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SUMMARY AND CONCLUSIONS 

The present study "Agricultural Machinery and Implements Industry"( 

produced in a very short space of time, has two objects: 

a) To present an integrated survey of the problems of agricultural 

mechanization and of industrialization policy in the developing 

countries; 

b) To make it possible to design and organize a subsequent 

world-wide study of the agricultural mechanization industry. 

I.  THE PROBLEM OF AGRICULTURAL MECHANIZATION 

The study analyses all the questions posed by the evolution of 

agricult ral mechanization. 

Amongst these the most important are those concerning agricultural 

mechanization as the intersection of systems, the dominant model of 

mechanization, its trends and its problems, the critical re-evaluation 

of the latter and agricultural mechanization as an entry route into the 

capital goods industry for the developing countries. 

I. Agricultural mechanization at the intersection of major systems 

Agricultural mechanization is at the intersection of several major 

systems :  industry, agriculture, eco-systems and the social system. It 

constitutes an interactive sub-system with these systems, reacting in its 

turn on the production of capital goods, agricultural production, the 

environment, employment and the stability of rural communities.   It 

follows therefore that it would not be correct to study agricultural 

mechanization unilaterally, either from the agricultural or from the 

industrial aspect.  The supply and demand for agricultural mechanisation 

products do not answer identical operating logics. 

The industrial system produces a range of tools and machines, the 

coherence of which results from that of the industry; the agricultural 

system calls for a range of tools and machines the coherence of which is 

not, a priori, identical. 

The basic question is therefore one of the compatibility between 

the products offered and the products required, particularly in the 

developing countries. 

U —- 
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The choice which has been made in this study has been to consider 

agricultural mechanization as a sub-system which is interactive with the 

other systems and to give priority to two principal links: that with 

the agricultural demand, and that with the production of capital goods. 

2. The dominant model of mechanization, its trends and its problems 

a) Mechanization_and_motorization 

Agricultural mechanization covers a series of production operations, 

the most important being the clearing, development and cultivation of new 

land, irrigation, the actual work of cultivation, transport, storage of 

products and farm activities.  These production operations require a 

range of tools from hand tools, simple hand- or animal-drawn machines, 

tractors and towed machines to specialised and self-powered machinery. 

Different technical levels and distinct models of mechanization 

correspond to these four categories of goods.  Light mechanization uses 

simple machines.  Heavy mechanization starts with the use of tractors, 

of increasing power, and specialised machines.  It is this form which 

becomes dominant in the market economy and planned economy developed 

countries, and which is also spreading in the developing countries. 

Priority is given to tractorization, which tends to become a 

monolithic technical model.  This model derives from the constraints of 

industrial production, from the influence exerted by the major firms which 

dominate the agricultural mechanization market.  The supply of high-capacity 

tractors and machines corresponds to the exigencies of agricultural 

production where speed of working and the extension of the areas to be 

worked are involved. 

But agricultural production is not a homogeneous productive process. 

Production operations and agrarian structures are diverse and require the 

combined use of a totality of mechanical goods of different technological 

content. 

This primary truth is often lost sight of.  Exclusive attention is 

given to the tractor which becomes a social symbol of modernity, power and 

prestige.  This study seeks to balance the analysis, not by denying the 

value of tractorization in the developing countries but by putting forward 

the alternative of models of multiform mechanization which are appropriate 

 J 
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to the specific conditions of the various eco-systems and the objectives 

of the developing countries. 

b) The_relative_saturation_of_thejnarket s 

The heavy mechanization model seems - at least in the market economy 

developed countries - to be reaching saturation.  Undoubtedly some special 

crops are still mechanizable.  But the market now consists mainly of the 

replacement of existing equipment.  The present economic recession only 

partly explains the slowing-down in the demand.  In fact the relative 

over-equipment of agriculture in certain industrial countries was seen 

before the recession.  The profitability of using equipment of increasing 

power and performance has become doubtful. 

The equipment goods for agricultural use which are exported by the 

industrial countries to the developing countries represent about 25% of 

the total exports.  A priori there is, therefore, a potential market, 

but one which has its own limits.  Mechanizable forms of agriculture are 

limited in many developing countries by reason of existing production 

structures and geographical constraints and also by the agrarian structures, 

the relative costs of capital and labour and the solvency of the farmers. 

Part of the market which is possible because of the socio-economic factors 

in the developing countries and also because of the fact that the industrial 

supply is orientated towards sophisticated machines, has already been 

occupied.  Although the heavy mechanization model has not exhausted its 

possibilities on a global scale it is nevertheless tending towards a 

long-term saturation in the developing countries. 

Bioadly, therefore, it may be concluded that the expansion of the 

agricultural mechanization industry assumes the opening of new market«, 

with mechanization in forms which are specific to the fundamental mass of 

the peasantry in the developing countries, 95* of whom use either hand 

tools or animal-power. 

J 



The agricultural mechanization industry follows an underlying 

trend which is common to the whole of industry, that of the increasing 

power of machines coupled with their specialization and their increasingly 

complex nature. 

This underlying trend is coupled with the reaction observed in 

producer firms in other sectors when the market situation tends towards 

saturation.  In such a case the strategy of the major firms is shown by 

the increasing diversity and complexity of products.  Mechanization has 

proceeded by successive waves, by grouped innovations which have allowed 

the successive opening of new markets.  Agriculture itself - the actual 

working of the soil - was the first to be mechanized, then the harvesting 

of cereal crops with combine-harvesters, then the harvesting of other 

crops.  The movement towards mechanization has now reached stock-raising, 

the storage and removal from storage of crops, and the mechanization of 

special crops is now being envisaged. 

In general agricultural machinery has been designed to replace 

pregressively agricultural labour and to utilize new agricultural products 

such as improved varieties of seeds, fertilizers, weedkillers and 

insecticides. 

Mechanical equipment has become more complicated by the addition 

of elements which are not solely mechanical.  A sophisticated tractor - 

either powerful or miniaturized - is no longer a simple mechanical object. 

It now forms a complex system of mechanical, electrical, electronic and 

hydraulic sub-systems. 

The mechanization which made the engine the central unit of the 

machine has now changed direction. Complex machines - such as • self-powered 

machines - are characterized by the increasingly total integration of the 

components which form them. 

This study therefore puts the emphasis on a phenomenon which is 

often underestimated but of which the practical consequences are very 

important: modern specialised agricultural machines represent a different 

technological line from that of previous tractors.  Mastery of their use 

 J 
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becomes more difficult for the user - if not impossible - since it 

involves maintaining and repairing the equipment. 

The evolution of the techniques initiated by the major manufacturers 

has other consequences. 

The cost of the new equipment, because of the increasing cost of 

manufacture and of innovation, cannot always be amortized within economies 

with a less productive agriculture.  Similarly the net added value 

contributed by the use of heavy equipment is no longer sufficient for 

self-maintenance of the progressive accumulation of capital in agriculture. 

New and special equipment is manufactured in short production runs and 

hence at a relatively high price.  These circumstances lead the major 

international manufacturers to open up markets in the developing countries, 

so making it possible to distribute equipment of known technology and in 

this way amortizing R&D costs and extending production runs. 

The basic question is therefore one of knowing if the mimetic 

transfer of this mechanization model is, in general, in accordance with 

the needs and specific characteristics of the developing countries. 

3. A critical re-evaluation of the dominant model of agricultural 

mechanization 

a ) !!}S_£e.IÌÌaì§Dc.Ì2B_2Ì _§8EÌ£liì£HEaì-ÌnEu£5 

Essential questions as to the road to be followed are posed not 

only in the developing countries but also in the most advanced industrial 

countries themselves.  The most recent data on agronomic science seem to 

indicate a prospect of other combinations within the "packet" of inputs 

intended for agriculture.  These new combinations give priority to 

agronomic, biological and genetic innovations rather than to chemical and 

mechanical innovations. 

b) A22ro£riate_teçhnologies_and_the_adagtation_of_the_a 

machinery industr^_to_the_needs_of_the_develoging_çountries 

As a reaction to the negative consequences of mimetic transfer to 

the developing countries there has been created, in recent years, a school 

of thought, often connected with ecological movements, which recommends 

the implementation of appropriate technologies. 
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The study suggests that this appropriate character is not defined 

by the technical specifications of this or that machine but by a 

combination which is suited to the economic, social and political 

objectives and constraints.  The level of action is not that of a group 

of countries or of any one particular country but that which corresponds 

to precise and specific regional, ecological and social conditions. 

The analysis of appropriate technologies cannot, by definition, 

result in any global proposal since such technologies relate to specific 

situations. 

In this way the model of heavy tractorization may be appropriate 

in the case of large cultivatable areas to be cleared, in irrigated zones 

with high acreage yields, in under-populated zones which are used 

extensively or in land surrounding towns where supplying the market is 

essential. 

In other cases the objective of ensuring the maximum level of 

employment for a large population will lead to light mechanization based 

on the use of irrigation pumps and simple machines.  If the low-power 

tractor of the I950's, multipurpose and robust, may meet existing needs 

under particular circumstances it is by no means certain that the 

mechanization of agriculture in the developing countries must always be 

carried out by the widespread use of tractors, nor even by the use of 

such a model. 

The objective of rapidly improving the subsistence of local 

populations may involve giving priority to storage facilities for the crops, 

so as to limit losses, etc. 

The appropriate combinations of technologies are therefore very 

diverse.  There is no universal recipe or counter-model to the dominant 

mechanization model, but an undoubtedly necessary reversal of the policy 

which has been followed up until now, namely that the supply largely 

predetermines the demand. The required reversal is that it should be the 

demand which induces the supply. 

This leads to asking the following practical questions: How is a 

change to be effected in the machines supplied by the agricultural 

mechanization industry in the industrialised countries, where the highly 

concentrated production of tractors has repercussions on the most widely 
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dispersed parts of the industry ?  How are the precise demands from the 

developing countries to be explicitly formulated ? 

Over and above these questions, in respect of which the study 

attempts to provide some suggestions, the more general question is posed 

of the "appropriate" character of the world agricultural mechanization 

industry in regard to the needs of farmers in the developing countries 

since it is an industry built on the needs, and as a function of the 

specific objectives, of western economic and agricultural systems. 

c) ï2ïâiaS_â_EÊÏëïSai_2l_tÎÎË_trends ? 

The movement in favour of appropriate technologies operates in the 

opposite direction to the trend towards heavy mechanization. 

Although these technologies, as has already been pointed out, 

cannot be the subject of a global proposal this counter-current does lead 

to a glimpse of new lines of growth for agricultural mechanization in the 

developing countries. 

Simple adaptation of tractors designed for use in developed forms 

of agriculture seems to be insufficient.  Even the most economic and the 

most intelligent solutions still remain relatively complex and costly. 

It is necessary therefore to be even more radical in the direction of 

simplification. 

In fact it involves producing a tractor on new technical lines, 

not of returning to the relatively simple tractor of a quarter of a century 

ago. 

UNIDO 

The first trials have been carried out with the assistance of 
(1) 

, and other are proposed. 

In this same spirit the analysis of the various operations which 

are capable of being mechanized, and of the principal components of the 

machines and tools used in each case, shows that the most frequent common 

denominator is a simple engine. 

The specification for this arises from the same considerations as 

apply to the simple tractor.  Simple machines, multipurpose, adaptable, 

and the pluralism of combined technological solutions: these are the first 

elements in a possible reversal of the underlying trends in agricultural 

(1) The TIMTABI tractor. 

._.*> 
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mechanization.  In regard to the trend towards saturation which has been 

noted it is possible to envisage new solutions which are capable of opening 

up a new market and giving the agricultural mechanization industry its 

second wind. 

activities 

The essential contradiction of the agricultural mechanization industry 

is that it is both a highly concentrated industry but is also necessarily 

very decentralized. 

In fact less than 10 major manufacturers share tractor sales in the 

market economy countries, together with an increasing share of the world 

market for agricultural machinery.  They control world standards and the 

rate of technical progress.  They form the dynamic nucleus of agricultural 

mechanization policies which imprint an irreversible evolution on 

agricultural policies. 

However these major manufacturers are far from being able to produce 

the totality of machines and tools which correspond to the diversity oí 

agricultural systems operating throughout the world.  There are, necessarily, 

therefore a large number of medium or small factories and workshops. 

A form of decentralization will be permanently required, dealing 

with matters of maintenance and repair which can only be carried out on a 

decentralized basis.  This fact, which is common to all agricultural 

systems, sets the limits to the concentration process but also suggests 

the value of a policy of agricultural mechanization which takes into account 

the necessary decentralization of part of its activities. 

e) QÇ£yE2iS8_îli£_Y2£ISÎ_"Si£lîË"_£2E_28Ei£ui£HE2i_n!Ê£hanization_in 

îlî£_ËÊYËÎ2EiD8_£2iiDÉEiË£ 

A vacant space for mechanization exists in the three continents of 

Africa, Asia and Latin America. 

The questions are how, and by whom, the gap will be filled. 

The relative shrinking of the market is naturally causing the large 

agricultural mechanization industries - European, Japanese, American - to 

penetrate new markets in the developing countries. 

u 



- 13 - 

The introduction of power-cultivators and miniaturized tractors 

is a  first effort at adaptation.      But  this  introduction,  as has been 

analyzed,   is   still on  the line of complex technology and does not 

essentially modify the dominant model. 

The problem remains one of creating new lines which genuinely 

correspond  to  the needs of  the developing countries. 

The alternative  is therefore that  of occupying  the "niche"  left 

as a  result of variations in  the dominant model   of  agricultural 

mechanization,  or of   implementing new solutions which art   better fitted 

to meet  the  needs of  agriculture,  or more broadly of   rural   life,   in the 

developing countries. 

The vast  size of  these needs suggests   that there  is  a place 

for exports from the  industrialized countries and,  simultaneously,  for 

the   local production of agricultural  equipment goods. 

4.    Agricultural mechanization as  an entry route  into  the capital 

goods  industry 

In this  respect   the study on agricultural mechanization is  a 

continuation of  that  carried out by UNIDO on capital  goods       .      The 

latter  pointed out  that only  five developing countries with a market 

economy possessed capabilities   in this   field;     by contrast  96 countries 

and   18  territories depended entirely on  the developed countries  for their 

supplies of  capital  goods. 

In all   these countries  agriculture  is  at  the centre of  their way 
of  life. 

Comparing the universal distribution of  agriculture and the necessary 

decentralization of the agricultural mechanization industry suggests that 

the  latter offers, by the simplest of  steps,  a practicable entry, both 

widely and universally accessible,   into  the  capital  goods   industry. 

The existing and simple  technological  routes are  the  first  links  in 
this  chain. 

(I) An analysis of the structures of  the capital good»  industry (preliminary 
study)  I.C.I.S./UNIDO - February   1978. 
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Forging is  a simple technique which opens up a basic route for the 

production of   equipment goods:     it is capable of modernization, and can 

be made more complex by the addition of the route involving welding and 

electrical welding. 

Maintenance and repair operations create another opportunity for 

entering the capital goods industry.      Such activities require forging 

and welding capabilities, together with mechanical capabilities. 

Mastery of simple machine tools  is another link in the chain. 

The chain may be made more complex by adding to  it  that of the 

cast-iron route,   then that of heat  treatment, etc.       The order of 

acquisition of   the routes is not arbitrary.      This approach has important 

consequences. 

Firstly it does not involve liquidating local know-how, however 

simple that may be; secondly it does not freeze local artisan labour 

which,  if it is  not remodeled, must eventually disappear from the scene. 

Finally  it opens up possibilities for reciprocal adaptation between 

the level of simple machines  to be redesigned and that of local 

manufacturing know-how.      One can,  in fact,  take the  latter as the point 

of departure for designing new tools or,  starting from the design of  the 

new simple machine, determine accurately what improvements need to be 

made to master   the different routes. 

Educative  and training programmes can then be devised, country by 

country, as a function firstly of  the machines which it  is proposed to 

construct, and  secondly of the  level of local manufacturing know-how. 

The precise object of these programmes will be to forge the missing link 

so as  to ensure  the progress of  the whole.      This obviously involves  the 

detailed identification of local capabilities. 

Finally  it opens up prospects for the production of capital goods 

for uses and sectors other than that of agricultural production. 

In this way it is possible to proceed from simple maintenance and 

repair work to  the production of  spares and sub-assemblies. 

U  J 
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However, and as soon as welding is available as well as forging, 

it  is possible to envisage the production of metal structural work and 

boilerwork products.      The first links  in an equipment goods industry 

chain,  starting from the agricultural mechanization industry, would in 

this way be capable of meeting not only the needs of agriculture but also 

of rural life.      Agricultural production is accompanied by the operations 

of  transport, storage and conversion of  its products.      The framework of 

rural  life and of small  localities necessitates an improved habitat and 

collective equipment,  so raising the concept  of  "basic needs". 

It would,  therefore,  seem to be possible to trigger off,  starting 

from agriculture and rural  life,  a to-and-fro movement between the process 

of making the technical routes of agricultural mechanization more complex 

and  the creation of the first  links  in a capital goods industry and the 

satisfying of vital needs. 

In this way a methodology of action appears to be possible for the 

hundred developing countries which do not produce capital goods. 

II.       FORECASTING LIMITS AND THE NEED FOR A PROSPECTIVE STUDY OF 

AGRICULTURAL MECHANIZATION 

1•    Forecasts and projections 

Long-term forecasts in this sector come up against major difficulties. 

Firstly the statistics - apart from those covering tractors and 

specialised heavy equipment - are incomplete,  both in terms of  time and of 

geographical coverage. 

The main reason, however,  is  that forecasting the demand poses 

fundamental problems. 

In effect any projection - as  is always possible - of past  trends 

into the future assumes the development  in time and space of  the model of 

agricultural mechanization which has until now dominated the industrialized 

countries.      It has been seen that  this model  is now being questioned in 

w- _ __. J 
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a number of industrialized countries because of the impasses to which 

it leads, including the over-mechanization of agriculture, and of the 

increasing difficulty experienced by users in mastering the complexity 

of more and more specialized machines.  Should one, under these conditions, 

transfer this model to the developing countries ? 

The future is not inevitable:  it is built.   In this field it 

depends largely on the vision of those responsible for the multinational 

firms which dominate this sector and the acknowledgment of their real 

needs by the policy-makers in the developing countries. 

The preliminary to forecasting the evolution of the sector is 

therefore a critical examination of the existing situation and the 

elaboration of new models of mechanization.  At this stage the problem 

is more of a qualitative order. 

28Eì£2Ì£2I§iJ!!££ba2Ì£aÌì2D_inEH2£EX_Ì2_Ìb£_2,£Y£Ì2Eì28_£222£ì[Ì£i 

The present contribution of the developing countries to the production 

of agricultural mechanization is very small. 

Although 90% of the hand tools and 40% to 60% of the simple machines 

used are produced in the developing countries their total value compared 

with world production of agricultural machines is very small.  The share 

of the developing countries in world production of tractors appears to be 

of the order of 10%, but is less than this in the case of specialised 

heavy equipment.  If, however, the fact that an important fraction of 

the components is imported for subsequent assembly is taken into account 

the true added value in the developing countries is not likely to exceed 

5% of the world production of tractors. 

Taking into account the respective weighting of the value of the 

different products the contribution of the developing countries to the 

world production of agricultural machinery is likely to be about 5%, a 

figure slightly higher than that found for all capital goods which is of 

the order of 3% of the world production.  Exports from the developing 

u -J 
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countries are even smaller, being less than 2% of world exports;  95% 

of these exports come from only 13 countries with more than 50% coming 

from the Argentine, 80% from this country plus Brazil, Colombia and 

Mexico, whilst 92% of the exports from these countries are made to Latin 

America.  Only Mexico exports a large proportion (55%) to the developed 

countries (USA), but the actual volume is very small.  The scope for 

expansion of intra-regional trading and trade between the three continents 

is, therefore, potentially very considerable. 

These statistics show that the distance between the present situation 

and the objectives fixed by the Lima Conference for the year 2000 is very 

considerable. 

The basic problem is not one of determining how, for example, to 

increase the production of the developing countries five-fold but of 

determining what is to be produced, what types of equipment.  Qualitative 

choices are of greater importance than quantitative choices. 

c) I¡¡}Ea5S£a_ÍE_~e._EE2ÍE££Í222 

In the medium term, for example in 1985, there is a high probability 

that the situation will result from the lines of the present trends. The 

inertia of industrial and rural structures does not permit any profound 

changes.  Projections can therefore, in this case, have some reliability. 

The same does not apply to 1990 or, a fortiori, to the year 2000, since 

projects may re-model the future. 

As a consequence those projections which depend on the unsustainable 

postulate that the future will be formed from the same factors and the 

same intensity as in the past, can only have the function of providing 

the images of trend scenarios, which does not mean that they are probable, 

possible or desirable. 

The study considers three projections: that of a system of an 

extensive agriculture with a relatively low level of mechanization, that 

of a system of intensive agriculture, and that based on a system of 

adjustment in respect of equipment. 

The first system corresponds to the conditions of American agriculture, 

the second to that of Belgian agriculture.  In this latter case the 

expenditure per acre to be envisaged would be ten times that observed in 

J 
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the USA, so that obviously the generalization of the Belgian model is 

an absurd hypothesis. 

But the generalization of the American model of mechanization to 

the Third World countries would represent an investment cost estimated 

at $ 450 billion, an order of magnitude which is greater than the gross 

domestic product of Asia, Africa and Latin America in 1970. 

An objective of mechanization corresponding to 0.50 HP per hectare 

for the developing countries is to be compared with the present mean 

of 0.17 HP, covering all forms of energy - human, animal and mechanical - 

which is very unequally distributed: 0.05 HP in Africa, 0.19 HP in Asia 

and 0.27 HP in Latin America. This objective of adjustment, which is 

not unrealistic since it corresponds to an annual rate of growth of A.4%, 

would still require an investment of not less than $ 180 billion, or a 

sum larger than the GNP of Latin America. 

These orders of magniture express, for various intensivities, the 

mimetic transfer of the dominant models of mechanization, and show the 

impasse reached by the latter and reinforce the idea of seeking new 

solutions. 

2. Elements of a prospective study 

Prospective studies correspond to a creative attitude in the face of 

a future which is both experienced and wished.  It is not passive; it 

does not consider that the past explains the future but only that the past 

provides the raison d'être of the present. 

The prospective attitude therefore implies the use of methodological 

instruments which are capable of influencing projects and hence the future. 

It is in this spirit that this study proposes research into an active 

method for the critical evaluation of the demand and into the identification 

of the projects of the actors and of new trends. 

To understand the evolution of the sector it necessary to appreciate 

more fully the agricultural demand so as to deploy industrial activities: 

it is necessary not to pre-determine the industrial supply, but to 

anticipate the agricultural demand. 
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Anticipation of the latter  leads to putting forward a method of 

evaluation of which the principles are summarized below.      It starts 

from an analysis of agricultural  systems in order  to determine the 

operations which are necessary.       To each system of production and to 

the operations there then corresponds a list of machines. 

These machines have a series of specific effects:    same,  for example, 

may reduce employment whereas others create agricultural jobs. 

The  lists of machines,  by operations and by their effects,  are 

compared with the principal and secondary objectives of development:     for 

example to ensure self-sufficiency in foodstuffs,  to maximise employment, 

to increase productivity,  to balance foreign trading,  to develop the 

industry,  etc. 

The types of mechanization suited to the objectives are then chosen. 

With the aid of a series of  indicators the nomenclature and quantities of 

the machines are then estimated.       The method is extended on the industrial 

side by analysing the technological routes which are necessary and then, 

as a function of  local capabilities and of a programme for improving these, 

by the establishment of industrial  strategies. 

Evaluation of the demand for agricultural mechanization is 

therefore no longer a passive act but an active method, a means, within 

each country,  for studying the demand for mechanization and for checking, 

from time  to time,  that it remains appropriate to the needs. 

HI.    ORGANIZATION OF THE STUDIES AND DISCUSSION THEMES 

The object of the studies which are proposed is, as a consequence, 

to forge  the instruments for action. 

1 The studies 

1 • '  ïD~Ë£Ei!L2ÎHa2_2Î_the_2roblem_of_agr¿cultural jneçhanization 

After the preliminary study it would therefore be necessary to 

continue with the following work  : 

- a - typology of the sub-routes for agricultural mechanization production 

corresponding to the needs of agriculture and to the potentialities 

for the production of other capital goods; 
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b - a systematic study of  the technological complexity of various 

technical  lines of agricultural machines; 

c -  the  identification,  in  the developing countries,  of  local  capabilities 

for mastering those technological routes which are essential for  the 

establishment or  development of  an agricultural mechanization industry; 

d - a synthesis of existing  information on the relationships between 

mechanization and agricultural  and industrial employment. 

I.2 Establishment_of_the_2ros2i££iYÊ_5£SiËÏ 

e - evaluation of the supply:    by interviews with the major manufacturers, 

to obtain a precise picture of  the horizons,  technological  projects 

and industrial economic policies relating to agricultural mechanization; 

f - evaluation of  the demand   in the developing countries  : 

i)       to  test and develop   the method in one country, 

ii)     to extend  its application  to  interested countries; 

g -  the establishment of new relationships  between  the supply and the 

re-evaluated demand   : 

i)      to  identify the implications of tests using simple  tractors, 

ii)     to  test  the hypothesis of  a  simple  and multipurpose  engine 

allowing basic mechanization, 

iii)  to organize a dialogue between the experimenters with new types 

of mechanization in the developing countries and representatives 

of  the major manufacturers of agricultural mechanization; 

• h - technological forecasting  : 

i)       to  list the new products  likely to appear in this field during 

the next 20 years   (eg.  solar energy pumps, machines using 

biological  gas,  etc.), 

ii)    to study the prospects for  the reciprocal evolution of new 

agro-biological techniques,  improvement of plant strains and 

agricultural equipment; 

- i - to identify projects for  the creation and development of agricultural 

mechanization industries  in the developing and industrialized countries 

and  to analyze  their complementarity or  incompatibilité;.; 

U- J 
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j  - to prepare possible scenarios,  considering  : 

i)       technological  trends, 

ii)     the projects of  the major manufacturers, 

iii)   the demands of  the developing countries; 

k - to specify the development prospects for the capital goods industries 

in those countries do not possess one,  starting from the technological 

routes of an agricultural mechanization industry. 

2.    Discussion themes 

The promotion of agricultural mechanization industries in the 

developing countries  is certainly one of the most  important subjects to be 

examined in the consultations between countries organized by UNIDO. 

Having regard on the one hand  to the needs arising from the "basic 

needs" policy recommended by the United Nations and,  on the other,   to the 

objectives of the Lima Declaration,   the effort to be made and the distance 

to be covered to attain these are enormous.       The principal problem fo* 

the developing countries   is  to define clear  objectives,  corresponding to 

their needs and to  their possibilities.      The means for cooperation with 

the  industrialized  countries cannot be effectively determined except by 

knowing the projects and intentions of the various partners.      For  the 

purpose of advancing in this direction the following discussion themes 

appear to be  the most  promising : 

a) Identification of  the present state and the prospects for the 

world market  for agricultural machines. 

b) Identification of projects for  the creation or development of  the 

agricultural mechanization industry. 

c) Technological  trends  in the present and future supply. 

d) Critical re-evaluation of demands   in the developing countries. 

e) Evaluation of utilization tests on simple machines. 

f) Possibilities  for developing international trading in agricultural 

machines between the developing countries. 

g) Potentialities of the devploping countries for constructing a 

capital goods  industry based on an agricultural mechanization industry. 
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h)        International cooperation in assisting varioui developing countriei 

to implement training programme! making it possible to master 

various technological routes. 
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CHAPTKR I 

?H¿ AGRICULTURAL MECHANIZATION INDUSTRY 8 

THK PRESENT SITUATION AND  PROSPECTS  TOR  PRODUCTION AND'THE MARlfCTS 

1.1. THE PRODUCTION OF THE AGRICULTURAL MACHINERY INDUSTRY 

1.1.0. Manufacturing conditions according to the categories of goods 

The production of the agricultural machinery and tools industry can be broken 

down into four categories of goods. 

1. Hand-tools whose use still essentially and exclusively characterizes more than 

60 % of the agricultural producers in the Third World countries. The manufacturing of these 

goods is often carried on at a village level (artisans, one-man workshops). In this case the tool 

is adapted to the conditions of the local productive systems. The variety of tools also reflects 

the v,riety of restriction, produced by the productive systems which are in operation : ecolo- 

gical restrictions (the tools being adapted to soil fragility), economic restrictions (re-utilization 

of second-hand tools, relatively low manufacturing costs). 

Many projects have attempted to improve hand-tools ; improvement of their 

resistance, of their cutting edge, of the adaptation of the tools to new crop,. The setting up 

of workshops or factories for » improved material " has often resulted in the disappearance 

of the village smith,, the polyvalence of traditional tools, and the rise in tool costs. In most 

developing countries, the main ,hare of manufacturing i, still carried out on a local or regional 
level. 

2. Simple machine, (light mechanization), hand or animal drawn, aim at bettering 

the performance of the afore-mentioned material, at making farm labour le» irksome, ,nd at 

getting rid of certain bottleneck, (speed of execution). They are most appropriately U«HJ in 

regions of intensive farming where the technical level which ha, been reached by the farmer, 

makes it possible to envisage production which is not simply for subsistence. 

The commercialization of part of the harvest (food product,, industrial product,, 

products for export) makes possible the diffusion of a technical model different from that   ' 

which emerge, from the exclusive use of hand-tools. The adoption of such a model i, mad. 

easier by a greater solvency. Light mechanization can be applied to : 

- agricultural production (ploughs, seeders, binder,, harvester,) via animal-drawn 

and mounted equipment (sprayer, duster used for spraying plants...). 

- the equipping of cultivated areas (hand and motor-drawn pump,). 

- transport (carts, lift and adhesion devices, winche,...). 

- crop processing (mills, winnowers and hulling machine,). 
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Tabi« 1 : Breakdown of types of farming according to the various types of farm tools : 

hand-tools, hand- or animal-drawn machines, power mechanization 

 Source : A. MOENS : Agricultural Mechanization in Asia, Vol. Ill (Winter 1976) 

Proportion of labour spent in agricu ture according 

Geographical zone to energy source 

Human Draught animal Engine 

USA 0.01 % - 99.99% 

Europe 0.39 % - 99.61 % 

South Africa A   % 22% 74      % 

Asia 26      % 51% 23      % 

Africa 35     % 7% r>8 % 

Table 2 : Data on the various types of agriculture : manual agriculture ; animal draught and 

power mechanized agriculture 
Source : CNEEMA. L'agriculture et l'énergie dans le monde (433) Nov. 1977 

^""^^^               Pure type of 

-~s^^      agriculture 

Manual type Mechanized Power mechan- Overall 
agriculture jnimal draught 

agriculture 
ized agriculture 
(supposed con- 

world total 

Heading                       ~-»»^^ centrated and 
totally power 
mechanized 

Agricultural area used (only woodland 
and forests excluded)     in 106 ha 2.900 700 900 4.500 

(in %) (65) (16) (20) (100) 

Number of farmers         in 10^ 240 64 16 320 
(in%) (75) (20) (5) (100) 

Population working in agriculture (in 
economic terms)            in 10^ 460 260 50 770 

(in%) (60) (33.5) (6.5) (100) 
Surface A.A.U. per working person 6.3 2.7 18 5.8 
Amount of equipment in service 

tons 17.500.000 80.500.000 172.000.000 275.000.000 
(in%) (6) (31) (incl. 17.5 mil. 

tractors of 40 ch) 
(6) (31) (53) (100) 

Annual consumption of fertilizers 
(in 106 tons)                 N 7.77 583 25.26 38.86 

P2O5 3.42 3.42 15.94 22.78 
KjtO 1.50 2.49 15.95 19.94 

Total 12.69 11.74 57.16 81.58 
(in%) (15.6) (14.4) (70.1) (100) 

Kilograms of chsmical fertilizer per 
hectar AAU and per year 4.4 16.8 63.5 18.1 
Primary energy consumptions per year 
(IO6 ha) 

agrie, working population 115 130 60 305 
drauqht livestock - 165 p.m. 165 
material (and fuel) 6.0 27 170 205 
chemical fertilizers 23.6 18.8 83.1 125 
pesticides 1.5 0.6 4.4 6.5 
other means of production 2.3 0.9 6.8 10 

Total 150 345 325 820 
(in%) (18.3) (42.1) (39.6) (100) 
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The manufacturing of this category of goods is carried out on a regional level in 

workshops which may conserve their artisanal characteristics. 

These two categories of goods (hand-tools, simple machines) may be jointly produced. 

The size of the manufacturing units (smployment for 10 to 80 persons), the necessary invest- 

ment (2,000 to 4,000 dollars depending on the goods to be manufactured) may make it possible 

for the manufacturer and potential users to remain geographically close together. This element 

thus facilitates the adaptation (adjustment design...) of the material to local restrictions, and 

its maintenance. The gains in agricultural productivity thus obtained allow a rapid widening 

of the market (increase in demand). 

In the case where a small engine is used (stationary engine, motor pump) the 

manufacturing workshop becomes more complex. However this facilitates a change at a later 

date to heavy mechanization based on the use of the tractor. 

At the present time, light mechanization (alone or associated with other forms 

of farm implements or machinery) concerns some 15 to 30 % of farm producers in the 

developing countries. 

3. Tractors and tractor-drawn machines are situated at a different level of technol- 

ogical development. Although it is possible to envisage the production of simple machines after 

a passage from the artisanal infrastructure existing for hand-tool production, there is however 

a real " technological gap " as far as tractor manufacturing is concerned. This production, 

derived in most cases from the models which have been perfected in the developed countries, 

involves : 

- concentrated manufacturing units, and all the more so if there is a low level of 

industrial development and the quantities sold are small. 

- the existence of agrarian structures which allow for the use of tractors (or the 

will to create these structures deriving from a political choice). 

- sufficient solvency, i.e. a previous accumulation of financial means for industrial 

manufacturing but also by the farmers in order to be able to purchase the goods. 

These restrictions explain why the production and use of the tractor are extremely 

limited in developing countries. It has been estimated that only 3 to 5 % of farmers in the 

Third World at present use the tractorization model. 

U-  J 
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The production of tractors in the developing countries is restricted to a limited 

number of countries. For tractor production to be possible the market has to be of - reasonable 

size (it is estimated that 10,000 tractors a year are necessary to make profitable the industrial 

infrastructure needed for their manufacture), the level of technical and industrial development 

must be sufficiently high (tractor production, for example, is easier in countries which already 

have car industries, or the beginnings of . mechanical engineering industry), and a priority has 

to be given to industrialisation. Manufacturing carried out at a national level gives priority 

satisfaction to the needs of an agriculture based on large farmsteads. The manufacturing of 

tractors in the developing countries is very often linked with the importing of the " high-class" 

parts (hydraulic systems, electrical systems, gear-boxes, clutches) which are more and more 

characteristic of modern tractors. 

Tractor drawn equipment, i.e. which has been designed on the basis of and adapted 

to the requirements of tractorization (adaptation to power take-off and hydraulic lift, material 

(steel) which resists wear at the speed at which the work is done) is often dealt with in the 

same technical parkage as the tractor itself. For this reason, it is often imported. Its production 

in the developing countries could be developed even if : 

- the starting-off of this line of production involved initially importing certain raw 

materials (special steel for the ploughs ; precision parts for the seeders). 

- this equipment, like the tractors which will draw it, in most developing countries, 

is not produced on a mass scale. 

4. Self-propelled machines, which in general are specialized in harvesting operations 

(combine-harvesters, maize harvesters, chopper-blowers, ...), represent the new technical form 

of tractorization. The relative polyvalence of the tractor gives way to the adoption of machines 

specialized in one specific production operation. 

These machines give a botter performance when the agrarian structures and agrono- 

mical control (use of fertilizers, herbicides, and improved seeds) allow for it, but the market 

for them in the Third World is restricted to certain food crops (rice, cereals) or industrial crops 

(cotton). 

They are rarely manufactured on the sport. The sophisticated nature of the material 

means 

- few locally manufactured parts are used 

- many parts have to be imported 

- high costs of post-sale servicing. 
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Self-propelled machines then, like heavy tractors, are quite typically th« type of 

industrial good which should be manufactured at a interregional level. 

The machines which are derived from the tractorization model (tractors and tractor- 

drawn machines, combined machines) only represent, at the level of the Third World countries, 

an extremely small part of the total market for the farm tool and the farm machinery industry. 

This model continues to evolve, essentially in relation to the requirements of those 

agricultures which have the best performances (performances which are measured in terms of 

productivity per worker). Manufacturing programmes which are envisaged at a national level 

require a high level of technological development and a great diversification of industrial 

manufacturing. 

Despite the difficulty in always finding an economic justification for it, the model 

of heavy power mechanization is often adopted as the exclusive technical reference by a great 

number of Third World countries. 

1.1.1. Present production of agricultural machinery and tools 

The statistical material which is available highlights not the respective importance 

of the various categories of goods which are enumerated, but rather the implicit choices which 

have been made as far as mechanisation is concerned. 

In general — and despite the numerous recommendations which have been made 

by specialized international bodies to the countries concerned — our statistical knowledge is 

far more datail-»d concerning the he^vy tractorization mod^l than the light mechanization model 

(tools and simple machines). 

1. Hand-tool production 

According to a recent estimate (1) 90 % of simple tool» are made in the Third 

World countries. 

Supposing that the supply of these goods manages to satisfy the agricultural demand, 

then the rate of growth of these productions should grow at a minimum annual rythm of 2 %. 

The evaluation figure will be surpassed if in a given zone the stage of simple subsistence produc- 

(1) F.A.O. - Effects of farm mechanisation on production and employment. Report of the expert panel held 
in Rome : 4-7 February 1975. 
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tion is surpassed. To give some idea on the question, we may mention that among the numerous 

workshop creation projects aided by UNIDO not one of them has come up against a problem 

of saturation or insolvency of the demand market. 

In general, it can be said that the peasantry of the under-developed countries is 

still under-equipped as far as hand-tools are concerned and that progress in intensifying the 

most accessible productions can be made through the diversification of the tools made available. 

2. Simple machine production aimed at meeting their own requirements is carried 

out at a rate o' more than 70 % by the countries of the Third World. 

The coverage of requirements, however, varies according to what category of machine 

is taken into consideration. It reaches : 

- more than 80 % (1), for animal drawn machines inasmuch as most develop 

countries have given up this model. Certain countries have, however, kept models for export, 

or have a tight control of local manufacture. 

- more than 50 % for apparatus used for crop processing (sprayers, dusters) and 

for hand-pumps, hulling machines, or hand-hullers. 

- less than 40 % for equipment using small mechanical or electric motors : motor- 

pumps, mills... 

The demand for these various categories of farm implements is particularly high 

in those countries and areas : 

- which raise food crops and which have a high labour force intensity : areas of 

small farmsteads moving progressively on to intensification (two and three harvests a year). 

- which raise certain industrial crops and crops for export (coffee beans, cocoa, 

groundnuits, tea or the basis of traditional farmsteads. 

The development of manufacturing is more rapid for the last two categories of 

goods, inasmuch as they give rise to substantial increases in productivity relative to the capital 

which has been invested, on the one hand, and on the other hand, because there are few 

technical requirements in order to be able to use tr,= machine (training : servicing). The 

production of these goods is carried out by medium-sized manufacturing units (between 50 

and 200 wage-earners). The investment per wage-earner does not exceed 2,000 $. The turnover 

of the stock is rapid given the previous information. 

(1) Evaluation made by the report. 
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As far as animal-drawn machines are concerned, the main obstacle is still the 

reproduction, the upkeep and the trai ing of the animals that are to draw the machines 

(donkeys, horses, cattle, buffalo). Countries which have no traditions of raising livestock or 

have no livestock, will move rapidly on to power mechanization. 

We have little information, unless we extrapolate, about simple machine and simple 

engine production. In most cases, it would seem to represent less an alternative to be generalised 

than a possible combination, or rather the phase before tractorization. The techniques which are 

used, like tha technical improvements which can be envisaged (as far as pumping is concerned, 

sprinkler irrigation or spraying) are within the possibilities of middle-sized production units and, 

a fortiori, middle sized countries. 

3. The production of tractors and tractor-drawn machines is still very much domi- 

nated by the constructors of the developed countries. Even though certain Third World countries 

have at present their own national production, in most cases this is carried out under the control 

of Western companies. This trend is less visible with regard to tractor-drawn machines, or at 

least for the more simple of them. 

(i) Tractor production is fairly well known for two main reasons : 

- their construction is concentrated 

- tractorization is the main technical reference model. What is more, it Is easier 

to register statistically the existence of a tractor than that of a hand-tool or an animal-drawn 

implement. 

On a global level it can be estimated that 10 % of world tractor production is 

carried out in the developing countries. The manufacturing of these tractors however covers a 

variety of industrial situations : completely national design, semi-integrated manufacture, mere 

assembly or preparation of the imported tools. 

World tractor production has been growing at a rate of 4.7 % per year for the last 

20 years. However, we should distinguish between the growth rate within the countries of the 

OECD and that of Eastern Europe or of Japan. 
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Table 3 : Growth rait of tractor production for various countries in the world (mort than 
10 h.p.) (in %) 

1960-1965 19651970 1970-1975 

U.S.A. 8.8 -7,2 1.8 
Japan 33,6 31,0 23,9 
Franc« 
Germany, F.R. 

Italy 1,2 1,6 0.6 
United Kingdom 

Bulgaria 

Czechoslovakia 4,4 8,0 6,9 
German Dem. Rep. 

Hungary 
Pol land 

Roumanie 
USSR 17,9 5,3 43 

On the basis of previous information, we can extrapolate production for the 

various countries mentioned. 
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Tablt 4 : World Tractor Production (tractors of 10 h.p. and over, other than industrial and 
road tractors) 
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In the range of tractors offered, two categories of machines should be distinguished : 

- tractors (more than 20 h.p.) and their mounted or drawn equipment which can 

be classified in the category of heavy power mechanization ; 

- walking tractors and motor hoes whose production has increased more rapidly 

in the developed countries (horticulture ; small-scale mixed farming ; animal husbandry ; part- 

time agriculture) than in the underdeveloped countries where they are often considered insuffi- 

ciently powerful and resistant (outwith irrigated rice-growing in the Far East), and which can 

be classified in the category of light mechanization. 

These two ranges of machines differ not only on the basis of substantial price 

ratios (the difference is from 1 to 10 for the categories of light walking tractors and heavy 

tractors (1) ) but particularly because of the cost of the additional equipment which makes 

their full use possible. 

Thus it  is not simply the tractor (its production and cost) that has to 

be taken into consideration, but rather the tractor plus the tractor-drawn 

equipment.    The cost revealed in USA shows that  for $100 invested for tractors, 

•75 ar« spent for implements.    To give and example, we may examine the mechanical 

sets used on French farmsteads in order to have some idea of what  farm machinery 

will have to be produced if the heavy tractorization model is generalized.    Por 

every 1.3 more tractors of more than 45 h.p. we find 1.08 share-ploughs, 0.52 seed- 
drills, 0.82 fertilizer spreaders, 0.53 tractor mounted sprayers,  0.65 cutter bar 

mowers, 0.52 pick-up bailers,  1.28 trailers. 

Table 6 : Farm machinery and tractor production (in no. of units built) 

1960 1965 1970 1971 1972 1973 1974 

Tractor» of more 
than 10 h.p. 

1.011.161 1.292.406 1.458.266 1.386.744 1.472.181 1.635.340 1.745.198 

Combine-harvesters 160.797 245.968 214.960 198.289 211.830 228.077 291.029 

Ploughs 1.148.983 1.204.134 837.089 793.4C6 750.792 800.367 783.468 

Rakes, tedders - 117.020 92.996 78.957 80.976 92.362 90.842 

Seeders 576.861 796.869 1.032.491 1.087.724 1.175.052 1.315.935 1.565.139 

Harvesters 903.184 900.042 811.561 865.325 791.217 963.813 

Fertilizer spreaders 299.258 299.211 215.621 235.620 280.636 250.972 

Milking machines 175.818 160.029 177.135 179.517 182.403 180.980 

(1) Very generally speaking, the cost of an extra h.p. can be estimated at 100 S for tractors of more than 35 h.p. 
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The figures mentioned include both animal-drawn machines and power-drawn 

machines. It would seem that the production figures are an underestimation and do not take 

account, in particular, of the production carried out in the developing countries (see, for 

example, the figures quoted for plough production) but they also indicate that Western markets 

are saturated and that technical changes are taking place (tractors are being replaced by combined 

machines ; there is a shift from ploughs to chisels etc.). 

As far as tractor-drawn machines are concerned, the percentage of production carried 

out in the developing countries is about 20 % for simple machines (share-ploughs, simple seeders, 

harrows, rollers, hoes, fertilizer spreaders...). In this field technological autonomy would seem 

to be greater and explains the variety of models. For more specialized machinery, (particularly 

in the field of cropping : lifters, pick-up bailers or new forms of ploughing and tilling, and 

sowing (pneumatic seeder) or of spraying), or machinery adapted to higher-powered tractors 

(chisels, rotavators, rotary cultivators,  cutter blowers) imports cover more than 90 % 

(local production is estimated at less than 10 %) of national requirements. 

The choice of tractor does, without a doubt, effect the amount of draught equip- 

ment to be imported or manufactured on the spot. 

With regard to the industrialized countries, it has to be noted that the value drawn 

from the construction of farm machinery and specialized equipment has increased more rapidly 

and is far greater than the turnover on what can properly be called tractors (cf. table 8). 

(ii) The main tractor and tractor-drawn machine producing countries are, in order 

of importance : 

- The   Eastern   European   countries 

With   the   Soviet   Union,   the   foremost   world   tractor   producer,   Poland, 

Rumania,   Czechoslovakia   ;   the   E.   European countries supply nearly half of the world 

production in tractors. Also oriented towards the production of heavy equipment, they put 

onto market, however, less sophisticated models, which are also less costly to buy and to use. 

i hey have a sustained demand on their home markets and an export potential in 

the Third World and on the main Western markets.    The experience of Socialist 

countries shows that the dynamics of the home market  is an  important  element 

as far as creating new products IB  concerned. 

- the countries of the O.E.C.D., whose large surplus in tractor production supplies 

a substantial flow of exports. An estimated 70 % of exports going towards the developing 

countries comes from these countries. For certain countries in W. Furope (Great Britain, Italy, 

Belgium) exports account for more than 60 % of total production. 

Production is orientated towards the upper range of tractors (average tractor pro- 

duced in 1976- 55 h.p.). This production has to face the problem of a relatively saturated 

home market. 

U-  J 
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Tabi« 7 : Value of equipment in agricultural machinery (1971-75) (in thousands of dollars) 

I—Farm Machines and Equipment 

197S 1374 1973 19Ï2 

»::ii:'"ij, Gsfijinj and Funi!.zing 
f--'t:;hinory  

Hnr.-r/.-.s, Rollers, Pulverizers, 
S li Ik Cut lors  

P.cvá  
(-'...'.r.ítinc; MicMnory   
'-'•"¿¡ra M ach ir cry •... 
rar m Dairy iVi.clTir.o5 and Equipment  
Scrjyors -^"J Ouslois  
f"¿.iiM tlcvato-j nrid Blov<órs  
CuI'.ivcuCTS ór,,! Vv'r-í-'Jers , 

cr.liiVjj lo: Fri.-psrir.ij Crcpò ¡or 
r.la.-k?t or Uso , 

Farm Po-..i try F.cj'jiprr.crit , 
o<j Equurnsr.; , 

Ölr.cr Bí-n • ;;:! lí./n/id r.q'jipmerit  
G.T.'i'on Tra.'.T.ro, .'.'etc r.ilers  
Fpfiii V/2(/.:v;, O;!-,.;,- Fai-- Trr-.ns- 

por'ític: fiiL'irM'i'.-nt    

470,931 354, .',36        244,523        195,517 

197! 

455,090 394.933 249,013 133,505 143,555 
?51,594 182,'DI 130,635 £3,810 75.97M 

1,232/09 1.C93 '.07 832.482 5<3, <:•;,: 5:0.r.~Z 
475,111 •Í07.652 253.535 190,233 147.153 
68,037 80.2Q9 67,157 60,543 44,571 

139,575 130,237 90.791 61,049 64.624 
82,231 91.C-52 £9,25. 51,079 3o,3:3 

221,996 162,783 104,196 75,92'j 50.C23 

254,284 254,521 171,860 110,89:} 94,219 
65,0-11 75.154 72,37-1 62,£59 57.C;55 
35,202 45.450 °7 "3? 25,9£0 17.73?; 

126,333 167,521 144.560 109,447 Q4,/5Z 
562,165 551.2=0 414,330 311,073 234, ;•£',: 

174,362 135,2C4 144.848 103,79' 77,116 

TOTALS       4,617,231     4,153,453     3,039,013      2,292,-.£2      1,335,347 

*; «cl/. n<j A*-i< j t'!-' c,.'.'*i tnetc* 

'.".-:'    U r>   OSI. cl Cci-"-.."ce. Biffi» cl '/J Ccf.3..1. Cgi:ín! Indizimi Riferii, f^rci «/ii.-.ri^ ¿id £.-Li;.-i%nl (>,'A-;5A) 

II—Wheel Tractors and Attachments 

197S 1574 1373 1572 19/*. 

Who;M Lectors, Horn Typ,  2,099.501 1,5C3.Er.6| 
Wheel Tr.jcicrs, Non-F?.rn:  155,321 160,682)    ''°^-'-~     L1''."—         ci,../ 
Att-Tchmont-i for WIIíKI Tractors,. 

Farm and Non-r.Ti-m  39,990 35,937          31,803          30,203          20,025 
Ports for Whr-ol Trrxtors, 

Farm û.-.(î Non-Farm  254,755 233,970        193,177        169,200         273,:57 

TOTALS       2,549,567     1,945,401      1,522,77'4     1,341,035      1,r.0,33-: 

'i-. jus!'t.*i T,;.». e*', in". > j i'j:.tc c*\> •'. s. ,-i;,:*d *s .« pvt rl '"VM tngirte n-.o-irt, in titrai tíí5 ri if*ic*-. r shc#-i lr;.*.'-M<'b:;e*>ces 

fv,-,'C*   U 3   C  :1   o' r "--itrcü. 'Ju'tMi* :• IM C-iniu». C¡.rí-M intfuitn.it Mrr'-jr:'.. Tr c!o<>. C-'.tpî G*r>i Tractor <M3)S) 
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The main manufacturing countries are, in order of importance : U.S.A., Japan, 

Italy, Great Britain and Germany. The W. European countries and the U.S.A. also play an 

important role in manufacturing tractor-drawn equipment. 

Table8   : Breakdown of seeder production between the various manufacturing countries (in %) 

1960 1965 1970 1974 

U.S.A. 20.4 15.4 9.1 8.4 
Denmark 1.1 1.2 1.0 1.6 
F ranee 2.7 5.2 5.1 4.0 
Germany F.R. 12.9 14.4 14.2 5.8 
Bulgaria 0.4 0.5 2.5 1.5 
Poland 3.5 6.1 3.1 2.9 

Roumania 2.5 0.4 1.1 1.4 

USSR 19.4 32.8 15.8 11.3 

Total world 100 100 100 100 
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Tabi«   9 : Breakdown of plough production between various plough-building countries (in %) 

1960 1965 1970 1974 

U.S.A. 9.7 11.0 7.0 23.3 
Japan 21.9 14.2 8.9 n.q. 
France 7.8 7.3 9.8 11.2 
Germany, F.R. 8.5 5.7 4.2 2.9 
Poland 6.3 9.5 9.0 8.7 
USSR 13.0 13.8 24.2 27.9 

Total world 100 100 100 100 

Japan 

Although a latecomer in tractor production, Japan has become the second world 

producer. Japan occupies a privileged position in the production of tractors in the 20 to 35 h.p. 

range. The particular characteristics of Japanese agriculture (small farmsteads often run on a 

part time basis) help to explain why at the present time she has also become a substantial 

producer of walking tractors and motor-hoes. This country also supplies nearly half of the 

garden tractors produced in the world. Her success on foreign markets (large-scale production, 

relatively low manufacturing costs) underlies most of her industrial manufacturing programmes. 

4. Self-propelled machines and specialized equipment 

Although monopoly in tractor production is tending to grow weaker, it is still very 

real in combined machine production. It would now seem that one combined machine is made 
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for every six tractors in the world. The proportion of the one compared with the others 

increases as agricultural production techniques improve (both from an agronomical and 

mechanical point of view : elaboration of resistant crop varieties which are homogeneous 

for mechanical cropping), as the labour force becomes less abundant, and as the farmsteads 

are restructured. 

The U.S.A., the U.S.S.R. and Germany which have dominated this sphere of 

production for a long period are at present being surpassed by Japan which accounts for 

probably about 40 % of world production (cf. table 11). 

Table 11 : Breakdown of world production of combined machines (in %) 

1960 1965 1970 1974 

U.S.A. 18.8 37.9 9.8 9.8 
Japan n.q. - 21.0 40.3 
Germany, F.R. 23.6 n.q. 10.5 6.4 
USSR 36.7 34.9 46.3 30.4 

Total world 100 100 100 100 

Firms building self-propelled machines are often relatively autonomous in relation 

to the major tractor firms. Originally small in size - at least in the W. European countries - 

they have been at the forefront with regard to innovation and the elaboration of new mecha- 

nical engineering techniques (see the grape-picking machine). There are real prospects concerning 

harvesting, which is not as yet, in relative terms, subject to mechanization, but also concerning 

soil preparation (new forms of ploughing and tilling, combined with a sprayer and a seeder). 

*— ..J 
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5. Präsent trends registered in tractor and tractor-drawn machina production 

The production of capital goods for us« in agriculture is an indication of the 

importance which the tractorization model has now taken on. This explains the domination 

of the major industrial countries on this sector as a whole. However, attention should be drawn 

to the following aspects : 

•)   - manufacturing is complementary in the privileged zones which are characterized 

by farming of a high technical level. This complementary nature of manufacturing is apparent, 

in particular, in the COMECON, the countries of the O.E.C.D., and most of all in the nine 

countries of the E.E.C. For these latter countries, complementarity is particularly evident in 

the following fields : 

- the production of tractors and self-propelled cropping machines. In W. Europe, 

West Germany and Great Britain are dominant as far as cropping equipment is concerned. 

- with regard to soil-preparation machines (seeders, ploughs, etc.). France Is in 

a privileged position. 

U 
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- with regard to specialized material, each country often dominates a particular 

production (thus, for example, Sweden dominates the production of dairy farm equipment). 

The production and direct exports of the U.S.A. towards these zones have however 

fallen substantially over the last few years. Trade within Europe has been constantly rising, 

given that the supplying of the European countries is carried out at more than 90 % at present 

(compared with 88 % in 1971) within Western Europe. 

b)    - The industrial programmes of the developing countrii haw h—n finlntcmé 

by national policies of " production integration " 

These policies, determined on the basis of priority objectives concerning development 

(job creations, use of industrial products manufactured on the spot, creation or consolidation 

of a network of sub-contractors), 

- are often carried out in stages : the first stage consists in conditionning the 

imported machines (preparation, adjustment, painting of material). The second stage is the 

assembly of the machine ; the third stage the supplying by the country of certain parts 

(coachwork), and the fourth stage is the supplying of complex elements which are necessary 

for all the mechanical and electrical parts in order to produce the machine, 

- are often held back by the existence on the one hand of a network of small 

and middle-sized firms, in charge of the sub-contracted work, and also by after-sale services 

in charge of the maintenance and adaptation of material to the farming conditions of a given 

country, 

- are restricted by the partitioning of home markets. The national markets arrive 

at a relative saturation level given the cost of the material involved. There are not as yet any 

important manufacturing programmes which have been elaborated on a regional level. 

In certain cases this integration has managed to reduce perceptibly the use of 

imported parts. However, in terms of value, these imports rarely fall below 30 % of the total 

value of the manufactured product, since the price of the imported parts often rises more 

rapidly that the price of the parts which are manufactured locally. In the long run, the pursuit 

of industrial integration strategies, which is immediately ?t stake, can only be meaningful if 

this opens the way to scientific and technical research policies leading to the production of 

the appropriate material for the mechanization strategies which have been adopted. 

U-. 
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e)     - N«w manufacturer-exporters nave appeared 

The scale of production is, from the very beginning, intended to supply the inter- 

national market. This strategy is adopted in three groups of countries : 

- the Western countries which are subject to the policies of the main American 

or Canadian mechanical engineering firms (Great Britain, Benelux). Production is essentially 

intended for export. 

- Japan, where the home market, which is almost at saturation level, and the 

orientations of Japanese industry, are leading to the generalization of mass production of small 

tractors, walking tractors, but also combined machines. Commercialization agreements, for 

example, have recently been signed between Mishubishi and Massey-Fergusson for the world- 

wide diffusion of their respective equipment. 

- countries with planned economies (E. European countries) which seem to be 

aiming at entering the market not so much through a policy of selling agricultural products, 

but rather through an international policy of provinding industrial products necessary to agri- 

culture. This equipment which is manufactured and sold on a mass scale is beginning to make 

its mark on most of the world markets. 

1.1.2. Tha main world manufacturers 

When tackling the analysis of the structures in farm machinery production, two 

spheres should be distinguished : 

- that of the production of farm equipment where small- and middle-sized firms 

are in a majority (cf. A). 

- that of tractor production which is dominated by a few large firms (cf. B). 

A. Tne production of farm equipment 

- With regard to soil preparation equipment, there is a steady trend towards a 

grouping together of the manufacturers of tractor-drawn or mounted machines behind the main 

tractor manufacturers (International Harvester, Massey Fergusson, David Brown, John Deer, 

All is Chalmers, J.I. Case...). However, manufacturers specialized in one or two lines of production 

have been able to keep going and supply heavily the export markets. Among these latter firms, 

we may mention : 

 J 
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- plough», ho« : Rome Plough, Athens, Femco (U.S.A.), Howards Rotavator, 

Ransome, Kelly Plows, Servis (G.B.) ; Cockade, Wilbeck, Bass Technick, Cramer, Eicher (Germany), 

Tatasoga (Japan) ; Huard (France), SOCOMEC, SOGEMA (Italy). 

- seeders : Planet Ji. (G.B.) ; Nodet Gamier (France) 

Many simple machines are manufactured in the developing countries (cf. above). 

Industrial manufacture, in this case, often starts off with substantial government grants. 

- With regard to crop processing equipment, the hold of the main machine manu 

facturer* remains strong. However, it should be noted that a substantial part of this production 

is outwitb fbe machinery lector properly speaking. Many manufacturing workshops (especially 

for hand-drawn equipment) exist in the developing countries. 

- With regard tc more sophisticated equipment, we may mention the following 

manufacturers whose exports account for a substantial part of their annual turnover. 

- sprayers : John Bean, F.E. Myers, R.M. Wade (U.S.A.), Aritmitsu, Hatsuda, 

Kawasaki (Japan) ; Somax Co., Mesto Ruckenspritzen, Solo Viloinmotoren, Jels Co., Stihl 

Motorsägen (Germany) ; Gir, taf son (Sweden) ; Teenoma (France). 

- With regard to crop storage and processing equipment, manufacturing is as yet 

scattered. However, the prosent insufficiencies could be reduced by the elaboration of a common 

definition of a technology which can be adapted to the harvesting and storage conditions in the 

developing countries. 

In the ¡ruiustrdized countries, the turnover made on this category of goods is 

rising rapidly. This progression is all the more r;ipid when the stock-breeders provide at the 

levai of their farmstead an important part of the fodder for the animals. 

- With regard to irrigation equipment, the prospects seem to be particularly good 

both in the field of conventional equipment (pumps and motor-pumps) and that of new 

techniques (irrigation by spraying ; " goutte-à-ejoutte " ; solar engine pumps ; wind-mills). The 

demand is coming both from the developed countries (irrigation allows productioi risks to be 

reducid) and from the developing countries, where the use of this equipment is one of the 

best means of encouraging crop intensification. 

The manufacturing of this equipment is steadily moving out of the agricultural 

machinery sector. For the most conventional techniques (pumps, motor-pumps, polyethylene 

_J 
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pipes) production is carried out in all countries. The manufacturing units can be extremely 

small. The large manufacturers are dominant in specialized equipment (valves, high capacity 

pumps, irrigation material for major equipment programmes...) and thus appear as the main 

exporters. Among the biggest exporters, we may mention : 

Amex ; Bruckner ; Rain Bird ; Ames Irrigation ; Berckley ; Universal ; Pompes 

Guinard ; Lister. 

- As far as miscellaneous equipment is concerned, it has been remarked that there 

is a very clear shift of manufactures towards animal products. Equipment intended for dairy 

use and poultry production share this rapidly expanding market between them, particularly in 

farming areas near towns. Once again, this market is independent of the general shift to power- 

mechanization, and small manufacturers remain numerous. The mechanization of activities dealing 

with animals is one of the most important outlets for farm machinery in the industrial countries. 

Among the main exporters, we may mention : 

- equipment for poultry production : Chick-Master ; Big Dutchman ; H.D. Hudson, 

Kawakita, Denki Kogyo ; Tohzai Sangyo Bocki ; John Wood... 

- dairy farm equipment : John Wood ; Dunn ; Gordon Equipment ; Lister 

Landgerate ; Utina-Alektrawerk ; Alfa Laval... 

B. Concerning tractors 

The accentuation of international competition, the slowing down of economic growth 

combined with the problems of overequipment of farmsteads in the market economy developed 

countries have contributed to  speeding up the following trendit 

1. Manufacturers of tractor-drawn machinery have been progressively absorbed by 

industrialists specializing in tractor and combined machine manufacture (cf. above). 

Subject to the technical demands of tractorization (the tools are designed in close 

relation to their being used by more and more rapid and powerful tractors). The manufacturers 

of tractor drawn equipment are thus faced by restrictions on their own outlets because of the 

progressive saturation of the tractor market. It is not by chance if at present their industrial 

and commercial strategies evolve in close relation with the development of the heavy tractoriza- 

tion model ( instruction manual issued by the tractor manufacturers ; orientation of research 

programmes ; joint commercialization of products). Technical innovation would tend to be 
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elaborated by the manufacturers of tractor-drawn equipment, then valorized and diffused by 

the tractor manufacturers. 

2. Technical and financial concentration (cf. table 12 ) 

The grouping together of the manufacture of tractor-drawn machines has however 

been less rapid than that of tractor manufacturers themselves. In 1976, the four biggest firms 

accounted for more than 80 % of tractor production in six Western countries. 

From 1985 on, Anglo-american firms make their mark on most of the European 

countries. However, the only countries in which their expansion is vigorously countered are 

Germany (Deutz), Italy (Fiat), the E. European countries, and to a lesser extent France (Renault). 

Table 12 : Concentration of tractor manufacturing on six Western markets 

1950 1955 1960 1965 1970 

North America Largest (1966) 

Firm 30 29 25 22 - 

4-Firm 75+ 70+ 69 72 - 

8-Firm 90+ 90+ 91 92 - 

United Kingdom Largest 
Firm 50 35 40 37 35 

4-Firm 80+ 80+ 8~+ 85+ 85+ 

8-Firm 90+ 90+ 90+ 90+ 95+ 

France Largest (1951) 
Firm 20 40 25 22 21 
4-Firm 52 68 75 64 61 

8-Firm 67 84 83 86 84 

Germany Largest (1956) 
Firm - 13 16 21 19 
4-Firm - 45 49 53 60 
8-Firm 50+ 69 74 75 83 

Italy Largest (1956) (1964) (1969) 
Firm 19 16 36 40 50+ 
4-Firm 52 49 74 77 — 

8-Firm 65 73 84 87 — 
Australia Largest (1969) 

Firm 27 34 — — 23 
4-Firm 75+ 75+ — — 75+ 

I 8-Firm 90+ 90+ — — 90+ 
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The entry fnto the European markets was made on the basis of a low power 

model (18 to 30 h.p.) at a time when the European manufacturers where still concentrating 

on upper range manufactures with relatively narrow market opportunities. 

It was by selling to small- and middle-sized farmsteads that American manufacturers 

obtained their initial implantation in Europe. Later, the European manufacturers were eliminated 

or absorbed. The only firms to resist and widen their range of products were those tractor 

manufacturers who were associated with major car firms (cf. table 15). 

Tabic  1-}} Breakdown of sales of the large firms on Western markets (1966) 

MF IH Ford Deere Fiat 

U.S.Canada 37.522 59.931 37.261 57.846 — 
U.K. 16.539 3.464 14.417 - — 
France 17.663 9.561 7.778 3.241 10.290 
Germany 5.906 9.464 3.786 3.559 1.287 
Italy 4.318 595 2.937 - 15.915 
Australia 4.339 4.339 4.339 - 379 

For all of the markets together : 

IH 16.8 % 
MF 16.8 % 
Ford 13.6 % 
Deere 12.4 % 
Fiat 5.4 % 

30 

28 

23 

22 

20 

IS 

" 15 

a 14 a. 

10 

8 

6 

4 

2 

-  FEKCVJjOil 

19J9 1G54 555-J  6Q 1ÏC6 

Note : Massey-Harris and Harry Ferguson mergtd in 1953. Data points were chosen on the basis of reliable 

estimates. Both 1959 and 1960 arc shown to indicate the importance to International Harvester and Deere 
of the North American market and their vulnerability to low farm incomes there. 

Source : Output for Ford is available from published company figures. See Mira Wilkins and Frank Ernest 

Hill, American Business Abroad : Ford On Six Continents (Detroit : Wayne State University Press, 1964), 
p. 439, and the Company's Annual Reports. Massey Ferguson (and predecessor companies) has its tractor 
output presented in E.P. , ¡eufeld, A Global Corporation (Toronto : The University of Toronto Press), pp. 61 
66, 121, 139, 284-285. Production estimates for all firms in 1966 are presented in Table 14. A U.S. produc- 
tion estimate for International Harvester in 1949 is from Michael Conant, " Competition In the Farm Machinery 

Industry ", Journal of Business. 26 (January, 1953), p. 36. Other estimates are based on industry and official 
sources of production, market share, and trade cited in Chapters Seven and Eleven below. 

Source : from KURDLE     Agricultural tractors : a world industry study Ballinger - Cambridge - Mass.  1975. 
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However, the concentration of production is greater for self-propel led machines 

than for tractors. Thus the more sophisticated the mechanical engineering involved, the more 

production is structured oligopolistically. This is illustrated by the breakdown of tractor and 

combine harvester sales for three Western countries. 

Table 14 : The breakdown of tractor and combina harvester salas for threa Western countries 
(Source : DAFSA) 

1. Tractors 
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3. Diversifying of lines of production 

Technical   and financial concentration contribute to the redeployment of industrial 

activities. However, for the time being this concentration rarely causes the dominant technical 

model to be put into question. Quite the contrary, since in most cases the characteristics of 

heavy power mechanization are accentuated. 

In farming, one may note : 

- a shift from tractor manufacturing to self-propelled machines going along with a 

thinning out of the labour force in agriculture in the industrial countries ; 
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- the orientation of production towards mechanizing of animal production. Closely 

associated with the modernization of feeding procedures (mechanical feeding chain) the agricul- 

tural machinery industry is extending its scope of production to cover the manufacturing, 

distribution and storage of animal fodder, the sheltering of Hie animals, the processing and 

conservation of animal products (dairy industries in particular). 

Besides farming, and given that a great number of agricultural machinery and 

tractor manufacturers are working in association with car firms (Ford. Fiat, British Leyland, 

Renault...) or with manufacturers of public works equipment (Caterpillar), diversification 

continues in the following spheres : 

- the manufacture of heavy equipment which may be used for programmes intended 

specifically to meet the demands of handling in agriculture (farm conveyor, buckets and haulage 

equipment distinct from what are properly termed tractors). 

4. The internationalization of production (cf. tables   15    16    17) 

In many cases, the diversifying of production goes along with a change in the 

Cjeographica! ¡uCit'rüvr or UW.TU ra^ven*. Trjùocc^tr^ms mas becormr spw*fizwr-as-«r result oí 

the characteristics oí each market. On a European level, this strategy has the following results : 

- a certain complementarity of the ranges of models offered by the factories set 

up in the various countries of the Common Market ; 

- also, because of the progressive saturation of their traditional market, a noticeable 

shift, over the last ten years, of tractor manufacturing units from Northern Europe towards 

Southern Europe (Italy, Greece, Spain, Portugal, Turkey) and shortly towards the other countries 

of the Mediterranean Basin as these become better equipped, and integrated into the European 

agro-feeding complex ; 

- the deployment of activities towards the Third World ; 

- the specialization of certain countries (the Belgo-Luxembourg union ; Great 

Britain) in the manufacture of goods essentially intended for export. 

The spread of manufacturing units throughout the world takes place as a result of 

the opening of the market. Table 16 shows the breakdown for 1966. Ten years later, we should 
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add to the licenced manufacturers countries like Mexico or Argentina, Pakistan, Algeria or 

the Philippines. 

Table  15 : The breakdown of world production between the major companies (1966) 

(in millions of 8) 
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This transfer of production should not hide the fact that many " high-class " parts 

are still manufactured in the countriss which have a long industrial tradition or where the 

machines have long been used. The following example concerning the breakdown of production 

units of three major firms in Europe serves to illustrate this phenomenon (cf. table 17). 

The shift towards the internationalization of manufacturing is confirmed by the 

analysis of the sales of the major companies in the world. In 1973, for Massey-Ferguson, for 

example, sales on the U.S. market accounted for only 28 % of total sales. Those made in 

Europe for 35 %, and 25 % for the countries of the Third World (cf. table 16). Given the 

difficult economic situation in W. Europe, the markets of the developing countries are likely 

to be more and more sought after, at a lower cost. 

U. 
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Tabi« tí : Breakdown of world ulti of the firm Mauty-Ferauion • 1973 

N. America 34.7 % 
Europa 35.8 % 

including U.K. 9.7 % 
France 9.1 % 
W. Germany 6.8 % 
Italy 3.6 % 
Benelux 1.1 % 

Latin America 15.2 % 
Africa 5.G % 
Australi*                           ; 4.9 % 
Asia                                 : 3.8 % 

including 28 % to the U.S.A. 

Source : DAFSA 

Tabi»   17: The industrial implantation in Europe of three major North American comparii« 
Source : DAFSA 

W. Germany Franc« Italy U.K. Other 
European 

1 countries 

o l\'Hi;*y-Fergujon Mawy-ri.'-qmon •Vi assay-Ferguson Mauay-Ftirguson Mnuey-Ferguson 
to G.libri S.A. (.andini Limitati Narlarland 
o 100% 100 % 100% 100% 100% 
u CA'./3) ::'j2 6f| CAI73Ì .1374 MS CAI73) .  54.5 Mí :A(73I : 146.8 Mi i;/,l73) :  15.8 Mi 

. -Esch*eeo :ga*r BíMitais : - Aprilia : track- — Baeinton : comp 
> t'ox. :rtjf»ing, trjciori drives oncntj for trac- 

Ì components far - M*rqu«tt»l*t- - Como : compo- tori 
tr.iJto' J and Litli :<jTibir.a nents for tractort - Coventry : 

5 comb in» harvester!, pick- - Fabbrico : wheel 
h .rvHteri un bailan, troCtois - Kilmarnock : - Motor Iberica : 

compoinn;, fjr — Summit S.p.A. combina 36 6% 

T.irnOVir (73' tractor? 33 JA harvester« Ayntultur il 

\'.\'rT.2 M U.S. s 
— ï'ch»r GmbH Equipment lor - Manchester : •quiprnent 

trac^-dri'-ei trictor.« 
Total manpower Tracron - ••Itrami S.p.A 
(73)01,267 50% 

u. 
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W. Germany France Italy U.K. 
Other 

European 
countries 

International 
Harvester Co. 

International 
Harvester 

International 
Harvester 

International 
Harvester Co. of 

Aktieselskabet 
International 

< 
z 
o 

mbH 
100% 

France 
99.9% 

Italiana 
100 % 

Great Britain Ltd 
100% 

Harvester Co. 
Denmark 

r- < Sweden 
z 99.9% 
cr 
UJ 
r- z 

Uijfiod Turnover 

(73) 4192.5 M $ 
incl. turnover (73) 

- 2 plants 

Manufactura 
and sal»* of 
agrie, equip- 
ment for 
tractors and 
engines 

- 3 plants 
Manufacture 
and Miss of 
agricultural 
machines and 
tractors 

Sales in Italy 
of I.M. products 

- 3 plants 
Manufacture 
and sales of 
agrie, equipment 
and various 
types of track- 
drives and 

Building and sales 
of agrie, equipment 
and tractors 

Compania Interna- 
cional de Maquines 
agricoles 

ejric. machinsry tractors 100% 

1359.8 M g Sales of I.M. 

Total manpower 
107,890 

products in Spain 

Other 

tu   > 
W. Germany France Italy U.K. European 

sc   z 
UJ     < countries 

z  o 
John Daere John Deere John Deere John Deere John Deere 

Vertrieb S.A. Italiana SpA Ltd Langer Svenska Eslav 

° 1 100% 100% 

Unified turnover 
Turnover (73) Turnover (73) Commercial Commercial John Deer* 

(73) 2002.9 M U.S. 
53 M $ 70 M » activities activités Iberica SA 

3 incl. turnover 
2 plants 3 plants John Deere Ltd 100% 

(73) ugric. 
machi,-)« ry 

— Mannheim - Arc-let-Gray Scotland Turnover(73) 
— ZweiVucken — Saran Commercial 55 M » 1 plant 

— Sjnnnthes activities at Madrid 
1408.4 M J 1 " commercial 99.9 % 
Total manpower firm " at Orléans 
5C.053 

1.1.3. Characteristics and evolution of the dominant technical model 

Among the goods produced by the agricultural machinery sector, a distinction 

should be made between those which come under the heading " mechanization " and those 

under " power mechanization ". 

- What can be properly called " mechanization ", as distinct from the trend towards 

" power mechanization ", i.e. essentially, tools, animal drawn machines, small-sea!« pre- and post- 

harvesting equipment. 

U J 
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This mechanization corresponds to a given level of agricultural and industrial 

development which is marked by the preponderance of the rural over the urban. It also 

corresponds to agricultural and industrial needs derived from production structures which are 

decentralized, not very concentrated, ¿nd which use simple techniques. 

Restricted mainly by the available sources of power (human and animal) the 

machines and equipment which are used for agricultural production : 

- have nonetheless made possible the elaboration of most of the technical innova- 

tions which are at present used in power mechanized agriculture (cf. table 19) ; 

- have contributed to advances in agronomy and in the control over risks in 

production ; 

- can be applied, because of their simplicity and low utilization cost, to the pro- 

blems which have appeared in Third World agriculture (piecemeal and narrow nature ; low 

productivity ; solvency ; low maintenance costs) ; 

- may again become of interest inasmuch as there have been innovations concerning 

enargy (use of solar energy for pumps, of windmills for electricity production). 

- Power mechanization, in which the dominant element is tractorization. At the 

present time, in the sphere of agricultural machinery there is a close relationship between power 

mechanization and mechanization, inasmuch as the agricultural machine is designed more and 

more in relation to its use by the tractor, and the gradual disappearance of the characteristics 

of mechanization as it has already been described. 

The generalization of th° shift towards powar mechanization in the developed 

countries has taken piece in an economic context marked by a rapid reduction of the agricultural 

labour force, an increase in labour costs which was greater than that of the use of technical goods, 

the rapide growth of upstream industries (suppliers to agriculture) and downstream industries 

(transformation of agricultural products), and the rapid transformation of agricultural demand 

(shift to a fodder rich in protein, generalization of food preparation and conservation techniques). 

A. The main stages of agricultural power mechanization 

The power mechanization model has been held in favour these last few years both 

from an agricultural and an industrial point of view. 

In the industrialized countries over the last fifty years its diffusion has taken place 

in four main stages. 

     v> 



-   54 - 

u c 
o o 

«M     C 
O   e TO o 

o CN o o r~ o O ri 
CU   u rj CM CM vf 1 m m oo 
u   C 00 00 oo 00 o oo m oo o)  m & u-i 
Q   > a on c «0 

•" 

< 
e/J 

Ö u 
eu 

cu •H 
Jí CS TO X) 
>H 

< < 
*-i >. u 

cu TO VI on >- TO 
3 < x: u 0 p 
(X E S3 3 ai O 

CA. -i 
3 4= < TI d 
C" 3 oc ÍJ li U s TO 
CU 3 3 co TO 4-1 en 

Ol o In w >> ï>, o -a U U TO X C n >". t* >> >H > 
»H c o TO 0) M o CO ai -O 01 cu a. m U 

^ 1 CU CJ >> c T) 
01 ! Vi XI X u n 

tu 3 3 F 
CU E TO CU 1 ¿£ ICI o 1 CJ 01 O u n a 

0 5 3 e s o 
TO crf U Ü H h. u) co 

U ' 

Kl 

I 

31 

co -et; vD 
00 en O 
r- r« oo 

ITI ro n 
(N m m 
00 oo eo t/i vO on 

ci u-i l/"> 
1 l oo 00 oo 1 

CM r-. 
CN CN tri 
co 00 00 

e 
cu 
E 
o. 

3 
er 
cu 

00 
c 

o 
> 
TO 

3J 

dl 

IH 0 
O) o 
u e 

> M 
M cu 
rj co 
x ^ 
60 ¡lì 
e a* 
x u 
01 6s 
3 0 

3 
C >. 
IH 
rt 

J3 

M 
C 

I« 
eu 

eu 
CJ 

M 
O 

u 
CJ 

o 
e 

u 
TO 
4-> 
O 
In 

3 

eu 
> 
u 
« 
X! 

C T3 
O C 
M   TO 

"44 i-l 
U 

XI   O 

3 co 
pH    V-' 

cu 
> 
o 
I-I 
p. e 

I-I 
CI *-N 
4J • 
n < 

cu . 
> co 
». • 
ni ü 

XI 

u-i cu 

co 
CU   3 
n se 

CU CU 
e TS 
TO O 
co G 

I 

cu 
u 
ß TO 
U 
lu 

cu 
4-1 
co 
cu 
> 
u TO 

eu 
ex 

cu 
E TO 

CO 

cu 
¿£ TO 
M 

ci 
TJ 

CU 
•a 

TO 
E 
O 
4-1 
3 < 

TD 

C 
o 
4-1 
TO o 

«M   c CJ on 
o  o o 1/-I vO co o en CM cr- <i O CI 0 ri o a> eo m -.1 

u   c o. 
00 00 00 oo 

o 
o 00 OO oo r~ CO co 00 00 00 

TO vC 
Q   > rn 

e IH 
O 

to 
c 

m 
3 g 

'S 

TI T) 

c 
CJ 

E TO 
CU 

XI 

CU 
TI 

« 
CU 

3 TO 
cu 
o 
C 

ai 
ai 
n 

U) 

4J 
eu 

^ IH 
O 

e 
E 
a. 

E 
C 
di   /-s 

-C    l-i 
O    3 
O    CU 

m 1-1 £ Cl IH IH MI 3 
0. 

3 
er 

jr. 
co 
3 

cu 
t-l 
G 

cu To 
3 
O 

u 
X 

TJ 4-1 
TO 

u 
eu 
N 

u 
3 
O 
u 
c 

cu S 
cu 
x:   ai 
3 -O 

ai 
Xi 

|H 
TO 

•0 

TO 

IH 
TO 
O 

3 
O 
Ü 

X» 
•r4 
u 
4-1 

3 
CT 
O 

cu CU S   T> 3 C TO 60 IH 

e 
0 

C   —. c 
c 

XI   o 
4-1   fe 

XI 
60 
3 

u. 0 
e 

XI 
60 
3 

eu 
N 
3 •H 

IH 

Q 
t-H   eu 
cu  E 
CJ    TO 

3 
IO 

C TO 
x; 

0 
4J 

O TJ 

Xi O    Sí JZ 0 c O OH U X IJ 

G 
o j» ra m IH IH x:  3 0 

T3 a. XI u Cl. cu u o UH F 
Ss 

o 
9 XI f>o ra 4J 

TO 
i-i il o O 

UH £ CU O. .Q 

Sa 
TO O   E 

1-   o Cu 
n  o 
0  Xi 

c TO XI 
i 

to 
¿i TJ V4 

c 
r-H      O 

^ 3 TO TO TJ   «-V 
C    4J ^ o XI OJ IJ ~J TO o C   u TJ |H   ^N IH 

31 3  "-' TO C TJ TO x: IH ra c •rH     4J •n  ai C CU CU 3 
TO 
O 

1- Q C IH 
ai 

so e 
•a V4     3 TO 

o. u   Si 
CO 4J    3 

C    O 
X '5! <J 

n 6.0 TO TO 
XI 

ai 
ai 

TJ   XI 60 u 
C  0 

'£ "^ CU    C 

,-. —i    0 
60 —i 3) 

« e 
Xi CU 

u 
cu u M 

N 
1 U 

C   0. <4H 
1 •rH     4J 

•H   Q 
|H 

CU "¡^ •^ a>   IH 

C  —i CU TO  TI cu > U-4 eu 60 </> 3   3 a TO   to TO  ai U) IH IH 
Ü 
to to on 

i 

CO ca  o 

1 

co 

i 

cu 
ci 

1 

U 
</l 

1 

4 
1 

tsj O o  cr 
co ai 

3 IH   -H 
O   TJ 

P..J 
CO •~" '¿ cu CU 

tlH 
O   PO 

C_> v^ 

< « 

ai 
x: 

R MH 
CI n 
fi 
cu 
n 
e 
0 ri 

,n 
4J 
O cu 
ai 

<1H 4-1 
IH 
ai ti 
11. 0 

Ci fi 
TI 

a TO 
0 

•H 
>> 

10 W 
CJ lil 
(0 1^ 

u « 
e: 
0 

Cu a 
•a 

io» >•• 

60 U 
l.-U 
IH 
XI « u 

0 
fH 

TJ 
r 
0 
IH 
1 ^ 
O 
JJ 
a 
ti 
0 
LJ V. 

e 

O I. 
CTI 
CO 1- 

co 
n OJ 

U) r 
TJ 3 e 
1: rj ra £ 
O ci 
co X 
fi 1 

ai 
1- 

CI -1 r 

TI p a 
3 c e 

?J   Q   C 
u fi 
w 
l'. re x 
u 
CI no - 
X 

|4   T 

•-1   e 

e 
X ox 

4.1 U 
cu co 
X X 

3 c 
fi (4 X 

 j 



55 - 

c* 
<t 
OD -» CI 

n 1 1/1 
a> a* m 

CI 
CO 

CO 

I 
Ä 
18 

U 3 
O   O 

K. r» i> c 

10 
ri 
o 
p. 

c 

Î0 
3 

Ü 

to O -Û 
p tu n 

"*. u 

r-l -j i. 
•-I   c o 

í3 ci- ¿i 

»• r. 

i 

OSS u  v.— 
41 g T3 

—i B. V. 
C—,   t1 
í 3 ;< 
C CT .'i 

I 

« e 
J « 
H K 
-, c«, 
r- 

« -H 

i 

en 

ON CM 
o 

o au -* -J •X) O o O 
i~ r» o> o O 1 ON CI 
co co co 0> Oh «0 o> 1 

co 

o 
CI 
Ol 

^ 
« ~ 
Ü y m 

C Cl 
t> o a 
•n u V-' K< u 
K« 0 o in c 

•H 
v( ,-% o u ci r» 
•—• 01 <fl m 

c w M Ml M 
e£ h u < «I c J3 0 >J CO) u 

(U e O io ß 
JS c u O m 

,r •••4 « m Ki 
3 .ri ou e -a fx 
O  KI C c a 0 o 8 

01 Ht M 
C.  S jt u t-i w M 

c N Ol K. 0 » SI m u t- o -a •a < u Kl l-l 
••*   4J o 5 Cl Vi r-. ;*. 1- g. Ki U) i CO Ul >•. 4J 4-1 *-> a 0 0 <u r> 0 u 
o  ai u M <\ KI K E B u u 4/ u Kl 4-1 u u 

X w -3 0) ai ti >, Ifl rt m 
U   :J ii u 0- H a. 0- H t) Ml F>i 

,• c 
0 c 

o cr 
0 »ï 

o j 

d 
Q Ht c > e- 

r. ra 

3 

o 
ai 
u 

O 
œ 

ai     ai 
u      t' 

X     J3 
CO 

O o> cc 00 m en cri    en 
¿ O i N Cl 00 

ai ul co oc 00 Ol 

co "8 "S 
v    ai 

Ci 
e 

-3 

-a 
c c 
u o 
c > 
u 

•o u e 
JC,   M 
ci 
3 -* 
n  o 
l-l   -ri 

-H     O 

E; 
-H     O 

i   i 

c 
a» 
E 
a. 

3 
CT 

30 
C 

kl 

i' o 

li 3 
I- --I 

4= O 
u > 

X c 
ui ai 
E i- 
tS [K 
U w 

u 
3 

l-l 
Cy 

43 
•i> 

41 
Ki 

I 

o Kl 
i c <4   Ol 
Kl •H JS   ß 
"j 1      ^-N ,.o •i-l 
•- 

U   < C 
11   Oil 

1/ Cv o    • u • -I il 
r. K Kl  M ja 

•H a c e ^ Kl 
-'i a 3 0  o 01 Kl 
k: (- ¡* O   Kl U «1 

"J! Ü O V)    «I Kl «M VI 
Ki <J ti Kl   Ki •a o •O   CI •H «M 
tl) < • ••>   0 ai a Kl 

c 
H •H 

iJ a c ai i3 r-l 
3 05 3 •^>: C i-H   J3       • O m O •r-l tl   U  < Cl K» Kl 

(U Kl 3 Ki Kl  X on Kl Ci.-ri      • e I« «I > T3 •3 Ul c 01 o  9 tri o. U «1 
K 4J   U-l u tJ M •H 

3 
er 

O ja 
fll 

Ki VI   O '/I n K £J CK 

y CI 
U E t g. 1 Ol 1     41     » 

m u u rtf 
u 
t» 

i/l •H ai Kl rH    «1   r-< 01 Kl M 
lil q a. ç m ^ «J »U ai ci o O 1 > •< .c *-• to J3 to > as Ki (M en 

i 01 
,0 ja 
B u 
0 o 
u 

O 

«I 
CI 
Kl 

•H 
rj 
H 
ao 

1A 
Cv 
3 
er 

|3 

o 

C 
o 

o a 

•r» 
3 

C/l 



56 - 

1. The ..nplantation of the stationary engine at a farmstead level (petrol driven, 

then more and more driven by electricity as rural equipment programmes progressed), this engine 

being used in all crop processing operations (winnower, mill) and equipment operations (irrigation). 

2. The development of the small and medium power tractor whose diffusion was 

mainly due to the introduction of tyres, of the hydraulic lift, and dieselization. 

The generalization of this category of tractors means that gradually it is no longer 

considered as a simple substitute for animal draught but rather it heralds a new technical model 

for agricultural production. Even if, for an intermediate period of time, it was necessary to take 

into account existing equipment, specialized equipment which specifically suits mechanized 

farming has been elaborated and manufactured with the tractor in mind. 

3. The shift to high power tractors (more than 60 horse power) accentuates this 

previous trend. 

Thanks to the elaboration of the independent power take-off, of hydraulic transmis- 

sion of the multiple ratio gear-box, the tractorization model is becoming differenciated. All 

equipment used for working the land is designed for mechanized farming. Mounted and semi- 

mounted ploughs can only be used if they are hitched on to a tractor. A vibrating harrow, an 

instrumant of the rotavator type, a beetroot lifter and even more so a chisel or a crusher are 

inconceivable without a powerful engine. 

4. The tractor is losing little by little its rôle as a draught machine, and is becoming 

a mobile power centra. This involves improving technically the manufacture of hydraulic, electric 

and pneumatic parts which considerably encumber production costs. These high production costs 

mean that only the very large industrial groups can undertake their manufacture. It is labour 

savings which come before investment costs for these machines. 

What is more, ploughing and tilling machines make more and more frequent use of 

powered parts : vibrating harrows, rotary cultivators, hoe-discs, lifter parts. 

B. Present trends 

Among the main trends, we should call attention to : 

- high capacity machines and tractors which are intended to meet the requirements 

of agricultural producers as far as speed of execution is concerned, as well as growth of areas 
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to be cultivated, and also to meet the demands of manufacturers who wish to renew their 

markets. 

- the progressive abandoning of the polyvalence of equipment. Thus the tractor 

designed as the " engine unit " of a mechanical chain tends to be replaced by self-propelled 

machines (cutter blowers, harvesters, etc..) or by stationary equipment (mills, dynamos). 

- the periodic renewal of sets of machines intended for agricultural production 

(from haying to ensiling, the equipment has completely changed). 

The generalization of this technical model involves : 

- the soundness of afte'-sale servicing given the growing sophistication of the 

machines ; 

- sufficiently large farming areas and sufficiently high productivity to justify th« 

investment necessary ; 

- financial aid on purchase (credit) ; 

- technical training for the purchaser. 

However, most Third World agriculture, which as ytt remains clos« to the light 

mechanization model, seek the satisfaction of the following needs in power mechanization : 

- polyvalence and simplicity of the equipment ; 

- easy use ; 

- low capital immobiiization ; 

- relationship between small manufacturing and maintenance units and farm users. 

The diffusion of the heavy tractorization model carries with it its own problems 

which will hold up its development. Both for the firms (from an industrial point of view) and 

for agriculture itself, it will be necessary to redefine a mechanization strategy in order to facilitate 

th? shift to power mechanization. This strategy must : 

- enable all the requirements of agricultural production in this field to be covered ; 

- make it possible to associate different technical levels within agricultural productive 

systems. 

- prepare a particular agriculture, according to its technical level, to be able to use, 

in the best conditions, the machine and engine together. 

.J 
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1.1.4. Reastabliihmant of a multiform powtr mechanization modal 

The reference to a single power mechanization model based on the heavy tractor 

considerably restrict» the prospects of development for the agricultural machinery industry. 

An analysis of the real situation leads us to the conclusion that agricultural production 

is not a homogeneous productive process and that it is characterized by the combined usa of 

a set of mechanical goods of various forms and on various technical levels. 

The production of machines intended for agriculture should enable the following 

operations to be carried out : 

- land-clearing or recurvation operations. There it is essentially a matter of extending 

the agricultural area used. The inital investment is substantial, but it represents a definitive gain 

for the country, region or enterprise which carries it out. 

Generally, for such work, the machines used come as much under the heading of 

building and public works (bulldozer, land-grader) as what, strictly speaking, can be called the 

agricultural machinery sector (heavy tractor with four driving wheels in order to carry out initial 

deep-tilling and subscribing ; debrushing and deforesting). 

-- maintenance operations on land. These are intended to valorize, maintain and 

adapt the agricultural area used for what can properly be termed agricultural production operations. 

Thus, it may be a matter either of very heavy investments, involving the use of substantial equip- 

ment (periodic iand-drainage operations, contour line development of dikes and low walls, of a 

network of stable roads and paths) ; or of lower investments making greater use of the labour 

force (maintenance and cleaning of ditches, periodic debrushing, fencing off of pastures and 

ranges, maintenance of a network of paths). 

- equipment operation» for the land which come under the building as much as 

the agricultural machinery sector. This is a market which is renewed from time to time accordino 

to the orientations of agricultural policy, to the changes in agricultural techniques, and to the 

priority which is granted to one or another type of production (food production, animal 

production, agricultura" production for industry or export). 

U      _ 
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The ¡ru'fstmc-nt has a shorter redemption period ihan for the first type of opération, 

and ioo'jur than t!;a s'conJ   The equipment used covers essentially irriaation equipment a-id 

iji'ikiir.gs. 

-- oparation» specifica»'/ related tb agricultural production from soil preparation to 

tí---.- maintenant j.:J spraying of pîanis, pacing through sowing, and ending wilh cropping 

operations. Tue rnacruni/oticn of these ^pp.v'.ions Cdn be carried out to a greater or lesser 

déifie, as con tH?¡r power mechanization. Nevertheless, plant production is always more mecha- 

nized than animal production ; the rtnewal period for equipment is doubtless shorter than for 

tti- preceding epprvrions ; ihei» oper.itions com3 under the restrictive Needing of "agricultural 

rr.:ic'ìinnry ". 

- optratiom concerning the transport and processing of agricultural production, 

for which part of the afore mentioned material is intended. With regard to this, it is often 

mentioned that tractors spend some 60 % of their time on operations which strictly speaking 

come under transport. The importance of storing and processing crops is understated. Post- 

harvesting losses often account for up to 1/5 of the harvest, and this holds for countries where 

cropping operations are inefficient. It should also be noted that the use of animal proteins (milk 

in particular) is restricted given the lack of effective control over transport and processing 

operations. These latter, in our opinion, have not met with the interest that they deserve on 

the behalf of the major manufacturers (cf. table  19). 

Th.'if' pDreentWjPS refer t" pjst-ha; vesting IüíSí», UII'B-.S jtsiad otrwrwis«. Although the figures mostly rt.'fer to 

sp-jcific crcps, ih,îy me sufficiently e'o(|ii«rit to hi3hli(jhr the problem of food tosati in general. 

Source : TAO. 
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Tabla 19t    Evaluated loases in som« oountrie« 

Losses 

Country Percentage Valut Reference 

Nigeria Sorghum 48 

41 
Colon. Res. Pubi. 1952, 
NO 12.40 

United Stain Stored grain 

Wrapped foodstuffs 
All crop» 

EOO million 

160 million 

3,500 million 

Metcalf R.L. Destructive 

•nd useful insects 1062 

p. 41 43 

India All ti up» C.F.T.R.I. Res. and luci. 
Lotset in the fields 25 Conf. CSifl NewDelni, 
Lostet in stores 15 1965 
Lcsscs in handling 
and processing 17 
Mltcellananus 3 

VV. Germany Harvested cereals 77.4 million D.M. Froy, W. Flaughbatt, 5:^1 

BuralesansLilt lOöl.M^r 3 
Sierra Leons Rice 41 Colon. Res. Stud. ¡05;i, 

No 2352 
Utile 14 Tech. Rep. VI. Air. Et-.-:-¿ 

Prod, les Unit, 1Q">.?, fP i:< 
Tropical Africa All crops (storage 

and hEndlino) 
FAO Informal Work 
Bull. 21. I0Í4 

Each of the operations which we have just described represents a real or potential 

field of activity for the agricultural machinery industry, and consequently a market. However, 

we should insist on the following facts : 

- these markets do not all have the same technical complementarity with the other 

markets. Thus, the power mechanization of land-clearing operations may be compatible with 

the continuation of essentially manual-type agriculture as far as what can properly be called 

agricultural production is concerned. 

- thase markets do not all have the same renewal rate. Bulldozers, tractors, conveyors 

will have a life-span of between 4 and 7 years, simple tractor-drawn machinery and hand-tools 

will last longer. The material used in order to equip the farmstead will have an even longer 

depreciation period (8 to 20 years). 

- these markets do not all have »he same solvency. Investment in material is only 

meaningful if it steadily facilitates the accumulation of capital. The solvency of a market domi- 

nated by manual-type agriculture will not be the same as that of a market which has already 

gone through various stiyes of power mechanization, or which is substantially aided by public 

authorities (development operations in land-clearing or irrigation). 

- tht-se markets do not all have the same technical homogeneity. It is difficult to 

combine, in land-clearing operations, the use of the bulldozer and hand-tools. This combination 

is more easily attainable in intensive agricultural production where use of the tractor (deep- 

tilling and ploughing operations, preparation of seed beds) at the same time as hand-tools 

(hoeing, crop maintenance) is not only possible but desirable. 

u .J 
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Lastly, on each of these markets, the adoption and adaptation of dominant technique; 

to the agricultural conditions obtaining in the country do not take the same form. 

Confronted with this problem, the agricultural machinery industry has been pushed 

into imposing a single mechanization model. It was then decided (with more or less success) to 

work upstream (development and equipment operations) and downstream (production processing 

operations) the same technical schema derived from the restrictions on industrial production. In 

many cases, however, such a policy had the following results : 

— it accentuated the accumulation of technical goods in agriculture and thus compro- 

mised the solvency of the agricultural market. 

— it created technical incoherences between the various operations, and resulted in 

an agricultural productivity which was far from being in keeping with the investments which 

had bean necessary. 

— it caused the agricultural machinery industry to lose certain markets : threat on 

the transport industry from car firms ; the development operations were taken over by the 

building and public works sector ; the extension of the chemicals sector into building (silo), , 

crop protection (herbicides of course, but also cultivation on polyethylene films, etc.), and 

in general into intensive agriculture. 

The expansion of the agricultural machinery sector would then seem to involve the 

reestablishment of a multiform power mechanization model which would be better adapted : 

— to tha heterogeneous nature of agricultural demand ; 

— to the various possible combinations of capital goods and intermediate consumptions 

(fertilizers ; herbicides ; seeds) emanating from the chemicals industry and agronomical research 

work ; combinations which fully justify mechanization. 

1.2. THE INTERNATIONAL MARKET IN AGRICULTURAL CAPITAL GOODS 

The international market in agricultural capital goods is composed of three main 

categories of goods : 

— agricultural machinery 

— tractors 

— other capitel goods 

U. 
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Roughly speaking, we may consider that there are two main markets : 

— that of the industrialized countries which is marked by an increase in the demand 

for capital goods such as self-propelled machines, specialized farm machines, engines and irrigation 

material. Tractor sales however have reached their maximum ; 

- that of the developing countries where the demand for tractors is quite clearly 

greater than that for other categories of goods. 

In 1969, the value of world trade in mechanical and metallurgie products amounted 

to 76,000 M. U.S. S. Within this global sum, 32,000 M. S correspond to non-electric goods. 

Trade in agricultural machines and materni accounts for 5,600 million U.S. t, i.e. 20 % of 

world-trade in non-electric machines. • 

Of the 2,600 million dollars which correspond to world trade in.agricultural machines 

tractor trade represents 50 %, soil preparation equipment 40 %, and other machines 10 %. 

What is mors, it has been calculated that the value of world trade in pumps and 

centrifuges amounts to 1,900 million U.S. 8, engines to 471 million U.S. t machines for building 

and public works to 587 M. $. 

Exports of agricultural machines and utensils to the developing countries reach, in 

1969, the following values : African countries : 127 million U.S. t, Latin American countries : 

297 million U.S. S, Asian and Middle East countries : 184 million U.S. S. 

The market in the developing countries accounts for only 23 % of world trade in 

agricultural machines and tools. Tractor imports in each region account for about 70 to 80 % 

of trade in agricultural machinery, but only 32 % of world trade in tractors. 

Table  20 : Relative importance of the agricultural machinery market in the international capital 

goods market (Source : ONUDI) 

1967 1975 

(1) % (1) % 

Total machinery noi. tlîctric 

Total electrical n .jchlnery 

Total transrcri equipment 

Agricultural machinery 

Overall TOTAL 

32,078 M. 

14,135 

23,842 

5,843 

76,378 

41.9 

18.5 

39.B 

7.6 

101,810 

46,398 

88,776 

19,210 

240,220 

42.3 

19.3 

36.9 

7.9 
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Tabi«  21 : The relativ» importance of tha various categories of equipment intended for 
agriculture in the international capital goods market 

1967 1975 

% % 

Agricultural machinery 2,257 49.9 8,803 45.8 

Pumps, centrifuyes 1,537 34.0 6,688 34.8 

'Other internai ccmbust'on 
ervjines 367 8.1 1,439 7.4 

Laid envelopment 
rp.)<;hin->:y 413 9.2 2,272 11.8 

TOTAL 4,518 19,210 
r 

(Source : ONUOI) 

Iti 1S75, the overall value (in current U.S. S) of world trade in capital goods had 

tripled, and amounted to 240 million 3. The share of agricultural" machines and material still 

reorcrwr.ted one fifth of ths total of machinery non-electric exchanged on the world market. 

On n world level, of the 8,808 M. U.S. S which correspond to the trade in what 

can properly o* called agricultural machinen/, the sales in tractors account for a little less than 

bO %, and machinery sales for about 40 %. 

Sales in materia! for agricultural us» such ss pumps, engines, and heavy equipment 

ara about 25 % mors than C3lss ¡n materia! specifically for agricultural use. 

With a tine log   of seven years (1), the astonishing stability in the sales structure 

should   be analyzed. 

The world fioures tend to hide ths existence of two realities : that of the markets 

in the developed countries where trade in agricultural machinery predominates, and that of the 

markets in the developing countries where tractors predominate. 

(11 Unless, of course, this lability i« due to the skiving of ont and tho «ani« technical coefficitnt to all tht 
ttiitistical serie» conntm¡ng agricultural machinery 
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Table 22 : Exports of agricultural-machinery and utensils to the under-developed countries 

(millions of 8). 

1969 1975 

Africa 127 553 

Latin America 297 937 

Asia and 184 340 

Middle East 523 

Table 23 ¡Share of exports from the O.E.C.D. absorbed by each developing zone 

Total 
in % Africa Latin America Asia Developing 

Countries 

1957 16.0 59.0 25.0 100 

1961 18.7 54.9 26 4 100 

1967. 18.9 38.1 43.0 100 

1971 22.2 42.4 35.4 100 

The relative share of demand from under-developed countries in the overall demand 

for capital goods for agi¡cultural use has increased by 2 % in 7 years (23 % in 1969 ; 25 % in 

1975). This indicates, simply taking into account the overall figures (cf. tables 22 to 24) : 

- that the main part of the goods exchanged are exchanged within the framework 

of the markets of the industrialized countries ; 

- that, at the present progression rate, these, markets in the underdeveloped 

countries globally represent as yet, for the developed countries, a limited outlet for certain 

products. Their expansion has been less rapid than expected ; 

- that heavy mechanization on a tractor and machine basis corresponds to the 

satisfaction of immediate needs'(food crops'necessary for town supplies, crops for export). This 

,is the schema which is developing in-the oil-producing countries of Latin America and the 

Middle East ; 

- that light mechanization on a pump and machine basis corresponds to the necessity 

of equipping intensive-type farming zones ; 

- that the setting up of manufacturing programmes in the under-developed countries 

may explain the falling off in demand on the international market for certain continents (Latin 

America, Asia). 
1.2.0. Trends registered on the international market of capital goods for agriculture 

Given the preceding data, the following questions should be answered : 

- is the existing technical model in the developed countries copied directly by the 

developing pountries. If so, for what goods and under what conditions does this copying take 

place ? 

 J 
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- Is world trade in agricultural goods and machines vital for the main manufacturing 

countries, and in what way have they adapted themselves to new trade conditions on the world 

market ? 

- Are the world markets less partitioned than in the past, thus promising more 

favorable trade conditions for the Third World ?  Does this lead to changes in the commodities 

which are exchanged ? 

A   World trade : a reflexion of the priority given to tractorization 

World trade between this industrialized countries and the Third World is still marked 

by the dornin-mce of heavy tractorization. Tractor purchases account for three-quarters of the 

overall purchases of the daveloping countries in agricultural material. Despite the increase in 

prices over the last few years, there is a sustained demand which rose by 40 % in volume 

between 1974 and 1976. 

If we consider the main trade fiows between the exporting countries (U.S.A., U.K., 

France, W. Germany, Belgium and Japan) on the one hand (1), and the importing countries of 

the Third World on the other hand, we notice : 

1. A considerable increase in volume of the demand from the Middle East countries 

(sales have doubled) over the last two years (137 %), and to a lesser extent, a perceptible increase 

in the Far East countries (+ 42 %). The disposable funds drawn from the increase in the price 

of oil have enabled them to cater for initial equipment programmes. However, this demand has 

settled in Latin American countries, and has fallen off in African countries. 

2. A shift in demand towards upper range tractors. Exports of tractors of less than 

35 h p. have been decreasing over the last two years, whereas exports increase by 134 % for 

tiuctors of 33 to 100 ii.p. (2). The international market in walking tractors has increased only 

in the Far East, and is now an activity of little im,   rtance if account is taken of estimates in 

terms of value. 

3. There has been a perceptible decrease in demand on almost all continents — except 

the Middle East — for large scale machinery. This is an indirect indication of a general stowing 

down of major agricultural equipment programmes. 

(t) These countries cover abuut 80 % of exports. 
(21 FAO - Agricultural Engineering Services, quoted by O'Callaghan. 
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Diagram i : Exports of tractors from tha O.E.C.D. countrias to tha davaktfring countries 
(Source : OCDE) 
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Diagram 2 : Th« nain agricultural mach'nary exporting countries 

(Sourc? : OCDE) 
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Diaoram 3 : Exports of different categories of engineering goods from the countries of the 

O.E.C.D. 
{Source : OCDE) 
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4. The adoption of a technical model which hinges on Imports of high power 

machines correspondons, in the importing countries, to the urgency of resolving problems of 

agricultural and food production. 

8. The development of new trade flows 

For the time being, these can only be seen as tendencies which do not counter 

the more pronounced trends which have been registered in world trade statistics. These 

tendencies are formulated here as hypothesis. The first of these do correspond to tingible 

realities : 

- the appearance of new manufacturing countries on the world market is quite 

evident. The Eastern European countries, which have long been present in certain countries 

of the Third World, have now extended their audience to the traditionally exporting countries 

(imports of Czerhoslovovaklan or Russian tractors in W. Europe and even in the U.S.A.). 

Certain countrie*  Japan in particular, have made their mark on the production 

of single-axle   tractor« whose use is being generalized in those countries which have intensive 

farming in the Far East. 

Tractor manufacturing plants belonging to the main world manufacturers are 

shifting towards the new markets : shift of manufacturers from Northern Europe towards 

Southern Europe (Italy, Spain, Portugal, Greece, Turkey). 

Such tendencies are changing the traditional trade flows. 

- The development of national industries producing capital goods for agriculture 

in the under developed countries may help to revive inter-regional markets. The variability of 

.J 
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these industries requires the rapid growth of their outlets. Apart from those countries which 

have a large home market (India, Pakistan, Argentina, Brazil, Mexico...) construction policy 

involves the development of trade between the underdeveloped countries (development of 

South South trade ;  integration ^ones ; industrial co-production agreements). It would be 

unfortunate if the manufacturing countries of the Third World were obliged to find their 

outlets in the developed countries. 

— The adoption and generalization of new farming techniques, bringing in their 

wnke different industrial lines of pioduction (falling mainly into technical levels 1 and 2) 

cciilJ bring about an increase ¡n Somh-South trade between the developing countries. 

1.2.1. Outlet* and trade ir. egricultural capital goods in the industrializad countries : is th« 

market for agricultural machinery becoming saturated in the industrialized countries ? 

For almsst twenty-five years now for the Western European countries and Japan, 

mure than forty years for the U.S.A. ünd Canada, the modernization of agriculture has brought 

about a continua' movement of substitution of capital for labour. Up until 1085-70 for the 

former countries, and 1955-60 for the latter, the home markets gave them a growing outlet 

for agricultura! machines and tractor;. This phase of steady growth of the market was followed 

by a second phase, in which renewal operations are more important than extension operations 

(cf. tables 25-26). 

In many coses end for many producto, the period from 1960 to 1965 was the 

golden age for agricultural machinery sales in the industrialized countries. From this time 

cut.'ards, tnctor sales ev?n off and then fall (1). The number of milking macnines falls in 

ic.H countries, ¿¡¡though contint.es to increase in cth?r countries (France and the Soviet 

U'iíon for example). 

(he market, dtspite the fall in thj number of ouyers, continues lo grow, however, 

inasmuch as : 

— old machines tend to be replaced by perfected models, which give a better 

performance but which are also more costly. 

(1) This doe» not Mean th.it the turns profits tall since the margin of profit is often greater on upp«r range 
mochines tli<m on luw povver machines. 

J 
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Tablr.-.u ?4. 

a)    Dovcloping Countries - Kxport3 of Agricultural  r.achinrry in 197^ 

Total  Market Economies  5,424,971 

Developing countries 

lis¿2HrtPVclopif.F, countries: 

Latiti   America; 
Arrant ini 
Brazil 
Colombia 
Mexico 
Venezuela 

Africa: 
Moroco 

40,735 
22,662 
2,013 
2,805 

149 

390 

AB i a: 
India 2|991 
Iran 2,048 
Korea,  Rep. of 8l6 
Pakistan 814 
Philippines 119 
Singapore (from Jan. to Scp.)598 
Turkey 1,838 

i,203 

b)    Itovo lo pin,*; Co\ ntries - Major Exports of Agricultural Machinery in  1 97^ 

X fyportr. to: 
dovei orci)   countries (i.C.) 

Exports to: 
äovelopir.f: countries (ir.') 

Argent) m: South  Africa 
Others 

0.0 
I      0.2 
"* Ö.8 

Africa 
Latin  America 
Total 

92.6 
99.? Votai 

Braril: South  Africa 
U.S.A. ft Puerto Rico 
Cenoni a 
Total 

1.3 
1.5 
0.7 
3-5 

Africa 
Latin America 
Acia 
Total 

3.2 
9?»3 

1.0 

S><-.5 

India: fev:   (information n.a.) 6.0 Africa 
An i a 

25.3 
OKI 

Total 6.0 Total 

Iran: nono 
Vot.-.l 

  An la 
Total 

10?. 0 

Mexico i U.S.A. & Puerto Rico 
Pccinia 

54.9 
4.1 

I.ntin Ancrica 
Ani a 

.V-.'; 
¿.5 

"~4V!o' 

30?.o_ 

Tot; ri 59.0 Total 

Turkey: noi.rj                        
Vot al 

— •----- 
jT.ia        
'i'OC.'ll 

¡,'OUl iV i->v.4 i . .1   !\,peir; Cownodily  Vi,-iic fît at i r;t ics  accora ir.;: to  the 
•IO'.M;:   ¡' 1 • ii::.tHi!nl   Tradf  C !.-.;••..' fieni ; r.-.t,   Doparti:   n t   of 

cut:«- ..: ,'.;')"airr.,   l':iit,d Natici:--,  Y.w Y or*.,   Ì9I4. 

U- 
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Table 25 : Maximum tractor demand in the industrialized countries 

(Source : Calculations made by Kurdle cf. supra (op. cit.) ) 

q 1.CC0.CC0 
(uniu) 

1C0.CC0 

— to.cco 

I tr^.j.1 ! I I ' I  : J_l I'll i .  . ,     icco 
103 /'-3'J 40 li y .-á Ü jut ¿i4b Ij/Süául Í34 s 8 7 33,0 

„ AVíSAOS 
Sources: 

Tota! Demand:     Estimata of th« Ford .Voter Conpjr.y cited in 3arbar, 

Report, p. 79. 

U.S.: Farm   end   lr.(Justri;l   Equipment   Instituts,  Firm   ¿ne/ 

Industrii! E,;uipm?nt F.:-rts ¡Chícala: Fìrrrt iná Indus- 

triai tqulpir.jnt Institut?], virions annusi fcsuet. 

Canada: U.N., European Tm::cr laihuvy; Dominion Sumüu of 

Statistic?, Farm Implement ¡-nd equipment Seiet (Ottawa: 

Qlirtn'j i'rintar), various annual issues. 

1.1.<.: U.N., European Tractor Industry; A.J. Hayner, An Ec.no- 

ifgtric Analysis of the Derrand 1er Form Tractors: tri* 

U.K. Ministry of Transport. 

•Francs: Linn-jman,   "U.S.   Trzctor   Industry;"  p.  A0; Syndicat, 

L'lr.d'jsirie da  Trccteun; C.N.E.E.M.A.. Bullitin d'In-- 

formation, varient annujl is'.uet. 

fiîrrr.air/: £¿.-)C\VC>M/>,   Octob.r,   tEGI.  p. G Tul;  U.N., Europ-:*} 

T.-sw.r Ir.^.str/. p. 3-'.; Ft.'Jri, Jun» 1, 1 £63, p. 557; 

Ljndmizi:..ini.'t f,hrkt. various mu?, (ri/ini, orticiiil roc;;- 

ViV'-.n staiiitirs f.'oni ::•» Stuistic.'.'i Uu.-.dcsjmt ïir.zs 

IC.-'c). 

I'jly; £.j  Mfcr.,v.irf:irh'<f> Asritoh;   varions   y; ars,- and /«.'.'./ 

Mjy. 1:- y.r'. !:''. 

/•••:v.f:'i-': !J::r. •-• .,1, '-'J 5. T.-rU-r 1,-dniîry;" ci,i.  Í.'JÍ-IIO; Co.-n- 
i:;.„'v.. •• i;-i ? :r•••,• 1 ;.•• O'-v:» r,d Stati-.t:«. nVa/ ¡n<!'J'- 

rv/.s. v•;•""••• ."'ir:'¡".i i .:!•••; 
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Tabi« 26 : Tractorization of Japanese agricultura 

(Source : Farm Machinery Year book of Japan) 

(CO 

2 «x 

jj 

I 
g j<y> 
9 

loo 

: ino 

n.'.f ru,.- ¡»mi   ;3 îi^jiC 

feu« A^*£ f3 ;    :«rtJ0 

- labour costs tend to rise more rapidly than machinery costs ; 

- agricultural machinery has entered onto markets on which it was absent, parti- 

cularly the animal production market ; 

- the agricultural policies of most industrialized countries have contributed to 

both greater investments and greater medium-term debts for agricultural producers (credit 

policies). 

At the present time, the experts state (1) that "the fact that family agriculture 

is steadily adapting to the labour capacities of correctly employed modern material should 

bring in its wake a numerical reduction of the instruments in service, which will probably be 

compensated, at the level of annual requirements in machinery, by a larger average unit size 

of tquipm^nt, by more rapid renewal of equipment - which itself is implied by more intensive 

use — and by the technology of the mechanisms in practice becoming steadily more sophisti- 

cated. Under these conditions, it can be said that agriculture and agricultural machinery have 

entered into a phase of reciprocal adaptation which could extend over a period of 10 to 20 

years, and result, here and there, in imbalances and sudden starts". 

It is without a doubt, however, that the agricultural machinery industry, in the 

years to come, will continue to find its main outlets in the industrialized countries. 

It is nonetheless necessary to insist on the contradictions associated with the 

generalization of heavy mechanization. 

(1) Bulletin d'Information du CNEEMA, May 1972, quoted in " Tendances actuelles et prévisibles de la mécani- 
sation et leurs effets sur l'agriculture en Europe ". Commission Économique pour l'Europe. 

 i 



- 75 

1. The relationship between forms of equipment and the narrowing of the market 

Although the number of tractors sold has been falling steadily for several years 

now, the total power of tractor equipment continues to increase. Agricultural machinery and 

capital goods in general are proportionally able to cope with greater and greater quantities. The 

technical sophistication and the growing specialization of the equipment make it possible to 

satisfy the new norms as far speed and the elaboration of products are concerned. Similarly, 

the new situation created by the decrease in the available labour force in agriculture can be 

coped with. It is possible in this way to renew periodically the range of mechanical goods 

offered to farmers. 

In the sphere of tractors alone, we may quote the following figures : in the U.S.A., 

the average power of new tractors has moved from 27 h.p. in 1950 to 42 h.p. in 1970 ; in 

France, the average power per tractor sold in 1960 was 26.5 h.p. and more than 56 h.p. in 

1973 (whereas the average power of the tractors in service was only 35.6 h.p. in 1970) ; in 

the Soviet Union the average power of tractors moved from 36.4 h.p. in 1952 to 64.3 h.p. 

in 1972. 

The investment costs demanded of the farmer grow in relation to the sophistication 

•nd capacities of the machine. The renewal of the pool of capital goods based on the s&me 

technique should therefore be related to the falling number of potential users, and therefore 

the number of buyers. In other words, the diffusion of high capacity agricultural material 

involves the grouping together or restructuration of agricultural production units. 

For some years now, the sales o' farm tractors on Western markets have fallen 

perceptibly (cf. table   27). 

Tablt 27  : Tractors in servie« in the U.S.A. and W. Europe 

Ibo urea : h AU. Pre Kfuction Yearboo 
' No of millions Annual yearly percentage increase 

United Statas Western United Statas          Western 
of America Europe of America            Europe 

1950 3.39 0.88 —                        - 

1955 4.34 1.91 5.1                     23.4 

1960 4.69 3.13 1.6                     12.8 
1965 4.76 4.34 0.4                       7.7 

4.80 5.16 0.1                       4.7 
4.79 5.40 -   0.2                      4.7 

1976 4.38 6.40 -   0.15                    2.7 
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There ¡s thus an evident contradiction between the sales policies of the major 

manufacturers (1), which tenr! to change their models constantly in order to renew the market 

and the consequences of this on the demand market which must be steadily narrowing if it is 

to use the material offered at its full capacity. 

2. Part of these contradictions are resolved by the overequipping of farmsteads. 

Thus the generalization of the shift to power mechanization in agriculture helps to reinforce 

the hö3tfy industry character of modern agriculture. 

Howevar, the rythm of accumulation is tending at present to slow down for most 

c!.¡r,cultural capital goods (cf. table 28). 

Tabla 28 : Farming equipment in indu stri allied countries (1950-1973) 

(Source : Communauté Economique Européenne) 

Number o>' tr-nctcrs 

(/10i) ha of ?rMe land) 

E.E.C. (r,ir,f! countries! 

E. Garrnany 

U.S.S.R. 

U.S.A. 

Number of A p. 

(/TJO ha of arable l?nd) 

E.E.C, (nine countries) 

E. Germany 

U.S.S.R. 

Number of combine harvesters 

(/;00 ha of cereal 

L.r.C. (six cot.Tit'i'is) 

E.E.C, (nine countries) 

France 

W. Germany 

G.FJ. 

Number of milking machines 

(/1Û0 dairy cattle) 

E.t.C. ¡six countries) 

E.E.C, (nine countries) 
Franc* 

Csrrnjnv 
G.8. 

1950 

2.13 

0.7 

0.3 

2.0 

10.2 

0.1 

0.6 

0.1 

1960 

3.6 

1.5 

0.5 

2.5 

68.7 

50.2 

22.8 

0.8 

0.9 

0.6 

1.1 

1.8 

1.8 
5.3 

4.0 

1970 

± 

4.3 

3.2 

0.9 

2.7 

144.7 

145.5 

55.9 

1.6 

1.7 

1.4 

3.2 

1.8 

5.1 

3.9 
9.3 
3.2 

1973 

4.7 

36 

1.5 

2.4 

166 

160 

72 

(1) We will se* that lurt of thesr- contMdictions will be IîîOIVBIî by the financing fscilities offered by ths SUi-a to 
.-grirnl-n.-ilpiiKl'JCPrs. Tho policy of Ciet:¡t for nü ¡cult'ir.; U an important factor in 'Jetermin'n.g irxInitrUI poiii 

u  J 
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Indeed, it seems that the growth rate of the gross fixed capital formation (cf. table 39) 

{in particular of machinery) has been too rapid compared with that of the use of the interme- 

diate consumptions (fertilizers, seeds, herbicides) which allow them to be used to the full. In 

the future, it seems that the full use of agricultural machinery will depend most of all on the 

technical improvement of these consumptions, and from thon on, on ensuring that the gross 

fixed capital formation expenditure is proportional to that on intermediate consumptions. 

This is the only way the registered relative over-equipment in agriculture will not, 

through a brutal increase in production costs, have repercussions on the prices of agricultural 

products. 

Tabi« 29  : Gross capital coefficients in 1970 : the French cas« 
(Source : BAC (1959 francs) ) 

1. Agriculture : 
— Fixed capital coefficient : 2.1 
- Capital coefficient including livestock and land capital : 9.2 

2. Agricultural and food industries : 1.6 

3. Electricity : 8.3 

4. Iron and Steel Industry : 3.7 

5. Electrical and Mechanical engineering industries : 1.4 

6. Commerce : 1.2 

7. Branches taken as a whole : 1.8 

3. Equipment, debts, the slowing down of agricultural demand in the industrialized countries 

The relative overequippirg which has been remarked in the developed countries 

has three main causes : the fact that the models offered by the manufacturers change very 

rapidly, this phenomenon corresponding to changes in agricultural production techniques ; 

the growing specialization of machines, whose price increases in relation to their degree of 

sophistication, and which, in a period of constant technical breakthroughs, are in use over 

shorter and shorter periods of time ; the credit facilities offered by credit establishments and 

by the manufacturers themselves. 

This overequipping at a farmstead level is indicated by : 

- the growing number of different machines whose presence is not always justified 

by the effective use which is made of them. According to certain studies which have been 
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made, the rate of use of tractor capacities in W. Germany was about 51 % in 1951, and by 

1965, was no more than 41-42 % ; 

- the inability to cope with overall expenditure and to choose the most suitable 

equipment at the best time ; 

- an increase in production costs and a falling off in productivity. These elements 

tend to put a break on agricultural demand for machines and tractors inasmuch as the increase 

in production costs cannot always be transferred onto the prices of agricultural products. 

This slowing down of agricultural demand is all the more important since each 

new generation of agricultural machinery - giving a better technical performance — is more 

costly. It is all the more costly given that the number of potential buyers is decreasing and 

the number of sellers (manufacturing firms), liable to design and commercialize this machinery, 

is also decreasing. 

We can see in most industrialized agricultures a certain slowing down of the demand 

for equipment. In these conditions, the opening up of a new market on which an exact transfer 

seems possible — at least initially and For a certain type of agriculture - is an important element 

for the major manufacturing firms. 

1.2.2. The market in the developing countries : expansion of and obstacles to demand 

A. The demand from Third World countries for agricultural capital goods accounts 

for between 1/4 and 1/3, according to which category is taken into account, of the production 

of the industrialized countries. This demand however would seem to be fundamental to the 

reconversion or expansion strategies of the major manufacturing countries. 

The demand from the developing countries is growing rapidly with regard to 

categories of goods for which the demand in the developed countries is now stagnant. 

The developing countries'demand for capital goods does not involve any technical 

changes. The manufacturing technology is already known. Research costs are largely covered. 

The developing countries' demand on the world markets concerns mainly the 

upper range of machines, which thus allows a widening of this market and a relative lowering 

of manufacturing costs. 

  J 
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The demand of the under-developed countries, mainly based on tractorization, 

may in the longer term have a multiplying effect on the sales of tractor-drawn equipment, 

and may make easier the shift to sales of self-propelled machines. 

This additional demand which at present is addressed to the manufacturing countries 

is however limited : 

- by the solvency of these countries. It is not fortuitous that the only countries 

to considerably increase their demand are the oil producing countries. 

- to the solution of the most urgent agricultural and food problems. 

- by the growth of indirect costs caused by the adoption of heavy mechanization. 

- by the development of local manufacture. 

For the immediate future, the demand for capital goods expressed by the under- 

developed countries seems able to resolve certain outlet problems for the developed countries. 

But do not the very characteristics of this demand contain certain obstacles ? 

These obstacles are mainly due to the costs associated with the transfer of techniques 

by imitation. 

The introduction of the dominant technical model in the developing countries is 

in fact accompanied by additional costs due to : 

(i) insufficient production and use of intermediate consumptions. The insufficient 

use of fertilizers and seeds brings about a drop in output, and means that the capacities of 

the machines used by the farmers are under-exploited. 

(ii) the maintenance costs. These costs are greater in the under-developed countries, 

and this is all the more so since the production conditions are not those for which the machines 

were designed (cf. table  30). 

(iii) the depreciation conditions which are linked to the way the equipment is used 

on difficult ground, but also to the deficiencies of the after-sale services. Overall, there is a 

reduction of the useful life of the equipment and an increase in the costs of using it (cf. table 

31). 

J 
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Tub's Si : Useful lifi of ijflriculturnl equipment in developed ani! under-developed countries 

(Scuoce : Arrerican Society of Agricultural Engineers) 

Machinery 

Data based on U.S. 
Conditions 

Data suggested for 
developing countries 

Year to 
obsolete or 
worn out 

Usaful life 
(M 

Year to 
obsolete or 
worn out 

Useful life 
ihr) 

Wheel Tractor 12 12 000 7-8 7 000 

Ci y.vler 12 12 000 9-10 8 000 

Hold Board Flow 1b 2 500 10 1 60ù 

Disk Plow 1ri 2 500 10 1 600 

Disi; Marrov 15 2 500 10 1 coo 

Cultivator 12 2 500 8 1 G00 

Grdin Drill 15 1 200 10 800 

Row Crop hanter 15 1 200 10 r,oo 

Combine Harvester 

Mi)"/ar 

Fii;!d Chopper 

Hay Biilnr 

10 

10 

10 

10 

2 000 

2 000 

2 000 

2 000 

7-8 

7-8 

7-S 

7-8 

1 500 

1 500 

1 300 

1 500      | 

Table 31 : An evaluation of maintenance costs : comparison between developed and under- 
developed countries 

(Source : American Society of agricultural Engineers) 

Machinery 

Rgpar & Maintenance Cost in % of new cost 

(Avaraae per 100 hr of use) 

Data collected 
by A.S.A.E. 

(U.S. Condition) 

Data suggested 
for developing 

countries 

Wheel Tractor 2.0-3.0 4.0-5.0 

Orpwler Tractor 2.0-30 4.0-5.0 

H.-iiri Brj.-d PKW 7.0 8.0 9 0 

Disk Plow 4.Ü 5.5 -6.5 

i   Disk Harrow 6.5 7.fiI -8.5 

I   Ci.iti'/etor 4.5 5.5-Ö.5 

I   Grain D-i!l 
j SO 9.0-10.0 

flow Crop PUntt?r V.O 8.0-9.0 

Combine Hjrv?st»r *.5 5.5  6.5 

Ma/Jar 12.0 13.0-14.0 

Field Choppw 2.9 39  4.9 

Hay Baler 3.1 4.1-5.1 

u~ 
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More generally, the diffusion of the dominant technical model comes up against 

three obstacles : 

- a technical deadlock, which prevents the application of the dominant technical 

model, due to the available farming area (state of land-ownership structures) ; 

- an economic deadlock associated with the fall in productivity of the equipment 

which is used ; 

- a financial d «ad-lock due to the immobilization costs for technical goods. 

It is without s doubt, that the market for agricultural machinery in the developing 

countries is nonetheless an expanding market. Demand is steadily increasing. The farming areas 

yet to be mechanized are substantial in size. The irksome nature of labour in the conditions 

obtaining in these countries justifies the introduction of machinery. The urgent nature of the 

needs to be met with regard to agricultural production, particularly in order to cope with the 

rapid increase in urban demand, is the best justification of the technical model adopted up 

until the present time. The potential dynamic demand from the under-developed countries is 

making itself felt in an overall context which is hardly favorable to the manufacturing firms 

of the developed countries (with the evening off of demand in the developed countries). This 

is a circumstance which should be taken into account in the process of international negotiation. 

1.2.3. Somt aliments for a reflexion on agricultural machinery estimates 

The forecast of demand on agricultural machinery is particularly complex. 

The hifrtory of forecast« established during the previous decades prompts, on the 
whole, circonspection. 

The problem of envisaging industrialization prospectives from now on to 

the    year 2000 which is to be faced and which has a particular importance to UNIDO 

is that of industrialisation perspectives from now to the year 2000 , and therefore 

has not only quantivative but also a qualitative aspect.    It bears on the 

uncertainty regarding the types of equipment to be manufactured. 

Under these circumstances,  it is understood that extrapolations 

established in the form of linear projections are of little interest. 

However, as an indication, and on the basis of the information contained 

in tables 4 and 5 the results of these calculations have been quoted on diagrams 

4 and 5.    It  is therefore necessary to resort to more elaborated methodologies 
(see diagrams 4 and 5). 

     v> 
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Amongst the work which has been carried out on machinery requirement estimates, 

we should draw attention that carried out by the FAO : 

- for the Indicative World Plan (cf. table 32), the value of mechanical equipment 

to be produced was estimated for 1985 on the basis of a progression rate of 5 % a year from 

1962 onwards. 

The evaluation were made on the basis of the estinatedfigures for the world 

tractor park, distinguishing renewal of equipment from what can properly be nailed creation 

of now equipment, (table 33-34)On this basis (reference year 1962) estimates concerning the 

investment necessary between the various categories of goods were put forward. For 1985, 

according to these proposals, it would seem that the major share of investments (outwith 

Africa) will go towards power-mechanized equipment (95 % for Latin America ; 79 % for the 

Middle East ; 72 % for Asia) (cf. table 35). 

U. J 
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Diagram 4 : Extrapolation of tractor production on tht bat» of tf.e growth ratai registered 
linca 1960 

No. of uniti 
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'(232,649) 
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1985 2000 

Diagram  5 : Extrapolation of machine production on the basis of growth rates recorded 
since 1980 
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- for studies on a country by country basis (at the present time there exist 

studies for 20 countries), and for a more global study which is at present being carried out 

dealing with the world food requirements for the year 2000. The estimation methods have 

considerably changed. This methodology, apart from the fact that it avoids the statistical 

imprécisions associated with our present knowledge of agricultural machinery production, gives 

a first priority to demand, and thus tends, by the use of a priority objective (the satisfaction 

of food requirements), towards an elucidation of agricultural machinery requirements. Given 

the demands of food production, and the conditions under which this production can be 

carried out, it is then a question of determining for a set of intermediate years (1980 ; 1985 ; 

1990 ; 2000) what will be the requirements in power-mechanized equipment (requirements 

which are reduced to a typical category of equipment : the 65 h.p. tractor).   These w>rk« 

are in progress  (table 32-36). 

,. An evaluation ha.eri on the generation of the mechanization models existing in the 

de"fio,)ed countries 

This tendency to give priority to the heavy power mechanization model nonetheless 

leads us to ask the question whether the developing countries have the concrete possibility of 

implementing the model. 

To have some idea of what the generalization of this model involves, as far as the 

capitai accumulation to be realized is concerned, we may use two types of evaluation : 

(i) an evaluation based on the generalization of a mechanization model of the 

extensive type (U.S.A.) or the intensive type (Western Europe). 

(ii) an   evaluation based on what degree of equipment must be obtained in order 

to attain the objective of " catching up " in the field of power mechanization. 

Two types of data are us«J in order to make this evaluation : 

- data concerning tha farming areas which are not power mechanized (cf. tables 1 ?) 

in the world, i.e. 3,600 million hectars. 

- data concerning the equipment of industrialized agricultures in terms of machines. 

For 1970, we have at our disposal the estimates made by the O.E.C.D. (cf. table 36) for most 

of the industrialized countries. These are average figures and are a poor indication of the 

diversity of agricultural productive systems (and therefore of the amount of investment necessary 



85 - 

n 
va 

o 

I ."3 

O 
í o 

2 
•s *: 

a 
o 

"g f 
a " 
M c 
•o 

c   ¿ 

R 
-3 
3 

c 

? O 

5 O 
••• 

?, *í 
S' a. 

o O 

t! 
3 O 
i: (/) 
> 

•B 

"5 * a> <u »-       .^ O) _ o «-• (U c w   o 
g ti £ "O   » 
S ? .2   ?   N 
t a. " à. « 
o- .E= 

.1   g 

a  OÍ 

3 a c 

G 

m 
oo 

CM 

8 

o 
o 

o. 
o 

Ù 

LO 
00 
Ci 

ÍN 

CI 

LO 
CO 

CM 
IO 

r;    O)    N    N    (N    N 
O)  eó  in ci  ir»  ci 

»-    CN   '-    CN    t- 

>í  co  ^ <o  ci  m 
IO   C)   ^   O   O   f- 

«--   «-    CN    t- 

N n ro oí t£¡ t 
CM  in  CM ò  «-  oó 

o cr> in csi  *T r« 
»—   Oí  ^  *— r** 

co   co oq en ^; LO 
ui   Iíí « N ^ in 
•<r   r» CM i- r~ co 
co   «- LO in «- r» 

CM <- "<* 

CM oj co :o 
•^ (ó ^ r» 
o io ci *-• 
t~ .- o «- 

O   CM 
ai ó 
o •- 
CM    LO 

CM 

O    CI    LT 

LO 
CO 
Ol 

CM 

00 

Ul 
00 
Cl 

CN 
<o 

in 
co 
ci 

CM 

8 

r^ o CÛ ••& r>- 
(N LJ .0 Cl C: o 

IM V 
•"•*• 

o CO CM *• W Oi 

?> LT) r* CD o CD 
ri Gl :o r-. 
Cl CM c, *~ o 

CD   Tf;   o  q   c   o 
ri  o  o io 
>-    CM    T-   CM ^ s 

co 
co 

J-) co 
CD d 
01 LO 
co co 

co 
co 
CM 

r*.   co «f 
Soi <r 

r- co 
r<   «i N 

«-_ r>; r«. t>» i-; Cl 
CM cri iri Lô CM •* 
«- If) LO •«)• r» '<t 
* CM n •- CM 

«t .- -î 
•3 cà *- 

Cl   '.'J   r» o u> 
CM   '0   CN «- 

q  to 
o   ai 

m 

o 
en oo r»   o  co 

_.   o r- o 
co   co co r» 
<-   •-- oo •<? 

j-j - 

LC    C0 
v   CO 
.-    CO 

fv,   o <o r* a CM 

^  irs co cri co <*  . 
^  n r ^ '' s ' 

CO <N (D 

W) 

O 
x: 
3 
S 
L) 
c  .<? -s 

m y 
Ol 

< 
C 

ço 

LU 
< 

< < -I 
_    <» 

C 
p 

LO 
09 
Cl 

CM 

O 

S1 
v> 
3 
a 

c c r^ o> en 00 O «t 
L> * CO «*• co in in 

& 
ro 
O 
H <u 

3 
C 
L, 

< c 
O 

N c> en co CM o co 
C ro io r~ co in •f LO 

u 
c^ 

c 
o 

1 m f fs e» m CM 
£ *f o> IO a> CD r- 
a. 
a. 
o 
O 

& 
ta 
en 

I o co (M | T- 

CM CM »- ci 

'» l-O CD «- co 1 - m 
a> 

CO 

N r^- CD CO t- O co 
— »— CM en co T- r- 

c 
a> 

u. 

fj „, 
C 
O 

(0 C7) 
C/} CN a 

o 
.c 

(B o 
co o ai 

-C 
3 
O F W) 

H': 

.5 to 

< 
c 

(a 
LU 

câ 
x: 

O 

<D flj u O 
< < -1 <£ Ü H 

0 
u 
p 
3 

e « 
Cl 
(ï 

ï < 

•w 
3 •J! 

r 
r S « J ^ 
o 

r 

ï "S 
j 

3 t 
ra o > r. 
Í- ô >• 

c tí 0 

r/ 
r K 
<i <l 

f. 

c.» 
•i w 

J 



- 86 - 

Tabi« 33 : Number of tractors proposte! (according to the provisional study of the I.W.P.) 

Number of tractors 

Estimates Proposals Growth rates 

1965 1975 1985 1965-75 1975-85 

Latin America 376 000 570 000 810 000 4.3 % 3.6 % 

Near East 35 000 71 000 117 000 7.3 % 5.1 % 

North Wast Africa 36 000 49 000 65 000 3.1 % 2.9 % 

Asia 
two wheel 19 000 109 000 700 000 19.1 % 20.0 % 
four wheel 85 000 200 000 970 000 12.5 % 13.2 % 

Africa south of Sahan 22 000 35 000 56 000 4.8 % 4.8 % 

Tabla 34« 
Proposed rate of annual tractor supply 

1965 1975 1985 

Estimated 
total 

As 
replace- 

Proposed 
increase 

Total 
As 

replace- 
Proposed 
increase Total 

ments ments 

Latin America 43 000 43 000 23 000 66 000 66 000 27 000 93 000 

Near East 5000 6 000 5000 11 000 11000 6000 17 000 

Asia 
two wheel 3 500 6 000 26 000 32 000 43 000 167 000 210 000 

four wheel 16 000 17 000 36 000 53 000 55 000 130 000 185 000 

Africa south of Sahara 4000 6000 2000 8000 9000 3 0C0 12 000 

North West Africa 

Total   two wheel 

3000 3000 4000 7000 7000 1 000 8 000 

3500 6 000 26 000 32 000 43 000 167 000 210 000 

four wheel 71 000 75 000 70 000 145 000 148 000 167 000 315 000 

We have only indicated two wheel tractor figures for Asia, since they are of little importance 

elsewhere. 

.__.J 
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Table 35 : Estimate of investments in 1962 and proposals for 1975 and 1985 

(Source : Provisional study for the I.W.P.) 

A • Animal draught equipment and hand tools {not including the cost of draught animals) 

B • Power mechanized equipment (tractors, equipment for tractors, combine harvester, etc.) 

1962 1975 1985 

Value 
Millions of 

dollars 

Percentage 
in relation 

to total 
investment 

Value 
Millions 

of dollars 

Percentage 
in relation 

to total 
investment 

Value 
Millions 

of dollars 

Percentage 
in relation 

to total 
investment 

Africa (south of 

Sahara) 

A - Animal draught 

equipment 

B - Power mecha- 

60 70 75 60 90 55 

nized equipment 

Total investments 

25 30 50 40 75 45 

85 125 165 

Latin America (1) 

A - Animal draught 

equipment 

B - Power mecha- 

115 20 80 10 50 B 

nized equipment 

Total investments 

435 80 720 90 1050 95 

550 800 1100 

Near East 

A - Animal draught 

equipment 

B • Power mecha- 

25 36 30 26 35 21 

nized equipment 

Total investments 

45 64 85 74 135 79 

70 115 170 

Asia 

A • Animal draught 

equipment 

B • Power mecha- 

425 86 483 69 545 28 

nized equipment 

Total investments 

70 14 340 41 1415 72 

495 825 1960 

The estimates concerning animal draught equipment in Latin America have been revised upwards 

since we now consider that the original estimates indicated in the provisional regional study on 

South America were too low. 

  J 
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according to which system is used). However, we can make the following overall distinctions : 

— an extensive farming system with a low rate of equipment per hectar (1), 

— an intensive farming system with a high rate of equipment per hectar (2). 

On the basis of a generalization of these two marked types of model, we can 

make two evaluations : 

— generalization of the mechanization model : in the case of extensive farming : 

investment to be realized : 450 thousand million dollars. 

— genaralization of the mechanization model : in the case of intensive farming 

(value of the equipment is 10 times greater than that of extensive farming « 4,500 thousand 

million dollars. 

2. An evaluation based on the objective of "catching up " in the field of equipment 

It is considered that there is not, in this case, an identical reproduction of the 

mechanization model existing in the developed countries. However, this model is implicitly 

taken as a reference, since it is stated that there is a close correlation between the growth 

of agricultural production and the increased use of power mechanization. Thus, it has been 

calculated tfnt in Europe there is 0.93 h.p. and in the U.S.A. 1.02 h.p. per hectar of arable 

land and areas occupied by permanent crops. In developing areas, the power from all sources 

(human, animal and mechanical) is estimated at 0.05 h.p. only per hectar in Africa, 0.19 h.p. 

in Asia and 0.27 h.p. in Latin America (3). It is considered that " at least 0.50 h.p. are 

necessary in order to attain full utilization and thus obtaining high outputs, whereas extra 

labour force and draught animals can only help in a very small way to bridge the gap between 

available power and future requirements ". 

This objective of " catching up " nonetheless involves multiplying by 10 for Africa, 

by 2.5 for Asia, and by 2 for Latin America the energy capacities used in agriculture. In order 

to attain this objective, the tractorization model plays an important part. 

(t) U.S. model : 5 % of the working population work in agriculture ; the average farmstead 45-220 ha ; 
orientations : cereal», livestock (data 1970). 

(2) Belgian mortel : 5 % of the working population work in agriculture ; the average farmstead 13 ha ; 
orientations : horticulture, iniluitrhl crops (data 1970). 

(3) flail (C.W.) Principles of agricultural mechanization in developing countries, 1973. 
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On the basis of an average production cost of 150 U.S. S per tractor / h.p. it 

will thus be necessary to immobilize about 180 thousand million dollars in order to equip 

agriculture with the necessary power. 

These evaluations lead us to express four sets of observations : 

(ii Despite their imprecise nature, the difference between the two initial evaluations 

varies from 1 to 10 according to which productive system is taken as a reference ; from 1 to 

3 for the lowest evaluations The evaluations of capital to be immobilized give a concrete idea 

of the financial side of the option for a type or mechanization : heavy power mechanization. 

Tims they give food for thought in the developing countries as to what priorities should bo 

givdn to the various nectars of production. 

(ii) The sums involved (but also the imprecise nature of the évaluations) make it 

necessary to consider : 

- that a sirg'e power mechanization model cannot be transposed in «n exact 

fashion to the developing countries as a whole, but rather that, from now on, it will bo 

necessary to trunk ¡n terms or inschanuatior stratèges which will match the requirements 

(determinations of priority objectives) but also the industrial find financial capacities of these 

countries. 

- that mechanization strategies necassitate more precision concarning : 

- the after-effects brought about by the mechanization of agriculture (effects on 

food production but a'so effacts on industrial production) ; 

- the combinations of different typus of mechanical and power-mechanized 

equipment ; 

the stages of generalization of power mechanization ; 

- the environment (after-sale service ; staff training ; chain of industrial fub- 

coritractors) in which the diffusion of the power mechanization model is to be csrried out. 

(¡ii) The gene-al'zation of rite power mechanization model also leads on to the 

question of the relation between the adoption of this model and its ability to allow for an 

increasing accumulation cf the technical goods used in agricultural activity. 

W .._. J 
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The mechanization strategies which are adopted must enable either directly (increase 

in agricultural productivity) or indirectly (state intervention) a labour-using activity to be 

transformed into a capital-using activity, or they must reinforce the " heavy industry " character 

of modern agricultures. 

(iv) The option taken in favour of power mechanization undoubtedly has repercus- 

sions of the employment structure. In what is mainly a development option decided on by 

the country under consideration, we should take account of : 

— the relations between mechanization strategies and agricultural employment, 

knowing that according to th» strategy adopted there may be diminution, maintenance or 

increase of agricultural employment ; 

— the relations between mechanization strategies and effects on rural employment 

(creation, adaptation, maintenance) ; 

— the relations between mechanization strategies and economic growth, or the 

relations between the destruction ot agricultural employments and the creation of industrial 

and sen/ice employments (absorption capacity). 

i 
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CHAPTER II 

THE AGRICULTURAL DEMAND 

TP PROTECTS OP THE tmimiLTURAL MECHANIZATION INDUSTRY 

(a methodological  essay  in the evaluation and forecasting 
of the needs  of agriculture  in the  developing countries) 

The  present relationship betwe-n the agricultural r.rchanization 

industry and th'   mechanization of agriculture 

210.   Logically any machine or implement which  increases work 

efficiency may  increase productivity of  the  relevant factors,  production, 

and with all  other   factors  remaining  equal,   earnings   :   mechanization 

is  the best path to follow in agricultural  development. 

Still,   it has to be shown that mechanization  is possible and 

that the proper conditions can be created so  that work  is performed more 

efficiently.    There are, however,    numerous anecdotes which show that 

these conditions are not automatically fulfilled. 

Depending on the  soil type and climate in each natural region, 

a  given tractor will be too heavy or too light   ¡   additional equipment 

required for  the  full  range  of services   is  not  always  available   ;   lack of 

logically available parts and specialists  result in equipment being out of 

service  for  long  periods after  the very  smallest breakdown.     If equipment 

is  out of service  at a decisive moment  in  the  seasonal   schedule,   the  results 

of  whole seasons may be endangered.     The  tractor  rusts  at  the  end of the  plot, 

while  it  is sometimes  impossible to  return  to pre-mechaniration  technology. 

As  a  result there   is not  always  an   increase  in production under 

average conditions.  Nor  is   there    a  sufficient  increase   in earnings to 

amortize  the equipment purchased  :   even  if   industry has   increased its 

outlets,   agriculture has  not  resolved   its  own  problems.     Even  if theory 

indicates that mechanisation  in indispensable,   in practice  its efficiency 

is   neither automatic or spontaneous. 

On the basis of  these internal  criticisms of the agricultural  sector, 

more and more authors question the advisability of mechani¿ing agriculture 

in  the numerous  less developed countries   : 

i.   Should agriculture be mechanised when  283 million out of  700 

million people are unemployed or underemployed   (80% in rural  areas)? 

ii.   Should risks be taken which may increase the degradation of 

traditional  systems of production?    Especially when these systems have 

contributed,  at least partially,  to  feeding the population even before 

mechani:ed productive systems got off  the ground? Between 1970 and 1976 

cereal imports  for less developed nations,  as a group,   increased from 20 

million to 60 million tons. 

J 
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The chain of events  that result from mechanisation can be 

described in this manner   :  "less breeding,   less manure,  fewer men,   lowered 

employment,  less protein,  agrarian reform increases  the proportion of the 

rural population without land and without work"(l). 

iii.   Is mechaniaation the only solution or the  first step 

in agricultural development,   taking into account  its cost and the  low 

investment potential in these countries?    The right to use western technology 

in all  sectors amounts to 3 to 5 milliards per year   (2).     The foreign debt 

of less developed countries is growing larger and  larger.     In Brazil, 

for example,   just the amortisation of this debt equals half of the value 

of the country's  exports. 

Representatives of government,   industry and mechanised agriculture, 

in developed as well as  less developed countries are questioning the role 

and procedures of mechanization.    This concern is  revealed in three 

question that are at the core of any experience in mechanising agriculture   : 

i.  What is the function of mechanisation in agrarian reform? 

ii.  What has been its  role in the Great Revolution? 

iii.  What progress is being made on the ideas expressed by the 

appropriate technology movement? 

211.   Agrarian reforms and mechanization 

The basic and rather expansive objective of agrarian reform is  the 

correction of unequal  land distribution between large and small  land holders. 

Depending on existing social and political conditions, and the degree 

of resistance offered by large land holders,   there are various levels of 

equalisation and rates of realisation.    Widely varying legal conditions 

govern the private appropriation of land,  collectivization of land use 

or any combination of these possibilities. 

1) AIT AMARA "Aspects socio-économiques de  la problématique de la réforme 

agraire"  I.T.P.E.A.,  Algiers,   1974 

2) Jacques CHONCHOL "Evolution des Rapports entre Pays du Tiers-Monde 

et Pays Industriel" Economie et Humanisme - Janu ary 1977. Also see 

the work done by CNUCED. 

U-. 
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In this context, and most often in cases of socialistic or 

cooperative agrarian reforms visualising large production collectives, 

agrarian policy is accompanied by a policy of mechanization.  Such is the 

case in agrarian reform in Algeria and, in a different sense, the agrarian 

reforms in Tunisia and Morocco. Mechanization is then considered more 

as the sum of technical means accompanying the agrarian policy than as 

a dynamic set of processes that can be influenced by the technical aspects 

of social and economic factors. These processes have as much chance 

of being positive as negative, depending on the context in which they develop. 

In the most evolved experiments in agrarian reforms that favour 

the development of mechanization, there is general agreement on the advantages 

that can be defined : 

i. Mechanisation makes it easier to work the soil and harvest 

crops. A larger area can be cultivated, more even ploughing can be obtained, 

weed control is intensified, manure and green manure are better utilised, 

certain work (ploughing, sowing, harvest) can be accomplished in short 

periods of time when weather conditions demand, work concentration points 

an^ bottlenecks are eliminated more easily. The reduction in work time 

makes it possible to increase the number of crops per season or to change 

systems of production to require a larger labour force. According to 

local conditions, the tractor makes it possible either to cultivate more 

land, or to intensify activity on the same overall area.  It sometimes makes 

it possible to use technology that is not accessible when using traditional 

production systems and techniques. Wider spread use of tracte*s does not 

necessarily imply a reduction in the agricultural work force. 

ii. Agricultural mechanization also covers related operations 

which arise in connection with farming : bringing new land under cultivation 

(land clearing, stump removal, levelling, drainage etc.). As uncertain 

as figures are in this domain, more than 200 million hectares can be brought 

under cultivation in the less developed countries. 

The same is true for all incoming and outgoing transportation 

of agricultural produce. Paramechanization of these operations results in 

large gains in productivity, often accompanied by an increase in quantity 

through loss reduction. 

U. — „...J 
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Finally this  is also true  for the preparation of agricultural 

products on farms or in villages   (mills, saws,  hoists,  etc.).     These 

factors affect the quality of the product as much as the overall 

productivity. 

iii.   Lastly,  mechanisation of irrigation deserves special mention 

because it  justifies a significant extension of paramechanization  in this  field 

(1). 

With no intention of implying that the use of motor pumps 

excludes  the use of tractors or vice versa,   it  should be stressed that 

irrigation equipment offers the same advantages as a tractor, but at a lower 

price  :   increasing irrigated areas around each well,   irrigation of high 

and previously inaccessible areas,   increasing production and the  number 

of farm activities.    The latter makes  it possible to increase the  labour 

force and improve the breakdown of work time  throughout the year. 

In this manner mechanijation, using a tractor or paramechanization 

of irrigation,   can simultaneously improve the operations  involved in pre- 

existing production techniques and systems,   and make it possible  to carry 

out new operations.     In the first case the increase    in productivity and 

proportional    liberation of the labour force will only result in  increased 

unemployment    if there  is no local possibility for extending the activities. 

However in the second case,  it  is precisely  through mechaniaation   (putting 

new land under cultivation by  irrigation)   that an extension of the area 

under cultivation or intensification and diversification of agricultural 

production can be envisioned. 

The principal theoretical arguments   for mechanisation  thereby 

contain the limitations  involved in its use   :   the advantages can only be 

derived if the engines work and if the economic,  social and political 

conditions are combined in such a way so as  to effectively obtain  the 

potential positive effects. 

1)   According to the Central Electricity Authority of New Delhi  India, 

the number of motor pump« has multiplied 25 times in 15 years. 
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The logical result 1» that mechanization produces more positive 

results in collective or cooperative farm production. The institutional 

environment is better able to valorize production and resources and 

employment is simultaneously increased. 

In this manner forecasts of future demands strongly depend 

on forecasts of developments in the political structures of less developed 

countries : those with socialist agrarian reforms are potentially the best 

clients for manufacturers of agricultural machinerai). However this only 

indicates a tendency which is also influenced by the solvability and 

particular characteristics of each country. Along with political developments, 

the social system considerably influences the present state of mechanization. 

This has been shown by the experience of the Green Revolution. 

(1) See tables 10 to 13 in chapter X 
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212. Green Revolution and mechante ation 

There Is a paradox In the analysis of mechanisation in the 

developments in the Green Revolution : an important aspect in its technical 

orientation is the use of biotechnical innovations rather than relying 

on mecanotechnical factors. Cultivation of high yield varieties makes it 

possible to obtain 50 to 300% yield increases while fast growing varieties 

make it possible to increase the number of crops per year. This should 

lead to increased employment. The latter is estimated at 60% by some 

observers. 

On the other hand, the highly divisible nature of the necessary 

intermediate items (seeds, fertilizer and pesticides) makes the application 

of the techniques relatively insensitive to scale economics. A number of 

studies report that productivity of relevant factors is greater on small 

family farms than on larger more well-to-do farms that use seasonal salaried 

labour if needed. This could lead us to think that small farmsteads would 

benefit from this new technology as much as the more well-to-do farmers : 

this would thus make it possible to avoid the social and political costs 

of land redistribution, as well as the high cost of mechanization.  In 

addition the latter can only produce the same results if it is rapidly 

set up on a massive scale. 

Today most observers agree that there has been a slowing down in 

the Green Revolution : all easily irrigable areas and potential farmland 

has been put to use, the increase in y it Ids has reached a ceiling. 

Increased pttroleum prices have led to the need for the inter- 

mediate items required for high yield varieties. More serious problems, 

which could transform this orientation, have increased these difficulties. 

At the basic level these difficulties are not in contradiction with the 

advantages of this technological orientation. 

Setting up the Green Revolution implies, besides overconfidence 

in technical competence, the need for increased capital : it is thought 

that the changeover from traditional systems in India to setting up a 

complete programme of high yield varieties would increase capital requirements 

from $  9 to $  200. In addition the increased yields become much more 

U- 
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dependent on water, and land requirements increase in proportion  to 

the  land area needed to amortize  a well.     In this manner the  land and 

farming capital makes it necessary to take into account the scale economics, 

and it  is well established that  the more well-to-do farmers can make 

better use of new technology.     It should be mentioned that  there are urban 

property owners who have the  farms cultivated for speculative purposes with 

these new  techniques. The development of the Green Revolution has  lead 

to changes  in the social  structure  that imply the relative  impoverishment 

of small  farm owners.    They do not have sufficient financial means  to make 

use of current advances in technology. 

This makes it possible  to understand the harsh  judgement as 

progress  in South-east Asia on the  Green Revolution has reached the ceiling 

with no gain in dry land agriculture,  no overall gain in agricultural earnings 

and no better distribution of earnings.    The population has continued    to 

grow and per capita cereal production is lower since the beginning of the 

Green Revolution. 

As in other domains,  profound changes in agriculture can not only 

be based on an homogeneous set of technical  innovations,   no matter how 

justified the orientation.     In the very least can it be said that these techniques 

will have enabled some number of small  farms to be maintained that could not 

otherwise be maintained?    On the other hand and paradoxical  to the technological 

spirit of the Green Revolution,   the development of tractor purchases by well-to- 

do land owners must be emphasized.     This may result from the pressure of the 

demonstration effect or to avoid the necessity of hiring a salaried employee. 

In the Punjab,   the machine  for worker substitution rate is predicted  (2) 

to be on the order of 17.4%  for 1983-84,   thereby eliminating 146 million 

workdays.   More than half of this  substitution involves tractors and irrigation 

installations,   and more than a third involves harvesters and threshers.    Other 

studies made in the same region predict that mechanisation  resultai n a 

50%  reduction  in the population used per unit of land area. 

1) See the  second 10-year report of the Asian Development bank,   "Rural 

Asia   :  challenge and opportunity" see a report in Le Monde Diplomatique, 

January 1978,  also see Gary Kenwood,  Asie,   l'impasse Agricole"  in 

l'Economiste du Tiers Monde,  March-April  1977 

2) According  to a study cited by Z.M. AHMAD in "Les Conséquences Sociales 

et économique de la Révolution Verte en Asie" Revue Internationale du Travail, 

January 1972. 
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Thus,   the Green  Revolution will paradoxically boost mechanisation, 

contrary to  the initial  technological orientation but in harmony with  the 

social  context  in which  it developed.     Here once again the size of the 

increasing demand on  the agricultural machinery industry largely  results 

from the social and political  conditions which came  into being.     It would 

be risky to guess the continuation of the tendencies  recorded without making 

certain  that new categories of  farmers have access  to the economic and 

financial means needed for mechanization   :   it  is necessary  to emphatically  state 

that demand  in mechani ation  is based on  the previous  level of 

accumulation  realized by a  farmer within  the existing economic,   social  and 

political  conditions. 

The partial success of the Green Revolution has among other  factors 

boosted  the discussion of appropriate  technologies.     At least  this har; 

emphasized  the necessity of another sort of mechanisation for the whole set 

of less  developed countries. 

213.  Appropriate  technology and mechanization 

Everyone is  forced to agree that this current of opinion which 

has developed over recent years results   from various acknowledgements of 

failures  recorded  in different  forms of agricultural modernization,  and  that 

the  ideas  established in opposition to these experiences do not yet present 

a synthesis of      sufficiently wide range.     When we speak of soft,   intermediate 

alternative,   progressive technology,  or technology based on  replacement or 

on appropriate measures,   the  very diversity of the titles  shows  that the 

ideas  are  not better established than the  language  in which  they are expressed. 

The concept of  "intermediate  technology  is  so general  that  it 

contributes  very  little  ;   isn't every  technology intermediate  at a given 

moment  in  that  it  falls between  the previous  and the  following  technology? 

Is not  this concept additionally dangerous   if  it  leads one  to believe  that  there 

is a  linear continuity between  traditional and modern  technology?    And 

how can  the  leaders of less  developed countries be convinced  that an 

intermediate   technology is not necessarily a   regressive  technology in 

relation  to  the technical   level  existing  in more highly developed countries? 

More or less often ornamented with the prefix  "bio" or  "eco", 

soft or  low impact technologies  emphasize  the ecological aspects of the 

technology problem.    The appeal  is made  that world opinion awake  to the 

seriousness of effects  in consideration of the  fact that the  non-awareness 

of the  dynamics of ecological  cycles could weigh heavily on economic growth. 

J 
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"in-r production of • co-3,yst ns is forbidden. Sponial consideration 

is ^iv' n to r- n^wabl r sources and on r%y,  with wast, b in<^ usod; 

the utilisation of housing and production is encouraged to correspond 

to these objectives.  In addition, considering every social system as an 

integrated part of its eco-system, all forms of human energy, participation, 

initiatives, etc. are encouraged in self-development strategics (1) that take 

into account the specific social, economic and cultural handicaps of each 

"eco-region". 

In fact the examples of technology adapted to ecological conditions 

could be multiplied. They are inexpensive and simple to set into operation, 

attesting to the efficiency cf a technological current that is in direct 

conflict with the dominating current.  Hand or animal-drawn equipment, for 

example costs 20 to 40 times less than paramechanized farming. Mountainous 

islands with permanent winds ascending and descending daily, are not all 

equipp» 1 with windmills for irrigation or energy production, although 

they could be. The same is true for arid, sunny regions which are not 

systematically equipped with solar motor pumps.  Finally the inventory is yet 

to be made of the whole ranges of technical innovations developed in non- 

western societies and not yet blocked culturally by the demonstration effect. 

No matter how realistic, useful and often economic this orientation 

is for establishing new criteria in technological decisions, the various 

countries take into account both the restrictions inherent in using this 

orientation in the international economy and the objectives of their own 

national policy. Soft technology does not necessarily create jobs, and if a 

policy of large projects is necessary, it will not be a small impact policy. 

With the adequation of their most closely applied sphere 

(ecological and social in the largest sense) , the criteria for technological 

choices should also be appropriate to each country's economic conditions and 

political decisions : thus we could ask if spread of tractors in India, during 

the continuation of the Green Revolution is appropriate to the overall 

conditions in the country or to a political-economic option of maximizing new 

employment when such a spread of tractors is appropriate to the economic 

and social conditions or well-to-do farmers? 

1) See the work of I. SACHS and the CIRED. 
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In  this manner it could be said that  the term "appropriate" 

could have too broad a meaning which hardly brings us to better forecasts 

of future  technology  ;   in  fact it refers us back,  country by country, 

region by region to precise and specific ecological and social  conditions, 

to the whole set of restrictions and objetives which are inherently 

unpredictable.     Subsequent summation by groups of countries hides  the 

profound tendencies which actually motivate and explain the future. 

214.   The lessons to be learned from past experi enoes  in mechanization 

It is clear that mechani ation interacts with a large  number of 

variables.   Mechanisation experiences linked to agrarian reform emphasize 

the instutional aspects and the necessity to coordinate mechanisation 

activity with  the activities of  land capital,   technical supervision,  and 

product marketing.  The experience of the Green  Revolution shows  to what point 

a given  technological orientation can be distorted by socio-political  conditions. 

The objective of mechanisation,   through increasing productivity,  was       to 

increase and equalize  levels of existence.   In  fact it more often  reinforced 

the economic positions of the more well-to-do  farmers and contributed  to  the 

reproduction of  the original  social  system.   Logically the purchase of machinery 

requires  prior accumulation of  financial means which are  justified by a 

later  increase  in earnings.   In  fact, however,   under the most  frequently 

encountered conditions of use,   the  increase  in earnings will not be  sufficient 

to reimburse  the  tractor and will  be even less able to guarantee  subsequent 

31  vs in the accumulation of capital. 

As  for any reservations regarding  the appropriateness of techniques 

used in mechani -ed agriculture,   none lead to any  form of global proposition. 

This  is because,  by definition,   these reservations refer one back  to precise 

and specific situations.    What remains is that the totality of appropriate 

technology is defined more by a technological  research orientation  than by 

results.     It is  fundamentally opposed  (most often)   to the dominant  "western" 

techniques on the world market.  The latter with their particular principles 

of work economy and high capital  consumption are not very appropriate. 

Appropriate technology in developing countries  frequently is,  or  should be, 

alternative to dominant western  techniques. 
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The question must be posed as to the appropriate character of 

mechanized agriculture on the world scale in relation to the need of farmers 

in most developed countries.  How can an industry built on the specific needs 

of western agricultural and economic systems,  based on various technological 

orientations and on objectives formulated in  terms of different economic 

policies offer solutions  to the present demands of less developed agriculture? 

In  this  regard  the  role of the tractor of the  development of European 

agricultural mechanization    has no doubt been  exagerated,  isolated  from 

associated  factors   :   technical popularization,   inter    action of business 

management calculations,  and especially the development of non-agricultural 

employment which encouraged the exodus from farms and increased the need for 

mechanization,,   It  is,   therefore,  not necessarily adequate to  return  to machines 

used in the mechanization of European agriculture  :   if a low powered,  versatile 

and sturdy tractor could correspond to present needs  in certain precise 

circumstances,   it is not certain that agricultural mechanization in  less 

developed countries  should always start with  tractor distribution,  nor of this 

particular  type of  tractor. 

It  is a  fact that perspective outlets  for the agricultural machine 

industry exist at the present time,   these perspectives are  limited to that 

minority of financially solvent farmers who can purchase machines.  The true 

perspective of  this   industry's future  is completely confused   :   everything 

takes place as   though  the potential  users and buyers of existing agricultural 

machinery have  already been  studied,   and the machines modified,  better adapted, 

produced according to a new    design.     In this manner  the offer greatly pre- 

determines  the demand.     On  the contrary,  offer must be adapted to demand. 

This means determining as  nearly as possible  the machines and equipment which offer 

the greatest possibility  for  traditional  farmers  to make a  large and  effective 

increase  in  resources and earnings.   Also making it possible  for the  strategist 

of agricultural mechanization  to establish a chronological  and educational 

order as each  step is being prepared,  organizing and securing  financing  for  the 

following steps.  This  is  in  the true   interest of the mechanization industry. 

The production  of machines and materials that   facilitate the mechanization of  the 

majority of traditional  farmers opens  the perspective of much  larger outlets 

than those offered by farmers capable of using products that are presently avail- 

able in developed economies. 
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Adapting machine offer to agricultural  demand also signifies 

that the best path growth in mechanization  is not  necessarily that which,   at 

each stage,   tends  to resemble the dominant technological model in developed 

countries.     Rather,   the best path growth would be  that which,  step-by-step, 

offered the largest gains  in efficiency and emphasizes   production operations 

as defined on the basis of the particular characteristics of each region. 

This would make it possible to increase  the accumulation rate.    In one area 

light paramechanization and irrigation would be more  important than the 

proliferation of tractors,  in another area heavy land-clearing machinery 

would be necessary  to put new areas under cultivation. 

22.  Toward a method of evaluating agricultural  machinery needs 

Emphasis must be placed on the  fact that those products and 

strategies in mechanized agriculture that are adapted,   appropriate,  are 

necessarily products and  strategies that respond to  the real needs of 

agriculture.   If,   up to  now,  the mechanization of developing agriculture 

consisted of using products derived from and conceived  for developed 

agriculture, then  it  is  impossible to extrapolate  this  tendency and to define 

appropriate objectives.   However,   if requirements are not analyzed it  is 

impossible to evaluate  the discrepancy between what  is hoped for and what 

is actually taking place. 

Yet,   if  it  is  not completely insufficient to define objectives by using 

ongoing experiences,  an evaluation of real needs  even  rudimentary,   is 

indispensable.  It soon becomes obvious that these  needs are related,  on one 

hand,   to the possibilities and production objections assigned to  the  type 

of farming and,   on the other hand,  to the possibilities and production of 

objectives assigned to  industry  in each country. 

Requirements  iii agricultural machinery do not make up a whole  in 

itself,  autonomous   :   the link between need and demand  for machinery is 

therefore neither simple nor automatic.     Correspondingly, evaluation of 

the demand requires an  active evaluation taking  into account the whole set 

of data as well  as  the whole set of possible choices  in mechanization. 

Such a method thus becomes a means,   in each country,   to analyze machinery 

demand,   to adapt  it in some measure, and to make certain from period to 

period that it remains appropriate to needs. 

U- _J 
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221. Taking Into account agricultural machinery demands 

The preceding makes it clear that a definition o mechanization 

requirements for developing agriculture is found both at the interface of 

the particular ecological, sociological and economic conditions for each 

homogeneous region and in the orientations of economic policy as decided 

by the state. 

Thus the following sketch makes it possible to outline a method for 

evaluating machinery needs: 

- on one hand, taking into account the ecological and socioeconomic 

conditions indicated for each homogeneous region in adapted systems of agricult- 

ural production, it is possible to define the range of possible mechanizations 

in each region. These types of mechanization can bring to light technological 

channels which differ from the dominant trends in agronomy (iirigation,draught 

animal farming, hand tools, paramechanization, etc..) and can be arranged in 

each channel by level. Logically, this indicates a pluralism in mechanization, 

whereas numerous studies only refer to a single model relying on the average 

50-70 hf tractor. 

- on the ether hand, the choice of economic policy made by each state 

obviously influences agricultural and mechanization decisions. If we insist on 

the essential factors, the countries that have comparable characteristics 

CJJ. per inhabitant) useful agricultural land area per person active in 

agriculture, soil and weather data) tend to choose the same development options 

among the principal possibilities : maximizing employment, ensuring self- 

sufficiency in food production, industrial development,   balancing foreign trade. 

In this manner each category of country represents a hierarchy of principal 

objectives. 

From that time on, knowing the results of each type of mechanization and 

its possible contribution to the realization of economic objectives, it is possible 

to determine mechanization strategies. This means arrangements in time and space 

of the types of mechanization.In form, these strategies are designed to be adapted 

to ecological,economic, social and cultural conditions of an environment which 

is ready for mechanization. At the same time they express the global economic 

choices made by the governments involved. 

They consequently lead to mechanization models that cannot be,a priori, 

an exact imitation of the models tested in different contexts in developed 

countries. 
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In terms of homogeneous,   ecological and cultural zones with quantifiable 

agricultural  land area and activ- populations,   each mechanization strategy- 

defining the types of mechanization at various levels,  in precise technological 

channels,  can be concretized in a list of the quantity of machine products 

which are necessary for each type of country. 

Finally,   a connection has to be established with the possibilities 

available  in the industrial apparatus of the countries.    The definition of the 

machines to be manufactures is function of the actual needs of agriculture but  also 

of whatever could be manufactures on the spot   and of whatever would be interesting 

to manufacture locally in order to reinforc3 the national  industrial apparatus^ 

Thus,   industrial development  strategies should be combined with those for agri- 

cultural mechanisation so that machinery products could be effectively adapted 

to national situations. 

Certainly,  in this method of needs evaluation, the choices of governments in 

future could be insufficiently kr.own or difficult to realise.       However,  the 

hypothesis could be assoumed that, unfortunately,  the choices between the main 

options are relatively limited and that appreciation errors could,  at the 

world level,  widely compensate each other.    At any rate,  and evaluation of 

demand based on a first approximation of the needs seems preferable to an 

evaluation based on the extrapolation of the  established demand during a previous 
period. 

In this manner PAO seems to adopt a method studying for a givJTI objective 

the fulfilment of food needs and the needs in machinery products in the case 

of a medium type of mechanisation.    This is also an estimation of desirable 

requirements rather than a forecast on demands;    and this more normative orien- 

tation is not without similarity with that taken among the Lima Conference 

Recommendations in the industrial field. 

The methods suggested within the framework of this pre-study is therefore 

convergent with those being conducted at PAO.     Lacking an impossible application 

at this stage,   it aims at  laying correctly the problems down in order to direct 

the policies of the agricultural machinery industry in the Qeveloping Countries 

It  is developed below where the two aspects of the interface types - strategies 

of mechanisation will be examined successively whereas the interface agri- 

culture-industry will be treated in the next  chapter. 

_ii 
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A - Ecological and socio-economic data,  methodological orientations 

At the  limit, each agricultural region is a particular case   : 

each     «cœystem corresponds and interacts with a society that empirically 

forges a particular  technique suited  to its special  needs.Each ecologically 

and culturally homogeneous region will correspond  to a specific machina*y demand: 

it  is not just by chance that agricultural machinery dealers employ      a  Icrge 

number of ethnologists. 

However,   it is not possible to operate at  such a detailed level. 

As a   first approach  the large natural  region designated in the research programmes 

of the UNESCO  "Man and Biosphere"   :   prairie    ecosystems   (steppes,   savanas,   etc..) 

fores.:      eco /stems,   mountain or coastal    ecosystems,   arid regions.   It  is 

noted that ea~h of  these broad    oco types includes  societies with comparable 

characteristics   :   in  this manner  there will be crop or animal  farming or 

less  commonly mixed  farming - animal   farming with systems of organization 

that  are distinct   from one another.   In this manner mechanization should be 

integrated into  the whole group of extremely complex and varied  relationships 

between the natural  environment,  production activities and all  the mechanisms 

of social  regulation  that characterize traditional  society.  Production  related 

decisions are only  rarely the single  relevant fact at  the household level. 

Decisions are influenced by other  factors affecting  the extended family,  clan 

or village.   Production decisions   in black Africa are based on  two considerations. 

Under the responsibility of the oldest head of the household,  provisions are 

made  to satisfy family needs.  Other dependents of  the  family  (notably  the 

young who wish  to be emane pated)   take responsibility  for producing    marketable 

products for financial gain.  But how can a proper     groundnut-cereal rotation 

be ensured  in this  context?    The social  system    functions  in Fuch a way 

that production objectives are not  limited to maximizing earnings.  Social prestige, 

reducing the labouriousness oí  the work and greater solidarity of the village 

community can play  important roles.     Cash surpluses    in the village community 

are often spent on ceremonial  activities such as baptisms,  marriages,  funerals 

rather than for  the purchase of production goods  used to increase surpluses. 

This  fabric, made up of  relationships between ecological  and social 

systems,  between social and economic  systems can act against the  introduction 

of mechanization   :   numerous    barriers  in introducing a new technique or machine 

are blamed on the  large role of social  functions and structures.  Conversely, 

when use was made of the specific social role of village blacksmiths  in 

U     - J 
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Mali, it was possible to rapidly set up repair and maintenance workshops 

for small agricultural equipment. 

Consequently, it is not possible to analyze the conditions for 

introducing mechanization into these societies independently of the conditions 

required for reproducing the system. The proposal of this method brings us back 

to a more global problem : is there a form of mechanization which is 

"appropriate" to social systems which are not yet conceived and set in 

operation? If mechanization most often transforms the structure and function 

of social systems through the rapid development of certain social groups and 

power relationships, to the point where these transformations are irreversible, 

then there is destructuring, even destruction of the old system. This shows 

the relativity of the original appropriateness. All the same, it is possible 

to deduce that the very conditions created by this destructuring are decisive 

in building a new system, coherent and reproduc ble? 

Two conclusions become evident : 

i. In terms of methodology there are such a large number of 

variables in such complex and diverse systems that any method re lying on the 

analysis of a small number of variables may very well be inoperative. Situation 

analyses and attempts to find ways to act can make little progress without a 

systematic orientation : analyses of the particular internal and external 

relations of the systems being studied, the most important centres of inter- 

ference, chain reactions, rebound reactions etc... 

li. In terms of mechanization strategies, proposed innovations should 

find a place within traditional systems : this does not mean that these 

innovations should be "small", "intermediate", "low impact", nor that their 

progress should be calculated in terms of profit.  It is a serious mis- 

conception to juxtapose a turnkey factory with a society that is traditionally 

based on small-scale production by craftsmen ; there is a greater possibility 

of success when animal-drawn farming is introduced to nomadic livestock breeders 

in the process of settling down, than when introduced to farmers who have no 

tradition of breeding and training animals. 

B. Taking into account production systems 

In fact, it is the observable production systems that »eflect the 

ecological, social and cultural implications. This is why these production 

systems themselves must be taken into account as well as their principle 

determining factors. In each of them it can be observed that the techniques 

used, the tools or machines, the intermediate items make up a package of homo- 

geneous techniques, no one of which can be altered without altering the rest. 

_J 
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What good is it to mechanize cereal production if the production cost equals 

an output of 10 Qx/Ha and 7 is the maximum yield : the advantages of mech- 

anization only become apparent when other conditions are simultaneously 

present, seed quality ,fertilizer improvement. As recorded in Tunisia, 

the choice of production on irrigated plots differs according to whether the 

farmers do or do not have cattle herds adjacent to the irrigated area. 

In the former case fomge  production can be introduced into the crop 

rotation.  In the latter case market gardening and hort culture are preferable. 

In the same fashion the constituents of a given mechanization 

process cannot be treated separately : not only is thfc machine-implement 

relationship organically linked to the system of production, but each part 

of the unit is defined on the basis of the other parts. Are combine-harvesters 

designed for yields encountered in temperate zones useful in dry regions? 

Under these conditions, it will not be sufficient to think about 

mechanization in terms of level : the distinction between different types of 

mechanization adapted to different systems of production is the most important 

thing. The level of advancement within each type can only be determined afterwards 

However no sense can be derived by summating the characteristics of each 

level for a set of countries. 

The first approach makes use of classifying types of mechanization 

on the basis of the system of production to which they belong  : 

i. Open range livestock herding in which mechanization problems 

are secondary. Taking into account the most recent advances in applied 

ecology : improvement of pasture productivity, management of water resources, 

soil protection, are certainly more effective on a short-term basis. Lack 

of mechanization - zero mechanization - in this case does not apply stagnation, 

but production increases by biotechnical means. 

ii. Extensive crop farming for self-sufficiency is usually limited 

to the use of simple tools, which could be improved. However, it would 

be difficult to introduce mechanization except where it eliminates bottlenecks 

(sowing in arid regions), where traditiona? systems provide no technical 

solution, or where the tse-tse fly makeg animal drawn farming techniques 

impractical. 

 J 
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iii.  The most intensive crop fanning intended for personal 

consumption or    export generally makes use of animals    r    light mechanization 

depending on conditions prevailing  in landed property structures. 

iv.   Modern production systems,  regional   food production,   industrial 

or export food production,  resulting  from large development projects, 

usually benefit when  farming operations are mechanized but not always 

when harvest operations are mechanised. 

v.     Mixed farming - breeding systems,with  integrated animal  and 

crop production  to the extent seen  in Europe,   are not  as  frequent in less 

developed countries.     However mechanization can be carried out at a slower 

pace. 

This summary shows that  the analysis of types of mechanization 

should be carried out on a region by  region basis in order to obtain precise 

specifications.   It also shows  that each type should be analyzed further 

to determine which production operations can be mechanized. 

C.   Mechanization of production operations 

In  terms of a feasability study,   analysis of the operations 

covered by mechanization will produce  the most  important information   : 

systems of production,   in terms of uniform blocks  linked to the social 

and economic  system,   can only be operational   in a  specific country. 

The set of technical operations  that could be mechanized 

in agriculture can be classified in four main categories   : 

 J 
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Table   1.»  -  ARBITRARY  BREAKDOWN Ol'  USEFUL AGRICULTURAL 

TliREE  TYI'ES OF AGRICULTURE   (1974) 

LAND AREA OF THE WORLD BETWEEN 

Type of agri cui turo - 

Useful agricultural land 
breakdown hy geographic 

zone (including grasslands] 

. Pure 
Unit manual 

fanning 

I 
Pure draught 
animal farm- 

i   ing 

i 

Pure para- 
mechanized 
farming 

: i 
! j 

i 

Regional 
total 

- Africa lO^a ! 935 
(*)  '(92.5) 

i 

|   56 
1  (5.5) 
i 

II 
20     ¡ 

(2)       i ; 

1 
1,011 
(100) 

- Asia (except Japan) 106ha j 775 
(»)) j (76) 

1 
204 

1  (20) 
41     ' 
(4)     ¡ 

i 

1,020 
(100) 

- Japan r  I 
105ha  0.4 
(%)  ; (6Ì5) 

1 
j  0.5 
j  (8.5) 

5    !: 
(85) 

5.9 
(100) 

- i-Vw Zealand 5  1 
10 ha , 1 
(*)  . (7) 

! 
2.9 
(21) 

io          i: 

(72) 
'13.9 
(100) 

- Australia ;106ha 410 
1 (%)  (82) 

60 
(12) 

30 

'"      ¡i 

499 
(100) 

- Oceana (except Japan) 106ha  4 
(%)    (loo) 

p.m. p...     |S 4 
(100) 

- South America lo6ha 355 
(%)   (65) 

163 
(30) 

27 
(5) 

546 
; (ìoo) 

- Central America 
(including Mexico) 

lo6ha  48 
(*)   (40) 

60 
(50) (10) 

.120 
(100) 

- USA & Canada loSa  20 
(*)   (4) 

79 
(16) 

396 
(20) 

495 
(100) 

- Western Europe 106ha U7 

j (*)  ; (10) 

17 
(10) 

135 

,  {80) 

169 
(100) 

- Eastern Europa(except 
USSR) 

Í06ha  8 
' (%)   (10) 

11 
(15) 

57 
(75) 

76 
(ÌOO) 

- European USSR 106ha 351 (1) 
, (4)   (52.5) 

84 
, (12.5)J 

234 
(35) 

669 
(100) 

4,630 
(100) 

Total 106ha 2,924 
(%)   (S3) 

737 
(16) 

957 
(21) 

(1)    The estimation of CK%:?'.i    h«    to bn considered with oertain reservation« as far ai URSS arc concerned. 
TU available s-.atistics refe.-r;:-.« to the decree of ir.oshnniî.vtion in the t¡tate-farr.s show tha followinji 
1) Vegetable s<--.>ditig¡90í,  2) Vertible piantine: 55?,   3) Hay cutting  75 £,  4) llay harvestin6: 8?/, 
J) Straw collecting:  90^,  6) Flax pulling: 8;¡£, 7) Potatoe cultivating!  93$,  8) Potato* harvesting: 40jC, 
9) Beet surcar h.irvcstir.g: T)f.. 

Source I Razvitije ekonomiki i culturi S5SR ta 60 let lowjetkoj J vlaati;  p.  709,  publioood by:  Iidadelatwo Statistik! 1977. 

Betide», out of a total surface    pf 548.812.000 hectare», 356.178.000 aro cultivated by Stato-farm and 184.626.000 
by Kolkhozes the. acera» of r.echar.iiatioa of which doe» not stem to differ from that of the state-farm». 

Source 1     Statistical Yearbook of the Krabtr Oour.trie« of the Colinoli of Mutual Koononio Assistano«, Secretariat 
of CKEA, Xoscow 1977. 

.J 
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1 • Land clearing, development, bringing new land under 

cultivation» heavy and often highly specialized equipment is required for 

most of this work. It is known that there is an u;-.-..-.iualV distributed 200 

to 250 million hectares in less developed countries that could be brought 

under cultivation. 

11° Irrigation equipment : if this equipment can be classified 

in terms of different technical levels, manual irrigation, paramechanization 

of wells, large dams and irrigated areas, a classification based on the type 

of results would be much more enlightening.  Irrigation can in fact eliminate 

farm jobs - in China, the labour saved by paramechanization is estimated 

by the amount of labour necessary for all plowing and weeding. Irrigation 

also creates employment in the same measure by intensifying agricultural 

production. Some new and sophisticated equipment, such as drip dressing 

systems, are investments that economize water use where water is rare. 

In this manner, land clearing, development and irrigation are a 

unified set of operations that can create employment in a global context 

of agricultural and rural underemployment. However, there are different 

equipment requirements : on one hand, powerful and specialized heavy machines 

for a market limited to regions with land that can be brought under cultivation, 

on the other hand, less expensive simple machines, in the range of motor 

pumps and piping - which may be combined in certain cases with land development 

equipment (for dams, which require civil engineering or land clearing 

equipment) and more sophisticated equipment such as drip dressing systems 

and automated installations. 

111• Equipment required for cultivation : soil preparations, 

sowing, plant protection, harvest. This is where classification by levels 

is most frequently used, it implies a linear progression which starts with 

completely manual operations and continues through draft animal farming to 

the use of tractors. It must be emphasized that each of these sets of 

operations refers back to a compatible system of production, and that as a 

result they cannot be applied to every situation : 

- In every eCo
sYsteni where the use of.tractor makes it possible 

to use technical solutions otherwise impossible in traditional systems of 

production (bottlenecks, soil types, work time conflicts, etc..) the tractor 

I 

u 
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will necessarily be used in modernization. This is not the general 

case and each individual case should be calculated country by country. 

- Drau Rianimai farming is difficult to propagate in tse-tse fly 

regions or in systems that have no tradition of livestock breeding, even if 

they coexit geographically with groups of livestock breeders. 

- Tractors cannot be introduced into systems of production where 

increases in yields do not exceed the cost of tractor purchase and utilization. 

This is why the use of tractors frequently follows the use of animal drawn equipmcit 

th latti r representing the first step in modernization  (1), surpluses 

are immediately reinvested in the following step. On the contrary, it is 

difficult to conceive of going directly from manual farming to tractor 

utilization : a new itinerary can be conceived that includes a phase of 

large increases in production and revenue. With what is presently known, 

that wHl be either by irrigation or by mechanization of other production 

operations,, 

iv. Mechanization of farmwork and transport operations. 

The financial success of commercial carriers in mountainous areas of western 

Europe shows the importance of these carriers in certain systems of production. 

It also shows the need for more specialized equipment thnn the tractor- 

trailer unit. But in black Africa, for example, the transport of crops, 

water, wood represents 5 to 6 hours daily work.  This work could be used 

on food crop production and results in a proportional increase in production. 

1) Often tractors can be seen as coexif ting with draught animals on the same 
farm : the farmer speaks to one as he speaks to the other. The Chinese 
expression "little iron ox" is used for the new arrival, and shows to 
what point it marks the end of one pedagogy and the start of another. 
This means that the cost of tractor maintenance is added to that of 
drauittanimals and that this additional cost of modernization must be 
taken into account. This is useful in explaining the failures encountered 
in introducing tractors as well as for managing strategies for their 
introduction. 
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Primary processing also takes a large amount of time, especially 

where  food crops are concerned  :   in this case,  mechanisation makes it possible 

to improve the quality of the finished product and often to  reduce waste. 

On a larger scale mechanization of farmwork,  using light versatile equipment, 

mills  for  food and animal  feed,  saws,   concrete-mixers,   fans,  elevators 

etc..   produce free time which can be used to increase production as well 

as making it possible to more easily pass through the subsequent stages 

of modernization and mechanization. 

In this manner, even on a worldwide scale, the evaluation of 

the need for agricultural mechanisation is not a linear progression from 

a low level  to a medium level to a higher level,. 

It is easy to see  that soil working operations are not 

necessarily the most important,  that a tractor is not necessarily the primary 

need and that mechanisation of irrigation or farmwork can also be the first 

stages of farm mechaniration.    With the first range of possibilities stated, 

it stands to reason that definitive evaluations can only be made after 

consideration of objectives as well  as  choices and priorities  decided in  the 

economic and agricultural policy of the country concerned.     These decisions 

are made on the basis of the results of each possible type of mechanization. 

_-J 
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222. Evaluation of mechanization needs and strategies 

Apart fron constraints inherent in particular social systems 

and systems of agricultural production, the development of a method of 

evaluating agricultural machinery and implement needs implies that there 

must be a corresponding evaluation of development options in the context 

of political choices and the country's ability to put these programmes into 

operation. 

On the basis of data concerning different types of mechanisation 

(see above), the importance given to a priority option in development 

(increasing food production ; increasing employment and earnings ; increasing 

interindüstrual exchanges ; improving foreign trade balance) in each country 

or for a given economic development region should make it possible to : 

1. choose the implements, the agricultural machine or combination 

of machines (package) (1) which optimize results in terms of development 

priorities ; 

2. evaluate the consequences of each choice in terms of its 

consequences on other development options that have already been identified 

and situated in the structure ; 

3. Quantify equipment needs on the basis of agricultural data 

(available land ; irrigable land), ecological data or economic (solvability), 

social and industrial data. 

The latter makes it possible, in addition, to verify that objectives 

are consistent with means and more precisely that the classification is 

consistent with the mechanization strategy. 

Perfecting this sort of method for estimating agricultural machinery 

and implement needs implies that the following points be specified : 

a 
- the concept of "machinery package" presume that the use of 

one machine will not be dissociated from the use of  another machine, without 

risking reduced  efficiency for the whole set of machines and instruments. 

Therefore it must be realized (see above) that the final need evaluation matrix 

will show the implicit technical complementarity of the individual pieces 

of equipment. 

1) But also the whole set of intermediate products that make it possible to 
use fertilizer to its full extent (fertilizer, seeds, herbicides). 
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- The concept of arranging development options in a hierarchy. 

The choice of a priority option implies that the other options are secondary. 

However the orientations resulting from mechanization may be revised on 

the basis of constraints and contradictions involving the secondary options. 

- Indicators can be used to formalize the relationship between 

a priority development option and the various agricultural machines and 

implements to be used. These indicators make it possible to choose machines 

that will be used. 

Theoretically a machine package can be defined by a series of 

technical indicators corresponding to the following development options : 

food production, employment, industrial development, foreign exchange. 

In this manner a set of soil preparation machines and implements 

will have the immediate effect of increasing food production (strong 

indicator) but will do very little to create employment, and to utilize 

existing industrial capacity, and for these reasons will not positively affect 

the balance of payments (weak indicator). 

In addition, the different variables necessary to establish indicators 

must be gathered. These indicators are established for one machine or group 

of machines. It suffices therefore to choose the one or more that optimize 

the development option considered asypriority (see 222.1.). 

In the second step, the secondary option must then be applied to the 

same machine(s)J to evaluate the effect of the choice on the whole social 

system of production ; to establish a list of agricultural equipment to be 

purchased, assembled or manufactured ; in order to quantify machine needs 

(see 222.2.}. 

J 
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222.1 The option of developnent - mechanization relationships  : 

elements used to formulate technical Indicators 

Four relationships are particularly interesting. We take them to 

be the principal options,  and,   in terms of industrialization,  the most 

urgent for   less developed countries   : 

- increasing food intake   ; 
- increasing productive employment   (slowing down the exodus from country 

to city  ;     creation of industrial employment   ;  stabilization of tertiary 

industry manpower)   ; 
- development of interindustrial exchanges and utilization of national 

productive capacity  ; 
- improving a dependent position in terms of foreign trade. 

Each of these objectives has its counterpart in the policies of 

agricultural mechanization. 

A.   Food production and agricultural mechanization 

The pressing importance of increasing and improving  food intake in 

less developed countries  is felt at three  levels  : 

- the  îxistence of a large population growth rate   j 

- the disappearance of small self-sufficiency farms and the appearance 

of an additional  food demand as a result   ; 

- changes in the character of food demand - notably in urban zones - 

and the changeover of an exclusively vegetarian diet to a diet where meat 

products dominate," protein intake increases with urbanization. 
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It cannot be argued that in most systems of production the interaction 

of heavy mechanization has an immediate effect on the increase ¡n work 

productivity. The changeover to mechanized food crop production is easier 

when a part of the agricultural production is or was previously destined 

for industrial processing (cotton, oil seeds...) or exportation. One of 

the principal trump cards in heavy mechanization has to do with its 

immediate nature. It is undoubtedly the best package technique - where 

the agrarian structure permits its use - with the greatest increase in 

production in the shortest time. This is no doubt what justifies its 

ex pansion each time that an urbanization movement becomes strongly pronounced. 

In the end, the following facts must always be taken into consideration : 

- the use of the mechanization model encourages a rural 3XOdus and 

consequently the increase in urban demand, even if it justifies its 

expansion by producing positive results. 

- the results stemming from the use of a mechanization model are not 

always measured by increased production of a particular agricultural product, 

but rather of a whole set of products. In this manner mechanization that 

tends to dissociate    animal - plant complementarity has a positive or 

negative effect on nutrition. 

- results coming from using a mechanization model that is not only 

measured in immediate results (increases in food crop production). It 

should integrate the possibility of reproduction  and future enlargement of 

these models. Consequently the capacity to satisfy future food demands and 

permit the accumulation of technical capital. It is known, in this regard, 

that the reconstitution of a traditional agricultural production system is 

much more difficult than its destruction. 
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In terms of its capacity to participate in the growth of food 

production, each machine or group of machines is an indicator. This indicator 

should take into consideration all data linked to the production and 

reproduction of systems of production, to the qualitative as well as 

the quantitative aspects of food crop production. 

A first approximation consists of bringing together the utilization 

of each food crop production machine or group of machines in terms of the 

amount of protein potential that it represents in a given period of time, 

as governed by development constraints and options. 

B - Employment - earnings and agricultural mechanization 

While more than 70% of the population of the third world lives from 

agriculture, the technical model that is encouraged was essentially conceived 

on the basis of decreasing agricultural labour. 

However, it is justifiable to add that the same model tends, under 
to 

certain conditions and for certain operations ,Ypromote agricultural employment 

by facilitating the extension of utilizable agricultural land area ; by 

eliminating certain bottlenecks during sowing and harvesting operations by 

facilitating the introduction of new types of crop (multiple harvests) or 

new varieties. 

Consequently it is convenient to distinguish between machines that 

create work and machines that destroy work. All machines improving tht o»pital 

investment/men employed ratio or that lower the cost of agricultural employees 

without reducing production can be placed in the first category. This involves 

capital savings of intensive farming where the following machines have a 

particularly beneficial effect : pumps and irrigation equipment, sprayers, 

light equipment for harvests processing and storing. But, more generally 

according to the system of production, all mechanization that increases ag- 

ricultural yields where land is at a premium can be classified in this category. 

Vv- — J 
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The machines included in the second category are those that 

lead to a daline in agricultural employment. Under certain circumstances, 

a tractor will take the place of 2 to 3 farm workers. One can question the 

advisability of this measure if other sectors of the economy are not ready 

to absorb the displaced workers and if the consequences are increased imports, 

a doubtful increase in agricultural production (the simple introduction of 

c tractor does not necessarily increase the per hectare yield), and increases 

in both unemployment and the demand on urban food supply. 

The effect is often cumulative in that the tractor, justified in 

part by the savings in manpower realized by the buyer, is progressively more 

powerful  as manpower is less expensive. The proliferation of heavy machinery 

that results makes it impossible to return to a meansCproduction based on 

manpower. Consequently, the new means of production is irrevers i ule once 

introduced. 

The relationship between mechanisation and employment however, cannot be 

reduced to simply what takes place on the farm. In fact, it is necessary 

to consider the totality of the jobs created by adopting a machine or group 

of machines i 

- on the farm (see above) 

- in terms of the machine (the construction, assembly, distribution 

and maintenance of equipment) and its use as an agricultural implement 

(procuring industrial goods : fertilizer, seed and herbicides ; the use 

of agricultural products : processing and distributing food). 

To start out with, it would be necessary to specify the relationship 

between the agricultural machine or machines and the jobs that it eliminate» 

or creates on the basis of an employment matrix applied to the agro- 

industrial complex. 
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C - National autonomy - agricultural mechni»ation 

Among the mass of agricultural machin s and implements, three 

categories can be distinguished on the basis of their impact on foreign trade : 

- small tools ind light machinery, with 70% manufactured by the 

less developed countries themselves ; 

- heavy machinery which is built either completely or in part 

on location (preparation of the equipment, assembly, integration) ; 

imported heavy machinery. 

The adoption of one or another of these types finds its counterpart in 

the country's balance of payments (a commercial balance for the cost of the 

machinery and accessories ; a balance of services and capital for patents, 

the technical assistance rendered, and reimbursement for loans of equipment). 

Dependen« on foreign trade is also well beyond a strict sectorial 

approach. Mechanisation can increase, stabilize or decrease the importation 

of agricultural products. 

Mechanisation policy can minimize the cost of the transfer of technology 

by negotiating the know-how of the many technical innovations relating to 

mechanisation that are no longer covered by patents. Within certain time 

limits, the same policy can also encourage long-term heavy mechanization, using 

imported machinery with its immediate technological cost to increase agricultural 

production. 

In any event, a relationship exists between a country's use of one 

or a group of machines, and the position of that country with regards to its 

foreign trade. This relationship is shown notably by the formulation of an 

indicator based on the data of the balance of patents and capital tied to the 

acquisition of agricultural equipment. Accounts from the patent-rights offices 

are especially useful in formulating this indicator. 
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D - Industrial development - agricultural mechanisation 

Every time the move is made to adopt new agricultural machinery,   this 

movement has a counter effect in the operation of the national industrial complex. 

In this regard,  it is clear that no agricultural equipment can be manufactured, 

or used for that matter, without reference to the level of industrial development 

(t',e technical  level and the level of diversification of its products)  and 
the size of the market. 

On these bases, it appears that the various categories of equipment used 

in farming do not have the same long-term effects on national  industrial production. 

Consequently,   a relationship exists between the manufacture of each machine or 

group of machines and its ability to "fill-in" the matrix of interindustrial 

exchanges (the increase of exchanges). A final indicator combines mechanization 

with the present and future states of the interindftstrial exchange table. 

E " Recapitulation of the indicators used to evaluate mechanization 
strategies 

Using this method,  there are four  : 

- indicators linked to food production, based on the capacities of the 
various machines to increase protein intake  ; 

- indicators linkmì to employment, based on the capacities of the 
various machines to increase or decrease agricultural and industrial employment i 

- indicators linked to technological autonomy, based on the capacities 
of the various machines to lower the cost of latent lioensing: 

- indicators linked to industrial development, bftjsl en the capacities 

of various machines to increase interindustrial exchanges. 

Perfecting these indicators Implies calculations based on precise 

economic development zones ( ultimately a country).    They must be modified 

to operate on the basis of the objectives formulated for these zones or countries. 

One such series of indicators will be calculated for the short term, another 

for the long term. Within these two categories of indicators one calculation 

could be made in terms of sectors  (agriculture or industry), while another could 

encourage intersectorial relations  (agriculture - industry in the case of 
machinery) or foreign dependency. 
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As a result, each machine or group of machines will be characterized 

by a group of indicators that concretize the relationship between its use and 

its effects on the options or the variable priorities of development. The 

list of suggested indicators therefore is neither restricted nor hierarchical. 

The first series of indicators should make it possible to choose among various 

categories of machines that are defined by their impacts on food production, 

employment, technical autonomy, or industrial development, and, if it does 

not allow quantification, should at least point out the tendencies inherent 

in each mechani ation option. 

To illustrate this proposal the following table may be used. Possible 

mechanization strategies are listed across the top (machine group 1, 2,...,n). 

Each of these groups is characterized by a series of effects on the major 

economic variables. These effects are measured by their indicators (in the 

columns} according to direction (vector orientation) or order (technical 

coefficient). 

Table )9 "* Adopting a machine group;effects on major development options 

(theoretical example) 

Mechanization strategies: Machine group Machine group 
(MG 1)        (MG 2) 

Machine group 
(MG n) 

Development 
indicators : 

Employment 

Food prod- 
uction 

Technological 
autonomy 

Industrial 
development \ 

/ 

S 
\ 

N 

Machine group (MO 1) increase food production and Maintains employment 

level, but does not promote national industrial development, The group (MO 2) 

indicates a considerable growth in employment and in industrial development. 

The advantage of adopting the group (MO 3) has the particular advantage of 

increasing food production. 

_J 
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222.2. Determination and «valuation of result» fro« the 

global matrix 

A - Presentation of machina need evaluation matrices baaed on optional 

development prioritlaa 

In consequence, each option considered as a development priority 

corresponds to  : 

(i) A machine group that optimizes this option.    Thus, if priority 

is given to employment,  the machine package that promotes its maint enanclaevelopment 

will be chosen. The final choice will involve a combination of machines of 

varying technical level, and not the juxtaposition of machines of the same level. 

For each option  (employment, technical autonomy I food production, 

industrial developments),  a matrix may be obtained constructed in the following 

manner  : 

(1) Along the top,  the machine group is characterized according to 

their major functions.    So that going from left to right one can differentiate 

between : operations which extend the useful agricultural    surface area 

(Op 1),  the maintenance of agricultural areas  (Op 2),  equipment  (Op 3), agricult- 

ural production proper  (Op 4},  transportation  (Op 5), and processing and 

storage of the harvest  (Op 6).    These are 6 major categories of agricultural 

machines and implements. 

(2) Along the side,  the machine group characterized according to 

technical level. 

(3) At the line-column intersection, the machines chosen on the 

basis of the particular priority option retained.  The decision is made according 

to the previously formulated indicators. 

As a result,  this first matrix shows machine groups useful in 

agricultural production and corresponding to a given development option. 

u 
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Table 40 - The kinds of mechanization employed on the basis of development 

options (theoretical example). Machine group (MG 1) 

Option selected: employment Zone of economic development:(X) 

Production 
operations: (Op 1) 

Technical 
level : 

1 

2 

Civil 
engi- 
neering 
machinery 

(Op 2) ¡  (Op 3) 

Hand 
tools 

Light 
machinery 

(Op 4) 

Drawn 
implementai 

(Op 5) 

Conveyors 

(Op 6) 

Tools 
and 

Group 
of 
machine 
used 
for 
agri- 
cultunl 
pro- 

simple    duction 
machines(MG 1) 

(ii) * series of consequences affecting other development options 

What is at stake in the selection of a mechanization strategy is the 

minimization of recessive effects brought about by the particular primary option 

chosen. A second series of matrices allows the impact of this selection to be 

measured against other development options. This time the previously formulated 

indicators are used for each machine  (or group of machines). 

Table 41 - The impact of the selected mechanization priority  (MG 1) on other 

development options  (theoretical example) 

N.      Production 
\vPperationi 

Impact oi\ 
(MG 1) on :  \. 

i   (Op  1)    « (Op 2) (Op 3) (Op 4) «* 5) (Op 6} 

Food pro- 
duction S — > / y /•  > 

Technical 
autonomy 4 / 

•f 

\ \ 
,r 

Industrial 
development J !           . 

1        ' 
• i 

/' •••i lj 1 

u .J 
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B - The results  and their uses  : 

The method described has four advantages   : 

(1) It puts mechanization strategies into the context of development 

options.    Thus,   the definition and quantification of machine needs  implies 

the cooperation of the various decision centres with reference,   in the case 

of agricultural mechanization,  to the problems of  farm production,   employment, 

financing and strategies   for industrial  development. 

(2) Based on  the  foreseeable strategies  for all elements,   it allows 

the formulation of a scenario in accordance with the results  recorded in the 

various matrices. 

(3) Successive sets of reiterations make  it possible  to select a 

concrete strategy for mechanization. 

The results recorded in the matrices  justify a new mechanization 

strategy every time  there  is   : 

- a conflict between the theoretical mechanization strategy and its 

practical application   :   lack of financia.;,     means,   long delay before coming 

into use,  inadequate operator training,   the non-existence of subcontracting 

and maintenance services,   etc  ; 

- an incompatibility between the stated objectives of the priority 

option and the impact of the mechanization strategy on other development options. 

The negative facts of these secondary options would counteract  the positive 

effect of implementation of the priority option. 

The method for evaluating machinery needs becomes then,  an instrument 

in deciding agro-industrial policy. 

(4) It allows  the creation of an hypothetical classification of 

mechanization strategies ordered around the  following categories of 

industrial goods   : 

" hand tools and  light equipment constructed from local materials in 

the area of use.  The production units   (workshops)   are widely scattered and 

kept to a size similar to  that of cottage industry units   (craftsmen)   in 

order to best adapt the tool  to local conditions,   to promote  rural 

employment,  and to gradually introduce the craftsmen to industrial production 

(after-sales service   ;   adaptation of machinery to  local working conditions  ; 

distribution and processing of goods). 

.J 
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- wholly or partially imported heavy machinery,  as a  function of 

the size of the market,  the urgency of the agricultural work to be done, 

and the  industrial options. 

Diagrammatically all specialized machinery  (combine    harvesters  for 

agriculture,  bulldozers,  heavy tractors,   levellers,  and civil engineering 

equipment for land clearing and reclamation,   trucks and conveyors  for 

collection and transport)   is  imported,  while tractors and tractor-drawn 

equipment are partially and then finally locally constructed in their entirety 

whenever the size of the national,  or even better,  the regional,  market 

permits. 

Taking into account the general  slowing of demand  (as much in developed 

countries as  in those in the process of development)   and the negotiations 

between selling and buying countries can take place under conditions which 

favour the buyers,  so long as  they are able to present solid and coherent 

conditions of sale. 

The initial commercial negotiations may be the occasion to broach 

the subject of an entire industrial programme  favourable to the buyers. 

It may include   :   the participation of the manufacturers in non-specific 

subcontracting  for planned manufacturing  ;   the creation of a versatile 

after-sale service system  ;   the adoption of versatile production equipment 

that will  allow eventual reconversion. 

- light machinery based notably on the use of a versatile engine and 

the accompanying machinery.    A universal engine should be used and could 

conceivably be constructed for a reasonable price no matter what  the size 

of the market.  Machines such as this should be manufactured locally,   regionally 

and nationally,   to satisfy the same requirements as  those mentioned for 

hand tools. 

k  
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23.  Some tentative conclusions 

If the preceding pages have not given a complete outline of a method 

of evaluation for agricultural machinery needs,   they at least make it 

possible to  lay down a  few major guidelines,   and have already raised numerous 

basic questions. 

i .   Bringing mechanization product offer and demand together in terms 

of agricultural needs,  requires a certain amount of reflection as to the 

appropriateness of the techniques and products involved  : 

- can the heavy industry of developed countries respond appropriately 

to the needs of developing agricultural systems without re-examining its 

own production goals? 

- can the appropriateness of products and techniques even be measured 

without reference to ecological,  social,  and cutlural contexts as well as 

to measures adopted under each country's growth policy? 

- if such is the case,   then a combination made up case by case 

of products and techniques drawn from various technologies  is more likely 

to be appropriate than any number of precise  technological specifications   ; 

a combination adapted to all  the various constraints and objectives rather 

than this or that machine. 

ii. If this appropriateness is not nearly a technological affair, 

then the economic characteristics of the products of mechanization must 

be integrated into one's thinking  : 

- notably one must keep in mind the total accumulation of capital 

that each machine represents as well as its  capacity to allow future 

accumulation.  The same  is true of the versatile engine,  costing one-tenth 

the price of a tractor.   It  allows a more than proportional growth in work 

productivity,   it can be a powerful factor in capital accumulation or even a mean; 

of bringing about eventual   introduction of the tractor. 
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- one must also keep in mind the possibilities of using agricultural 

machinery in farm related activities,  such as  food processing construction 

of dwellings and farm buildings,  village crafts etc...  By taking into 

account the outside effects of agricultural mechanization,  it may be possible 

to modify previous calculations of investment returns and to enlarge the 

size of industrial manufacturing units.    Also,   the widespread use of a 

versatile engine has more far reaching economic effects  than the simple 

introduction of a  tractor. 

iii.  The method for evaluation of machine needs that has been 

proposed results  from a group of related hypotheses   :   it allows each 

country to refuse  the transfer of ready-made technical  solutions used in 

countries where  the ecological and economic conditions are different  ; 

it allows each country to discuss   ,  step by step,   its own needs and to 

clarify the choices of economic policy which is  the context for every mech- 

anization programme. 

- It must be made clear that such a method will have to be gone into 

in depth   ;  that it relies on the use of a  large and varied quantity of 

information that, a priori, will  not always be available. 

- At first in any case,   this method allow the dynamic description 

of the kinds of information that must be gathered and maintained in a data 
and 

bank^that can be useful to the objectives of agricultural mechanization. 

Rather than listing the principle headings of the catalogue the method 

defines a problem which in its  turn structures the mass of information 
that is available or will be created. 

-jj 
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CHAPTER IIT 

DEVELOPMENT STRATEGICS 

TOR THS AGRICULTURAL MECHANIZATION INDUSTRY 
3.1.  Introductory comments 

The previous chapters have emphasized the intermediate situation 

of agricultural mechanization at the intersection between : 

- on the one hand an industrial system : a system of machines, 

the coherence of which derives from globally accepted 

industrial standards; 

- on the other agricultural systems developing a demand, either 

existing or potential, for ranges of machines and tools giving 

evidence of various coherences and rationalities. 

This fact forms the starting point which must be taken into account 

when creating and developing an agricultural mechanization industry. The 

following preliminary comments are put forward simply to draw attention 

to some of the aspects arising from it. 

3.1.0  Centralization and decentralization of the industry 

The agricultural mechanization industry is a highly 

concentrated one, but it is also necessarily a very decentralized 

industry. 

This starting paradox can be explained as follows : 

- The agricultural machinery industry is a very concentrated 

industry.  This statement is based on simple observation of the 

facts.  The statistics quoted and the evolutions analyzed in 

the previous chapters show that a few major manufacturers - less 

than 10 - share the greater part of the world market for agricultural 

machines. 

Even if there are still some large production sectors which 

have escaped them these major manufacturers exercise a determinant 

influence on the whole of the world agricultural mechanization 

industry, since : 

- they define world standards in the tractor field and also 

in agricultural machinery systems (shifts to powerful 

tractors, then to even more powerful tractors, etc.); 

J 
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- they control the  rate of   the advance   (and hence of the 

obsolescence) of   technical progress; 

- they compel  the   integration of  mechanized operations into 

increasingly complex and   centralized  systems; 

- they  form the dynamic nucleus  of  industrial  and agricultural 

policies of an  irreversible character. 

At   the  same  time  the agricultural  mechanization industry  is 

a  necessarily  highly decentralized   industry for   the following reasons  : 

The  major manufacturers are  far  from being able to produce  all 

the machines   and tools corresponding to  the diversity of  the systems 

of agriculture  operating throughout   the world. 

Simple   (animal  traction)  or  more  complex agricultural machines 

are produced   in medium or  small factories  or workshops.      Various   tools 

are produced   in  long runs  by modern  techniques,  but also by  local 

artisans in  either  traditional or modernized  installations. 

The  nomenclature of  world  producers of   tractors,  agricultural 

machines and   tools  is significant  of  this  wide decentralization. 

Even   if  the evolution of   the industry shows  that many of  these 

decentralized  production units tend   to become progressively  centralized 

one type of   decentralization must,   necessarily,  be permanent.      This 

involves the   operations of   maintenance and repair of  agricultural 

machines which  cannot escape    from  the decentralization which is a 

fundamental   characteristic   of all   agricultural   systems.      Maintenance 

and repair must be carried   out on  site  in  a decentralized manner,  even 

where tractors  and machines   produced in highly  concentrated units  are 

concerned. 

This   does not  take   place without  contradictions,  contradictions 

which are frequently not  overcome,   as is   shown by the delays and the 

wastage involved with poorly utilized or  non-utilized machines because 

they are difficult  to maintain or   impossible to  repair. 

This   sets  the  limts   of a process  of accelerated concentration 
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aria, at the same time, shows the value of development of agricultural 

mechanization which takes a necessary decentralization into account. 

3.1.1. The agricultural mechanization industry ; a way of entry into the 

capital goods industry 

Those developing countries which possess the capacities for 

equipment goods production form a small minority.  Five developing 

countries have major capacities, nineteen others have initial 

capacities in this field. The great majority of the developing 

countries are entirely dependent on the capital goods industries of 

the developed countries for their supplies of capital goods. 

By contrast all the developing countries and territories are 

engaged in agriculture, and in most cases the greater part of their 

population lives from agriculture or, at least, lives in the country. 

Agriculture is at the centre of the way of life which dominates 

the African, Asiatic and Latin American continents.  It is necessary 

to forge the links between this wide-spread agriculture and the 

necessary decentralization of the agricultural mechanization industry 

as described abcve.  Such a rapprochement suggests that the agricultural 

mechanization industry, starting from the simplest of steps, offers 

a practical entry to the capital goods industry which is largely and 

universally accessible.  The openings and entries exist, furthermore, 

in many directions, many village forges and artisans manufacture the 

tools which allow many systems of agriculture to continue to exist. 

Forging is a simple technique;  it opens up a basic route for the 

production of capital goods, and is capable of being improved and 

modernized;  one form of modernization involves making the system more 

complex by adding the route of welding and electrical welding. 

It is accepted that, unless these artisans are re-modelled in 

a modernized system,they are doomed to disappear, or to serve only 

folk-lore purposes.  But it is this very artisan production, so wide- 

spread even in the smallest countries, which must remind us that 

country people continue to design and manufacture tools suited to each 

soil, and that these simple production capacities and technical know- 

how are only waiting to be integrated. 

u -J 
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At all events, and even if it is felt that traditional 

artisans are too fixed in their ways to serve as the basis for more 

dynamic modern forms of production,one must not neglect the other 

entry which is offered by the necessary decentralization of maintenance 

and repair operations.  How, in fact, is it possible to maintain 

efficiently agricultural tools without forging and welding facilities 

and without some engineering capacity to use simple machine tools. 

This shows how it is possible to progress from simple maintenance and 

repair work to the manufacture of spares and then to sub-assemblies. 

The example of China, despite its specific character, is very 

interesting in this respect, since the workshops for the repair of 

agricultural equipment progressively expand (from brigade to commune 

and to committee) to the production of parts, of production runs of 

parts, of sub-assemblies, etc., so that the capital goods industry is 

grafted onto the basis of the artisan and then of the agricultural 

mechanization industry. 

l2ï2EËS_â_SZS£Ë!Di£i£_Htilization_of_the_og£ortunities for entry into 

íí¡£_EI2EÜ££Í£D_2Í_£aEi£ai_822ES 

Undoubtedly the simple form of an agricultural mechanization 

industry, in its first stage, does not have the character required by 

models of "motor industries" or of "basic industries".  Nonetheless 

it is capable of forming the first links in a production line for 

capital goods, provided that it is correctly set up. 

Agricultural mechanization (tooling) offers a starting point: 

whether it involves the traditional artisan producer of tools or 

simple machines or elementary units for maintenance, repair or the 

production of sparrs.  In the two cases either one technical route, 

that or forging, or two technical routes of forging and welding, are 

available.  It is immediately possible to modernize them or to make 

them more complex by adding the "simple machine tools" or "cast-iron 

production" routes, etc. 

The utilization of the technical routes linked to the existence 

of agricultural mechanization and tooling is facilitated by a 

systematic utilization in the direction of capital goods intended for 

uses and sectors other than agricultural production.  As soon as 

welding is available as well as forging, for example, it is possible 

J 
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to envisage the production of metal structural work, boilerwork 

products, etc.  The remainder of this chapter will concentrate on 

the versatility which is opened up by the mastery of these routes. 

The problem must now be put forward in therms of the "range 

of technical possibilities opened up by the mastery of one, two or 

several routes ...".  At the same time it is necessary to adopt 

another starting point and another perspective by establishing the 

relationship between the technical possibilities deployed in this way 

and the needs and also, initially, the needs of the framework within 

which agriculture is located, that is to say rural and village life. 

Agricultural production is, in practice, inseparable from the 

operations of transport, storage and the conversion of its products; 

its promotion depends on an improved habitat, on collective equipment, 

etc.   Such a rapprochement makes it possible to identify a large 

number of items of simple equipment, from the plough to the silo 

and including simple structural and boilerwork products, capable of 

being produced from the primitively mastered technical routes as a 

function of the existence of agricultural mechanization or tooling. 

It may clearly be seen how, on the basis of agriculture and rural life, 

a to-and-fro movement could be established between the process of 

increasing complexity of the technical routes and the deeper satisfying 

of needs or, if one prefers, how one proceeds from agriculture and the 

agricultural mechanization industry (or artisanate) to the establishment 

of a capital goods industry. 

The point was initially made concerning the high concentration 

of the agricultural mechanization industry (tractors, complex machines). 

One must not, however, neglect the interest which is already being 

shown, and which will increasingly be shown, by the major agricultural 

mechanization industries in Europe, Japan and America in the 

"industrial" adaptation of agricultures which have, until now, 

remained marginal.  The recent report presented jointly by the Asiatic 

Development Bank and the Trilateral Commission Is a sign of the 

attention which will be paid to small-scale irrigation schemes, to 

miniaturized mchines, to tools, etc. 

The alternative which is open is that the satisfying of the 

needs of agriculture, and more broadly those of rural life, will be 

essentially induced by the industrial logic of the dominant groups, 

(1) see "Le Monde" of 28 February 1978. 

u 
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whilst the local implementation of their satisfaction could constitute 

for those countries concerned a possibility of entering into the 

production of capital goods, starting from agriculture and rural life, 

but extending in the direction of all the other sectors of economic 

life. 
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3.2.  Typology of capital goods and agricultural mechanization 

3.2.0. Classification of capital goods 

The agricultural mechanization industry forms part of the 

capital goods industry.  One may therefore consider using the method 

of classification of finished goods which is based on the principle 

of technological production routes and which therefore permits the 

analogue grouping of products  . 

This general classification is set out in Annex 1.  The 

classification principles are as follows : 

- It is necessary to establish a correspondence between the 

various classes of capital goods and the final demand 

sectors.  This correspondence is necessary in order to be 

able to establish the demand in terms of value and of 

volume; 

- It is necessary to take into account one of the most 

important characteristics of the capital goods sector, 

namely the numerous connections which exist between the 

products and the technical manufacturing processes.  It 

is possible to associate different products (analogue 

grouping of products) which may be manufactured using the 

same manufacturing processes (forcing, casting, machining) 

which make it possible to manufacture parts and sub-assemblies 

common to different final products. 

The first overall survey made it possible to determine eight 

production sub-routes and so to establish a first analogue grouping 

of products produced by the capital goods industry.  These eight 

sub-routes are : 

(1) An analysis of the structures of the capital goods industry 
(Preliminary study) - I.C.I.S., with the collaboration of 
M. R. Tiberghien, February 1978. 
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-Light and medi 

Cutting, forming, weldinr — 

ium   I 

Simple 

Complex 

(Al) 

(A2) 

*-Medium and heavy 

i— Co Complex       (A3) 

ighly complex (A4) 

f-Light and medium 

Casting, forging, heat 

treatment, machining, 

assembly 
-tedium and heavy 

-c 
-c 

Simple 

Complex 

(ID 

(12) 

Complex       (13) 

Highly complex (14) 

Taking the whole of agricultural mechanization (tooling, 

equipment, tractors) the routes involved in this first approach are : 

- Al 

- A2 

- II 

- 12 

- 13 

Cutting, forming, welding, light and 

medium, simple and complex 

Forging, casting, mechanical working, heat 

treatment, assembly; light and medium, simple 

and complex) medium, heavy and complex 

This first methodological approach covers all capital goods, 

so that it is now necessary, in relation to the final agricultural 

demand : 

- To effect a more precise and concrete approach to the 

agricultural mechanization industry in terms of technological 

routes and the analogue grouping of products; 

- To identify the problems of organizing the productive 

apparatus. 
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3.2.1.    Technological production routes and agricultural mechanization 

Under  the term technological production route one defines 

all  the production operations,  linking the products  (materials, 

components,   sub-assemblies)   and the processes   ("basic facilities" ~ 

casting,  forging, metal forming, machining,   etc.) with a view to 

the production of the final  product   (assembly)  and  taking into 

account the design o erat ions  (engineering,  design capabilities)  and 

the organization of production and sales   (industrial engineering and 

marketing). 

The study of the technological production routes for agricultural 

mechanization must therefore determine the  following factors for all 

the final products  : 

- Energy sources 

- Iron and steel inputs 

- The components used (for example nuts and bolts, springt) 

- The elements of the actual manufacturing process : 

Forging 

Welding (metal structural work, boilerwork) 

Casting 

Stamping 

Machining 

Heat treatment 

Assembly 

- Marketing and after-sales service 

- Design studies. 

Table  43 classifies agricultural mechanization products  (column 3) 

as a function of the production sub-routes   (column 2).      It also 

includes the characteristics of the organization of maintenance of 

the equipment   (column 4),   the location of  the activities  (column 5) 

and,  as a function of the production sub-routes,  some examples of 

the production possibilities opened up for other capital goods outside 

the field of  agricultural mechanization  (column 6). 
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This table shows three major sub-routes: Al-Bl, A2-B2 and 

B2-B3. 

Sub-route Al-Bl corresponds to simple forging work and welding, 

and some examples are given, taken from an analysis of products in 

terms of production routes. 

For simple forging of the artisan type the source of energy is 

very frequently wood, in some countries coal or coconut shells, more 

rarely electricity;  the raw material is scrap steel, there is 

practically no assembling, the manufacturing techniques are rudimentary 

and frequently heat treatment is carried out by guesswork so that the 

quality of the products leaves something to be desired. The final 

products are mainly hand tools (pick-axes, shovels, rakes, woodcutting 

axes). 

The simple welding operations require some knowledge of welding 

but the main problem is that of electrical supplies for the welding 

unit.  Mastery of this sub-route makes possible the production of 

small metal-framed storage units, small silos, carts, tanks and 

small farm equipment (hen-houses, drinking troughs). 

Sub-route A2-B2 

Whereas the previous sub-route corresponds to work of the artisan 

type mastery of this sub-route already represents a qualitatively 

large step forward since it requires, even if not in the form of 

complex work, the mastery of : 

- simple mechanical machining (use of slide lathes, milling 

machines, drilling machines, planers); 

- casting ordinary cast iron and forging; 

- heat treatment. 
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The iron and steel inputs become more complex, involving the 

use of some alloy steels.  It should be noted, however, that it 

is not necessary that all parts should be made locally (complex parts 

of relatively simple equipment) but can be either imported or be 

obtained from a better equipped production unit located at country 

level (see below on the relationships between production units). 

The products manufactured can include the following : ploughs, 

disc harrows, rollers, seeders, grain cleaning machines, portable 

sprayers and hand-operated pumps. 

Sub-route B2-B3 

This sub-route represents an increase in complexity over the 

previous route:  the use of alloy steels, electrical and hydraulic 

components and complex parts, the need for a quality control department, 

a design office, a marketing department and an after-sales service. 

Assembly operations also become more complex... 

It will however be necessary, by a subsequent in-depth study 

of production routes, to identify in a more precise manner what analogue 

grouping of products can be carried out since, as can be seen from the 

table, the list of products is varied and the complexity differs 

between a seeder, an elevator and self-propelled machines. 

3.2.2.  Questions linked with complexity 

It should be pointed out that, irrespective of the criteria 

retained to define the complexity of a product, reference will almost 

always be made to existing products.  Such products are, for the most 

part, defined in the industrialized countries and hence as a function 

of the socio-economic conditions which prevail in these countries. 

The complexity of a product is defined by : 

- the nature of the iron and steel inputs - 

- cast iron 

- ordinary steel 

- alloy steel 
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- the nature of each of the elements in the production 

process - 

- general or precision machining 

- casting ordinary or SG cast iron 

- casting ordinary or alloy steel 

- artisan-level forging, universal forging, forging alloy steel 

- the place and complexity of the assembly work 

- the importance of quality control 

- the management of spares 

- the importance of study and design offices. 

As was pointed out in Chapter I a fundamental trend in the 

agricultural mechanization industry is the diversification and 

increasing complexity of the products. 

Mechanical equipment is made more complex by the addition of 

components which are not entirely mechanical.  A sophisticated tractor • 

whether high-power or miniaturized - is no longer a simple mechanical 

object.  It is now a system consisting of mechanical, electrical, 

electronic and hydraulic sub-systems. 

Mechanization which made the engine the central component of 

the machine is today changing direction.  The complex machine - such 

as the self-propelled machine - is characterized by the increasingly 

total integration of the elements of which it is composed. . 

Modern specialized agricultural machines represent a technological 

line different from that of the previous tractors. 

The complexity of the systems which they form is not the simple 

addition of the complexity of their components but a multiple of this. 

The applications of systems analysis methods should one day 

make it possible to measure the complexity of capital goods by the 

quantity of information contained in their technologies and the 

quantity of energy and work which is necessarily integrated into 

their manufacture. 

However in this preliminary study the analysis has been simplified 

by considering only three principal levels of complexity : 

U 
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Level 1 corresponds to the capabilities of artisan forgers who 

exist in practically all the developing countries and whose work 

makes possible the manufacture of most hand tools even if the quality, 

in certain cases, leaves something to be desired.  The minor welding 

work corresponds to this level of complexity but poses the problem 

of the source of energy. 

Level 2 assumes capabilities and countries which already have 

an embryonic capital goods industry.  This level implies, in particular, 

mastery of the use of machine tools, requiring skilled labour, and 

mastery of casting and non-artisan forging. 

Level 3 includes at least three sub-levels 3a, 3b and 3c. 

It is possible to illustrate each of these sub-levels by means 

of some typical products : 

Sub-level 3a : seeder, drill, sprayer, cultivator, elevator, 

conveyor ; 

Sub-level 3b : pumps, prime movers; 

Sub-level 3c : self-propelled threshers and binders, special 

machines, bulldozers, solar engines and pumps, 

machines using new technologies (drop-by-drop 

watering). 

In the present state of the dominant techniques tractors are 

located between sub-levels 3b and 3c.  But the manufactures of 

tractors poses a question which may be transposed in the case of other 

items of equipment.  Reference is frequently made to miniaturization 

as a factor in the reduction of complexity; this leads to the ideas 

advanced concerning the use of mini-tractors or power-cultivators. 

In fact where the manufacture is concerned the complexity appears to 

be just as great (large number of parts, special machnining, use of- 
(2) 

alloy steels, etc.)  . 

Trials on the adaptation of a tractor designed for developed 

agricultures do not appear to be convincing.  Even the most economic 

and intelligent solutions remain relatively complex and expensive. 

(2) These machines also appear to be more fragile, and to have a 
shorter working life, than conventional tractors. 

^*J 
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Prices of the new models are much higher than the second-hand cost 

of normal models in the developed countries. 

It seems, therefore, that it is necessary to be more radical 

in the direction of simplification. 

In fact it is a question of producting a tractor of a new 

technical line rather than of returning to the relatively simple 

tractors of a quarter of a century ago 
(3) 

already been carried out 

others are proposed. 

The first trials have 
(A) with the cooperation of UNIDO   and 

Such a tractor could be produced using basic imported 

components (engine, transmission) or parts produced locally, and by 

simple techniques (simple welding, metal construction) where the 

rest of the tractor is concerned (chassis, tracks, hubs, etc.). 

In the same way an analysis of the various operations which 

are suitable for mechanization and of the principal components of 

the machines and tools used shows, in each case, that their most 

frequent common denominator is a simple engine. 

The specifications for the latter arise from the same consider- 

ations as that for a simple tractor, and in the case of a simple 

multi-purpose engine could be as follows : 

- it should be inexpensive so as to require only a small prior 

accumulation, being a tenth of the price of a simple tractor, and 

should therefore be produced in long runs; 

- its maintenance must be easy as a result of a design directed 

to this end, and possibly modular as is being envisaged at the present 

time in the automobile industry; 

- its servicing must be simple, within the capabilities of all 

users, allowing its widespread use, as was seen at the beginning of 

the mechanization of European agriculture; 

(3) PANGOLI" simplified agricultural tractor - Industrial Development 
Office of the RepuM''c of the Ivory Coast. 

(4) TIMTABI tractor. 
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- the choice between diesel and petrol should be made on the 

basis of  the best compromise between production cost,  servicing 

costs and operating costs;    by contrast efforts should not be made 

to adapt  it to different fuels  (wood,  groundnut shells,  farm gas, 

etc.)  so as to retain its simple character and its multi-regional 

suitability;    however  the engine should not prejudice the more 

economical possibilities of the utilization of renewable resources 

(solar  energy, wind power,  etc.); 

- it must show proof of great flexibility in use, capable 

of being coupled to other similar units to provide multiple powers 

from a unit power which can be small,  about  twenty horse-power for 

example,  and it must be  light and fitted with handles so that it 

can be moved about easily; 

- finally it must be capable of being connected to all those 

agricultural machines which are able  to be motorized and for all 

those possible applications which only require a low power: 

irrigation,  certain harvesting machines and the transport,  converting 

and storage of products.      The shaft of the engine should therefore 

be provided at one end with a pulley   (see  the  Ivory Coast PANGOLIN) 

or a toothed wheel transmitting the power to the wheels of a 

conveyor  of  the dumper  type and,  at   the other end, with a power 

take-off   (pulley or shaft)  for coupling to the widest possible range 

of tools or machines used in a region,   the economic characteristics 

of which are to be analyzed. 

-J 
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3.3. A typology of the developing countries from the point of view of 

agricultural mechanization 

Table 44 summarizes the information available on 64 countries in 

regard to the production of hand tools, simple machines or equipment using 

animal traction, engines and tractors. 

The still approximate nature of this information, which should be 

verified, must be emphasized.  The information must be interpreted with 

caution.  If the production of hand tools and simple machines is, without 

doubt, integrally local manufacture, the same is certainly not the same for 

the production of engines, tractors and combines. 

Certain countries (in particular India and Brazil) appear to have 

integrated on a national scale the production of diesel engines, for example, 

and even to have improved this by the introduction of R & D. 

But in nany cases, particularly when the local companies are the 

subsidiaries of multinational companies, manufacture consists essentially 

of assembly with a varying level of incorporation of national components. 

Up to the present it has not been possible for the International 

Centre for Industrial Studies to collect the information which is needed 

to evaluate the true situation. 

But, irrespective of the reserves which must be made concerning the 

information and the sample of the countries in Table 44, this will not be 

of a nature to affect the following statements : 

1. Practically all the developing countries manufacture hand tools 

used in agriculture; 

2. More than half of the sample of countries studied (33 countries) 

manufacture simple items of equipment and equipment for animal traction; 

3. But only 13 countries manufacture engines, without knowing in 

fact the contribution of national components and engineering.  This 

production is only seen in the case of countries with populations of over 

10 million inhabitants.  This means therefore that 84 countries (plus 18 

territories) with less than 10 million inhabitants and 19 countries with 

more than 10 million inhabitants, or a total of 103 countries, do not 

produce engines intended for use in agriculture.  This statement clearly 

__J 
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reinforces the suggestion which has already been made to attempt to 

produce a simple and multi-purpose engine in the developing countries; 

4. The production of tractors of 10 HP and above, according to 

the available statistics   , appears to be carried out in only 8 countries*2* 

In the case of combined machines the statistics are contradictory as 

between production and exports.  It is probable that their production is 

in the hands of a smaller number of countries than in the case of the 

tractors. 

These findings also reinforce the previous proposal to design, test 

and manufacture simple tractors, of a new technological line and capable 

of being produced over a much larger geographical area. 

5. This classification confirms that found in the case of capital 
(3) 

goods in general  .  It leads, even more forcibly than in the case of 

capital goods taken overall, to the conclusion that the industrialization 

policy for the developing countries must be differentiated.  The problem 

cannot be limited to the 5 or 6 countries which already possess an industry 

but must be extended to the research into specific solutions for the 

hundred countries which do not possess one.  All these countries engage 

in agriculture, and it is this which dominates their way of life. 

As has been explained it is advisable to initiate this development 

of the agricultural mechanization industry without destroying the existing 

bases of know-how in the production of simple machines, or even of hand 

tools, no matter how rudimentary these may be.   It is a matter of starting 

from these bases and of successively introducing those technological routes 

which will make it possible to progressively enlarge the range of products 

manufactured. 

Tables 45, 46 and 47 give the "national profiles" of the supporting 

industries for agricultural mechanization in Africa (15 countries), Asia 

(10 countries) and in Latin America (9 countries). 

(1) United Nations Yearbook of Industrial Statistics, 1975. 

(2) The statistics for production and foreign trading are not coherent. 
For example six countries (Pakistan, Singapore, Thailand, Kenya, 
Malaysia and the Ivory Coast) appear to have exported tractors (Yearbook 
of International Trade Statistics, 1975) whereas these do not appear 
in the production statistics. 

(3) ICIS - An analysis of the structures of the capital goods industry - 
document cited above. 

u 
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Here again the  information is  to be treated with caution and should 

be  supplemented and corrected.       It   is nevertheless  given in order to 

suggest  an approach  to  a process of   increasing  information which  is  then 

capable of being made progressively more complex. 

Iron and  steel  production has  been broken down  into three 

categories:     long products,  flat products and alloy steels.      This 
(4) 

classification,  although very simple,   is not without value    . 

If  it  is  true   that a small  number of developing countries produce 

a wide range of  iron  and steel products  it also  appears  that a  large 

proportion of  the developing countries which have an  iron and  steel  industry 

do not produce  either  flat products  or  special  or  alloy steels.       Yet 

equipment  goods  require  flat products,  particularly sheet, and  alloy steels 

in  the manufacture of  engines and other parts.       The  existence  of an iron 

md  steel  industry need not be,  however,  a prior  requirement  for creating 

an agricultural mechanization and capital goods   industry.      But  it  is 

obvious  that  the "forging"  route and mastery of   the handling of machine 

tools  are prerequisite  conditions. 

Here also the  capacities of   the developing countries differ very 

considerably. 

It would be of value  to refine  these profiles   by   studies on site 

with the companies  concerned.      But   it  is necessary  to  start  from typologies, 

very rough at   the beginning but  then progressively becoming more detailed. 

The next  step would  then be  to proceed  to a classification by  levels of 

difficulty of  the various types of  casting and of  typing the complex world 

of machine tools.       The  true  situation regarding  the existing capabilities 

of   the countries  could  then be  identified. 

Comparison of  the "profiles" obtained in this way with those needed 

to produce  the  defined  types  of machines would provide  information at an 

operational  level  for delimiting with precision  the necessary  training 

programmes,  country by  country.       In  this way  it would be possible  to avoid 

the disadvantage?  of  excessively generalized programmes of  the  omnibus  type, 

based more on the technical availability of the  trainers than by the specific 

needs of  the developing countries. 

(4)    New trends   in the   iron and steel  industry  -  ICIS  study produced with 
the collaboration of M.  P. Judet, February   1978. 

U- 
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The value of having a classification by products, showing analogies 

in respect of their production routes, is also reinforced.  This would 

make it possible to organize the training activities which would open up 

to the maximum the versatility of activities. 

This combination of typologies of agricultural mechanization (see 

the previous chapter) with typologies of countries has another important 

consequence in the organization of information, and of technological 

information in particular, which is necessary for the developing countries. 

The relatively more rapidly developing countries need information 

to improve their capabilities, to extend their production ranges and to 

improve their productivity.  This only concerns a restricted number of 

countries. 

By contrast the great majority of the developing countries need 

information when making strategic decisions such as to enter or not to 

enter into a new activity and, if to do so, how. 

This information is of a strategic nature, not tactical. 

The one does not exclude the other, but it must be appreciated that 

to give priority to one to the detriment of the other is implicitly to 

make a political choice.  Applied to the problem of agricultural mechanization 

these considerations mean that if the principal political choice (and not 

exclusively under compulsion) is to develop agricultural mechanization at 

various stages in those countries which do not at the present time have an 

industrial base, or only an inadequate base, it will be necessary to pursue, 

to make more complex and to refine the typology of the technological routes 

for agricultural mechanization and the production profiles of the countries. 

ii 
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3-4- Policie8 for entry into and/or development of an agricultural 

mechanization industry 

The strategies should differ according to the countries, but they 

should take into account the following factors : 

- The dispersion of the users encourages installing a largely 

decentralized production apparatus. This option would facilitate the 

operations of marketing and maintenance.  However these units should be 

able to rely on the support of a more centralized organization, responsible 

to the Public Authorities, in respect of supplies of raw materials, studies, 

the design of the equipment and the promotion of national engineering 

capabilities in this field. 

- This decentralization is not incompatible with the criterion of 

profitability.  In between the production of conventional hand tools by 

improved artisan techniques and the manufacture of sophisticated equipment 

(tractors and self-propolled machines) by specialised production processes - 

there is room for a whole range of equipment produced by small or medium 

sized units. 

- The analogue grouping of products on the basis of common techno- 

logical routes suggests that it would be possible - and necessary - to 

approach from a new angle the decisions to invest and studies of feasibility, 

profitability being evaluated less at isolated product or operation level 

but more in terms of groups of analogous products. 

- Maintenance and servicing is a sufficiently important problem to 

be taken into account in a global strategy for the installation of 

production units. 

- A strategy for entry into or the development of agricultural 

mechanization should be integrated within an overall strategy for the 

development of the capital goods industry. 

- The other basis of this strategy would be the critical evaluation 

of the demand for machines by eco-development zone (see Chapter II). This 

would determine the orientation of programmes for the industry. 

U- 
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3.4.1.    The case of countries having practically no agricultural 

mechanization industry 

In these countries an agricultural mechanization industry 

cannot  rely on extensive  "mechanical" experience but only on the 

experience of local artisans who produce hand tools,  together with 

some acquired experience  from automobile  engineering since  the 

maintenance of cars  is entrusted  to artisan-type workshops. 

The stages could be as follows   : 

Stage   1 

- Improvement of artisan techniques by support from the Public 

Authorities at the level of raw materials supplies and manufacturing 

techniques. 

- The installation of structural steel work and boiler work 

units which will necessitate apprenticeship in welding and finding 

a solution to the problem of the energy needed for the welding units. 

- At the same time, and given that imported materials will be 

used, it will be essential to solve the problem of supplies of 

spares and to install the first maintenance and servicing units. 

It is at this stage that the need to train workers to use machine 

tools will undoubtedly be felt.  These maintenance units could be 

both a means of training personnel needed for the operation of 

future production units and also the basis in respect of mechanical 

machining needed to manufacture spares or the components needed for 

the products manufactured during stage 2. 

Stage 2 

- This  involves launching the production of products of 

complexity level 2,  so implying mastery of routes A2 and B2,  that 

is to «ay  : 

- Cutting,  forming and welding,  light and medium, complex 

- Casting,  forging,  heat  treatment and machining,  light 

and medium, complex. 
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3.4.2. 

- A start could be made on the production of related producta 

which do not form part of the agricultural demand ao as to make 

the investments more profitable and to make an entry into the more 

generalized manufacture of capital goods. 

- At the same time a policy of selective imports should be 

defined, restrictive in the case of productions to be promoted but 

open in the case of specific elements which cannot be made locally. 

- In this stage it will be necessary to establish, at a ' 

centralized level, the initial capabilities for the study and design 

of agricultural mechanization and to initiate a structure for a 

national engineering capability. 

Countries which have an embryonic capital goods industry 

These countries already have production capabilities.  It 

is therefore necessary to list them in detail so as to identify 

the existing production routes and, if necessary, their level of 

under-utilization since this is frequently found to be the case. 

The development of the agricultural mechanization industry 

can then the carried out in two directions : 

a) Downwards.   This involves ensuring that the simple 

techniques are effectively mastered and that the establishment of 

a more complex industry will not eventually disrupt the existing 

industrial fabric. 

b) Upwards.   This involves developing the more complex 

products and ensuring efficient linking with the rest of the capital 

goods sector. 

Study and design capabilities should be reinforced, in particular 

in the field of adaptation of equipment to local realities. 

These are the countries in which the question will soon be 

posed of manufacturing tractors and complex machines, the technologies 

for which are held.by the major manufacturers.  If the decisions to 

do so are taken then choices must also be made as to the degree of 

national integration of the production.  Assembly using imported 

components may be envisaged, but with a plan for integration clearly 

J 
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established with the foreign partner, otherwise the country will 

always be in a position of dependence.  Furthermore the production 

apparatus which is established for these assembly activities must 

be used to meet other needs. 

Obviously the above considerations only form, within the scope 

of this preliminary study, the elements necessary for relection. 

The same applies to what follows. 

3.A.3.  Problems posed by the organization of the productive apparatus 

Table 44 sets out a preliminary sketch of what could be the 

links between the productive apparatus and the possibilities of 

analogue grouping of products, their complexity and the dispersion 

of the users. 

The concept has been put forward that the production apparatus 

could be located at country, region or village level. 

This raises a general problem of management in the design, 

establishment and linking of the industry. 

a) The organization of production units 

- At village level one can speak of a modernized artisan-type 

mode of production in small units around the forge.  The problems 

which generally arise are those of regular supplies of good quality 

raw materials, technical assistance in improving the quality of heat 

treatments, and assistance in marketing.  It is also possible to 

consider that assembly activities are possible, using assemblies 

and sub-assemblies obtained from other units at regional or 

country level. 

- At regional level the production of simple to complex 

equipment involving forging, casting, mechanical machining and heat 

treatment, could be carried out in integrated units.  These units, 

based on the analogue grouping of products, would be of the multi- 

purpose type.  This presents the question as to whether each 

region should be autonomous in respect of the products which it needs 

or whether units relatively specializing on some products should 

be established in each region.  The answer to this will undoubtedly 
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depend on the size of the country and of the market. 

- At country level the units which are installed will meet 

the needs for the whole of the territory, and this poses problems 

of marketing and after-sales service. 

Two strategies are possible : 

- The establishment of units which each correspond to one 

product, or of multi-purpose units based on the analogue grouping 

of products. 

Furthermore, and irrespective of the strategy adopted, it will 

still be possible to choose between integrated units including all 

the elements in the production route and the so-called "main" 

units producing the final product from supplies of parts, components 

or sub-assemblies obtained from "intermediate" units.  This is 

therefore a choice between integration and the establishment of a 

network of sub-contractors. 

b) The links which are necessary between the three levels 

of localisation 

- It is necessary to study the possible links between the 

various levels of maintenance.  It is broadly possible to distinguish 

between minor maintenance at village level, more complex maintenance 

at regional level, and major maintenance at country level. 

It is necessary to go further than this and to evaluate under 

real conditions the work to be carried out, the equipment needed 

(number of machines), the level of skill required from the workers 

and the system of training. 

Where manufacture is concerned decentralization does not 

necessarily imply complete autonomy at each level.  For example 

it is possible to envisage assembly operations at village and region 

level, using the existing production tools and on the basis of 

sub-assemblies or components supplied either from centralized units 

to the regional units or from regional units to the village units. 

J 
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c)    The organizational network 

The capital good*  industry requires,  in general, a national 

environment which constitutes its external  infrastructure: 

engineering capabilities,  universities,  economic development and 

programming institutions,  systems for standards and information, etc. 

One characteristic of under-developraent  is, precisely,  the absence 

of  such an infrastructure. 

However the installation of a capital goOiS industry creates 

the encouragement  to develop such an infrastructure and can be a 

factor for the  integration of the national  industries. 

Its fabric,   its structure and the density of its links will 

be specific for each country. 

In this context the agricultural mechanization industry could, 

as has been analyzed here,  form the first thread of this  fabric. 

Although characteristics and methods may be common to a number 

of  countries the design of this fabric must be original and specific 

if  it is to be in accordance with the specific needs of the rural 

populations.      As a consequence the organizational forms and the 

linking of the  levels of activities are to be established case by 

case.      This is why it  is of value to have individual studies on 

each of the countries which have been produced along similar 

methodological orientations.      It would also be of interest to 

study in more detail the experiences of countries which have 

developed from practically nothing on the basis of original formulae 

for the agricultural mechanization industries, such as Bulgaria, 

Jugoslavia and China. 

Institutional  innovation may perhaps be a condition for 

avoiding unconsidered and mimetic transfers of the dominant models 

of agricultural mechanization. 

It is undoubtedly also one of  the organizational and psychological 

conditions for  leaving room for unconf ined critical analysis - or 

even for the imagination - in bringing forward innovatory solutions. 
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To illustrate this claim it is only necessary to consider 

the possibilities of a policy of substitution in this field. 

Substitutions in respect of products and in the f i< Id of 

production meet, in effect, five objectives: to adapt the product 

to local realities, to reduce the complexity of manufacture, to 

make maintenance simpler, to facilitate standardization and to 

make decentralized manufacture possible. 

To achieve this one can, for example, consider : 

- substitutions in respect of energy sources (use of 

non-conventional forms of energy). 

- substitutions in the iron and steel inputs so as to reduce 

the grades of steel needed and to facilitate standardization, the 

more so since the grades of steel frequently correspond only to 

the maker's "make" and not to technical considerations. 

- substitutions in the production process: the use of "Meccano" 

techniques would facilitate welding and would replace casting, the 

technique of folding could replace stamping, etc. 

Definitively, therefore, the entry of many of the developing 

countries into the agricultural mechanization industry is a burning 

necessity, and would be a logical consequence of implementing the 

"basic needs" policy. 

This results in new obligations for the community of inter- 

national organizations, and for UNIDO in particular: to assist these 

countries in taking the initial options of entering into these 

activities, to obtain strategic information, to implement active 

methodologies both for evaluating the agricultural demand and also 

for making an accurate diagnosis of the industrial capabilities of 

the countries, to forge the instruments of action such as that of 

typologies of technological routes, to test new and innovatory solutions 

such as simple and multi-purpose tractors and engines, to compare the 

experiences of countries and to study diversified strategies. 

W 
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3.5.     CONCLUSIONS 

1. For the greater number of  the developing countries the agricultural 

mechanization and equipment  industry is  the way to enter the capital 

goods  industry.      Its double importance can therefore be seen:    firstly 

in the  fact that it gives   to agriculture  the  tools which are necessary 

for  its  development and  secondly in that   it  reduces   the dependence  of 

the developing countries  by  establishing a  capital  goods industry. 

2. The agricultural mechanization industry is  not concerned solely with  the 

manufacture of tractors  and self-propelled machines;     between such 

equipment  and hand tools   there is a wide  range of  items of equipment 

involving simple to complex manufacturing processes. 

3. Whilst  the model of heavy  tractorization  is widespread in the 

developing countries  it  will be difficult  for all but   a few countries 

to acquire an agricultural mechanization industry since the equipment 

involved  is very complex and is constantly being changed.      On the 

contrary a model of multi-purpose motorization, whilst not in any way 

excluding the use of sophisticated equipment, could facilitate the 

stages of  industrial progress. 

4. Analysis  in terms of production routes and of the analogue grouping of 

products makes it possible  to mark out routes between  the stages of 

industrial progress.      These must be examined in greater depth.      This 

analysis  suggests that mastery of the agricultural mechanization 

industry  is achieved by way of mastery of   the production routes;    it 

also suggests that the profitability of an  investment   should no longer 

be evaluated at the level  of an isolated product or operation but rather 

on the basis of groups of  analogous products. 

The organization of the agricultural mechanization industry depends 

greatly on the dispersion of the users.       This constraint imposes a 

largely decentralized production and maintenance organization.      Such 

an organization would,   in addition, make  it possible  to form an enlarged 

industrial fabric,  the essential basis for  the subsequent production 
of capital goods. 
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6. Research should be undertaken not only in the direction of 

miniaturization but also in the direction of the simplification 

of equipment (for example a simple tractor) and the versatility 

of equipment (for example engines), following new technological lines, 

Thus simplification and versatility are important factors in 

technological autonomy. 

7. It is essential to consider the unity which is formed by the 

agricultural mechanization industry and the capital goods industry. 

Increasingly detailed information should be compiled so as to produce 

lists of related products, the production of which could be envisaged 

alongside that of agricultural equipment.  This would make it 

possible to provide instruments for action for the use of the policy 

makers in the developing countries. 
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