow of expertise and resource capability in
agricultural mechanization between the developing countries and the-indus-
trialized countries, acticns should be taken to ensure adherence to inter-
national agreements in respect of patent rights. Furthermore fiscal poli-
cies of developing countries should reflect the business necessity of
suitable measures to encourage the flow of capital, goods and raw materials
in respect of joint ventures, licensing, subcontracting and other arrange-
ments of local industries with industries from abroad to ensure reciprocal
benefits.

8. Increased attention should be given to the early involvement of
domestic and foreign farm-machinery industries in formulation and execution
of agricultural development programmes. Without excluding large-scale
manufacturers, particular emphasis should be placed on the utilization of
the potential contribution of small and medium-size machinery manufacturers
both from developing countries as well as from developed countries, whose
experience, expertise and flexibility of action have so far not been fully
utilized and exploited. .

9. Small and medium-scale farm-machinery manufacturers from developing
and developed countries should structure themselves to effect a long-term
and group approach to participation in developing country markets for farm
machinery. This would include a consolidated effort to inform the decision
makers in the government on expertise and services that they offer.

10. All members of the international community should improve their
procedures to record and validate the positive and negative results of
mechanization in the wide range of development situations around the world.
Focal points for the collection and distributien of this information should
be established in each developing country. Concurrently, actions should be
taken to establish and to support an international centre for the collec-
tion, storage and retrieval on request of such information on mechanization
for world-wide use in formulating and executing agricultural development
programmes.

11. To ensure the most efficient and most effective agricultural
mechanization in the development process, governments of developing coun-
tries should objectively assess the respective roles that can best be
played by public and private organizations for the introduction and support
of mechanization.



Recommandations et conclusions

1. Des mésures immédiates doivent étre prises par les pays en voie de
développement pour formuler les stratégies nationales de la mécanisations
de l'agriculture. Elles doivent inclures les stratégies dfutilisation des
imputs nécessaires a la mécanisation, ainsi gque les stratégies pour le
développement exigé des industries agricoles pour fournir ces imputs. Cette
action doit étre réalisée dans le cadre établi par les objectifs et la
politigue nationale de développement et doit étre dirigée vers une efficace
et effective distribution des imputs de mécanisation vers les fermiers.

2. Des procedures pour assurer la compréhension des objectifs de la
méchanisation de l'agriculture, ainsi gue la réalisation d'une approche
intégrée pour l'accomplissement des buls communs, doivent étre établies a
l'intérieur des pays en voie de développement, aussi bien qu'a lfintérieur
des communautés internationales. Elles doivent tenir compte des conditions
naturelles, économigques et sociales y compris la situation de l'emploi dans
le pays.

3. Les gouvernements et les organisations internationales gqui donnent
des aides, doivent s'assurer gue leurs programmes d'assistence reflétent la
nature de long-terme de la mécanisation comme un développement imput. Une
attention toute particuliére doit é&tre donnée aux exigeances de long-terme
pour les arrangements d'appui pour développement institutionel et pour
1'établissement de l'infrastructure pour operation efficace, maintenance et
remboursement des imputs de mécanisation dans le but de réaliser l'utilisa-
tion la plus effective de ves gources de capital. »

4. Pour assurer un appui efficace et effectif aux fermiers et & 1'indu-
strie, les recherches concernant la mécanisation de l'agriculture ainsi que
les programmes de développement et d'extension, doivent é&tre projetés et
executés dans le contexte 'problémes a ressoudre'. Elles doivent étre
accompagnés d'une caractérisation objective et réaliste des problémes tels
qu'ils existent au niveau de fermes, les aspects du marché et des crédits,
inclus.

5. On doit faire attention & la complexité des systémes agricoles et aux
décisions qui doivent étre prises en faveur de systémes récepteurs flexi-
bles pour accomoder les imputs existents dans le domaine de la mécanisation
ou flexibiliser les imputs dans le domaine de la mécanisation pour accomo-
der les systémes vécepteurs existents. La recherche au terrain de la méca-
nisation, doit étre regardée comme une responsabilité combinée incorporant
des devoirs envers les ressources de l'industrie, les institutions



publiques et les fermiers usagers.

6. Des démarches immédiates, pour développer des approches innovatrices
multi-disciplinaires pour le dessein et l'exécution des training programmes
dtencadrements, doivent étre faites pour assurer un développement, une
sélection et une utilisation efficace et effective de la mécanisation. Il
faut reconnaitre que les présents schémas du training classique d'encadre-
ments ne convienent pas aux exlgeances quantitatives et qualitatives de
1'avenir.

7. Pour encourager le flux libre d'expertise et la faculté de développe-
ment des ressources dans la mécanisation de l'agriculture entre les pays en
voie de développement et les pays industrialisés, des actions doivent étre
envisagées pour assurer l'adhesion aux agréments internationaux en relation
avec les droits des brevets. De plus, la politigue fiscale des pays en voie
de développement doit refleter les nécessités des affaires, par des mésures
appropriées a l'encouragement du flux du capital, des marchandises et des
matiéres premiéres en relation avec sous-contracts et autres arrangements
de l'industrie locale avec l'industrie étrangére pour assurer un benefice
reciproque.

8. Une attention croissante doit &tre donnée a l'embarras de debut de
1'industrie des machines fermiére locale et étrangére dans 1l'établissement
des programmes de développements agricoles. Sans exclure les manufactures
de large échelle, un accent particulier doit étre donné & l'utilisation du
potentiel des manufactures de machines agricoles petites et moyennes, tant
de pays en voie de développements dgue des pays développés. C'est parce gue
leur expérience, leur habileté et leur flexibilité d'action est loin d'étre
utilisé et exploité.

9. Les industries manufacturieres des machines agricoles d'échelle
petite et moyenne des pays en voie de développement aussi bien que des pays
développés, doivent s'organiser elles-mémes pour effectuer des approches de
longterme et en groupe, pour la participation au marché de machines agri-
coles dans les pays en voie de développement. Ceci suppose un effort ren-
forcé pour informer les auteurs des décisions des gouvernements sur les
services gu'elles peuvent offrir.

10. Tous les membres d'une communauté internationale doivent améliorer
leur procedure pour enregistrer et valider les résultats positifs et nega-
tifs de la mécanisation dans de larges schémas des situations de développe-
ment dans le monde. Des points focaux pour la collection et la distribution
de cette information doivent étre etablis dans chague pays en voie de
développement. Simultanément, des actions destinées & la fondation et a
l'assistence d'un centre international pour la collection et le magasinage
des informations concernant la mécanisation dans le monde entier, utilis-
ables dans la formulation et l'exécution des programmes de développements
agricoles, doivent é&tre stimulées.



11. Pour agsurer la plus efficace et effective mécanisation agricole,
les gouvernements des pays en voie de développemen'.t doivent évaluer ob-
jectivement les rdles des organisations pubiiques aussi bien que privées,
dans l'introduction et la stimulation de la mécanisation':

10



Future role of farm mechanization in development

Graham Donaldson

World Bank, Washington, D.C.#*

INTRODUCTION

The process of mechanization has been characteristic of agricultural
development for over 2 000 years and will clearly remain an integral part
of the development process in the future. The role of mechanization in im-
proving agricultural productivity needs nc emphasis. Mechanization contri-
butes to agricultural growth by augmenting the power, expanding the pro-
cesses and increasing the precision employed in farming operations. These
changes, in turn, may facilitate secondary adjustments in production tech-
nolegy and farm operations. Mechanization is a continuing process, with the
rate of change and the appropriate level of mechanization at any one time
determined by location specific socio-economic factors.

CONTRIBUTIONS

The process of mechanization contributes to agricultural development in
several ways, but primarily through enhancing the power, processes and pre=~
cision of farm cperations. It most often augments the power used in farming
operations by substituting power sources; first, substituting draft animal
power for human labor; and second, mechanical for draft animal power.
Mechanization also frequently expands the processes that are used in farm-
ing operations by the introduction of new equipment, such as centrifugal
and axial flow pumps to enable groundwater irrigation, and grain dryers for
artificial drying. Mechanization can also increase the precision of farming
operations by permitting more control, such as in the depth and placement
cf seed and fertilizers. At higher levels of mechanization most machinery
provides varying mixes of power, process and precision augmenting elements
to fit particular factor endowments and farming systems.

In addition, the process of mechanization acts as an enabling factor
for cther changes in technology. For example, fertilizer spreaders, pesti-

* The views expressed in this paper are not necessarily those of the World Bank.
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cides sprayers, and irrigation pumps ail pexrmit the effective use of new
production inputs. Similarly, mechanization enabies farmers to increase
control over their production, especially by improving the timeliness of
operations, such as seeding, and multiple cropping. All ¢f these secondary
changes tend to increase vields. However, mechanization leads to direct
increases in yield only in exceptional circumstances. While direct yield
increases are often anticipated, in practice such increases are seldom
observed and vield declines are at least as common (Binswanger, 1978).
Rather, mechanization makes its direct impact on the farming system and in
economic terms by substituting for other inputs. Thus, higher levels of
mechanization usually substitute for labor, or, where they are already in
use, for draft animals. '

But, mechanization also facilitates structural changes in agriculture.
For instance, it may augment the land available by permitting land that is
difficult to prepare, to be brought.into production, or by permitting
multiple cropping. In addition, it may permit idle land to be brought into
production in situations where land is plentiful but its use constrained by
iimited means to cultivate it. In this way mechanization is, in all situa-
tions, the key facilitator of farm size growth. Whether by bringing uncul-
tivated land into production or by transfers of land through sales or
rental, the 'iron law of mechanization' is that the contrel of land accumu-
lates to those with the power to cultivate it (Donaldson & MciInerney,
1973},

DETERMINANTS

Mechanization is typically a sustained process of innovation induced by
its private profitability. The profitability of mechanizaticn is influenced
greatly by economy-wide factor scarcities and other macro-economic vari-
ables such as a country's land and labor endowments, the non-agricultural
demand for labor, and the conditions of demand and supply for farm prod-
ucts. The history of agricultural growth and of mechanization in the
develeoped world (including the USA, Europe and Japan) illustrates this
generalization (Binswanger, 1982).

Mechanization is most profitable and contributes most to growth where
land is abundant, where labor is scarce relative to land, or where labor is
being rapidly absorbed outside the farming sector. The abundant land situa-
tion is well illustrated by the North American gituation in the 19th Cen-
tury, but it may still apply in some situations in developing countries in
South America and Africa. The labor scarce situation is also seen in some
of these countries. And the rapid labor absorption situation can be seen in
many countries or regions within countries where development is rapid, e.g.
Japan, South Korea, Malaysia and the Indian Pgnjab. However, in the latter
case a slower rate of mechanization and a larger inward migration might
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have solved the labor problem at a lower capital cost, and resulted in a
wider sharing of benefits from the 'green revolution' (Blyn, 1983).

wWithin such situations as those described above larger farms tend to
adopt new forms of mechanization considerably faster than small farms. This
rule applies to technoleogical innovations of all kinds, and is attributable
to larger farmers having better access to information and being better able
to accept the risks associated with technical change. However, in respect
of mechanization two other factors apply. First, it is now well understood
I that the opportunity cost of capital relative to that of labor differs
between different farm size groups. It is higher on small farms which
typically have little capital or few assets for use as ceollateral, but
abundant family labor. It is lower on larger farms which have better access
to capital and have to depend on hired lapor (Donaldson & McInerney, 1973).

Second, is that certain machine processes are subject to genuine econo-
mies of scale. It is technically more efficient to design a large rather
than a small machine. Machines tend generally to be developed for larger
farms even in countries where all farms are large relative to those in most
developing countries. However, engineers can develop machines suitable for
small farms and plots once the opportunities arise, as they did in Japan
and parts of Europe. While technically less efficient in terms of cost and

horsepower or unit capacity, such machines are still the least cost options
for small farms and cause less pressure for land consclidation and farm
size growth. Thus engineering limitations have become progressively less
important than in the past.

High capital costs relative to labor retard mechanization in several
ways. First, they reduce the profitability of all forms of farm investment.
Secend, they direct investment away from mechanical inputs towards other
forms of investment. Third, they lead to a selective emphasis on power
intensive activities, where the production constraints are greatest. Final-
ly, they influence the design of machines towards simpler, less durable
designs, with less convenience features.

Finally, while farm size plays an important role in determining optimal
machine size, this is less important for operations where rental markets
are fairly easy to establish. Evidence from South and South East Asia
confirms this observation. Surveys show that most farmers own their animals,
carts, plows and harrows, but harvesting and threshing equipment, tractors,
and motor vehicles, are used on 5 to 7 times more farms than own them
(Herdt, 1983).

PATTERNS
The process of mechanization is commonly perceived in terms of the shift

from one power source to another, and indeed this is its most dramatic as-
pect. Historical and recent evidence supports the proposition that when new

L
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power sources become available they are used initially for power intensive
operations. These are generally stationary functions, especially those as-
sociated with post-harvest activities, threshing and winnowing, crushing and
milling, but also for water lifting or pumping. Emphasis oh power shifts,
and especially on tractorization thus tends to obscure the selectivity of
the mechanization process in terms of the operations that are mechanized.

This process of substituting one power source for another has continued
progressively since ancient times. Replacement of human labor by cattle is
recorded for China over 3 000 years ago. Water power of milling, grinding
and water lifting was widely used in China and Mesopotamia over 2 (00 years
ago. Wind power was harnessed in the Mediterranean region from a similar
period. Oxen attached to a capstan with shafts were used to provide power
for milling, crushing and pumping purposes in Mesopotamia and Egypt in
pre-Roman times, and this spread throughout most of Asia and Europe.

In South Asia and many other regions, animals continue to drive Persian
wheels, sugarcane crushers and oil crushers, but they are being progressive-
ly replaced by stationary engines. Mechanical threshers have spread widely
in Asia, and their adoption has been rapid since efficient small-scale
designs became avajlable and where high yielding variety (HYV) technology
raised yields and increased wages. In general, the mechanizaticen of power
intensive processes, including pumping, always precedes the mechanization
of harvesting and tillage operations, and because increased power permits
improvements in these processes, such mechanization can be profitable even
where low wages prevail (Binswanger & Pingali, 1983).

Once a new mobile power source becomes available primary tillage is one
of the first operations to be mechanized. The use of oxen and subsequently
horses for tillage has follewed the mechanization of stationary processes
in all parts of the worid. In developed countries, and progressively in
developing countries, primary tillage is being done with tractors. But even
where this occurs, secondary tillage operations often continue to be per-
formed by the oid power source for many years. For instance, horses remain-
ed side by side with tractors for as long as 10-25 years in countries such
as Canada and the USA. Tractors were used for selected field operations and
as a mobile source of 'puiley and belt' power but did not replace horses
fully until their relative costs changed.

Generally, once the most power intensive operations are mechanized, the
marginal cost of mechanizing additicnal activities is very low and these
become mechanized quickly. In particular, where distances are relatively
short, and haulage contracting not well develeped, farm-to-market transport
is one of the first uses of new mobile power sources (Donaldson & Mclnerney,
1975). This phencmenon was not characteristic cof the early tractorization
process in North america and Europe, because early tractors were unsuited
to road use. But, in Asia where farm sizes seldom support the purchase of a
truck, farm-to-market transport is increasingly done by tractors, although
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hired trucks are used where distances are long. Rubber tires have given
tractors a high comparative advantage for on-farm transport.
i The mechanization of processing activities such as harvesting and hay
making, takes place only where labor costs are high or rapidly rising.
' Harvesting is generally very labor intensive, but different crops vary
widely in the types of labor required, viz. in the power and precision
required. Harvesting root crops is probably the most power intensive. The
harvesting of fruits and vegetables generally are precision intensive, but
. require little power. Most grains cccupy an intermediate positicn. In most
precision-intensive harvesting operations the threat of yield loss associ-
ated with higher levels of mechanization has been the principle problem
confronting engineers.

But, in many parts of the world there has been a considerable time lag
between the mechanization of power intensive operations and mobile process-
ing operations, such as harvesting, that cannot be explained by the lack
of appropriate technclogy solutions. The adoption of cereal harvesting
equipment began in North America in the mid-19th century, but this technol-
ogy only made a substantial impact in Europe fully 40 years later. Reaper-
binders became widespread in Europe only after 1900, but in Japan had a
perceptible impact only in the 1960s. This was fully 100 years after the
. USA and 60 years after Europe, and 30 years after power intensive station-
' ary processes such as threshing, winnowing and pumping were mechanized in
Japan. It seems unlikely that this lag was caused by a lack of technology.
Rather, it appears that the mechanization of processes such as harvesting
is directly dependent on the levels of labor costs and rarely profitable in
low-wage situations. The higher the control intensity of the operation, the
higher must labor costs be in order to warrant adoption of a machine to
perform it.

The mechanization of operations requiring a high degree of precision
seem to follow a different rule. Seeding and planting seem to be among the
few farm operations where machines are capable of greater precision than
hand methods. Mechanization may therefore lead to modest direct yield
effects, through saving seed, preventing the micro-ecological effects of
plant crowding, improving germination through depth control, and permitting
inter-row cultivation. Mechanical seed and fertilizer placement may thus be
attractive in land-scare, intensive cultivation systems.

Indeed the first seed drills were developed in China and Mesopotamia in
the third millenium BC, although their use was subsequently abandoned.
Improved seed drills were developed in Eurcpe in the 18th and 19th centu-
ries, and in all parts of the world the use of seed drills has preceded
other advances in mechanization by several decades if not centuries. The
use of simple drills has been growing rapidly in India since the mid-1960s,
i and in Senegal, where animal traction is a relatively recent development,

seed drills are one of the most popular implements. In these cases, it is
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not so much the saving of labor as well as the improvement of yields,
through better weed control and saving of seed, that led to their success.
Thus in labor-abundant situations grain seeding tends to be mechanigzed
before grain harvesting, but the order tends to be reversad in labor-scarce
environments (Binswanger, 1982). For other precision-intensive operations
however, such as crop spraying, the use of equipment such as hand and power
sprayers, is largely determined by the availability and use of new inputs
{pesticides and herbicides), and is common even in low-wage situations.

These historical patterns of mechanization suggest that there should be
no expectation that farms will in the future be mechanized uniformly across
all operations nor across all farming situations. There seems no reaseon why
the selective use of new power sources, particularly of ‘tractors, should be
considered inefficient or irrational. Given that wages remain relatively
low, there is every reason to expect that a selective pattern of farm
mechanization will continue.

ADOPTION RATES

The spread of adoption of farm mechanizatiog in any situation is deter-
mined primarily by the potential profitability of the particular innova-
tion. This in turn is determined by prevailing market conditions for farm
products, on the one hand, and the expected costs associated with introdu-
cing and supporting the new technology, on the other. The costs are deter-
mined largely by labor costs, but are also greatly influenced by the extent
of the concomitant changes required in the farming system and the broader
rural system in which the farm operates. These can differ significantly
with the type of technology being introduced.

The substitution of power sources has two distinct stages. The shift
from human to draft animal power (stage 1}, and subsequently from draft
animal to mechanical power (stage 2). These require substantially different
system adjustments, which, while widely perceived, are only now being
seriously studied.

Stage 1 necessitates significant changes in the external support system.
Primarily, it involves a transition from shifting to sedentary agriculture.
Also, in order to use draft animals the farmer has to have substantial
knowledge and skill in animal husbandry. Since large animals (bovine or
equine) are seldom found on smallholdings, unlike small animals (chickens,
sheep, or goats), there is a significant learning process involved. Com~
bined with this knowledge there are necessary changes in cropping patterns
{especially to produce fodder), capital requirements {for animals and
equipment), and new patterns of labor demand which have to be accommodated.
These involve significant internal farming system adjustments.

On the other hand, relatively modest changes are required in the external
support system. These include meeting the demand for veterinary services,
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livestock breeding and new equipment. These services are all divisible and
require mainly local changes. The services required generally involwve
relatively small increases in cash expenditures by the farmer. This situa-
tion is characteristic of most African countries.

Stage 2, by contrast, involves relatively modest shifts in the internal
farming system, but far more significant shifts in the external support
system. Institutional arrangements and skills have to be provided for the
manufacture and distribution of tractors and equipment, repair and mainte-
nance, spare parts supply, fuel and lubricant supplies and often formal
credit facilities. All of these require a higher level of infrastructure
for transpert and communication, and all services have te be organized on a
national or regicnal basis. Such changes are therefore beyond the direct
control of farmers. In addition, paying for such services reguires a much
higher saleable surplus and a greater commercialization of agriculture,
involving the growth of rural finance and trading systems. However, where
private enterprise is relatively untramelled, supply bottlenecks in produc=
tion, distribution and servicing of machines are rarely a cause for slow
adoption of new machines.

In practice, where the cost advantages are large or change .rapidly,
selective operations are mechanized in short periods of time, in the order
of 10-15 years for given locations. Historical data which focus on power
sources at a national level, tend to obscure the rapid rates of adoption
that are often achieved in mechanization. Once a suitable locally adapted
design is available, the cost advantage is the overwhelming influence and
adoption is rapid, as in the case of, for instance, threshers in many parts
of Asia.

The engineering solutions for farm operations are generally quite sensi-
tive to agro-climatic or soil variatiomns. In addition, they are also
sensitive to the nature of the farming system, the type of crop, kinds of
other inputs used, intensity of land use, and the level of control that is
practiced. This in turn is responsive to the economic environment, especial-
1y the factors endowments of land and labor, the related wage and other
cost levels, and farm product prices.

Since most machine designs combine power, process and precision enhanc-
ing elements to suit a particular farming system and related set of factor
endowments and costs, design adaptation is necessary, if a machine is to be
transferred successfully from one system to another,

In the early phases of mechanization inventions and adaptations are
usually done by small workshops or manufacturers in close association with
farmers. The contribution of the farm machinery industry increases over
time, and is the most important element in engineering optimization. From a
global perspective, public sector activities have contributed little to
machinery development and adaptation.
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INTERVENTIONS

The rate of technology adoption is fastest and least disruptive in a
social sense, if the technical package, the receiving envi}onment, and the
overall policy framework in which they are to function, are in harmony
(McInerney, 1978). Unfavorable consequences can arise if the introduction
of an inadequately adapted or inappropriate machinery package is artificial=-
ly induced. The innovation may either fail to be sustained or may cause
adjustments in the farming system that are inefficient or inequitable. For
instance, the introduction of power tillers into Bangladesh has not yet
become sustained, though it has been attempted several times. On the other
hand, the introduction of tractors in many situations has been achieved
only at the expense of premature farm size growth, some negative effects on
productivity, and increased rural unemployment.

1t is wrong, however, teo attribute such unfavorable effects merely to
the mechanical innovation. Rather, the evidence suggests that these effects
are the consequence of a complex interaction between the farm machinery
package and the receiving agricultural system {especially the instituticnal
arrangements such as land tenure}, in the context of an inadequate or
unsatisfactory (distorted) economic and policy environment. Thus governwents
have an important, if indirect role to play.

Clearly, governments can play a positive role in the provision of rural
infrastructure, such as roads, telephones and electrification; and institu-
tions, such as land tenure and rural financial systems. They can also have
a constructive role by regulating commercial practice, through such measures
as stabilizing and enforcing grades and standards {e.g. to prevent dilution
of fuel and oil), and a system for contract enforcement (e.g. in respect of
transactions, patents and warranties). They may also have a positive role
to play in improving the receiving environment through education and train-
ing, and providing information both to the adapters and adopters through
machinery testing and demonstration.

Not infrequently, governments have had an unconstructive, if not negative
impact where they have attemptéd to play an active role in mechanization.
Such activities have included the provision of machinery hire services,
selection or restriction of the technical packages available, selective
allocation of equipment to farmers, import controls and taxes, and the
provision of subsidies through inflated exchange rates, and cheap credit.
Generally, mechanization has been facilitated where governments have adopted
a supportive role (though often guite pervasive, as in the case of Thai-
land). Adverse consequences have almost invariably arisen where governments
have adopted a directly interventionist rcle {(as has happened in developing
countries too numerous to mention).
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The role of agricultural mechanization in the national development
of low income countries

H.J. von Hiilst

FAQ of the United Nations, Rome

INTRODUCTION

Today the average West European spends 20 % of his income on food, The
North American only 16 %. In the last century the European had to spend
more than 50 ¥ for his daily food, and very often he had to worry about its
availability. Crop failures led to shortages and increases in prices, and
overproduction brought about surpliuses with decreases in prices for farm
products. Famine in the cities and widespread poverty of the rural popula-
tion were a reciprocal cause and effect. This situaticn, together with the
large increase in population, was a major cause of the well-known stream of
immigrants to the New World.

The introduction of modern technology into agriculture at the beginning
of the industrial era, combined with agricultural policy measures, has
changed the situation drastically. Developments in plant breeding, use of
fertilizer and plant protection have been dramatic. Farm output has in-
creased several times and the fluctuation in production has decreased. The
impressive advance in farm mechanization has, however, been the main factor
in this increase in agricultural productivity by enabling crucial opera-
tions like land preparation, planting and harvesting to be carried out
opportunely and with greater precision, and at the same time has helped to
reduce much of the drudgery of manual labour on the farm.

Today many developing countries are in a situation similar to Europe in
the pre-industrial era; 60 % and more of an individual's income has to be
spent for food. Poverty of the rural population and rapid urbanization, with
all the known consequences, are characteristic of Third World countries.

The desire of Third World citizens to escape these miseries is demon-
strated by their immigration to Europe, to America, and to the oil rich
countries. This desire to immigrate will certainly increase if it is not
possible to drastically change the living and working conditions in the
developing countries. The development of agriculture plays a crucial role
in this change. Farming and rural living conditions must become more attrac-
tive, more humane, and agricultural productivity must be increased in order
toc eradicate rural poverty, overcome the shortage of focd, and meet the

20



challenge ¢of rural development.

In attempting to achieve these improvements we must start at the point
of production, that is with the farmer, and in most of the Third World
countries this usually means the small farmer. He must be provided with the
knowledge, facilities and rescurces to enable him to produce more and
better quality crops. He must, of course, alsc have security threough access
to land and the right to work it, if not own it, access to credit, and the
means of marReting his produce with an adeguate return. The role of improv-
ed technology is however crucial. It must be appropriate to his circum-
stances and must be complete; no single component is likely to work proper-
ly in isolation. Agricultural mechanizaticn is in my view one of the most
important aspects of this technelogy.

AGRICULTURAL MECHANIZATION IN DEVELOPED COUNTRIES

In the industrialized countries, particularly in Europe and North America
over the past 150 years, mechanization has played a crucial role in agricul-
tural develcpment, the most dramatic advances having taken place since the
Second World War. In the early part of the last century local blacksmiths
made hand tools and simple ploughs and harrows of traditional design to
satisfy a very local demand, and most importantly, were able to maintain
and repair them. With the development of better communications, in partic-
ular the arrival of the railways, it became possible for those with a
superior design to sell over a wider area. Thus began an evolutionary
process through which the more innovative and businessg-minded blacksmiths
developed and expanded, sometimes into large multinational organizations
like Deere, McCormick, Massey and Lanz, but more commonly intc small and
medium sized firms specializing in particular products. Other less innova-
tive blacksmiths continued to offer a local maintenance and repair service,
and frequently developed into distributors or agents for the larger firms.

Even now the agricultural engineering industry in Europe is largely made
up of small and medium sized firms supported by dealers, agents and work-
shops providing a very close link with the customer, the farmer, and thus
being able to respond to the farmers' real needs. This is well illustrated
by the number of designs which originate from farmwers themselves. In Italy
alone there are over 2 000 small manufacturing firms, and in the UK almost
70 % of manufacturers employ less than ten people. This close collaboration
between the manufacturer, the dealer and the farmer is still the backbone
of farm mechanization, and in spite of the inevitable evolutionary changes
that will occur in the future, it is likely to remain so. Some of the most
significant advances over the past 50 years or so have of course come about
as a result of the great strides made in providing modern facilities for
agricultural engineering education, research and testing, creating the
human resource, promoting and developing the new ideas, testing the results
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and ensuring the quality of the product. The initiation and support of this
type of education and research facility is particularly suited to govern-
mental involvement.

"

AGRICULTURAL MECHANIZATION IN DEVELOPING COUNTRIES

One of the main reasons for the high level of agricultural productivity
in developed countries is the diversity and extent of mechanization. Un-
fortunately, this does not generally apply to the world's developing coun-
tries, where by the end of this century will be over 330 million farm
families. They will be farming about €75 million hectares of land, but many
of them will have less than one fragmented hectare. The vast maiority of
them depend solely on hand tools and animal drawn implements to carry out
their farming operations. Over 78 % of the area cultivated in developing
countries is farmed in this way. Many of them cannot read or write, but all
of them know about the tractors that could make their life easier, and they
know that owning one is only a dream, unless scmeone gives the help which
is cften talked about; but seldom delivered. They have watched government
machinery hire schemes start up with great promise, then fail to stay in
operation, or only provide service to a selected few. They hear about new
and fascinating farm technology on their transistor radios, but may see an
extension agent, or someone else who could help them learn how to use it,
once or twice a year. They go to a bank for credit to buy teols and equip-
ment to increase their productivity, only to learn that they do not have
enough or the right kind of collateral to gqualify for a loan. They watch
the price of all production inputs going up every year perhaps 10-15 %,
and their government maintains a static price for the crops they produce,
often so to enable consumer subsidies to be provided.

Mechanical~-power technology in the agriculture of today's developed
countries has evolved over a period of 100 years, with major advancement in
the last 50 years, under conditions that do not generally exist anywhere in
the world today. But wany developing countries have not had, and do not
have 100 years to make the transition from subsistence farming to a level
of agricultural productivity that will feed their growing populations,
reduce poverty and trigger overall rural development. As a Kkey element in
the required increase in agricultural productivity and overall development,
agricultural mechanization is not receiving enough attention. In general
the mechanization component in national development plans for agriculture,
and the rural sector is weak or non-existent in most developing countries.
Mechanization tends to be taken for granted by develcpment planners.
Definitive policies that deal with mechanization and its complex relation-
ship with other technical, economic, social and political factors in devel-
opment are lacking. In many cases, mechanical-power technologﬁ has been
promoted without adequate plamning for infrastructural. and institution-
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al support; without considering the needs of small farmers and rural labour;
without recognizing the longer term implications of policies on credit,
wages, foreign exchange, depreciation allowances, tariffs and taxes; and
without making adequate provision for training farmers and government
personnel to make the difficult transition from hand-tool to animal-draught
techneology or tc mechanical-power technolegy. As a result, eccnomic and
social problems have often increased and the transition to an advanced
state of land and labour productivity in agriculture has been retarded.

WHAT IS NEEDED OVER THE NEXT DECADE

There can be no doubt that the production of food needs to increase
dramatically in the developing countries over the coming decade. It would
be naive to assume that an increase in the level of agricultural mechaniza-
tion alone will be sufficient te achieve the higher levels of farm produc-
tion needed. It would, however, be equally raive to assume that farmers in
the developing world can meet the food production targets of the coming
decade without access to more and better farm power, and the improved
implements and equipment to utilize that power effectively and efficiently.

The need for increased levels of mechanization in the developing coun-
tries is obvious. The desire of farmers for more and better mechanization
inputs is beyond question. The problem is how to translate this obvious
need and unguestionable desire into effective demand and how to meet it.
The farmer cannot sustain the use of mechanization unless it is econcmi-
cally viable to do so, the input cost must be absorbed by, at least, an
equal increase in output value. Farm machinery suppliers are not charitable
enterprises and cannot survive in the commercial world by subsidizing the
users of their products. We must ask ourselves what actions can be taken in
the coming decade to create an envircmment in which agricultural mechaniza-
tion in the developing countries will benefit both the farmer and the
suppliers of inputs on an equitable basis.

AID AND TECHNICAL COOPERATION

Experience to date suggests that greater efforts are needed to bring
about improved coordination, cooperation and mutual understanding of objec-
tives and problems between governments, machinery manufacturers, aid donors,
international organizations and developing country farmers. More speci-
fically, aid agencies and financing organizations should follow a more
rational approach to technical cooperation programmes with regard to:

- selection of appropriate machinery;

- effective manpower training;

- establishment of machinery serving and spare parts networks;

-~ institutional support for sustaining viable mechanization strategqies,
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