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1. GENERAL INTRODUCTION 

This mechanization study was undertaken with three major objectives in 
mind. The first was to collect and analyse information on general aspects of 
mechanization and its effect on social and economic factors for West Africa. 
The second was to conduct some model studies on different systems of mechani­
zation and to establish which operations in the production process present the 
biggest labour bottlenecks and are most limiting to an increased area under 
cropping. The third was to perform specific soil tillage and weed control studies, 
since both literature and model studies indicated that these operations are the 
most common bottlenecks in the pre-harvesting stage of the production process. 
These tillage and weed control studies were conducted to establish which opera­
tion or practice is most suitable under different soil and topographic conditions. 

In Figure 1 three major factors are presented as constituting agriculture. 
Mechanization is only a part of one of these factors and is as such no answer and 
also no problem in itself. Its inter-relationships and interaction with other in­
puts and factors will determine its possibilities, applicability, problems and 
prospects. An attempt is made in this study to put mechanization in that light 
and to present its relation to, and bearing upon, farming in the tropics. 

Underlying this investigation is the basic problem of how to increase food 
production in a hand farming system, based on subsistence farming and shifting 
cultivation. With the present technological (traditional) aids and farming 
methods, no substantial increase in food production per worker and per man-
year is likely to be obtained. This state of affairs, if it continues, seems unlikely, 
therefore, to improve living conditions or bring about more wealth for the 
countries in West Africa, where up to 80 or 90% of the population is currently 
engaged in food production. 

Mechanization in this study is regarded in its broadest sense of implying any 
tool or practice used to plant, produce, harvest or process an agricultural crop. 

The second aspect of this study has two parts. The first is a model study on 
rice mechanization systems, based on available data on time and labour re-

AGRICULTURE 

SOCIO-ECONOMIC 
RELATIONS 
- rural development 
- labour demand/supply 
- marketing facilities 
- rural migration 

ENVIRONMENTAL 
FACTORS 
- soils 
- crops 
- climate 
- rainfall distribution 
- topography 

TECHNOLOGICAL 
INPUTS 
- seeds 
- nutrients/chemicals 
- irrigation/drainage 
- mechanization 

- tillage/weed control 
- crop maintenance/ 

protection 
- harvesting/threshing 
- post-harvesting 

FIG. 1. General aspects of agriculture and the place of mechanization in it. 
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FIG. 2. The field work was carried out at this institute. 

quirements for the various operations in producing rice, while the second is a 
field study on vegetables with two systems of mechanization. 

The third aspect, which includes studies on soil tillage and weed control, has 
been chosen deliberately, since, as many farm surveys show (UTA, 1974), 
more than half the working time for producing food crops, is spent on land 
preparation and weeding. Furthermore, these two aspects of the crop produc­
tion process could, as will be shown, have a direct bearing on the main power 
source desired or needed and, therefore, on what type and level of mechanization 
can be selected and recommended. 

These soil tillage studies were undertaken at four locations along a topo-
sequence : 
two under 'upland' conditions and two under 'hydromorphic' conditions. 

Apart from studying the yield potential of different tillage practices, some 
related physical and chemical soil parameters were also measured. 

The studies were carried out at the International Institute of Tropical Agri­
culture, Ibadan, Nigeria, and made possible, through an international Co­
ordinated Research Project on the Mechanization of Rice Production', by the 
Food and Agricultural Organisation of the United Nations, by the Dutch 
Government through the Agricultural University of Wageningen, the Nether­
lands, and by the International Institute of Tropical Agriculture, Ibadan, 
Nigeria, which also provided the opportunity and assistance to conclude the 
field work and the investigations. 
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P R I N C I P L E S OF M E C H A N I Z A T I O N A N D 
M E C H A N I Z A T I O N S T R A T E G Y 

2.1. INTRODUCTION 

A man working by hand has obvious limitations in terms of output and capa­
city. However, he fits in well with his traditionally grown cropping system and 
existing society and culture. Change will bring adaptation problems of a socio­
economic or political nature, to which an individual and a society will react in 
making the change fit again. 

In this chapter some of the factors affected by technological change will be 
discussed and illustrated by a general introduction of what mechanization is, 
can be, or can do, and which different types and levels of mechanization exist and 
how they can be applied. 

2.2. OBJECTIVES 

PARRY (1971) states the general objective of mechanization as: 'to enable 
highly or lowly paid workers to produce maximum output with least toil, pro­
viding a high quality result by way of valuable marketable products of high 
value'. More specific objectives are manifold and reiterated many times (STOUT, 

1966: KOLAWOLE, 1973; ABERCROMBIE, 1972; STOUT, 1971; PARRY, 1971; 

OYENUGA, 1967; OVER WATER, 1974; MOENS, 1974; FRIEDRICH and VAN GILST, 

1971 ; HARRIS et al., 1974; MCCOLLY, 1971). 
Some of them are : 

1. to bring additional land under cultivation, either by clearing new areas or by 
utilizing land unsuitable for hand cultivation ; 

2. to reduce labour requirements, especially during peak periods, and to in­
crease labour employment during slack periods ; 

3. to increase total employment ; 
4. to convert animal power feed production areas to human food production 

purposes ; 
5. to increase the output per agricultural worker, thus raising the agricultural 

productivity and farm income ; 
6. to increase the productivity of the land through improved agricultural 

operations, giving higher yields and by growing additional crops per year ; 
7. to improve the timing of the operations to make use of optimum tillage and 

planting dates, to avoid unsuitable weather conditions, to reduce effects of 
weeds, to harvest at the optimum time ; 
8. to facilitate the introduction of new and more intensive rotational farming 

systems ; 
9. to reduce drudgery in agricultural work and to improve the working en-
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vironment, thus making farming more attractive; 
10. to improve the dignity of the farmer; 
11. to improve water supplies and water control systems ; 
12. to reduce spoilage, waste and other losses, resulting in better quality farm 

products ; 
13. to improve the distribution of commodities through better transportation 

facilities. 
All these objectives do not necessarily have to apply for any given set of 

conditions ; some may be dominant in one situation, whilst others may be most 
important in different situations. 

Also priority differences will exist in objectives between an individual farmer, 
a farming community or a country and agricultural policy as a whole. GEMMIL 

and EICHER (1973) differentiate between the effects of changing technology on 
private or financial profitability relating to the farmer or a village, as distinct 
from economic profitability relating to a country as a whole. They indicate that 
an individual may have different objectives than his country and its policy. 

2.3. ADVANTAGES, DISADVANTAGES AND LIMITATIONS 

A great many advantages of mechanization are incorporated in the objectives, 
as pointed out in 2.2. 

They can be summarized as follows : 
1. increased land and labour productivity ; 
2. increased yields through more efficient and better timed operations; 
3. higher profits; 
4. reduced costs ; 
5. reduction of drudgery : 
6. reduced losses through better post-harvesting operations. 

In trying to introduce higher technological inputs, however, there are at the 
present stage of development in most developing countries, and especially in 
West Africa, many limitations and constraints, which act as major obstacles 
for the succesful application of these new inputs. 

Five categories of such problems are identifiable, although several of these 
are interwoven and complementary : 
1. physical and biological factors ; 
2. technical factors ; 
3. educational factors ; 
4. economic factors ; 
5. social factors. 

Physical and biological factors, which can act as limitations are: water, soil, 
weeds, climate, the farm itself, etc.. Drainage and irrigation at the desired time 
are important factors for mechanization to succeed, as well as dry weather during 
land preparation, planting and harvesting (OVERWATER, 1972). Weed control 
problems, in particular grasses, can prove a severe limitation for an increased 
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area under cropping or crop intensification, and therefore for increased techno­
logical inputs, if proper chemicals are not available on time (MOODY, 1973). 
The present structure of farms has tremendous limitations. The limited sizes 
with multiple small plots scattered around, the generally poor accessibility of 
the plots, and the 'slash-and-burn' technique of land clearing, make mechani­
zation practically impossible (KOLAWOLE, 1973). 

Restricting technical factors are multiple. Even if equipment is acquired, the 
supply and availability of spare parts, fuel and lubricants are usually in short 
supply or the workshops necessary to do repair works do not exist except in the 
cities, which may be far away. An example of these problems was given by ANON 
(1971b); a dealer in the Western State of Nigeria could, in 1969/1970, only 
repair 17 of the 304 breakdowns in agricultural machinery within 6 weeks, 
while 287 remained for 2 -9 months in the workshop due to the lack of spare 
parts. 

Educational factors include the shortage of qualified planning, executing and 
working staff to cope with the technical problems posed by introducing higher 
technological inputs. This shortage has been indicated by FAO (1970b) and 
JOHNSON et al. (1969). Also, illiterate farmers cannot really be expected to take 
adequate care of equipment. 

Socio-economic factors may well prove to be the most important in the long 
run. The low yield levels, the primitive farming practices and conservatism 
among the farmers, the very limited financial resources at the disposal of the 
farmer and the general abundance of labour keep them in a vicious circle, out 
of which only considerable resources from outside could help them in the 
foreseeable future. With the present yields, mechanization is not an economic 
proposition, which it can only become if a farming system can be developed, 
maintaining soil fertility and allowing for at least double cropping. Even in that 
case mechanization will only be feasible if, alongside it, better varieties are 
available, as well as fertilizers and chemicals for pest, disease and weed control, 
at reasonable prices and if optimum use of land and water resources is made. 
Credit and credit facilities are limited and in their absence, new technological 
inputs cannot be acquired by the majority of the farmers. The population den­
sity and the availability of labour is a much debated issue and can offer enor­
mous constraints for a farmer and community if new technological inputs are 
not applied with care. This aspect will be discussed in greater detail in paragraph 
2.8. Present markets and marketing channels are inadequate and insufficient 
to cope with commercialized agriculture and food production and will, in the 
long run, be major limiting factors in firstly, getting the technology to the 
farmer with proper sales and after-sales services and secondly, in having the 
grown produce properly marketed and sold at fair off-farm prices. The inflexi­
bility of farm structures and land-tenure arrangements also impose serious 
restrictions (KOLAWOLE, 1973). FLINN et al. (1974) report the absence of profit­
able innovations for food crops and unfavourable price relationships, at least 
until recently, as limitations. 

Up to now, most Government policies in developing countries related to 
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agricultural mechanization and mechanization programmes have been un­
stable and were prohibiting rather than stimulating the applications of improved 
and desirable technological inputs (FAO, 1973c). 

Included in the restrictions, are possible disadvantages of mechanization : 
1. the capital used for mechanization could have been better used for other 

purposes (FRANKE, 1974); 
2. the labour released cannot be employed elsewhere, thus also increasing the 

urban drift (STOUT and DOWNING, 1974); 
3. production or production structures become adversely affected, e.g. in­

crease in farm size is stimulated and this will benefit the large farmers more 
than the small farmers, thus increasing social differences (FRANKE, 1974; 
LUNING, 1974); 
4. if equipment is imported, it may mean a serious drain on the foreign exchange, 

especially with the rising prices of materials and fuel ; 
5. mechanization, if not applied wisely and well balanced, can have a disturbing 

effect on the farm, resulting in either unexpected labour deficits or labour 
surplus during certain operations or periods of the year ; 
6. mechanization, if not applied alongside other necessary inputs, such as 

suitable soil, irrigation, high yielding crops or suitable rotations and fertil­
izers, may prove to be uneconomic or a failure, especially if the necessary tech­
nical and managerial support is inadequate. Moreover, mechanization has to be 
adapted to prevailing soil conditions, otherwise soil deterioration and erosion 
may result, and the right crops have to be grown under the prevailing agro-
ecology to make mechanization profitable. 

2.4. INTRODUCTION OF NEW TECHNOLOGY 

As GARRARD (1971) states: 'one of the greatest problems of a sociological 
nature, particularly in Africa, is trying to discover the reasons for small farmers 
not accepting new tools, new ideas and improved methods and techniques of 
agriculture'. NORMAN (1973) reasons that new technology, in order to stand a 
reasonable chance of being adopted, has to be technologically viable, econo­
mically feasible and adaptable to the indigenous situation. 

Several proposals have been made on how to introduce new technology and 
through what stages these developments have to go before a subsistence and 
shifting agriculture will become commercialized. RUTHENBERG (1971) argues 
that changes in adopted systems may either arise within the farm or outside it, 
and may be caused by new technical possibilities (new seed, pest control, irri­
gation, etc.) or be the result of a wide and complex range of social and economic 
factors, such as population density, technical progress, development of urban 
purchasing power and export markets or changes in human aspirations. LUNING 

(1974) lists some, mostly inter-related factors, which can bring farmers to adopt 
innovations : the profit of the innovation compared to the old situation must 
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be in the order of 2 to 3 times as high during the initial phase of the adoption ; 
the risk and uncertainty should be avoidable or minimal ; the prices of produc­
tion factors and product play either a stimulating or retarding role in the adop­
tion process ; the speed and effectiveness of extension on possible new innova­
tions. He concludes, that an accumulation of these factors usually results in the 
fact that bigger farmers profit first from new possibilities. FRANKE (1974) in­
dicates, that from the farmers' point of view mechanization can be attractive, if 
(a) cost of hired labour is high, (b) labour, especially in peak periods, is scarce, 
(c) the cost of animal power is high, (d) expansion of area becomes possible, (e) 
the intensity of cropping can increase, (f) the period of land preparation is 
limited by soil and climate, (g) the released family labour can be made useful 
outside their own farm, (h) losses are reduced, (i) drudgery is lessened. He states, 
that in densely populated developing countries with small farms factors (c) and 
(e), and in less densely populated countries factors (b), (c), (d) and (e), and that 
locally factor (f ) can be so important that mechanization becomes attractive or 
desirable. ABERCROMBIE (1972) indicates that, when the labour force at last 
starts to decline, all the increase in demand for agricultural products will have 
to be met by raising the productivity of labour at a rapidly accelerating rate, 
which will stimulate mechanization. He states: 'The degree of tractorization 
appears to be quite closely related to the level of income per head and the extent 
to which the population is urbanized, indicating the likely importance of higher 
wage rates in stimulating mechanization'. FLINN et al. (1974) mention that the 
ability of the small farmer to adopt new technology appears to be inversely 
related to the severity of land pressure in upland areas, i.e. farmers in the most 
critical nutritional and financial position are least able to implement technical 
change. DE BOER (1974) differentiates two stages in the development of agri­
culture. In the first stage, better varieties, fertilization and plant protection are 
important. This should be accompanied by a thoroughly planned strategy to 
ensure national food production, a programme for extension, training and 
educational services, and a system for storage, processing and marketing. In 
the second stage, mechanization, water management and farm size become 
important. This stage should be accompanied by a national strategy for agri­
cultural education, legislation of land and water use, and extended infrastruc-
tural improvement. 

LUNING (1969) uses in his study the following three terms to indicate develop­
ment : traditional agriculture, transitional agriculture and commercial agricul­
ture, and mentions management as being important in commercial agriculture, 
while it is hardly of importance in traditional and transitional agriculture. He 
indicates, that, for Surinam conditions, the most important technical factor re­
sponsible for the sharp contrast between traditional and transitional agriculture 
is water control during paddy cultivation, which is essential but beyond the 
control of the individual farmer and which is the limiting factor before any 
other new agricultural input can be introduced. This point is also stressed by 
POTHECARY (1970) and RUTHENBERG (1971). 

SMERDON (1971) suggests three stages through which mechanization in 
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the developing countries can be progressively visualized. 
Stage 1 : Start of agricultural mechanization. This may last 5-10 years de­

pending on the emphasis placed on agricultural mechanization by the Natio­
nal Government. 

Stage 2 : Progress in mechanization. This may last 10-20 years or longer depen­
ding on local problems and the interest and support of the Government. 

Stage 3 : Towards total mechanization. In this stage the path to be followed in the 
development of mechanization is well defined and the needs of the country 
have been determined. The education, research and necessary service orga­
nizational structures have been defined and should be in operation. The sales 
and service networks will be developing. 
JURION and HENRY (1969) differentiate four phases in the development from 

traditional to intensified agriculture. 
Phase 1 : Gradual improvement in productivity of the peasant's manual labour, 

with a view to increasing yields per acre. In this stage commercial investment 
is required to cover salaries of training, planning and research staff. 

Phase 2 : Increased yields per acre achieved by continuation of the methods used 
in the first phase. Communal investment costs take the same form but with 
the addition of the purchase of simple machinery. 

Phase 3 : The best farmers increase their acreage while maintaining yields per 
hectare at the highest possible level. Communal investment will be the same 
as in phases 1 and 2, but on a larger scale. 

Phase 4 : The most active and skilful peasants increase the size of their farms 
and work them with the aid of equipment acquired through their own savings. 
In this phase communal investments grow smaller as private investments in­
crease. 

Most of these proposals do indicate that mechanization cannot be seen and 
treated as an isolated factor in the development process from traditional to 
commercialized agriculture. They also make it clear, that mechanization does 
not have primary importance in this process, but in general can only be applied 
successfully after other conditions are met or set in motion. 

The socio-economic problems related to the introduction of new technology 
may prove to be of major importance in many instances, especially for Africa, 
south of the Sahara (FAO, 1970b), as will be discussed and repeated in the fol­
lowing paragraphs. 

2.5. LEVELS OF MECHANIZATION 

2.5.1. Introduction 
Mechanization has progressed into different directions and intensities in 

different agro-ecological and/or socio-economic conditions. BARKER et al. 
(1973) argue that in time economic profitability should dictate the level of 
mechanization, and indicate that profitability is influenced by the technologies 
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available to the farmer at any given time and at the factor and product prices he 
faces. 

GILES (1974) quotes the following figures for the distribution of agricultural 
power and illustrates that there are big differences in farm power for the differ­
ent continents. 

Asia (excl. Red China) 
Africa 
Latin America 
Japan 
U.S.A. 
Netherlands 

total kW(HP) 
per ha 

0.16 (.22) 
0.075010) 
0.19 (.25) 
2.23 (3.0) 
1.0 (1.4) 
3.5 (4.7) 

% of available power/ha 

human 

26 
35 
9 
7 

animal 

51 
7 

20 
3 

mechanical 

23 
58 
71 
90 

100 (approx.) 
100 (approx.) 

In the following paragraphs the main differences between the various sources 
of farm power will be discussed separately, although usually more than one type 
of power exists in a given situation. The application of different power sources 
is probably least developed in West African agriculture, where manual labour 
is still the main power input. This can be said especially of the humid parts of 
West Africa, where animal power cannot be applied, while the numbers of 
tractors in use in West African agriculture are still very small, as indicated in 
Table 1. 

TABLE 1. Number of two-wheel tractors (A) and four-wheel and crawler tractors (B) in use 
in some West African countries (from FAO, 1973b). 

Country 

Dahomey 
Ghana 
Ivory Coast 
Nigeria 
Senegal 
Sierra Leone 
Togo 

61 

A 

7 
548 

8 
51 

5 
5 

-65 

B 

65 
1732 
399 
614 
200 
99 
37 

i 

A 

9 
600 
50 
85 

12 
10 

69 

B 

76 
2550 
1231 
900 
460 
220 
57 

A 

10 
650 
50 
90 

12 
12 

70 

B 

78 
2700 
1412 
950 
490 
230 
60 

71 

A B 

10 80 
650 2800 
50 1619 
95 1000 

540 
15 250 
14 62 

2.5.2. Manual labour 
At present manual farming is still associated with shifting cultivation and 

subsistence farming in West Africa. 
As regards the prospects for improved hand-based systems and tools many 

different opinions and suggestions have been put forward. PAPADAKIS (1966) 
states that 'the greatest disadvantage of shifting cultivation is that all tillage 
operations are done by hand. Under such conditions the area grown per capita 
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is small ; the farmer faces the dilemma of either sowing a very small area and 
tending it well, or sowing a greater area and then being unable to control the 
weeds. Whatever his choice may be, production is low'. FLINN et al. (1974) 
argue that a strategy based on more intensive use of labour is not likely to find 
a high rate of acceptance in West Africa. THIERSTEIN (1973) considers it essential 
for hoe farmers to have some additional power for an improved cultivation sys­
tem to develop. KHAN and DUFF (1973) are highly doubtful that labour pro­
ductivity can be increased substantially through greater use of manual power. 
HOPFEN (1969) considers improvements of hand-powered farm implements of 
great importance as it is one of the first steps that can be taken to raise crop 
yields and the farm income. ANON (1971b) and RANA (1971) suggest that limited 
improvements on hand-tools could be made but that many technical and social 
problems will have to be overcome to make these improvements and have them 
accepted by the farmers. A man has limited power (see par. 2.7.3.2), but his 
power is versatile and directly and easily applicable. The area he can work is 
necessarily limited, and some estimations and suggestions have been made as to 
the area of land a manual farmer can handle adequately. RENAUT (1974) quotes 
1 ha per adult worker as reasonable for manual cultivation. KLINE et al. (1969) 
quote figures from Tanzania, indicating that the manual farmer could till, plant 
and care for 1.2 ha of cash crops in addition to 1.2 ha of food crops. MUCKLE 

et al. (1973) mention 3 ha as a reasonable average for a farming family. From 
farm surveys in Western Nigeria, FLINN (UTA, 1974) reports the modal culti­
vated area to be 1 hectare per farm, with mean farm sizes of about 1.65 ha. He 
reports that one man can cultivate no more than 1.4 ha, both in the forest and 
the derived savannah zones. From the more densely populated parts of Eastern 
Nigeria he reports the modal areas to be between 0.2 and 0.8 ha. OLUWASANMI 

(1966) indicates that one important feature of the agricultural work in a tradi­
tional farming society can be the division of labour on a basis of sex. From a 
survey in Eastern Nigeria he reports men to work 5.28 hours per day, out of 
which 3.35 hours is spent on farm work, and women to work 6.41 hours per day, 
of which 2.41 hours is on farm work. 

The hand-tools a farmer in West Africa at present has at his disposal are 
mainly a hoe, a cutlass, an axe and perhaps a sickle or knife for harvesting rice ; 
also a bicycle could in many instances be regarded as part of his equipment. 

To improve these implements, which are the result of many years use and 
adaptation, would surely be a difficult task with a limited chance of success. 

However, there is a range of hand-operated equipment available, as yet un­
known to the African farmer, which, without major design or adaptation 
changes, could possibly be employed successfully in traditional African farming. 
These include seeders, sprayers, threshers, winnowers, etc. which can also be 
made locally and could be applied in the present system without affecting major 
socio-economic difficulties. BURRILL (1973) calls for this type of small hand-
operated equipment for multiple cropping systems. 

As indicated by FAO (1970b) and FLINN et al. (1974) human power will 
continue to be a main source of energy for farming in Africa, until such time as 
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FIG. 3. Manual land preparation with a short-handled hoe. 
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FIG. 4. Threshing pit for manual rice threshing. 
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economically feasible systems of mechanization are developed for small 
farmers. 

2.5.3. Animal draught 
The animals which can be used for traction belong to the following species : 

bovines, equines, asinines, camels and mules. For farming work, however, 
bovines (especially oxen) are mostly used in Africa. 

It is argued that oxen have advantages over other species (FAO, 1972c) by 
virtue of the fact that they work slowly but unflaggingly, that they are hardy and 
strong and easy to feed, that their harnassing is simple. Furthermore their 
purchase price is on the whole attractive and at the end of their working life, 
they may be sold for meat. Some of the disadvantages recorded are, that they 
are not considered a friendly animal by many African farmers and that they 
need relatively large grazing areas. In addition, they are considered more diffi­
cult to train and handle than horses and their working rate is slow (FAO, 1972a). 

As a general indication, the power oxen can exert for continuous working is 
about one tenth of their weight (HOPFEN, 1969; FAO, 1972c). 

Animal draught offers a number of advantages over alternative power 
systems (JURION and HENRY, 1969; KLINE et al., 1969; KOLAWOLE, 1973): 
1. It is less costly than mechanical traction, both in terms of price and running 

costs (easy management) and therefore within the reach of many farmers ; 
2. It has a multi-purpose function : farm power, meat and manure. FAO ( 1972c) 

reports that an ox stabled at night is able to produce 3.2 tons of manure a 
year; 

3. Replacements are home bred, thus minimizing foreign exchange require­
ments ; 

4. The profit from keeping livestock rises ; 
5. Oxen can be used satisfactorily on small and scattered fields, even if they are 

not well cleared. 
As disadvantages of animal draught, the following are mentioned (JURION 

and HENRY, 1969): 
1. It cannot work heavy soils and is only usable on soils that are naturally light 

or have been loosened by other means and have been completely cleared ; 
2. The quality of work done is often imperfect ; 
3. The capacity is limited in output per hour and hours per day. Most animals 

can only work effectively for 4 - 5 hours a day (FAO, 1972c); 
4. At the end of the dry season, when they are most needed for land preparation, 

they are often in a poor condition (MUCKLE et al., 1973). 

There are also a number of factors which limit the opportunities to employ 
animals in agricultural work. They are related to factors such as whether or not 
a livestock tradition exists, whether sufficient grazing land is available, whether 
adequate land clearing has been done, and whether there are no serious threats 
to the health of the animal. The latter factor, through the presence of Trypano­
somiasis, carried by the tse-tse fly, has greatly reduced and restricted the scope 
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FIG. 5. Animal traction is not applicable in the humid parts of West Africa. 

for keeping and using animals in the humid parts of West Africa. This situation 
is unique for West Africa. 

As summarized by FAO (1971a) feelings about the applicability of animal 
draught differ greatly. 

KHAN and DUFF (1973) and KHAN (1975) argue that it is highly doubtful 
whether productivity could be increased substantially in the tropical Asian 
region through greater use of animal power and suggest that improved animal-
drawn implements can only be of marginal benefit in the developing countries. 
OREV (1972) argues that animal draught is stranger to Africans than mechanized 
farming, while it does not have the prestige appeal of the tractor and he feels 
that the time and money spent on efforts to introduce animal power could be 
much better invested in the search for newer ideas. RANA (1971) and ANON 

( 1971 b) indicate that draught animals have only a very limited role to play in the 
development of agriculture in the areas free from the tse-tse fly. KLINE et al. 
(1969) and GILES (1974), on the other hand, indicate that animal draught will 
remain a major source of power for some time to come for West Africa and 
Asia respectively. VAN GILST (1975) claims that animal power will remain a 
most important aspect in agriculture in many countries for years yet and that 
research into improved bullock implements should have a high priority. Bos-
HOFF (1972) suggests the ideal power supplement for farmers, who are in the 
transitional stage between subsistence cultivation and commercial farming, to 
be draught animals, if they are available. 

There are several reports on how well animal draught compares with manual 
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labour as well as on the area that can be worked with oxen. 
RENAUT (1974) reports that the use of animal traction helps to increase agri­

cultural returns by 80% and daily agricultural returns by 25%. The major cause 
of this increase is the expansion of cultivated area : 1 ha per adult worker unit in 
manual cultivation versus 1.90 ha per adult worker in animal traction. RAMOND 

( 1966) also reports that animal traction can increase family income considerably, 
not through an increased revenue per ha but through an increased area under 
cropping ; under the most favourable conditions a factor of 1.7 to 1.8 is suggest­
ed. KLINE et al. (1969) report that it is estimated for Ghana that, to justify owning 
oxen for farm power, a farmer should have 4 - 6 ha of crop land, 70 days of 
tillage work and 120 days of cart work per year for each pair of oxen. THIER-

STEIN (1973) indicates that, in comparing different levels of mechanization, the 
cost advantage is undoubtedly swinging more in favour of ox cultivation. 

MONNIER (1971) compared different intensities of animal traction and 
reported the following figures : 

1. 

2. 

3. 

light animal traction (horse 
and donkey traction with light 
equipment) 
animal traction, semi-intensive 
(oxen with recommended 
equipment) 
animal traction, intensive (oxen 
with high capacity equipment) 

area under 
cropping 

(ha) 

5.2 

8.4 

12.0 

number'of 
active 

workers 
needed 

3.4 

5.1 

6.3 

area per 
active 

worker 
(ha) 

1.53 

1.65 

1.90 

net 
income 

/ha 

100% 

182% 

255% 

He concludes that the most intensive application of animal traction is most 
economical, despite its higher costs. 

HOPFEN (1969) lists some qualities for improved hand-operated and animal-
drawn tools and implements. They should be adapted to allow efficient and 
speedy work with the minimum of fatigue; not harmhul to man or animal; of 
simple design, so that they can be made locally ; light in weight for easy transpor­
tation ; ready for immediate use without loss of time for preparatory adjust­
ments ; made of easily available materials. As far as animal traction is concerned 
he states that 'the timely performance of light work during seasons of short 
duration or during a rapid succession of work for multiple cropping, often re­
quires only a small engine as (additional) power source, but this must be at the 
ready disposal of, and hence owned by the individual farmer'. 

KLINE et al. (1969) indicate that the major limitation for the animal farmer is 
weeding, much as primary tillage is for the manual farmer. POTHECARY (1970) 
and HOPFEN (1969) argue that improvements in labour utilization and develop­
ments in animal equipment will continue alongside increased use of more devel-
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oped forms of mechanization. The capital investments for animal draught, 
however, are relatively small but they lead to a strengthening of the farm 
economy and fuller employment of the rural labour force and the creation of 
that capital which is so necessary for larger investments, eventually in mechani­
cally powered mechanization (HOPFEN, 1969). 

2.5.4. Mechanical power 

2.5.4.1. I n t r o duc t i o n 
As a general expression of the relation between capital and labour DUFF and 

ORCINO (1971) presented the following picture: 

o_ 
< 
o 

»capital intensive technique 

intermediate factor intens ty 

labour intensive 
, technique 

— » - LABOUR 

The labour intensive techniques based on hand and animal power were dis­
cussed in the previous two chapters. 

In the following chapters, techniques with increased capital inputs will be 
described. Only two main exponents will be differentiated: systems based on 
small two-wheel tractors (small-scale mechanization) and systems based on 
four-wheel tractors (large-scale or conventional mechanization). This is based 
on the two present distinct agricultural mechanization technologies. The first, 
exemplified by the Japanese approach, involves small, low-powered equipment 
mainly for irrigated rice, with major emphasis on small holdings, high labour 
costs and high labour inputs. The second could be referred to as the Western 
approach, where large, high-powered equipment is used for dryland farming 
mainly and with major emphasis on relatively larger holdings and aimed at the 
saving of labour. 

2.5.4.2. J u s t i f i ca t ion 
Although higher technological inputs may result in a variety of socio­

economic and technical problems, it is likely that its realization and application 
will become increasingly faster and more important. 

FAO (1970) provided some figures for Africa, south of the Sahara, as to what 
proportion of the rural population has to support the non-rural population. In 
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1962,82 members of the rural population were supporting 18 non-rural members 
as well as themselves. This will have changed by 1985 to 70 and 30 respectively. 
This means that farmers would have to double the volume of marketable output 
for local consumption merely to maintain existing urban consumption. This, 
with the present technology based on manual labour, is not possible and power 
mechanization will be needed. 

The question, therefore, is not whether to mechanize, but how, when and to 
what extent (MOENS, 1974; KOLAWOLE, 1973; FAO, 1971a; KHAN and DUFF, 

1973). 
Different reasons for the justification of higher technological input and 

mechanization have been suggested. REESER (1975) argues that in tropical South 
America and Africa, where enormous land and water resources await develop­
ment, labour intensive projects stand only limited possibilities of success. The 
relative vastness of the areas together with rapid tropical re-growth and time 
factors require mechanized development. When jungle terrain is mechanically 
cleared, intensive mechanized cropping can make these new areas produce 
faster and improve the chances for future productivity. 

GILES (1973) drew up a chart relating the H.P. input per ha and the average 
yields for many countries and presented the following graph : 

to 
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He explains that in a nation's agricultural development, farmers tend to follow 
along the line A-B. That is, they increase yields faster than mechanical power. 
But when the grain yields are up to around 2.5 tons per ha they tend to increase 
power at a greater rate than yields, line C-D. While farmers get in the first in­
stance greater gains from money invested in such inputs as fertilizers, irrigation, 
pesticides and improved varieties, they later invest in machines for a continued 
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and more modest gain in yields, reduced costs and drudgery, and for conve­
nience. The figure suggests that at around 2.5 tons per ha machines generally, 
but depending on local conditions and price relationships, compete successfully 
with other major inputs, and that at that stage a power input of at least 0.5 HP 
(0.37 kW) per ha will be desirable. 

FAO (1970b) also mentions this figure of 0.5 HP (0.37 kW) per ha as being the 
minimum required to achieve the full potential for high yields and MOENS (1975) 
deducts from FAO figures that an increase in the level of energy corresponds 
with higher yield levels. 

There is, therefore, little doubt that properly utilized and managed mechani­
zation will become a necessity (MOENS, 1975), combined with such inputs as 
fertilizers and herbicides (PARRY, 1971; PAPADAKIS, 1966). Tractor power 
would also seem likely to ultimately replace manual and animal power (WADH-

WA, 1969; KHAN and DUFF, 1973; DOWNING, 1972). FAO (1970b) reasons that 
power mechanization will become a necessity, since the contribution of addi­
tional human labour or draught animal power to bridge the gap between present 
availability of power and future requirements is relatively small. 

KHAN (1971) argues that to keep the land in near-continuous production, 
mechanized production methods are of urgent necessity to the tropical farmer, 
especially since the income of farmers who have adopted new, high yielding 
varieties and cultural practices have usually risen sharply and this has provided 
an impetus for mechanized cultivation. 

ABERCROMBIE (1972) also mentions that the degree of tractorization appears 
to be quite closely related to the level of income per head and the extent to which 
the population is urbanized, indicating the likely importance of higher wage 
rates in stimulating mechanization. 

Whether tractor mechanization can be justified through higher yields is 
doubted by several authors (KLINE et al., 1969 ; ABERCROMBIE, 1972). They argue 
that improvements in such inputs as seeds, herbicides, irrigation, etc. have a far 
greater impact on yields, even though some mechanization can sometimes be an 
essential part of the overall technological package. Other reports, however, 
indicate that mechanization, especially through more efficient or better timed 
tillage and weed control operations, can substantially increase yields (THIER-

STEIN, 1973; CHARREAU and Nicou, 1971). It should, however, be pointed out 
that the effect of mechanization is very dependent on the environment, including 
the past history of the site. 

2.5.4.3. Smal l - sca le mechan i z a t i on 
This type of mechanization is based on two-wheel tractors, sometimes called : 

single-axle tractors, walking tractors, garden tillers or rotary tillers. Also small 
four-wheel tractors can be included in this category, since they are usually not 
a scaled-down version of the standard four-wheel tractors, but rather of special 
design. 

Several classifications of small tractors have been made (CURFS, 1974b), 
based on : 

Meded. Landbouwhogeschool Wageningen 76-5 (1976) 17 



FIG. 6. Light two-wheel tractor (4.4.kW). 
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FIG. 7. Heavy two-wheel tractor (7.4 kW). 
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FIG. 8. Small four-wheel tractor (10.4 kW). 

(a) one-axle/two-axle type ; 
(b) horsepower and gearing system : 

1. light two-wheel types, 2.5-6 HP, without gearbox, usually without PTO ; 
2. medium two-wheel types, 5-10 HP, with gearbox, usually with PTO; 
3. heavy two-wheel types, 10-15 HP, with gearbox and PTO; 
4. light four-wheel types, 10-25 HP, with gearbox and PTO; 

(c) steering system : 
1. no steering clutches (in general the tractors under b . l ) ; 
2. steering clutches (in general tractors under b.2 and b.3); 
3. differential and brakes (in general the tractors under b.3 and b.4); 

(d) type of engine and fuel : 
1. 2-stroke engine, petrol/oil mixture; 
2. 4-stroke engine, petrol/kerosine ; 
3. 4-stroke engine, petrol ; 
4. 4-stroke engine, diesel. 

The applicability of two-wheel tractors in the developing countries has been 
a major issue of critical discussions over the years. Advocates of this type of 
mechanical power have argued, that it can be cheap, relatively simple and within 
the reach of individual small farmers (KHAN and DUFF, 1973; WIJEWARDENE, 

1975; OYENUGA, 1967; KELLOGG, 1975; RUTHENBERG, 1971). Others, however, 
have been stating that mechanization based on two-wheel tractors could be 
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