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Summary

Until recently, neither foresters nor agriculturists have paid much attention to the
presence and role of trees in tropical farming systems. During the past decade,
however, it has been recognized that trees outside forests may have as important a
role in sustaining the natural and human environment as forests. The importance of
farm trees for agricultural and livestock development stems from their potential to
produce essential tree products for people living some distance from forests, and in
their ability to sustain agricultural production capacity via their functions of im-
proving the microclimate and protecting and ameliorating the soil. Rural people
have long been aware of these functions and many indigenous farming systems inte-
grate tree cultivation with agricultural cropping and/or pasture management. Sev-
eral distinctive management practices are used in those systems, and the prevalent
trees are often characterized by their multipurpose functions and relatively high
production capacity. Unfortunately, heavy demands for tree resources and chang-
ing rural conditions result in the overexploitation of these traditional systems.
There is huge scope for programmes to stimulate the proper incorporation of com-
patible trees on farm and pasture lands as a means to counter this loss of rural tree
resources and to help improve land husbandry practices. During recent years much
experience has been gained which demonstrates the appropriateness of such strate-
gies, and several important principles have emerged that can be applied in design-
ing further programmes.

Introduction

It is well recognized that forests have a vital role in sustaining both the natural and
human environment. Forests can help to meet the basic needs of rural people and
commercial needs of industry, to improve rural incomes and to combat environ-
mental decline. Less well recognized is the fact that these functions may not only be
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displayed by forests, but also by trees growing outside established forest areas. Un-
til recently, neither foresters nor agriculturists have paid much attention to the
presence and role on agricultural land of trees other than fruit trees or commercial
crops such as rubber and oil palm. Most agronomists regarded the presence of trees
in fields as competition that should be eliminated, whereas most foresters were not
interested in farm trees, as they do not grow in forestlike stands and cannot be man-
aged according to standard silvicultural concepts.

However, gradually accumulating data indicate the great importance of trees for
agricultural and livestock development. Also, it is increasingly being realized that
most rural people live some distance from forested lands. For these people, trees
scattered over the rural landscape often have a more significant role than forests in
meeting their basic requirements for energy, shelter and various forms of food.
With the present rates of tropical deforestation this role can only be expected to in-
crease in significance.

This paper will discuss the roles of trees in traditional farming systems and in agri-
cultural development in tropical countries. In addition, the potential for stimulating
rural people to grow more trees on their land will be indicated.

Roles of trees in agricultural development

Trees can have complex and diverse roles in agricultural and livestock devel-
opment, either by yielding direct produce or by sustaining the production capacity
(see Table 1).

In many tropical regions, trees have proved to be a more favourable crop from an
energy standpoint than annual food crops, as they maintain longer photosynthetic
activity and have lower energy demands in both cultivation and harvesting. The lat-
ter characteristic arises because of the relatively low nutrient demands resulting
from efficient mineral cycling systems, less need for irrigation (because roots tap
deep groundwater) and no need of tillage with its inherent demands of fuel, machin-
ery and the back-up support required by mechanization (Felker & Bandurski, 1979;
Watson, 1982). These favourable characteristics are augmented by the protective
role of trees stemming from their ability to conserve and ameliorate the soil and to
improve the microclimate.

In recent years a rapidly growing awareness has developed about these values of
trees and about the potential of agroforestry practices in which trees are deliberate-
ly incorporated on farm and grazing lands. The various roles of trees have been
highlighted by different authors; for example their ability to increase total produc-
tivity of the land by permitting a supplementary or complementary use of produc-
tion factors (Arnold, 1983), to contribute to crop diversification on smallholder
lands (Okafor, 1977; Budowski, 1983), to produce energy needed for household
utilization of agricultural produce and for heating (Ben Salam & Van Nao, 1981;
Poulsen, 1983), to assist low-input agriculture and sustained use of marginal lands
(Watson, 1982; Nair, 1984), or to contribute to livestock development (Torres,
1983a).

Most of the production and service functions of farm trees have also been attrib-
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Table 1. Functions of trees in agricultural and livestock development

1. Providing tree products
1.1. Intensification of subsistence production for farm and household purposes
1.1.1. Human food (fruits, nuts, vegetables, sap)
2. Food and forage for animals (foliage, fruits)
3. Fuelwood and charcoal
4. Wood for construction and farm implements
5. Fibres and thatching material
1.1.6. Others, e.g. medicinal products
1.2. Cash crop diversification resulting in increased productivity of land and/or labour
1.2.1. Timber and other commercial wood products
1.2.2. Cash crop commodities (coconut, coffee, tea, oil palm, etc.)
1.2.3. Exudates (latex, resins, gums)
1.2.4. Others, e.g. cork, pharmaceuticals
2. Sustaining production capacity and other farm service functions
2.1. Micro-climate improvement for crops and livestock
2.1.1. Wind shelter
2.1.2. Shade, and buffering temperatures
2.2. Soil conservation
2.2.1. Control of water erosion
2.2.2. Control of wind erosion
2.3. Soil improvement
2.3.1. Efficient nutrient cycling including nitrogen fixation
2.3.2. Addition of organic matter and nutrients to topsoil
2.3.3. Improved physical and hydrological conditions
2.4. Live fences and hedges

1.1.
1.1.
1.1.
1.1.

uted to forests (e.g. FAO, 1981). However, when considering the potential of trees
growing outside forest reserves, care should be taken to make a clear distinction be-
tween the functions of forests and of individual trees.

The functions of forests are not necessarily related to the forest as a stand of indi-
vidual trees, but rather to more specific attributes. For instance, many environ-
mental functions of forests are related to the entire forest as a complete and well-
functioning ecosystem. These functions may, therefore, only be manifested to a dis-
cernible extent in a sufficient large community of trees, whereas wood, fodder and
fruit are produced in individual trees, even if they are standing alone.

Furthermore, many functions of tree stands are conditional. In particular, the en-
vironmental service functions of farm trees often depend on proper management
regimes. For instance, the potential benefit from growing trees in combination with
annual or perennial crops so as to maintain and even enhance soil productivity has
been indicated by much available evidence from widely practised land-use systems
(Nair, 1984a). But, as illustrated in relation to erosion control (Wiersum, 1984a),
the key to effectuating these advantages does not lie in the presence of trees them-
selves, but rather in good management practices, either of the trees or by the appli-
cation of additional agricultural technologies.
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Traditions of farm tree management

Although the role of farm trees has only recently been appreciated by foresters,
agriculturists and development planners, rural people themselves have long been
involved in the conservation and cultivation of trees on agricultural land. Indeed,
such forms of agroforestry are among the oldest and most widely practised land-use
systems. It is increasingly being recognized that the development of integrated farm
tree/crop/livestock systems should be based on a knowledge of these existing agro-
forestry practices (Raintree, 1983; FAO, 1985). In 1982 a global inventory of agro-
forestry systems was started by the International Council for Research on Agrofo-
restry (ICRAF) in order to gather quantitative data to enable the performance of
these systems to be evaluated and to assess their strengths, weaknesses and scope
for further development and extension.

Already, many examples of indigenous systems of combining trees and crops
(agrosilviculture) or trees and pasture (silvipastoral systems) have been published.
When population densities are still relatively low and land relatively abundant,
agricultural crops and trees are often managed in rotation. Many shifting cultiva-
tors actively manage trees both for productive purposes and for soil regeneration.
For instance, in parts of Indonesia, farmers do not cut down tree species such as
Koompassia parvifolia, Arenga saccharifera, Durio zibethinus and Parkia spp,
which produce fruits or act as hiving trees for bees, or they cultivate rattan as a pro-
ductive fallow crop (Pelzer, 1948; Weinstock, 1983). And in Sudan the natural fall-
ows of Acacia senegal are stimulated to produce valuable gum arabic as well as to
contribute to soil protection and regeneration (Hammer, 1982). In south Nigeria
farmers actually plant arboreal species such as Acioa bateri, Anthonotha macro-
phylla, Alchornea condifolia or Gliricidia sepium as fallow crops (Getahun et al.,
1982), while in the highlands of New Guinea Casuarina oligodon is planted in agri-
cultural fields to rejuvenate the soil and to produce wood for fences, fuel and house
construction (Clarke, 1966).

In areas where the land resources are scarcer, a more permanent combination of
tree and agricultural crops may be found. For example, in West Africa over forty
species of indigenous trees are preserved on farmland in densities from less than
one to over 40 trees per hectare (Pullan, 1974; ORSTOM, 1980). Four species
dominate much of these ‘farmed parklands’, i.e. Adansonia digitata, Butyrosper-
mum paradoxum, Parkia clappertonia and Acacia albida. The first three species
produce important items for the diet of the local people, while Acacia is widely cul-
tivated to enhance soil fertility (Felker, 1978). In Nepal, over 50 tree species can be
found on farmlands. These trees often grow on terraces and are managed for their
multiple outputs such as fodder, fuel, fruits, timber and fence posts, while assisting
in soil stabilization (Fonzer & Oberholzer, 1984). In arid parts of India and South
America Prosopis spp. are intercropped with fodder and/or grain crops to provide
fuelwood, agricultural implements and/or dry season fodder (Peck, 1984; Nair et
al., 1984).

Again, in other parts of Asia, Africa and tropical America smallholders grow
timber species such as Acrocarpus fraxinifolius, Albizzia spp., Alnus spp., Cedrela
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odorata, Cordia alliodora or Grevillea robusta as canopy trees over cash crops, food
crops or pasture lands (Budowski, 1983; Poulsen, 1983; Peck, 1984). Among the
most elaborate tree/crop combinations are the home-gardens characterized by a
multi-layered mixture of a large number of food, fodder and timber-producing spe-
cies grown in close association (Wilken, 1977; Wiersum, 1982; Fernandes et al.,
1984).

All these and many other examples of traditional practices of combining trees
with food crops, cash crops or livestock indicate the widespread utilization of trees
for agricultural and livestock management by many rural people. These farm trees
are often submitted to a silvicultural treatment which differs from the management
practices of professional foresters. A very distinctive characteristic is the practice of
regularly pruning, coppicing and pollarding. These practices are used to minimize
potential land-use conflicts, to maximize the tree’s production potential and to ob-
tain regular yields of wood, fodder or mulch material over a long period of time
(Poulsen, 1983; FAQ, 1985).

The scope for multipurpose trees

As indicated by the above examples, in most cases where trees are incorporated in
farming systems, local people favour multipurpose trees that provide multiple uses.
Although theoretically virtually every species of tree or shrub can be used for more
than one purpose the term ‘multipurpose species’ has been proposed to refer specif-
ically to species that are deliberately used to provide products and services other
than timber and pulpwood only and that are intentionally incorporated in multipur-
pose land-use systems (Burley & von Carlowitz, 1984).

Potentially, there is a large number of species that can be classified as multipur-
pose. To date most attention has been focussed on a subset of this group of trees,
i.e. the fast-growing nitrogen-fixing trees. These trees are often favoured for incor-
poration in farming systems because of their ability to fix atmospheric nitrogen bio-
logically in a form that is usable to both the plant itself, to the soil (through plant lit-
ter) and to livestock (through fodder). This group of multipurpose trees includes
mostly species from the Leguminosae family with additional Alnus and Casuarina
species. Over 550 arboreal species have been confirmed to be able to form N-fixing
nodules (Halliday, 1984). Legumes are particularly widely used, as they offer a
range of productive and protective services and as they combine rapid growth with
good ecological adaptibility (National Academy of Sciences, 1979; Brewbaker et
al., 1983; Nair et al., 1984}.

Other arboreal species may also offer important multipurpose services. Some of
these species, such as edible forest trees, fodder trees, bamboos, palms and rattan,
are not yet widely familiar to foresters, but are receiving increasing attention for
their potential to contribute to agricultural development (Okafor, 1977; Watson,
1982; Burley & von Carlowitz, 1984).

Many of the multipurpose trees that are already being used by local farmers have
been selected fron the indigenous flora. But in several tropical regions it can also be
observed how farmers have planted exotic species on their fields. Sometimes the
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cultivation of these trees resulted from introductions made by the Forest Service.
For instance, the spread of Azadirachta indica in the Sahel, introduced by foresters
for roadside planting and woodlots, provides a striking example of the quick adop-
tion of a multipurpose species which meets the needs of local farmers. And on Java
(Indonesia), Calliandra calothyrsus was spontaneously adopted by local farmers af-
ter having been introduced in trial plantations of the Forest Service (FAO, 1985).

But many exotic farm trees have not been introduced by forest services, but by
agricultural services. In the past, many agriculturists were interested in trees that
could provide shade, mulching material and other services in cash crop plantations.
The characteristics of these trees often fulfil the requirements of farmers better
than the timber production characteristics of trees favoured by foresters. Examples
of multipurpose trees that have been incorporated into indigenous smallholder
farming systems after introduction into agricultural estates include Acacia mearn-
sii, Albizzia falcataria, Erythrina spp., Gliricidia sepium, Grevillea robusta and
Leucaena leucocephala.

Production potential of tree-enhanced fields

As demonstrated in many existing farming systems that incorporate trees, the mul-
tiple roles of trees give these systems the potential to be more productive than farm-
ing systems that do not include trees. This increased productivity results from the
improved production conditions for crops as well as from the production potential
of trees themselves.

One of the major reasons for the increased awareness among foresters of the po-
tential of farm trees is the growing recognition that in many tropical regions farm
trees may provide anywhere from 60-90 % of the aggregate local needs for wood.
For example, in Kenya 47 % of all wood consumed is produced on agricultural
lands, 25 % on range lands and only 28 % in forests. And in both Pakistan and Java
(Indonesia) an estimated 60 % of all timber and 90 % of all fuelwood is obtained
outside forest reserves (van Gelder & Wiersum 1983).

Another example of the important role played by farm trees in relation to wood
production is provided by Cordia alliodora. This species is commonly incorporated
in farm systems in tropical America. It is estimated to occur on an area of over one
million hectares, where it produces between 5-20 m3 ha-! year-!. Although not re-
corded in any official forest statistics, this means that the species is the third largest
plantation tree in the region (Budowski, 1983; Peck, 1984).

Growth data from farm trees are still scarce, but preliminary data indicate that
the wood production potential of these trees is considerable (Table 2). Of course,
production capacity is dependent upon many variables, including climate and soil
conditions and the density of the tree stands. But the available data indicate often
surprisingly high production figures compared with the normal production data
from forests. Several factors contribute to this high production capacity. The soil
quality of the farmers’ fields is often better than that of lands commonly reserved
for forests, while the trees may also profit from agricultural inputs such as fertiliz-
ers, irrigation and/or weed control. In a trial in Ruanda it was found that the pro-
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Table 2. Production capacity of farm trees.

Production capacity Source
(m3 ha-! year-?)

Integrated trees and crops

Cordia alliodora over crops/pasture (6)10-15(20) Budowski, 1983
Homegardens Java 7-9 Van Gelder & Wiersum, 1983
Trees over upland crops, Java 3-5 Van Gelder & Wiersum, 1983
Intercropped Leucaena hedgerows 1-3.5 Torres, 1983b

Trees over upland crops, Kenya 0.7-2 Van Gelder & Wiersum, 1983
Traditional multipurpose farmers’ woodlots

Calliandra calothyrsus, Java 43-56 Van Gelder & Wiersum, 1983
Leucaena leucocephala, Philippines 28-35 Van Gelder & Wiersum, 1983
Gliricidia sepium, Philippines 23-40 Van Gelder & Wiersum, 1983
Sesbania grandiflora, Java 27-30 Van Gelder & Wiersum, 1983

duction of wood and foliage of trees grown on agricultural lands was respectively
four and three times higher than that of similar trees planted in a neighbouring
woodlot with a similar soil (Behmel & Zeuner, 1982). The fact that because of its
open stand the trees produce much wood in branches rather than in the stem is not a
serious disadvantage, as long as the wood is predominantly used for fuel.

The production capacity of farm trees is also positively influenced by the selec-
tion of appropriate fast-growing species and adaptive management techniques such
as the coppicing and pollarding systems mentioned earlier. The positive effects of
these factors are illustrated by the high yields of traditional multipurpose farmers’
woodlots (see Table 2). The same trees are often also used in more open stands on
agricultural fields.

Just as important as the production from trees is the possible improvement of
agricultural production obtained on tree-enhanced fields. Although many obser-
vations indicate that properly managed farm trees may be the least-cost approach
towards ensuring the sustained and even improved production of agricultural and
forage crops, unfortunately few quantitative data are available to substantiate
these claims or translate them into more detailed, site-specific information. Howev-
er, some preliminary data from various Sahel countries indicate increases of 10-
50 % in millet production on fields protected by scattered trees or shelterbelts
(Felker, 1978; FAO, 1985). An on low-productivity sites the yields of maize culti-
vated between regularly pruned hedgerows of Leucaena leucocephala increased by
28-112 % (Torres, 1983b).

Development opportunities for growing farm trees

In many tropical regions farmers are experiencing a growing pressure on their re-
sources because population growth, alterations in the socio-economic structure of
society, agricultural and technological changes, and rising aspirations and expecta-
tions. These increasing pressures have caused a heavy demand for both land and
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tree resources. This has not only resulted in an unprecedented rate of uncontrolled
deforestation, but often also in an overexploitation of trees outside the forest
(Wiersum, 1984b). Although the process and magnitude of breakdown of tradition-
al systems of farm tree management have not received as much attention as the
process of deforestation, many observations indicate that the depletion of trees on
agricultural lands may be as serious a problem as deforestation, especially in regard
to the decreasing availability of wood products for the local population and the loss
of agricultural production capacity.

Foresters in many tropical countries are thus faced with a growing need for tree
products and services at the one hand and an accelerating loss of tree resources on
the other hand. Several estimates indicate that in order to cover the forecasted defi-
cits in tropical wood production at the end of this century, an equivalent of about
130 million hectares of new tree plantations is needed. An area fifteen times as
large will potentially need to be newly forested to protect forests and soils from eco-
logical or environmental deterioration (Wiersum, 1984b).

This task is so huge that it will only be possible to accomplish it if appropriate ac-
tivities are undertaken by both professional forestry organizations and rural com-
munities. Furthermore, it will be necessary not to restrict these activities to official
forest reserves, but to extend tree planting to the whole of the rural landscape. Con-
sequently, there is vast scope for programmes stimulating communities to properly
incorporate compatible trees on farm lands so as to increase production of essential
tree products as well as to improve land husbandry.

A wide variety of agroforestry techniques can be used in such programmes, e.g.
managed or enriched fallows, hedgerow intercropping (alley cropping), shel-
terbelts, or various forms of multistorey intercropping such as growing multipur-
pose trees on crop fields and pastures, crops combinations with plantation species,
or homegardens. Many efforts are at present under way to evaluate the precise ad-
vantages and limitations of these various techniques and to develop their full poten-
tials. Much of this research is being directed towards the more systematic introduc-
tion of appropriate multipurpose species and the application of hedgerow inter-
cropping (Torres, 1983b; Burley & von Carlowitz, 1984; Nair et al., 1984).

For the development of programmes to stimulate tree farming three principles
have been found to be of prime importance (Raintree, 1983; FAO, 1985). In the
first place a programme should, whenever possible, concentrate its efforts on stim-
ulating further adoption of still existing traditional or adaptive local land-use sys-
tems that incorporate trees, and on making incremental improvements in these sys-
tems. Such approaches, which are based on indigenous tree farming practices, will
ensure that their effects and relative advantages are readily perceived by local
farmers. Sometimes there may also be potential for introducing innovative farm
tree management practices; but such innovations should only be used to supple-
ment rather than to replace existing systems.

In the second place it is essential that farm tree growing schemes are based on the
needs and potentials of individual farm units. Even within the same community, dif-
ferent households may have different tree-related needs, e.g. depending on pat-
terns of land ownership, financial status and access to other production factors. For
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instance, some farmers may be interested in low-intensity management practices,
which bring little direct financial gain, but which have substantial non-financial ben-
efits, e.g. by increasing production of subsistence household needs. Other farmers
may prefer higher inputs for tree management, which offer prospects for direct fi-
nancial gain because of increases in commercial crop or wood production. Thus an
approach is required in which farmers can choose between different options instead
of presenting them with one standard technique.

In the third place, programmes should introduce multipurpose tree growing sys-
tems rather than concentrate on one output only. As indicated by all traditional sys-
tems, farmers expect multiple benefits from trees. They are rarely motivated to
grow trees for one purpose (e.g. fuelwood) only, except in the case of easily mar-
keted and highly priced cash crop commodities.

Thus, programmes for stimulating tree growing for agricultural and livestock de-
velopment should be based on a farming system approach, in which the existing
land-use situation is analysed, the different needs and available production factors
of various population groups are assessed, and in which the multiple uses of trees
for enhancing land-use are properly identified. To meet these needs, the Interna-
tional Council for Research on Agroforestry (ICRAF) has developed a ‘Diagnostic
and Design’ methodology to guide planners in making good agroforestry designs
(Raintree, 1983).

In conclusion, it is evident that the concepts and principles of using trees for agri-
cultural and livestock development are fairly well documented and that the poten-
tial of incorporation trees in farming systems is widely demonstrated by indigenous
practices. Although much further systematic research will be necessary to evaluate
the exact scope for various tree farming systems under site-specific conditions,
much experienced has already been gained during the last decade, and this can be
applied in developing much needed programmes to stimulate more intensive man-
agement of farm trees.
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