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Abstract
Rapid increases in population densities and the associated environmental changes have meant increased
problems for farmers in planning effective resource management strategies. In response to these driving forces
and to improve the efficiency of the available work animal resources, many traditional systems of management
will have to change. An obvious challenge in this respect lies in the application of new management strategies
and the use of work animals for a number of different tasks and purposes. Opportunities exist in the use of female
animals for tasks traditionally carried out by male animals and in changes of ownership patterns. This would
enable farmers not only to make better use of the available resources but it would also increase the output and
income generation from the work animal sub-system. In addition, improvements could be sought in the use of the
different work animal species for a range of diversified tasks to reduce the idle time. Many other systems benefits
could be derived through the better use of nutrient resources that smallholder farmers have at their disposal.
These may consist of an improvement in the use of manure, the development of food / feed systems and the
optimised use of available biomass production. The implementation of these types of strategies will depend on the
use of methods that would enable both researchers and development workers to tackle the issues in a dynamic,
integrated and system-oriented manner. There is also a clear need to improve the delivery of research results to
extension workers and their client-farmers, and for materials and methodologies that reduce the complexity of
these interactions and which allow farmers to take an active part in the evaluation of alternative strategies.
associated demand for increased productivity from
declining land holdings, with decreased access to
common property resources, has also lead to changes
in the traditional management of work animals in
many farming systems. This paper highlights some
of these changes and investigates the potential and
requirements to improve the efficiency of use of the
available work animal resources to meet the
objectives of smallholder farmers into the next
millennium.

Introduction
The use of domestic animals to provide tractive
power for cultivation predates recorded history.
Indeed, the development of agriculture itself is
closely linked to the development of the use of
animal power for cultivation. Today work animals
continue to make a significant contribution to the
livelihoods of the poor in many rural and urban
economies. Current estimates suggest that up to two
billion people depend on work animals as the main
source of energy for farm operations. However,
environmental changes and rapid increases in
population densities in many smallholder production
systems around the globe, have meant increased
problems for farmers in planning effective resource
management strategies. The need to meet the

A global view
Although data are scarce and unreliable, cursory
estimates suggest that work animals provide the
power for c. 52 % of the total cultivated area in the
developing world (Table 1).

Table 1: Livestock as a source of agricultural power in developing and developed countries
Source of power
Tractors

Developed countries
ha (million)
% of total
cultivated area
528
82

Developing countries
ha (million)
% of total
cultivated area
105
22

Hand labour

45

7

125

26

Animal power

71

11

249

52

Source: Sansoucy, 1995
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Multipurpose use of work animals in smallholder farming systems

Numerically, cattle and buffalo provide the bulk of
these farm inputs, although equids and camelids are
also of importance. Although the cultivation of the
soil is essential to the survival of millions of
subsistence farmers, these figures fail to take account
of the vital role that work animals play in the
provision of transport. They also do not consider the
many other contributions that work animals make
and could make to a sustainable increase in
household food security, income generation and the
maintenance of the natural resource base (Dijkman
and Chirgwin, 1997).
Dairy/draught
Although many farming systems throughout the
developing world maintain draught oxen primarily
for work purposes, increasing population and
livestock pressure on the land in some areas may lead
to scenarios where this will be no longer possible.
The use of dairy cows to provide the power
requirements could potentially benefit total farm
output and incomes through increased milk
production, while making it unnecessary to feed
draught oxen year–round or to maintain a follower
herd to supply replacement oxen (Matthewman et.
al., 1993; Matthewman and Dijkman, 1993; Pearson
and Dijkman, 1994). Additional benefits could
accrue through the optimisation of the use of scarce
feed resources, the sale of male offspring and a
reduction in stocking rates.
The Ethiopian Agricultural Research Organisation
(EARO) in collaboration with the International
Livestock Research Institute (ILRI) have researched
the different aspects of the use of dairy cows in a
series of on-station and on-farm experiments.
Results have indicated the following advantages and
disadvantages (Zerbini et. al., 1993, 1998; Lawrence
and Pearson, 1999; Pearson et. al., 1999):
The advantages
- A smaller herd is required if cows are replacing
oxen for work.
- Male animals can be fattened more efficiently
for meat and sold at a younger age if they are not
needed for work.
- Feed to maintain work oxen is not needed, so
feed can be used more efficiently.
- The working females produce their own
replacements.
The disadvantages
- Cows are generally smaller and therefore less
powerful than bulls or oxen.
- Working cows need more and better feeding to
meet the requirements for work, reproduction
and lactation.
- Work can reduce milk production.
- Work can reduce calving rate.

-

Cows are not available for work about one
month before and one month after calving.
All the ‘eggs are in one basket’, i.e. if the cow is
sick, dies or is stolen, then both draught and milk
production are affected.

The project also looked at the influence of dairy /
draught on income generation. Although farmers
who adopted systems using crossbred cows generally
increased their income through the sale of milk, these
changes did not always coincide with an
improvement of the nutritional status of the
household. Although there could be some increase in
actual milk and butter consumption, most of the
increase in food consumption was in the form of
cereals acquired with the proceeds of the sale of milk
(Shapiro et. al., 1994; 1998).
Most of the work carried out to investigate the
opportunities for dairy/draught in different systems in
Africa has been done by comparing the use of
crossbred cows to a traditional system of using local
oxen for work and local cows for milk production. It
may be interesting to investigate the opportunities to
use local cows for dairy / draught, especially since
the introduction of these systems would be less
dependent on the existence of a rather large
peripheral support system in terms of feed supply and
veterinary care.
Although these systems may be more efficient in
biological terms, one also has to realise that their
successful application is dependent on the existence
of the appropriate enabling environment and farmerfelt necessities. In many systems, farmers are still
dependent on the manure produced from a relatively
large herd to collect and import the nutrients that
enable them to sustain crop production. In addition,
in many countries livestock is still one of the most
secure forms of investment and, unless needs dictate
otherwise, this may be another hurdle to the
willingness of farmers to reduce herd size.
Nevertheless, changes in circumstances do lead to the
adoption of radical changes in the systems and
strategies used. There are, for instance, many
examples of dairy/draught systems in Asia and
Southeast Asia, which have been operating
successfully for a considerable period of time.
Short-term ownership
Decreasing farm sizes and reduced availability and
access to common property resources in other areas
have led to the development of alternative coping
strategies as well. In parts of Bolivia, for example,
farmers who do not have enough resources to
maintain a pair of work animals throughout the year,
buy a young pair of oxen at the start of the
cultivation season. These animals are than used for
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In many smallholder farming systems, the activities
carried out by the different types of work animals are
often well-defined. There are, however, frequently
opportunities to increase the efficiency of use by a
reduction in the idle time of the available work
animals through the diversification of the tasks that
animals are being used for.
Cultivation
In various different cultivation systems across the
developing world, apart from the primary cultivation,
which is done by oxen, all other field operations are
carried out by hand. However, in systems where
equids are available, possibilities exist to employ
equids (either single or paired) for low-draught tasks
such as inter-row weeding (e.g. Betker, 1993;
Emhardt, 1994). Similarly, oxen (either single or
paired) could be used for secondary cultivation
purposes, and equids for primary cultivation on light
soils, as well as combinations of different species to
provide the tractive power, as necessity determines.
Unfortunately, appropriate implements for these
types of operations are often not available.
Nevertheless, there are distinct possibilities in many
areas to adapt, manufacture and evaluate low-cost

138

Soil and water conservation
In semi-arid farming systems, the conservation of
water is of vital interest to farmers. Coupled with the
fact that often steep, fragile hillsides are cultivated
for annual crops, soil conservation is also a priority
concern with farmers. Reduced tillage techniques
that are relevant answers to these concerns include
contour and strip tillage to promote rainwater
infiltration and to reduce the risk of soil loss through
water and wind erosion. Equipment developed for
these techniques has generally been of high draught
requirement, but efforts have been made to design
equipment suitable for low draught animals such as
donkeys (Sims et. al., 1996).
Evidence from
Nicaragua also suggest that work animals can be
successfully employed for the establishment of
hillside terraces that significantly improve soil and
water conservation (FOMENTA, 1998), and many of
these systems merit adaptation and evaluation under
African conditions.
Carts
The introduction of carts would not only significantly
increase the transport capacity and efficiency of
animals traditionally used for pack only, but it could
also provide a, potentially, low cost alternative to
motorised transport. Whereas the introduction of
animal-drawn carts has frequently proved to be
prohibitively expensive, recent evidence suggests
that a variety of good low-cost alternatives are
feasible (Chadborn, 1991; Dennis and Anderson,
1994). Animal carts can allow farmers to diversify
their income generating activities, providing
transport for the building trade, road maintenance,
and water distribution within communities.
Stationary equipment
One other way of optimising the use of the available
work animals, is the introduction of stationary power
devices for tasks such as water-lifting or milling.
There are various examples of these types of
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Diversification of use

implements that have proved successful in other
areas. One of the main stumbling blocks, that is
often mentioned, to the spread of these types of
technologies is the established cultural prejudice
against the employment of animals for activities that
deviate from the norm. However, recent evidence
from Southern Africa, where farmers started
employing donkeys for primary cultivation purposes
following the loss of their work oxen in recent
droughts, Bolivia and Mexico where the use of
equids for activities other than pack transport is
rapidly increasing, would suggest that this is dictated
more through requirements than cultural taboos
(Arriaga, et. al., 1997; Sims et. al., 1998; 1999).
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work for the duration of the cultivation period.
During this season, farmers also take advantage of
the relative abundance of feed resources and at the
end of the working period the animals are sold
fattened (Dijkman et. al., 1999a; 1999b). Not only
do farmers, in this manner, reduce their dependence
on the hiring of work animals from other farmers or
tractor services, that frequently reduce the timeliness
of planting and are often prohibitively expensive, but
they also optimise the income generation from their
work animal and feed resource sub-systems.
Although the quality of the work produced by these
young animals may not be comparable to more
experienced pairs of work animals, soil preparation
techniques and cultivation systems are such that this
reportedly has no negative effect on crop production.
Similar systems exist in parts of West Africa, where
meat prices are good (e.g. Reddy, 1988; Pearson et.
al., 1990). The practice of short-term ownership
does, however, often depend on the importation of
animals from other parts of the country, which could,
potentially, lead to the establishment of exotic
pathogens
and
vectors
in
these
areas.
Implementation of a system to prevent this would be
called for. In addition, although much research has
been done on the nutritional requirements and
feeding systems of work animals, specific
management and feeding recommendations to
optimise the outputs of these types of systems of
work animal use, are not commonly available
(Dijkman and Sims, 1997).

implements that have been specifically designed or
adapted to be driven by animal-energy (e.g. Starkey
et. al., 1989; Dippon, 1993).
Most of these
constructions and machines, however, are rather
intricate and relatively expensive and although their
investigation may warrant attention in the future it is
not perceived to be an immediate priority, nor is their
adoption in the current climate thought likely.
Optimisation of available nutrient resources
Improving the contribution of work animals to soil
fertility
For many of the less-advantaged farmers around the
world, the problems of maintaining, let alone
improving, soil fertility is significant. In the past,
cropping has been sustained by the transfer of
organic soil nutrients from forest and grazing land
via the Fodder / bedding – Animal – Manure /
compost (FAM) pathway. This pathway obliges
farmers not only to keep large numbers of animals,
but also requires access to a significant acreage of
grazing and/or forest land to maintain the arable land
(e.g. Wyatt-Smith, 1982; Pandey and Singh, 1984).
While access to, and quality of, grazing and forest
resources have declined, alternative options such as
the use of costly inorganic fertilisers have not been
available to poorer farmers. Under these
circumstances, the most promising option for
targeting the needs of the poorest farmers would
appear to lie in reducing nutrient losses associated
with inefficient organic matter management
practices. Recent studies (e.g. Pilbeam et. al., 1998)
have indicated that these can be highly significant,
with the FAM pathway potentially responsible for
more than 70% of all N losses from the system. The
role of the livestock component in regulating nutrient
flows via the FAM pathway is, thus, clearly pivotal
for the sustainability of the system as a whole in
many areas.
Strategic studies on the impact of livestock and
manure/compost management on nutrient flows,
conducted in Kenya, suggests that, for a highly
integrated system like that in Nepal, these factors
must be taken into account if efficient nutrient
management is to be used to enhance soil fertility.
Key findings of this research include observations of
small changes in types and quantities of feed
supplements used resulting in large differences in the
extent of net N mineralisation following manure
incorporation (Delve, 1998; Lekasi et al., 1998;
Thorne and Cadish, 1998; Thorne et al., 1998).
Further research is needed, however, to examine
specifically the scope for managing livestock to
create more effective linkages between off-farm
nutrient resources and arable land given a scenario of

changing access and availability of common property
nutrient resources.
Feed and fodder
When we discuss feed shortages of work animals, the
first ‘solution’ we tend to think about is to plant more
and better. It may indeed be true that this is the
appropriate solution in a number of cases. However,
competition for land to grow crops for human
consumption may restrict the possibilities available to
implement these type of strategies. It is also true that
many elegant systems to cultivate fodder in
association with other crops have been designed, but
their success has been limited. Nevertheless,
opportunities may exist within the current cropping
systems to optimise the biomass available to work
animals without jeopardising crop production. In
many cereal cropping systems, for example, farmers
plant three to four seeds per planting hole or use very
high sowing densities. Following germination, the
superfluous plants are thinned and disregarded. It
would, however, be interesting to investigate if there
are opportunities, without affecting crop production,
to let these extra plants continue to grow for a given
period to optimise their use as fodder. Other
possibilities that optimise the production of animal
feed from human food crops may lie in the stripping
of leaves during crop growth. Experiences from
countries around Africa would suggest that, if
implemented properly, these methods do not harm
crop production.
Weeding is a time consuming chore in the majority
of cropping systems. The weeds that are removed,
however, are often the forages utilised in natural
pasture or on fallow land. What are the possibilities
to use this voluntary production of biomass better?
One obvious route would be to investigate the
influence of these weeds during the different stages
of crop growth on total crop production. It may well
be possible to devise systems in which weeds in
crops are managed to optimise feed and food
production from the available land. In addressing the
shortage of animal feed, some farmers, in Ethiopia,
Mexico and Bolivia, for example, have developed an
integrated food/feed system in which they allow
specific weed species to flourish in the cereal crop to
increase biomass production, forage palatability,
digestibility and nutritional value, thus addressing
several
priority
problems
simultaneously.
Comparison of these type of integrated systems with
systems in which forages and human food crops are
cultivated in mono-culture with respect to efficiency
and total production would hence be of particular
interest. Obviously there are many different
permutations to the strategies mentioned above
imaginable, but these would depend on the cropping
systems currently in use.
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In addition, delivery of the results of work animal
research to front-line extension staff in a
comprehensible and useable form, has often been
neglected. As a result a gap, not a link, exists
between the two in many areas. Without the effective
implementation of a link, it is difficult to see how
extension services (public, co-operative and private)
can promote improved management and new
strategies amongst their client farmers in a way that
is flexible enough to meet the individual needs and
that accounts for the dynamics of smallholder
systems. Paper-based extension literature (in tabular
or other formats) is not always effective and although
some new approaches are currently being tested
(Thorne, 1998), these new methods still rely heavily
on frequent contact between extension systems, that
are often poorly functioning, and farmers.
Deficiencies in this process may mean that these
approaches will not always be sufficiently responsive
to changing seasons, resource endowments, local
markets and production objectives, compromising the
extent to which farmers can base their management
decisions on these and other factors. There is,
therefore, a need to generate information in a form
that reduces the complexity of the interaction
between extension services and farmers and that
allows the farmer to take a more active part in the
evaluation
of
alternative
strategies.
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The various systems and options available to
smallholder farmers described above have obvious
implications for development and research initiatives.
Although much research has been carried out in the
past decades on the use and management of work
animals, much of this has been done in isolation and
without paying attention to the external driving
forces that have caused, and are causing, significant
changes in the existing farming systems. Any new
initiatives will have to look beyond the conventional.
Although the new possibilities and opportunities that
may emerge may at first seem far-fetched, one has to
realise that the changes driven by population increase
and environmental modifications are inevitable. This
is particularly in light of what has been called ‘ The
Livestock Revolution’, which predicts that in 2020
each person in the developing world is likely to
demand about 29 kg of meat and 63 kg of milk a
year, up from 21 kg and 41 kg, respectively, in 1993
(Delgado et. al., 1999), it is imperative that the
efficiency of the current systems be dramatically
improved. This not only requires a change in the
training that future researchers and development
workers around the world receive, but also a clear
understanding of the external forces of change, to
enable us to approach the problems in a dynamic,
integrated and systems-oriented manner.
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