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Many previous publications on farm mechanization, draught
animal power, hand tool technology, etc. have tended to be
narrowly focused. They dealt with tractors, or with draught
power and mechanization also tended to be separated from
the actual process of growing crops. As a result, there was a
widespread lack of understanding of the topic and there
were many widely held misconceptions regarding the
essential contribution of farm power and mechanization to
small farmers’ livelihoods and living conditions.
This manual breaks away from this rather narrow approach
by putting the different sources of farm power,
mechanization, machines, equipment and tools into a much
broader context. Farm power requirements need to be
viewed with reference to rural livelihoods and to farming
systems as well as to the critical area of labour saving in
HIV/AIDS-hit populations. No one particular type of
technology is advocated. The publication considers the broad
picture and the options that may be most appropriate.
This manual provides an overview of options for farm power
and technologies that could be suitable for smallholder
farmers who are trying to make decisions with regard to the
different types of farm power sources available. It also lays
out the importance of the farming systems and the economic
context within which mechanization takes place. Special
emphasis is given to economics and ﬁnance as well as to the
environmental impact of inappropriate mechanization.

�� �

TC/D/A0651E/1/8.06/1000

Farm power and mechanization for small farms in sub-Saharan Africa

animal, or with intermediate technology. The topic of farm

Farm power and mechanization
for small farms
in sub-Saharan Africa

Armstrong, E. 1980. Better tools for the job. Specifications for hand-tools and equipment. London. Intermediate Technology Publications. pp. 16–17. ISBN 0 903031 71X.

AGRICULTURAL
AND FOOD
ENGINEERING
TECHNICAL REPORT

3

Farm power and mechanization
for small farms
in sub-Saharan Africa

by
Brian G Sims
and
Josef Kienzle

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS
Rome, 2006

The Agricultural and Food Engineering Technical Reports bring to a broad audience the
results of studies and field experience related to agricultural and food engineering within
agrifood systems. The reports help us take stock of what we know and clearly identify
what we do not know; and in so doing they provide information to both the public and
private sectors. The Agricultural and Food Engineering Technical Reports serve to direct
further work within agrifood systems. The views expressed in this publication are those
of the author(s) and do not necessarily reflect the views of the Food and Agriculture
Organization of the United Nations.

The designations employed and the presentation of material in this information
product do not imply the expression of any opinion whatsoever on the part
of the Food and Agriculture Organization of the United Nations concerning the
legal or development status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries.
The mention or omission of specific companies, their products or brand names does not
imply any endorsement or judgement by the Food and Agriculture Organization of the
United Nations.
The views expressed in this publication are those of the author(s) and do not necessarily
reflect the views of the Food and Agriculture Organization of the United Nations.

All rights reserved. Reproduction and dissemination of material in this information
product for educational or other non-commercial purposes are authorized without
any prior written permission from the copyright holders provided the source is fully
acknowledged. Reproduction of material in this information product for resale or other
commercial purposes is prohibited without written permission of the copyright holders.
Applications for such permission should be addressed to:
Chief
Electronic Publishing Policy and Support Branch
Information Division
FAO
Viale delle Terme di Caracalla, 00100 Rome, Italy
or by e-mail to:
copyright@fao.org

© FAO 2006

iii

Contents

Foreword

viii

Acknowledgements

ix

List of abbreviations

x

Executive summary

xi

1 Introduction

1

1.1 Background

1

1.2 The crucial role of farm power

1

1.3 Mechanization for sustainable agricultural development

2

1.4 The scope and purpose of this publication

3

2 Farming systems and the role of farm power

5

2.1 Farming systems in sub-Saharan Africa

5

2.2 Major production assets and constraints

5

2.3 Poverty, vulnerability and risk

8

2.4 Other factors affecting rural development efforts

8

3 Rural livelihoods and the role of farm power
3.1 Livelihoods in context

11
11

3.2 Farm power – a crucial production input

11

3.3 Diversification of farm power

14

3.4 Livelihoods for all in the supply chain for farm power

15

4 Farm power and technology options

17

4.1 Human power technologies

17

4.2 Other hand tools

18

4.3 Ergonomics considerations

19

4.4 Reasons for the persistence of human power in SSA

19

4.5 Small-scale irrigation technology

19

4.6 Draught Animal Power

20

4.7 Implements used with DAP

23

4.8 Limitations to draught animal use

24

4.9 Potential for diversification and successful investment in DAP

25

4.10 Rural transport options

26

4.11 Tractor power: scope for use and principal operations

26

4.12 Possible ways to reduce power needs: conservation tillage and
conservation agriculture

29

4.13 Selecting the best mechanization options

32

iv

5 Financial evaluation of mechanization options

35

5.1 Economic viability of the different levels of mechanization technology

35

5.2 Estimating the costs and benefits of mechanization

37

5.3 Financing agricultural mechanization

41

6 Participatory planning and evaluation for mechanization

45

6.1 The rationale for participatory planning

45

6.2 Participatory approaches in mechanization planning and extension

46

6.3 Gender issues in participatory planning and implementation

47

6.4 The process of technology development

47

6.5 Farmer evaluation and technical testing

49

6.6 Selecting between alternatives

51

7 Creating an enabling environment

53

7.1 Policy aspects in agricultural sector development

53

7.2 The roles of government and the private sector in mechanization
development

53

7.3 Conditions that create an enabling environment

53

7.4 District-level initiatives

56

7.5 The process of mechanization planning and strategy formulation

57

7.6 Provision for emergencies and cases of particular hardship

57

7.7 Concluding Remarks

57

References

61

Further reading

67

v

List of tables
1

Issues and challenges to the adoption of different forms
of mechanization

xv

2.1

Principal farming systems in sub-Saharan Africa

5

2.2

Sources of power for land preparation (% of total)

6

2.3

Adult male equivalents of different human power sources

6

2.4

Constraints faced by vulnerable households

9

2.5

Total, rural and agricultural populations in
sub-Saharan Africa (millions), 2001

10

4.1

Draught bovine populations in sub-Saharan Africa (millions)

21

4.2

Sustainable power of individual animals in good condition

22

4.3

Options for different operations in conservation agriculture

31

4.4

Relative values of production costs in tractor/plough-based
system and conservation agriculture (in percentages)

31

Mechanized operations and the time required (hours/ha)
for each of them under different production systems.

31

4.7

Basic factors that will influence a farmer’s decision on a technology

32

4.6

Conservation tillage equipment for both human power and DAP

33

4.8

Potential constraints to the adoption of different
forms of mechanization

34

5.1

Labour costs and returns with respect to weeding in NE Uganda
(Teso Farming System)

36

5.2

Example of a worksheet for estimating DAP costs and hire-out rate

39

5.3

Example of a worksheet for estimating tractor/implement
costs and hire-out rate

39

Comparing the income from human-powered and animal
draught-powered farms in the Gambia

40

4.5

5.4

vi

List of plates
3.1

Disc ploughing with tractor combined with hand sowing of maize

13

3.2

A high-lift harness attached to a light-weight plough to enable
a horse to be used for soil preparation

15

3.3

Cart with a special purpose body: water carrier in the Sudan.
A simple design ideal for a local entrepreneur

15

Manual land preparation, traditionally done by men in much of SSA,
is now often a women’s job

17

4.2b

When new, these Cock brand hoes weighed 1.4 kg. The hoes have
been in use or 2, 4 and >5 years respectively (from right to left
in the left-hand photo). They are fitted with handles of different
lengths for the men, women, and children in the family

18

4.3

Treadle pump in Malawi

20

4.4

Example of a breast-band harness

22

4.5

A Magoye (Zambia) ripper with ridger attachment

23

4.6

Expandable DAP cultivator with ducksfoot tines (at rear)
and chisel tines (in front)

23

4.7

Inclined plate seeder

24

4.8

Hand jab planters

30

4.9

DAP direct planter made in Brazil and under trial in Zambia

30

4.10

Direct planter adapted to a single-axle tractor

30

4.11

Brazilian made direct planter at work in Kenya

30

6.1

Manufacturers are vital stakeholders in the development process.
In a development project in Uganda (Box 6.5), this commercial
manufacturer participated with his technical staff in the
on-farm evaluation of the technology

49

The DAP weeder produced for farmers in Teso, Uganda via
a participatory development project

50

4.1
4.2a

6.2

List of figures
1

Stages in mechanization strategy formulation

xix

3.1

Impact of caring on female and child labour balance

12

3.2

1Livelihoods asset base for farm power groups. Ghana

14

4.1

Distribution of draught oxen in Africa

21

4.2

Relationship between soil cover and tillage options

31

7.1

Poster to guide farmers and retailers in the selection of hand-hoes

56

7.2

Stages in the formulation of a mechanization strategy

57

vii

List of boxes
1

Impact of labour shortages on agricultural production

xiv

2

Advantages and benefits of conservation agriculture

xvii

1.1

Mechanization: the salient points

3

2.1

Poverty and its generational trap

8

3.1

Alleviating labour bottlenecks

13

3.2

Draught animals for women

15

4.1

Agro-ecology, farming system, and choice of mechanization

20

4.2

The benefits of working animals

21

4.3

Harnessing and hitching systems

22

4.4

Some constraints to the adoption of DAP

24

4.5

Diversification of DAP in transport

25

4.6

Successful investment in DAP

26

4.7

Business opportunities in rural transport

27

4.8

Definition of conservation agriculture and of conservation tillage

29

4.9

Advantages and benefits of conservation agriculture

30

4.10

Pre-conditions for adoption of conservation agriculture

32

6.1

People-centred approaches

46

6.2

Stakeholders in mechanization planning

46

6.3

Gender analysis tools

47

6.4

Points to remember about gender issues during
mechanization planning

47

Participatory technology development for DAP weeding
in Teso, Uganda

50

7.1

Some possible roles for government in development
of mechanization

53

7.2

Basic considerations for mechanization planning: a check-list for
government policy-makers and planners

54

7.3

Specification for a hand-hoe Standard

55

7.4

Vouchers for seeds and farm power in emergencies

58

6.5

viii

Foreword

In the past, many of the publications concerned with mechanization, draught animal
power, hand-tool technology, etc. tended to be rather mono-topical, dealing with only
one aspect of the subject. Farm power and mechanization also tended to be separated
from the actual processes of crop production and processing; it was a topic created
by engineers and was dealt with by engineers. As a result, there is a widespread lack
of understanding of the subject, and there are many widely held misconceptions with
regard to the essential contribution of farm power and mechanization to small farmers’
productivity and livelihoods.
In recent years, the Farm Power and Mechanization Group in FAO has broken
away from this rather narrow approach and has put the different sources of farm
power, mechanization, machinery, equipment and tools into a much broader context.
We have looked at farm power from the perspective of rural livelihoods and farming
systems, as well as the critical area of labour saving in HIV/AIDS and migrationaffected populations. We have purposely avoided taking rigid positions with regard to
any one particular type of technology; instead, we have adopted a much wider brief
and have been concerned to identify appropriate solutions for a range of situations.
As a result, we have produced this manual, which provides an overview of options
for farm power and technologies that could be suitable for small and medium-sized
farmers who are faced with making decisions about the different types of farm power
sources available. The manual also lays out the importance of the farming systems and
the economic context within which the mechanization takes place. Special emphasis is
also given to the financial implications of farm power, as well as to the environmental
impact of mechanization that may be inappropriate to the conditions.
Many practitioners, both from FAO and from countries in sub-Saharan Africa,
were involved in preparing and commenting on this document, all of whom have long
experience with the different technologies and farming systems to be found there. The
contributors are mentioned in the Acknowledgements.
We hope that whoever reads this manual, whether out of general interest or to solve
some particular development problem, will put it down with a greater level of knowledge
and understanding. If we can provide any other information or answer any queries our
contact the Agricultural and Food Engineering Technologies Service of FAO.
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Executive summary

CONTEXT AND BACKGROUND
According to the New Partnership for Africa’s Development (NEPAD), 200 million
people in Africa, or 28 percent of the continent’s population, were chronically hungry in
1997–99. By the end the 1990s, only ten countries had been able to reduce their numbers
of hungry people in that decade. Food imports have been rising since the 1960s, and
Africa became a net agricultural importer in 1980. The agriculture sector now provides
only 20 percent of the continent’s exports, whereas it provided 50 percent in the 1960s.
NEPAD makes agriculture one of its main priorities “as the engine of NEPADinspired growth”. It stresses three aspects: improving the livelihoods of people in rural
areas; achieving food security; and increasing exports of agricultural products.
None of these aims can be achieved without giving serious attention to family
farm power in small-scale agriculture in sub-Saharan Africa (SSA). Farm power is a
vitally important component of small farm assets. A shortage of farm power seriously
constrains increases in agricultural productivity, with a resultant stagnation in farm
family income and the danger of a further slide towards poverty and hunger.
Studies in SSA in 2003 and 2004 have revealed in a graphic manner that unless the
issue of farm power is addressed in a practical way, with solutions that are accessible to
small farmers, the region is at risk of increasing poverty and hunger. The Millennium
Development Goal of halving the proportion of people suffering extreme poverty by 2015,
and the similar goal of the World Food Summit in 1996 to reduce the number of starving
people by half, are now unlikely to be attainable in SSA until well into the 21st century.
The review and guidelines presented in this publication are the result of several
recent studies of the power situation of farm families in small-scale agriculture
in SSA. These reports reconfirm that the farm power situation is deficient almost
everywhere, and that urgent measures are needed to correct it if the widely
promoted goals of raising the productivity of the sector, reducing poverty, and
achieving food security are to be achieved.
Another serious concern in SSA is that of soil degradation. The level of degradation
varies considerably across the region and is difficult to quantify. However, some
figures for soil erosion in Ethiopia were documented in 1988; they ranged from 16
to 300 tonnes of soil per year being washed away, with an average for the country of
over 40 tonnes/year on cultivated land. An FAO/World Bank Ethiopian Highlands
Reclamation Study some four years earlier estimated that 1 900 million tonnes of soil
a year were being washed away from the cultivated land in the Highlands, equivalent
to about 100 tonnes per ha. Even if the erosion rate were halved, there would still be
a 2 percent per year reduction in total grain production in the Highlands. It is true
that erosion and soil degradation in Ethiopia are particularly severe, but in many other
parts of Africa there is abundant anecdotal evidence from smallholders themselves
who state that they are obtaining much smaller yields from a particular plot than were
being obtained by their fathers and grandfathers.
There can be little doubt that conventional methods of farming, with much soil
disturbance for seedbed preparation, exacerbate erosion. This and the depletion of
soil organic matter and nutrients contribute to soil degradation. Any interventions
concerning farm power and farming systems need to take into account the issue of soil
degradation; at the very least, they must contribute to halting the degradation process,
or better still, reversing it.

xii

MECHANIZATION
The term “mechanization” is used to describe tools, implements and machinery
applied to improving the productivity of farm labour and of land; it may use either
human, animal or motorized power, or a combination of these. In practice, therefore,
it involves the provision and use of all forms of power sources and mechanical
assistance to agriculture, from simple hand tools, to draught animal power and to
mechanical power technologies.
Mechanization is a key input in any farming system. It aims to achieve the following:
• increased productivity per unit area due to improved timeliness of farm
operations;
• an expansion of the area under cultivation where land is available, as it often
is in SSA;
• accomplishment of tasks that are difficult to perform without mechanical aids;
• improvement of the quality of work and products;
• a reduction of drudgery in farming activities, thereby making farm work more
attractive.
Mechanization systems are categorized into human, animal and mechanical
technologies. Based on the source of power, the technological levels of mechanization
have been broadly classified as hand-tool technology, draught animal technology and
mechanical power technology.
AN OVERVIEW OF FARM POWER IN SUB-SAHARAN AFRICA
A series of studies on farm power conducted by FAO in SSA in the years 2002–2004
have shown that the principal labour-demand peaks in the farming cycle are for land
preparation and subsequent weeding. The constraints to increased farm production are
due, to a large extent, to three factors:
• an excessive reliance on human power;
• the low productivity of human labour;
• a decrease in the labour available.
Human power: With human power, productivity is generally low because of the
lack of physical energy available and the limited range of hand tools. The situation has
been exacerbated by the HIV/AIDS pandemic and other factors, such as migration,
which reduce the numbers of young, healthy people available for farm work..
Draught animal power (DAP): Draught animal power is generally considered
to be an affordable and sustainable source of power for small scale-farmers. Oxen
and sometimes cows are the animals of choice, but in some African cultures it is
unacceptable for women to use bovines. Donkeys and horses are increasingly being
used, as are camels and mules in some areas. Apart from tillage, transport and other
field operations, work animals can also be used for logging, pond excavation, and rural
road maintenance.
Tractor power: Government-run tractor hire schemes in SSA, never widely
effective, are now in a state of collapse following a reduction in government
expenditure on services that could, theoretically, be provided by the private sector.
Private sector tractors have been profitable on large landholdings, but they have
seldom proved viable for the smallholder sector in SSA, whether in individual or group
ownership, or in private hire services.
CONSTRAINTS AND OPPORTUNITIES OF DIFFERENT POWER SOURCES
Human muscles still contribute about 65 percent of the power for land preparation in
SSA. A typical farm family that is reliant solely on human power can only cultivate
in the region of 1.5 ha per year. This will rise to 4 ha if DAP is available, and to over
8 ha if tractor power can be accessed. It is quite common to combine available power
sources in order to increase the area farmed, or to reduce the burden on humans.
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Tractors or draught animals can be hired for primary tillage and subsequent planting,
and weeding can also be done with a combination of power sources and technologies.
Application of these alternative power sources can relieve pressure on human labour at
critical times of heavy demand.
Making more efficient use of human power, together with the efficient application
of draught animal power, provides the best immediate strategy for reducing the
problem of farm power shortage in SSA, thereby increasing agricultural productivity
and improving the livelihoods of millions of families in the shortest time.
DIVERSIFICATION AND EXPANSION IN THE USE OF DRAUGHT ANIMAL POWER
The power available for farm use can be increased by diversifying the type of work
to which power sources are applied, for this makes them more affordable and can
further enhance their potential for improving productivity and livelihoods. There
is a great potential for diversifying and expanding the use of draught animals. Such
diversification and expansion can be brought about in some of the following ways:
• Widening the scope of the number of jobs that animals can do. This can include
more crop production jobs, but can also mean water lifting, milling and other
stationary power activities.
• Using single rather than multiple animals, and providing them with appropriate
(usually lighter) equipment.
• Using animals that have hitherto not been used for farm work. This could include
horses, donkeys and mules, even if they have to be restricted to transport.
• Using animals for non-farm work (e.g. road maintenance or dam construction).
Perhaps the greatest potential for diversification is in transport. Farm work tends
to take place intensively for short periods. For example, ploughing may be done in
a week, and then the animals are not needed for a few weeks until the first weeding,
and so on through the farming year. This makes the cost of these operations very high
because the investment in draught animals and equipment is not spread over a range of
activities and time. Adding transport to the portfolio of activities performed opens the
opportunity for year-round work.
Transport is a daily grind for millions of women in SSA; they are responsible for
bringing water and fuel wood to the homestead and, frequently, they also have to carry
produce to market, all as head loads. The diversification of animals into transport has
the potential to ease, or even eliminate, this burden.
OPTIONS IN FARM POWER AND TECHNOLOGY
A study in seven SSA countries in late 2001 and early 2002 examined the crucial
role of farm power in increasing production and improving livelihoods1. In these
countries, despite attempts to increase the use of DAP and tractors, human muscle still
constituted the most important power source – with some 65 percent of agricultural
land prepared and weeded by hand in the seven countries. The study found that
with the omnipresent threat to the ability of families to provide sufficient labour, the
cultivated area declines, nutrition suffers, and the spectre of increased hunger and
poverty looms over the homestead. (Box 1).
Work in the United Republic of Tanzania in 2003 and 2004 led to the view that,
although increasing the supply of farm power to labour-deficient families would be
one way to alleviate the stress; another way would be to reduce the requirement for
labour in agricultural production. Of course, this would need to be done without
compromising family food security. The work was preliminary in nature, but it
1

The term ‘livelihood’ has caused some difficulties of interpretation recently, principally as a result of
its misuse by some development agencies. In this publication it is taken to mean simply the means of
making a living. This involves the application of a range of assets in productive processes.
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BOX 1

Impact of labour shortages on agricultural production
Many households respond to power shortages by scaling down their activities, reducing
the area under cultivation and growing a limited range of less labour-intensive crops.
They struggle to keep pace with the seasonal calendar, which results in delayed or
incomplete operations in one season, with adverse effects on the next. Food security
falls, nutritional status declines and household members are increasingly susceptible to
infection thus becoming less productive. Households become increasingly vulnerable
to external shocks, such as poor weather. Their ability to recover and secure a living is
compromised by the often irreversible strategies they have adopted in previous seasons
to meet short-term needs.
The challenge, in part, is to identify and support opportunities that relieve the burden of
labour shortages and enable households to withstand shocks better e.g. from AIDS-related
illness and death.

examined the potential for reduced tillage through the use of DAP rippers, followed
by direct (zero tillage) planters, using either DAP or human power.
Hand tools: Hand tools are the most important implements for smallholder farmers
throughout SSA. They are used everywhere for land clearing and primary soil tillage,
and thereafter for a variety of agricultural jobs, from weeding to harvest to tree felling.
There is a severe constraint on the area that can be prepared by hoe; more than 60
person-days per hectare are generally required for the job.
Weeding is an absolutely critical operation in the cropping cycle. The penalty
in crop yield for late weed control is heavy: more than 30 percent of yield is
commonly lost because of weed infestation. Weeding is generally performed by
women, who consider it to be their most onerous task, for it is both extremely
time consuming and physically taxing. Some crops require more than 50 persondays per hectare for weeding.
Draught animal power: The ard (maresha in Ethiopia) and mouldboard plough
are the two main primary tillage implements used with DAP. The mouldboard plough
is good for weed control, but it does not have a great deal more to recommend it. It
leaves the soil surface loose and unprotected, which makes it vulnerable to erosion
while also accelerating the oxidation of organic matter. It is probably the greatest
cause of soil degradation and crop yield decline in SSA. Nevertheless it remains a very
popular and widespread implement, and its demise is not imminent.
Narrow-tined chisel ploughs, or rippers, have a mode of action very similar to
that of the ard. They are able to burst the soil in a narrow furrow and leave the
remainder of the soil protected with surface organic matter. Their use, although still
not widespread, is generating interest for its dual attributes of saving energy and time,
and of reducing soil erosion.
Ridgers are used for shaping soil into ridges or for earthing up a crop grown on
the ridge as a weed control measure. Cultivators are commonly used in many SSA
countries, mainly for inter-row weeding of a crop that has been planted in lines.
Tractor power: It will generally not be economically feasible for a smallholder
farmer, with a typical land holding of up to 5 ha, to own a tractor. As a rule,
government run tractor hire schemes have not been viable and have not helped to
alleviate poverty or to increase farm production. On the other hand, the concept of
a rental market for privately owned and operated tractors has possibilities that may
increase in the future.
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In the past – and sadly sometimes today – the application of tractors and heavy
mechanization in unsuitable situations has led to heavy financial losses, lower
agricultural production, and environmental degradation. In these circumstances, tractor
mechanization can easily become a burden to national economies, and to individuals,
rather than being an essential input with the potential to increase productivity.
TECHNOLOGY OPTIONS FOR REDUCING THE NEED FOR FARM POWER
Bearing in mind that farm power must be an essential ingredient of agricultural
productivity and livelihoods strategies, two approaches to satisfying the need can be
considered: on the one hand, increasing the supply of farm power, and on the other,
reducing the need for it.
Examinations of the demand for farm power clearly show that the greatest demand
comes from land preparation, and as has been indicated, this is also the source of
greatest environmental degradation. However, there is now crucially important evidence
that traditional land preparation methods may not be necessary and that conservation
tillage, including zero tillage, can provide an alternative that is economically and
ecologically sustainable. The system is known as conservation agriculture.
CONSERVATION AGRICULTURE
A principal component of conservation agriculture (CA) is the reduction of soil
manipulation to maximise the vegetative soil cover that will protect the soil surface.
Tillage can be reduced with the use of rippers. Even greater reductions in energy needs
can be made with direct sowing into the stubble of the previous crop, and options
exist for this to be done by hand, DAP, or tractor.
The practice of CA aims to conserve, improve, and make more efficient use
of natural resources through integrated management of available soil, water and
biological resources combined with external inputs. In addition to reducing farm
power requirements, it contributes to environmental protection as well as to enhanced
and sustained agricultural production. It can be thought of as resource-efficient/
resource-effective agriculture.
CA is an alternative to traditional land use and management. It is a practical
method to reduce soil erosion, restore organic matter, and conserve soil moisture and
soil fertility. The method is based on the following:
• maintaining a permanent or semi-permanent organic soil cover to protect the
soil physically from sun, rain and wind and to feed soil biota;
• zero tillage (or minimum tillage). The principle is to eliminate mechanical tillage
in order not to disturb the activities of soil micro-organisms and soil fauna;
TABLE 1

Issues and challenges to the adoption of different forms of mechanization
Hand tools

DAP

Tractors

• labour availability
• availability of manufacturers
and suitable tools
• socio-cultural traditions

• animal diseases
• limited tradition of using DAP
• security (likelihood of theft)

Availability of:
• appropriate tractors, machines
and implements
• repair and maintenance services,
spare parts
• trained operators
• supplies of fuel, lubricants etc.
• implements for weeding and
harvesting
• financial services

Availability of:
• suitable animals
• animal husbandry skills
• feed/pasture
• veterinary services
• implements and spare parts
• artisans/blacksmiths
• extension services for training
• timber for yokes
• harness makers
• financial services
• socio-cultural traditions

Other factors include:
• suitable plot sizes
• reasonable access to fields
• shape of fields
• reasonable distances between
fields
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• crop rotations to reduce disease and pest problems, to explore different soil
strata for water and nutrients, and for biological tillage (e.g. to break hardpans).
Unfortunately, short-term solutions and immediate benefits always attract farmers
whereas the full technical and economic advantages of CA can only be seen over a
medium to long-term period, when its principles of no-tillage, permanent cover crop
and crop rotation have become well established within the farming system.
In fact, if the two systems of conventional and CA are applied in two plots with the
same agro-ecological and fertility conditions, no great differences in productivity are
generally seen during the first years. Indeed, there may even be a yield reduction with
the CA treatment in the first year. However, after cultivating the same crops in the
same areas for several years, the positive effects of CA usually become evident.
Especially in areas where family labour is becoming a constraint, because of factors
such as migration, HIV/AIDS and other diseases, CA could be a good option for
farmers. The reduction in on-farm labour requirement allows farmers to:
• extend the cultivated area;
• hire themselves out in off-farm employment;
• diversify their activities, including processing of agricultural products;
• reduce the cultivated area – made possible because of increased yields – and
allow marginal areas of poor fertility to regenerate.
ROW PLANTING
Although CA can certainly offer the greatest reduction in farm power needs, even
the relatively simple introduction of row planting in conventional farming systems
can bring important reductions. For as long as seed is broadcast, all weeding must
be done manually (usually with hand hoes). The high labour demand for weeding
can, and does, limit the area sown to crops. If, however, crops can be sown in rows,
draught animals can be used to pull a cultivator along the inter-row space. There will
still be the need for some manual weeding within the row, but the total time taken for
weeding will be very much shorter.
THE ECONOMIC VIABILITY OF TECHNOLOGIES UNDER DIFFERENT LEVELS
OF MECHANIZATION
Implements, machines and hand tools are different from most other inputs used in
agricultural production because they require an initial investment in fixed capital.
Variable inputs such as seed and fertilizer are used in a single cropping season, while
machines and implements require servicing and maintenance to prolong their useful
life. Tractors require fuel and draught animals require fodder and veterinary services;
and tractors, implements and hand tools require maintenance and spare parts in the
event of wear or breakdown.
Agricultural mechanization will not be successful if the local economy is unable
to deliver servicing, fuel and spare parts for both imported or domestically produced
machines and implements. This failure often occurs when markets for these items are
fragmented or unevenly developed, when transport infrastructure breaks down, or
when new models or different makes of machine are imported without considering the
need for spare parts.
Mechanization inputs and other farm technologies will only be viable in SSA if they
contribute to the following:
• An increase in the productivity of labour. A family relying totally on hoe
technology is severely restricted in the area that can be cropped and cared
for. Similarly, post-harvest processing tasks are often time-consuming, labour
intensive and repetitive. The addition of animal or engine power to agriculture
significantly increases the output derived from the human energy expended in
crop production and processing.
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BOX 2

Advantages and benefits of conservation agriculture
Conservation agriculture offers several important advantages in the context of farm power
and environmental protection, these include:
• direct planting with no tillage saves energy;
• weed control with cover crops and herbicides saves energy;
• soil erosion is practically eliminated;
• leguminous cover crops fix atmospheric N and so fertilize the following crop,
reducing the need for adding additional fertilizer and so saving labour;
• permanent soil cover conserves surface soil moisture, which can make the
crop more resistant to spells of drought;
• yields, and livelihoods, are improved, with less risk.

• An increase in the area under cultivation. Where land is available, the addition
of animal power to the farming system should normally allow a larger area to be
cultivated with the same amount of labour. Larger areas under cultivation imply
higher total yields, but they also increase the labour demands for weeding,
harvest, and post harvest processing. Thus, in the longer term, enhanced power
sources for these operations will also be required.
• An increase in land productivity by facilitating the timeliness and quality of
cultivation. For example, improved land productivity or higher yields will result
when timely land preparation and weeding are carried out.
• An increase in profitability from increased crop production and reduced costs of
cultivation, transport and processing by reducing expenditure on labour. If the
costs of all farm operations can be reduced with the introduction of animal or
tractor power, this will lead to improved returns and profitability.
• A reduction of the drudgery associated with human powered farming, transport
and processing. For example, ploughing with draught animals requires about
60 hours/hectare of human labour compared with 500 hours if the operation is
undertaken entirely by hand.
PARTICIPATORY MECHANIZATION PLANNING AND EVALUATION
The participatory research concept has its roots in the recognition that if smallholder
farmers do not perceive the relevance of the results of research to their own situation,
they will not adopt them. Participatory research transfers the initiative and the power of
decision to farmers who, in the final analysis, have significant advantages over scientists
because they have detailed and practical knowledge of their own production systems.
Participatory planning involves the active participation of all stakeholders in
planning and implementing mechanization strategies, with the role of farmers taking
on paramount importance. Participatory planning builds upon the indigenous
knowledge that already exists in the community and blends it with the ideas and
knowledge of other stakeholders e.g. researchers, policy makers, private sector, etc.
Agricultural extension and advisory efforts are essential for the success of any
mechanization and sustainable farming system. However, the conventional “top-down”
approach to extension has not generally yielded positive results, whereas participatory
extension approaches are a way of improving the effectiveness of extension efforts. They
aim to empower farmers to plan, manage and implement agreed activities. In essence,
the modern participatory approach tries to ensure that projects – from planning,
through implementation, and evaluation stages – should be participatory, consultative
with all stakeholders, flexible, empowering, gender-sensitive, and sustainable.
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THE PROCESS OF MECHANIZATION PLANNING AND STRATEGY FORMULATION
The main purpose of mechanization strategy formulation is to create an
environment in which agricultural mechanization will develop from the existing
situation to a desired future state. The strategy is formulated paying specific
attention to the roles of government and the private sector. The output (Figure 1) is
a suite of policy and institutional recommendations, supported by programmes and
projects when appropriate.
THE PROCESS OF TECHNOLOGY DEVELOPMENT
Development programmes often include technology that is novel to people in the
target region. There may be a strong temptation to make decisions about the “most
appropriate” technology without involving the stakeholders who will be affected by
the adoption of new practices or equipment. The process of participatory technology
development guides the people involved in development programmes to resist the
temptation to impose, and it includes the other stakeholders from the earliest possible
point in the programme.
In the context of farm power and the development of mechanization technology,
the process followed will generally be in line with the following sequence:
• technical specialists and farmers working as partners;
• identifying the problem;
• selection of possible technical solutions;
• construction of prototypes;
• on-farm evaluation of the technological options;
• an iterative process of technology development;
• pre-production prototype;
• final field tests;
• first commercial batch production;
• batch production.
Local circumstances may sometimes call for the process to be modified. For
example, technical transfer from one industrially developing country to another (south
– south cooperation), facilitated by a development agency, may be a possibility. The
formation of strong coalitions that promote rural change by means of research and
development of technology are more important than the specific method applied.
ERGONOMICS IN DEVELOPMENT OF TECHNOLOGY
Improvements in the design of hand tools, made possible by fairly simple and
ergonomically sensible changes, could make a big difference to the productivity and
health of farm families. This is particularly true in the case of women, who are bent
double for hours and days on end while they weed the family’s crops.
Manual operations such as hoeing are physically demanding because of their energy
and postural requirements and are considered sources of great drudgery. Approaches
to identifying ergonometric problems and producing solutions – if genuinely
participatory and inclusive of all stakeholders, especially of women – may hold the key
to breaking out of cultural ruts and reducing unnecessary drudgery.
Essential ergonomic concepts that need to be considered are:
• work and work intensity
• physical work capacity
• comparative work intensity
• how hard people can work
• measurement of workload
• gender specific effects of agricultural work
• the concept of fatigue
• avoidance or reduction of fatigue and its effects.
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FIGURE 1

Stages in mechanization strategy formulation
Analysis of present situation
Existing farming system
Current levels of farm power utilization
Agricultural machinery industry
Institutions supporting the agricultural sector
Economy and policy environment

Development of future scenarios
Development in the national economy
Implications for agriculture
Developments in farming systems
Farm power and equipment requirements
Implications for agricultural machinery industry

The mechanization strategy
The strategy framework
Roles of government and private sector
Policy and institution recommendations
Programmes and projects

TECHNICAL AND ECONOMIC EVALUATION WITH FARMERS
The latter half of the last century saw a tremendous investment in research and
development aimed at producing equipment for smallholder farmers. Regrettably,
however, adoption by farmers was often disappointing to the developers, and
numerous items of ‘improved’ equipment have ended up on the scrap heap. This
emphasizes the importance of the participation of farmers in the whole process of
technology development.
From an engineering point of view, on-farm evaluation by farmers is not the same
as technical evaluation or testing. FAO’s Agricultural Services Bulletin 110 on testing
and evaluation of agricultural machinery and equipment gives detailed procedures for
testing a wide range of implements, including hand hoes.
Technical evaluation and testing should be conducted during a technology
development programme; it should be undertaken by trained technical staff.
Conscientious and thorough testing is important because it can lead to improvements
in performance, durability and ease of use.
Economic evaluation of technology involves costing its acquisition and use. The
main points that need to be considered are:
• whether the technology is viable;
• an estimation of costs and benefits;
• implications of scale;
• effect on household cash flows;
• how to select the best option.
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POLICY IMPLICATIONS AND THE ROLES OF THE GOVERNMENT AND
PRIVATE SECTORS
NEPAD has a Comprehensive Africa Agriculture Development Programme (CAADP)
that seeks to reverse Africa’s agricultural crises through rapidly increasing productivity
and efficiency in the sector. The case has been made in this Executive Summary – and
it is also made in the main part of the publication – for the need to improve the farm
power and mechanization options to smallholder farms in order to reach the goals
outlined by NEPAD. NEPAD is an initiative by African leaders, so it can be assumed
that there is a high level of political commitment to its goals. This needs to translate
into mechanization strategies as an integral part of all agricultural development plans.
The principal role of government is to provide the conditions (i.e. enabling
environment) for a largely self-sustaining development of the agricultural engineering
sector. With the widespread move towards market economies, policies must be aimed
at removing the most damaging forms of market restrictions, leaving market forces
to operate where they can be effective in promoting both growth and rural poverty
alleviation. For example, in some countries, high government import duty on steel
has been a major factor hindering the local and economical production of farm
implements. The import duties are levied across-the-board on the assumption that the
steel it is destined for building construction, a relatively prosperous sector compared
to small-scale agriculture. Governments could consider a system of rebates of import
duty for manufacturers of agricultural tools and implements when they can show how
they used the steel. It would, however, be important to eliminate any potential for
corruption in such a scheme.
Many of the activities to promote and develop mechanization will take place in the
private sector. The main role of this sector is to facilitate the delivery of inputs and
services. Other roles will include providing necessary information and training and
participating in networking activities to achieve an efficient balance between supply
and demand. Efforts are required to ensure that this sector can function effectively,
supported by appropriate training, extension, favourable fiscal policies, and research.
It cannot be repeated too often that farm power is critical to a better future for the
people of sub-Saharan Africa. It is hoped that this Executive Summary will provide
basic information to policy makers about the needs and options in farm power in that
region, while the rest of the document provides greater detail for the actual planning
and implementation of farm power strategies.

