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AGROFORESTRY
 

Agroforestry is a collective term for land use systems that have been
in existence long before 
the term itself was coined. Shifting
cultivation 
and other fallow based 
systems of agriculture, farming
systems based on perennial crops,

home 

tree or forest gardens, including
gardens, practices such as the use of shelterbelts and windbreaks,
taungya afforestation, 
and many other 
systems and farming practices
with trees are forms 
of agroforestry. have
They been in use for
centuries 
 ... at least 100 years in the case of the taungya system ...
and 
in most cases, much longer. Their main characteristic is the
deliberate role 
played by woody perennials in agricujtural production,
and they span 
 the spectrum of socioeconomic circumstances, from
subsistence cropping to cash cropping systems with perennials.
 

Several factors had to
a role play in leading some members of the
international 
community to support research in agroforestry. The energy
crisis of 
the early 1970's made the purchase of fertilizers an
expensive proposition in many countries, especially the poorest, and
limited the benefits of the Green Revolution (Ehrlich, Ehrlich &
Holdren, 1977).
 

The 
drought in the Sahel underlined the fragility of this ecosystem and
helpcd to point 
out the need for more stable and sustainable forms of
agriculture 
that were also reconciled to local circumstances and needs
(UNEP, 1977). The destruction of the natural forest in the tropics
pointed out the need 
for conservation of this 
resource (Ehrlich,

Ehrlich & Holdren, 1977).
 

The global increase in population and the resulting pressure on arable
land along with an attendant 
move to marginal agricultural land for
food, fuelwood, 
fibre and pastures for livestock led the search for
 more intensive and sustainable forms of land use.
 

Against the difficult background, the International Development
Research Centre (IDRC), a 
Canadian public corporation, set up a project
to identify 
tropical forestry research priorities which, among other
 
things, would
 

Iassess the interdependence between forestry and agriculture

in the low-income tropical countries and propose research

leading to the optimization of land use.'
 
(Bent- Beall & Cote, 1977)
 

The result 
 of this project was the pronotion of 7groforestry through
the creation in 1977, 
 of the International Council for Research in

Agroforestry (ICRAF).
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Definition
 

Several definitions of agroforestr have been proposed (Agroforestry

Systems, 1982). For this review, the following definition is used.
 

Agroforestry is a collective name for land-use systems and
 
technologies where woody perennials (trees, shrubs, palms,

bamboos, etc.) are deliberately used on the same land
 
management unit as agricultural crops and/or animals, either

in the same form of spatial arrangement or temporal 
sequence. In agroforestry systems there are both ecological
and economical interactions 
 between the different
 
ccmponents. 
(Lundgren & Raintree, 1983)
 

For social scientists, this 
definition may be too biological. Fran
 
the point of view of 
an economist, agroforestry is '... defined

broadly as 
 those farming systems in which farm resources are

allocated to raising crops as well as trees.' (Shapiro, 1984).
 

Terminology
 

The term 'agroforestry' 
is not without its linguistic difficulties,

whether in English (Stewart, 1981), French or Spanish (Combe &
 
Budowski, 1979). However, the has
term gained wide acceptance,

irrespective of these problems (Nair, 1985), 
 and is now used in

French (Depammier 
& Goudet, 1983) and in Spanish (Ccmbe & Budowski,

1979). The ICRAF library presently contains over 280 indexed books
 
and articles and other documents in which the term agroforestry

appears 
 in the title. Many more articles based on papers presented at

several conferences that have been 
held on agroforestry have also
 
been published.
 

To complicate this issue even further, agroforesters speak of
 
agroforestry systems and agroforestry practices.
 

For the 
purposes of this discussion, an agroforestry system is a
 
farming enterprisc in which -... several are closely
activities 

related to each other 
by the common use of the farm's labour, land
 
and capital, by risk distribution and by joint use of a farmer's
 
management capacity." (Ruthenberg, 1980).
 

Agroforestry practices "... denote a 
specific land management of
operation of an agroforestry 
nature on a farm or other management

unit.' (Nair, 1985). Agroforestry farming systems may include one or
 
more agroforestry practices.
 

Agroforestry farming systems 
have been known under different names

until just recently. Ruthenberg, in his important work on farming

syscems, describes 
 the use of trees or woody plants in agricultural

production systems in the tropics. Thus agroforestry practices appear

under several system headings: shifting cultivation, fallow systems,

combining 
annuals with perennials in which agroforestry with Acacia

albida (see below) is a cropping principle under the chapter dealin-g

w F-Fif"systems with permanent upland cultivation', and systems with
 
perennial crops. (Ruthenberg, 1980).
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Early work
 

Significant scientific research and 
reviews of knowledge on some
 aspects of 
the subject had taken place in the 1960's and earlier, in

particular 
 if one refers to the literature of the colonial
 
administrations (see below).
 

Noteworthy 
 is the work on shifting cultivation which demonstrated the
 
value of trees in restoring soil fertility after a period of fallow.
 

Under moist tropical forest conditions in particular, trees can
 
restore soil 
 fertility to previously cropped parcels of land through

litter deposition and subsequent humus formation. Nye & Greenland in

their classical work 
on the subject have estimated that once fallow
 
has been established, litter production can reach up to '... 10,000
lb. per acre 
per annum'. This is without counting the simultaneous
 
addition from dead roots, root 
 slough and exudate. Under drier

conditions, 
in savannas for instance, the increase is estimated to be
 
about one half to one quarter of this. (Nye & Greenland, 1960)
 

King, 
 in his landmark study of the taungya system of afforestation in

Nigeria, 
presented evidence for the combination of crops and forest
 
trees on 
the same piece of land. King also suggested some biological

and other properties of trees and crops 
 for agroforestry (King,
 
1968).
 

Acacia albida is a leguminous tree indigenous to the drier parts of

A-rica. 
 In parts of West Africa, farmers have traditionally

incorporated this in fields
tree their of millet and groundnuts.

Intercropping is possible because the tree, contrary to the practice

of most plant species, loses its leaves in the wet season and remains
 
evergreen during the dry season 
(Wickens, 1969).
 

In West Africa, research on Acacia albida demonstrated the role of

this species in amelioratin-g-soiT-fertility 
through nutrient
 
recycling and by the direct improvement of soil biological , physical

and chemical properties (Charreau & Vidal, 1965; Jung, 1967), the

result of which is translated in increased 
yields of millet and
 
groundnuts (Giffard, 1974).
 

To this day, the work on Acacia albida stands out as some of the most
 
conclusive in demonstrating withou-tany doubt the beneficial role of
 a tree species in support of agricultural production, and, although

it has not been proved, it has been suggested that '... Acacia albida
 
has made it unnecessary to clear 
and fallow land thuE--FTl­
sedentary, permanent agricultural settlements.' (Felker, 1978).
 

Farmers in Senegal believe that Acacia 
albida stands accumulate
 
enough soil fertility when livestock shelter beneath their canopies

during the dry season that there 
 is no need for a fallow period
 
(Pelissier, 1966).
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Work during the colonial period : Africa and Asia
 

Considerable evidence of agroforestry research is also to be found in
 
the important bibliographies undertaken during the period of European

colonization of the tropical lands. Of particular relevance (because

the information has been brought together) is the vast body of
 
forestry literature from the Dutch colonization of Indonesia. Over
 
6000 publications have been abstracted from Dutch mostly to English,

and these contain interesting and revealing references mostly to
 
taungya with teak, and other forms of agroforestry (PUDOC, 1982;

Beekman et al., 1982). Similarly, the 'Centre d'Informatique

appliquee au Developpement et a l'Agriculture tropicale' (CIDAT) in
 
Belgium has compiled three extensive volumes of bibliography on
 
agriculture in Zaire, Rwanda and Burundi that contains over 8000
 
references, most of which are directly available from the compilers
 
as microfiche copies of the original documents (Halleux, Ergo & Haes,
 
1973).
 

Jurion & Henry (1969) have summarized much of the Belgian experience

of what would now have been called agroforestry, including the
Icorridor system' of cultivation, as an unsuccessful alternative to
 
shifting cultivation.
 

Both of the bibliographies mentioned above contain valuable
 
references to trees that are used for agroforestry.
 

The British experience is documented in the various publications of
 
the Imperial Agricultural Bureaux, now the Commonwealth Agricultural

Bureaux (CAB). The French experience is published in the various
 
monographs, journals, 'cahiers', 'fiches techniques' and other
 
publications of the Office de la Recherche Scientifique et Technique

d'Outre Mer (ORSTOM) and of the Centre de Cooperation Internationale
 
en Recherche Agronomique pour le Developpement (CIRAD). Several
 
departments of the CIRAD, previously known as the Groupement d'Etudes
 
et de Recherches pour le Developpement de l'Agronomie Tropicale

(GERDAT), continue to contribute actively to research in
 
agroforestry.
 

Noteworthy among the results of this research is the review on fodder
 
trees undertakpn by the Imperial Agricultural Bureaux (Whyte, 1947)

and accompanied by a 265-page bibliography.
 

In the French literature, one title is of particular significance.

The monograph of Giffard sunnarizes much of the early work that is
 
relevant to agroforesters from francophone West Africa (Giffard,
 
1974).
 

Depommier & Goudet (1983) review the experience in agroforestry of
 
the Centre Technique Forestier Tropical (CTFP), a department of the
 
CIRAD. The Institut de Recherches en Agronomie Tropicale (IRAT),

another CIRAD institution, has produced a bibliography on
 
agroforestry that will be helpful in locating titles dealing with the
 
subject in general, and from the perspective of research undertaken
 
in francophone Africa in particular (IRAT, 1982).
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Latin America
 

Unfortunately, the early experience of research on shifting
 
cultivation and other forms of agroforestry systems in Latin Aimerica
 
is not as well documented in comparison to the experience in Africa
 
and parts of Asia and the Pacific (Sanchez, 1977). However, it is
 
clear that traditional forms of agroforestry have been in existence
 
(Budowski, 1979). In a bibliography on agroforestry produced by
 
Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE), a
 
regional agricultural research institution located in Costa Rica,
 
there are references predating 1975 that deal with the practice of
 
shading coffee and cacao with trees. Many of these references appear
 
as articles in the journal Turrialba (Combe, Jimenez Saa & Monge,
 
1981).
 

Perennial tree crops
 

The literature on intercropping with rubber (Hevea brasiliensis)
 
contains early references to agroforestry practices, in association
 
with this perennial crop (Soosai & Kaw, 1975). Other perennials have
 
also been known to leni themselves to agroforestry : cacao (Theobroma
 
cacao), (Martinez & Enriguez, 1981; Wessel, 1985); oil palm (Hartley,
 
1977) and coconut (Nair, 1979). Cacao requires shade for early growth
 
(Wessel, 1985; Wood, 1985; Wood & Lass, 1985) and coffee occurs
 
naturally as an understory shrub in Ethiopian highland forests. Many
 
of these perennials are grown in agroforestry combinations by small
 
holder farmers who depend on the food crops for subsistence (Hartley,
 
1977).
 

Quite independently, individuals have also shown considerable
 
interest in trees for agriculture. Sholto Douglas and Hart (1984)
 
document the biological benefits of trees in agriculture and list
 
some practices, including the choice of trees and the products or
 
benefits that accrue. The first edition of this book was published in
 
1976. In it, the authors refer to a book by Russell Smith printed in
 
1929 entitled 'Tree Crops - A permanent agriculture' in which the 
author hypothesizes that ... certain crop yielding trees could 
provide useful substitutes for cereals in annual feeding programmes, 
as well as conserving the environment.' The same source is reported 
to have spoken of 'three dimensional forestry 'as early as 1967 
(Sholto-Douglas, 1967).
 

Institutional setting
 

Given the present level of enthusiasm for agroforestry, it is notable
 
that interes in the subject was so long in coming. This may in part

be due to the complexity of agroforestry systems. Experimental
 
designs and the statistical analysis of results are not simple when
 
intercropping trees with crops. Time frames are variable and plant

interactions are three dimensional. Scientists have not been trained
 
to 
deal with complex land-use systems, instead they specialize in
 
restricted fields (Budowski, 1981). Put another way, agroforestry has
 
been neglected because of the historical and institutionalized
 
separation of agronomists and foresters; agroforestry lacks an
 
institutional niche (Lundgren, 1982).
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CLASSIFICATION AND CHARACTERIZATION OF AGROFORESTRY SYSTEMS
 

Agroforestry systems and practices can be classified in several ways.
 
Classification by components leads to three main types of
 
agroforestry :
 

1. 	agrisilviculture, which is the combination of woody perennial
 
plants with crops, including tree crops
 

2. 	silvopastoral systems, which integrate livestock with woody
 

perennials
 

3. 	agrisilvopastoral systems, which combine all three components
 

Same authors (King, 1979, Nair, 1980) also add a further category:

Imultipurpose forest tree production 
systems', from which diverse
 
outputs are obtained. However, Combe & Budowski (1979) do not
 
consider 'multipurpose forestry' as agroforestry, although both
 
systems have the forest in common.
 

Agroforestry systems can be characterized by the outputs and services 
they render. Possible outputs and services are listed in Table 1. The 
objective of agroforestry is to stabilize agricultural production 
over time, while at the same time improving production, i.e. 
sustainable agricultural production while conserving environmental 
resources. The balance between improving the productive features of
 
the farming system and management interventions emphasizing the
 
ameliorative or restorative qualities of agroforestry will depend on
 
the objectives of the land manager and the site conditions of the
 
farm.
 

It is possible to classify the system on the basis of function, that
 
is, on the basis of products or services rendered. Classification
 
schemes can be devised in this way (Combe & Budowski, 1979), but they
 
are complicated because agroforestry involves multiple outputs and
 
benefits. Factors of time and space can also form the basis of a
 
classification system. The arrangement of trees and crops over time
 
can be complex. Just as in multiple cropping, different trees and/or
 
crops can be grown sequentially over time or crops can be mixed or
 
grown together. Borrowing from the classification of multiple
 
cropping already in existence increases complexity because the tree
 
adds a third dimension, the vertical, and extends the time dimension.
 
Beets' classification of multiple cropping systems (Beets, 1982) can
 
thus be applied to agroforestry, but it does not simplify the matter
 
in a way in which a classification system should, although it does
 
show the variety of agroforestry combinations that are possible with
 
crops alone.
 

Agroforestry systr_1ns can also be classified by the level of
 
management and inputs used, and on the basis of the economic goals
 
intended. These systems can also be distinguished by the tenurial
 
status of the farmer.
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On this basis, Lundgren (1982) distinguishes between commercial,

intermediate and subsistence systems. In commercial systems, one crop

is usually the intended output. These systems are typical of the
 
perennial tree crop plantation systems of coffee and cacao in Latin
 
America (see articles in Workshop on agroforestry systems in Latin
 
America; Las Salas, 1979); taungya systems can also be grouped here
 
(King, 1968).
 

Intermediate systems are characterized by the combined production of
 
subsistence and cash 
crops, the latter being of economic importance

in the market place. Examples of smallholder production systems for
 
the major tropical plantation crops are well documented.
 

In 1960, Malaysian rubber smallholders contributed 43% of the total
 
production of rubber, that is, 29 000 tonnes on sites that are less
 
than 100 hectares in area (Hutson, 1960). Today, small holdings

account for 76% of the total area of the country under rubber and 56%
 
of the total national production (Tajuddin, 1986).
 

Coffee and cacao in parts of Latin America, especially in Central
 
America, are grown on small holdings (Budowski, 1979).
 

In subsistence systems such as shifting cultivation and tree-based
 
fallow systems in general, the landowner seeks to satisfy basic
 
needs. Village or forest gardens, for example in Indonesia, have been
 
well researched and fall under this category (Michon, 1983, 1985;
 
Michon et al., 1986; Mary, 1985).
 

In reviewing the various approaches that have been taken, Nair (1985)

emphasizes the importance of the structural composition of an
 
agroforestry system as the main criterion for classification. Other
 
attributes can be qualifiers. Thus, one can talk of agrisilvicultural

forms of agroforestry for food production. Table 2 summarizes the
 
basic approaches to classification which are useful in outlining the
 
possible management options and attending complexities of
 
agroforestry. Figure 1 breaks down the various systems on the basis
 
of components, and this corresponds largely to the main headings used
 
to classify information about agroforestry (Table 3).
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CONCEPTS OF P4ROFORESTRY
 

Agroforestry and the tropical forest model.
 

Shifting cultivation is a traditional farming system that has
 
supported man in humid tropical forests for ages, apparently without
 
upsetting the environmental balance of this ecosystem (Nye &
 

Greenland, 1960).
 

It is an efficient farming system in terms of the use made of 

environmental resources as long as the fallow period is long enough. 
During the fallow period, nutrients are recycled and soil fertility 
in the cleared patch of forest is restored to 'levels comparable to
 
that of the adjoining forest.'
 

In bush fallowing systems and in other intensive forns of subsistence
 
agriculture that use woody perennials, the nutrient cycling dynamics
 

of the climax tropical rainforest are mimicked. The result is a
 

fanning system that is inherently and ecologically more stable and
 

efficient because the environments above and below ground level are
 
being exploited at many levels and soil fertility is preserved
 
through nutrient cycling.
 

These multistoried cropping systems capture sunlight at different
 
levels in the canopy and nutrient cycling occurs in a more or less
 

closed system. The root systems exploit the subsoil horizons
 
efficiently and nutrients are cycled to the above-ground biomass
 
(Okigbo, 1980). Whatever loss of forest land occurs as a result of
 

clearing patches in the forest and allowing a period of secondary
 
forest regrowth is insignificant. The tropical forest, under
 
conditions of low population density, is resilient enough not to
 

suffer any loss or degradation and fallow plots , in time, revert to
 

the original tropical forest.
 

The situation at present is different. Increases in population
 
density and the attendant pressure on agricultural land have caused
 

an inevitable reduction in the fallow period. In some cases, there is
 
no fallow, and fertility maintenance in these intensive subsistence
 

systems depends on various organic manures and animals, household
 
wastes, composts and rotations of leguminous cover crops (Okigbo,
 
1980).
 

The stability and the sustainable production inherent in fallow based
 
forms of cultivation is lost and tropical forests are suffering
 
irreversible declines as a result of improper or short rotation
 

shifting cultivation. According to the FAO, shifting cultivation is
 
responsible for the loss of considerable amounts of natural forests
 

in the tropics, being the main factor in Africa (20% of the
 
deforestation) and exercising a considerable effect in tropical Asia
 
(49%) and tropical America (35%) (FAO, 1982 a, FAO, 1982 b).
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The need is for a cropping system that can counter the requirement
 
for shifting or rotating fallows while maintaining ecological

stability. Sanchez (1977) and Grinnell (1977) have recognized the
 
potential benefits of such a system, and work on alley cropping at
 
the International Institute of Tropical Agriculture (IITA) in Ibadan,
 
Nigeria has yielded some positive results in this direction (IITA,
 
1984).
 

Forms of agroforestry, in particular alley cropping and multistorey
 
cropping, although further research is needed to determine their
 
adoptability, are considered as possible solutions to the problems
 
posed by fallow agriculture (FAO, 1984). Multistorey cropping is the
 
system of agroforestry that mimics most closely the tropical forest
 
model, both in terms of the intensity of land use and management
 
inputs (Raintree, 1981).
 

The beneficial effect of trees on soil fertility and the process by

which trees exert their influence are summarized in Table 4 (Young,
 
1986). The evidence of their role is presented in the same source
 
(Young, 1986). Thus, concepts of agroforestry are derived in part

from the amelioration and regenerative biological features of trees.
 

Relevance of multiple cropping to agroforestry
 

Agroforestry systems involve multiple cropping with trees. The
 
literatur on multiple cropping in agriculture is applica;le here
 
because many of the benefits of multiple cropping, as well as some of
 
the arrangements, are relevant to agroforestry (Beets, 1982; American
 
Society of Agronomy, 1976).
 

'Multiple cropping describes forms of cropping practices where total
 
production from a unit of land in a farming year is achieved through

growing crops simultaneously, sole crops in sequence, or a
 
combination of mixed and sole crops in sequence' (Andrews & Kassam,
 
1976). Two forms are distinguished: intercropping where crops occupy
 
the same space at the same time and sequential cropping where crops
 
are grown in sequence. Multiple cropping systems offer certain
 
advantages. Beets (1982) cites the following:
 

i. better utilization of environmental factors
 

ii. greater yield stability in variable environments
 

iii. soil protection 

iv. in ge'.eral, a higher yield and greater gross return per unit
 
areE. 

v. regularity of food supply
 

All of these factors or objectives are compati'-le with agroforestry,
 
although the tree components add many considerations of their own to
 
be taken account of. These include biological, managerial or
 
socio-economic ones, (Huxley, 1983 a), as well as those concerning

the cropping period, the sequence and succesLion of trees and crops,

the arrangement of trees and crops, etc. (Huxley, 1983 b; 1983 c).
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Similarly, the tree-crop interface will need special attention in
 
view of the complexity of the association when intercropping with
 
trees (Huxley, 1986). Bio-economic considerations in intercropping

with trees are particularly important in dealing with an agroforestry
 
intercrop (Raintree, 1983). Information on these points, and on plant
 
biological aspects related to agroforestry have already been reviewed
 
(Huxley, 1983 d). A thorough scientific analysis of many of the
 
factors and concepts discussed above, especially the efficient use of
 
resources by appropriate management of constituents as they apply to
 
multiple cropping with coconuts, has also been done (Nair, 1979).
 

The biological basis for agroforestry centres on the role the woody
 
component can play in assisting and sustaining crop and/or animal
 
production in a farming system. By using trees, the idea is to create
 
a multistoried cropping system that imitates the climax tropical
 
rainforest and that helps to ensure the recycling of nutrients as
 
well as the optimal use of solar energy and other resources while
 
affording multiple outputs and services to the farmer or land manager
 
(Torres, 1983).
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CURRENT STATIUS OF AGROFORESTRY KNOWLEDGE AND RESEARCH
 

ICRAF 

With the establishment of ICRAF, the systematic promotion of agroforestry
 

systems and practices around 


started and a concerted effort began to document knowledge about 
agroforestry. 

Little information existed on the extent and variation of agroforestry 
the world. Very little quantitative 

information existed about agroforestry. Apart from a lack of knowledge at 
the system level, there was little systematic and species-specific
information about the woody components of agroforestry - the multipurpose 
trees. 

Finally, methods for doing research on agroforestry, whether on the plant
 
aspects or concerning economic analysis of agroforestry systems, still had
 
to be worked out.
 

The wasted lands
 

In the early stages, ICRAF focused its efforts on the application of
 
agroforestry to overcoming the problems of the 'wasted lands' (King &
 
Chandler, 1978). These problems include those posed by shifting

cultivators encroaching on the tropical forest, unproductive soils in
 
Latin America, desertification in tf.e Sahel, etc.; in short, areas that
 
were suffering from environmental degradation and for which agroforestry
 
was perceived as a possible solution.
 

Diagnosis and eesign
 

In 1981, there was a change in emphasis and a more systematic research
 
programme was initiated, in which a method foi- diagnosing land-use systems

and identifying appropriate agroforestry interventions was elaborated
 
(Steppler, 1982). The systems approach and the importance of a
 
location-specific approach resulting from the intimate olant/environment

associations implicit in agroforestry were emphasized (Steppler &
 
Raintree, 1983). This programme of work has continued and within this
 
context, agroforestry is considered a general form of land use that offers
 
solutions not only in restoring degraded agricultural landscapes, but
 
which has a role to play in stabilizing and improving established
 
agricultural practices in general (Lundgren, 1982; Lundgren & Raintree,
 
1983).
 

ICRAF has devoted a considerable amount of time to developing the
 
'Diagnosis and Design' methodology (ICRAF, 1983 a; 1983 b), as well as
 
testing it in selected case studies undertaken around the tropics

(Raintree, 1983; Rocheleau & van dan Hoek, 1983; Torres & Raintree, 1984;
 
Hoekstra, 1984). The method is an adaptation of various rapid rural
 
appraisal techniques and is based on recognizing bottlenecks affecting

production (the diagnosis stage) and identifying agroforestry
 
interventions that have the greatest potential for
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overcoming the bottlenecks or problems identified (design stage). The
 
possible agroforestry interventions are subsequently tested using
 
on-farm assessment, as well as by undertaking on-station
 
experimentation. National, regional and international institutions
 
with a mandate co undertake experimental research then set to work
 
with ICRAF in undertaking the research (Raintree & Torres, 1986).
 

ICRAF is not mandated to undertake primary research on the model of
 
the international agricultural research centres, but it is
 
responsible for helping, through collaborative activities, including
 
training, national and other institutions and organisations to
 
develop the expertise to undertake research on appropriate
 
agroforestry interventions. The experience acquired by applying the
 
'Diagnostic & Design Methodology' in cooperation with over 19
 
institutions from the agricultural, forestry and academic sectors has
 
resulted in its application and adoption, with modifications in some
 
cases, by several international and other organizations (Raintree &
 
Torres, 1986).
 

This experience also forms the basis for more extended and systematic
 
collaborative activities in Africa in particular, where the problems
 
of food and fuelwood production and desertification are most acute
 
(Torres, 1985; Raintree & Torres, 1986).
 

Characterizing agroforestry systems
 

Since 1977, several national and international conferences and
 
workshops dealing with agroforestry have taken place (see Appendix
 
2). However, the literature generated from the proceedings of these
 
meetings is largely qualitative and does not answer the question,
 
'What agroforestry systems and practices are reconmended for given
 
biophysical, socio-economic and socio-cultural circumstances?'
 

In order to assess the state of agroforestry in the world, a project
 
was initiated at ICRAF. With support from the USAID, and with the
 
assistance of five coordinators located in different regions of the
 
tropics, the 'Agroforestry Systems Inventory' (AFSI) project
 
systematically surveyed agroforestry systems and practices on the
 
basis of a common format of specifications. The objective was to
 
gather as much quantitative data as possible on the nature,
 
constituents, extent and perceived strengths and weaknesses of these
 
systems so that they could be compared and evaluated, and gaps in
 
knowledge identified. Research priorities could be determined on the
 
basis of the survey and 'best-bet' recommendations could be made
 
quickly available by querying the computerized data base that
 
contained the results (ICRAF, 1983 c).
 

Over 150 agroforestry systems have been entered into an agroforestry
 
systems register as of August 1987. Twenty-six system descriptions
 
have also been published in the journal Agroforestry Systems, and
 
three more are in press. Fifteen miscellaneous publications have also
 
been printed. This information is presented in Appendix 1. Much more
 
research is still needed to characterize with quantitative data
 
subjected to statistical analysis the benefits of agroforestry
 
interventions.
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Woody plants for agroforestry
 

Like agroforestry, woody perennial plants for agroforestry, better
 
known as multipurpose trees, have received many definitions (Burley &
 
von Carlowitz, 1984).
 

Participants from the UN, the CGIAR, academic, donor and other
 
organizations from around the world meeting at a 'Planning Workshop
 
to Discuss International Cooperation On Multipurpose Tree Germplasm,°
 

held in Washington, D.C., in June 1983, agreed on the following
 
definition :
 

'Multipurpose trees and shrubs are those which are
 
deliberately grown or kept and managed for preferably more 
than one intended use, usually economical and/or ecologically 
motivated major products and/or services in any multipurpose 
land-use system, especially agroforestry systems' (Burley &
 
von Carlowitz, 1984).
 

Within this definition, the term '"ree' is not limited by the
 
biological meaning of a woody perennial plant characterized by the
 
xylem tissue that is eventually to become wood and that is produced
 
annually by a persistent cambium. Some palms and a variety of other
 
plants that are usually characterized by a tree-like growth habit are
 
also considered to be multipurpose trees (Burley, 1985).
 

It is worthy of mention that this workshop was the first of its kind,
 
and the first attempt to systematically examine the question of
 
germplasm of multipurpose trees (Burley and von Carlowitz, 1984).
 

Similarly, a directory of seed sources for multipurpose trees has
 
been published as a result of another initiative of ICRAF. (von
 
Carlowitz).
 

The technical, managerial and socio-economic considerations for the
 
selection of woody species for agroforestry have been described in
 
detail (Huxley, 1983 a). The selection of ideal species for planted
 
fallows, alley cropping and multistoried cropping have been described
 
(Raintree, 1981).
 

In :-he case of species that can substitute for natural bush fallow
 
vegetation as well as yield firewood or other by-products, the
 
following characteristics of 'ideal' candidates, as well as suggested
 
species for further testing, are worth noting (Raintree, 1981)
 
because they provide an idea of what constitutes an 'ideal'
 
multipurpose tree and because these features could be helpful in
 
selecting species that could potentially be suitable for
 
agroforestry.
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Raintree (1981) 
distinguishes the following characteristics of ideal
 
species:
 

1. 	High N-fixation capacity
 

2. 	Fast growing
 

3. Capable of restoring soil fertility and suppressing weeds in a
 
shorter time than natural bush fallow
 

4. 	Able to provide good erosion control
 

5. 	Easy to establish rapidly and economically
 

6. 	Easy to get rid of
 

7. 	By-product yields provide significant additional economic
 
incentives (e.g., food, forage, firewood, fiber, building

materials, staking, etc.)
 

8. 	Special adaptive characteristics (e.g. promiscuous nodulation;

tolerance of drought, acid soils, high 
altitudes; cultural
 
acceptability, history of previous local use, etc.)
 

The same author also notes the following promising species for trial
 
and evaluation:
 

1. 	Cajanus cajan
 
2. Acacia auriculiformis
 

Al---ba falcataria
 
Call-ndra callothyrsus
 
Cassia spp.
 
Crotola-r--Tjuncea
 
Damanthus spp.
 
Desmodium spp.
 
Enterolobium cyciocarpum
 
Leucaena leucocephala
 
Timosa scabrella
 
Sesbanli grandiflora
 
Tephosia candida
 

Other 
 candidate leguminous species for agroforestry have been
 
suggested (Nair, Fernandes & Wambugu, 1985).
 

Unlike agroforestry systems, multipurpose trees have not received
 
recognition because of the 
emphasis placed on trees for industrial
 
use, ... the commercial timber species. However, some work predating

1970 had been undertaken. A search of the ICRAF library data base for

references dealing with multipurpose trees revealed 15 references

published before 1970. 
 These references emphasize the multipurpose
 
uses that can be made of the species in question. Many of these were

published by the CTFT in 
their series 'Fiche techniques.'

Undoubtedly, many other references 
are 	to be found in the colonial
 
literature mentioned above.
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Research methods for agroforestry
 

Apart from the basic work of collecting and organizing information
 
about agroforestry systems and their components, research has focused
 
on the question of experimental design and spacing of trees & crops

(Huxley, 1985; 1986). Fast-growing nitrogen fixing trees are of
 
particular interest to agroforesters because of the central role they
 
can 
pla", in sustaining and assisting agricultural production by their
 
rapid growth and their ability to fix atmospheric nitrogen and to
 
recycle nutrients to the benefit of the system as a whole. A thorough

documentation of the research considerations and the present state of
 
knowledge along with theoretical aspect. of plant research with trees
 
as intercrops is being compiled with special reference 
 to
 
fast-growing nitrogen fixing trees (Huxley, 1984).
 

Economic analysis
 

Agroforestry systems involve perennial crops which have a life of
 
more than one year. From an economic point of view, L decision by a
 
land manager to introduce agroforestry practices means making a
 
long-term investment in the use and allocation of on-farm resources.
 

Traditional methods of economic analysis applied to cropping systems

based on annual crops are not appropriate. Appropriate methods of
 
economic analysis permitting this have been derived. MULBUD is a
 
computerized tool for the economic analysis of agroforestry systems

that handles mltiple enterprises, products and time periods and
 
provides farm budgets (Etherington & Mathews, 1985). An application

of this package to a simulated alley-cropping system in a semi-arid
 

*district of Kenya indicates a net economic benefit (Hoekscra, 1983).
 

Information and training
 

Work on the nature of information in agroforestry has resulted in an
 
information classification scheme for the subject (Table 3) and the
 
development of computerized information methods for managing

bibliographic information on the subject (Labelle, 
1986). A
 
preliminary thesaurus of terms for agroforestry has also been derived
 
(Labelle, 1983), along with a glossary (Huxley, 1984). Over 8750
 
documents of relevance to agroforestry have been collected from
 
around 
the world and are stored in the ICRAF library. A conference on
 
professional edication in agroforestry took place in late 1982
 
(ICRAF, 1983) and training materials have been developed for short
 
courses lasting three weeks each (ICRAF, 1985) that have so 
far been
 
held in Kenya, Malaysia, Peru and India.
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AGROFORESTRY INITIATIVES WORLDWIDE 

Since 1977, there has been considerable interest in agroforestry.
 

Many international conferences, expert consultations and other
 

meetings of a regional nature or dealing with a particular aspect of
 

agroforestry have been held. Some of these meetings have been
 

ICRAF, but many more have been organized
organized with 

independently. Meetings, around which proceedings or other
 

publications been published, are listed in Appendix 3. Many of these
 

meetings are regional or national assessments of agroforestry and
 

also make recommendations about research policies and priorities.
 

CGIAR
 

Within the international development ccmarunity, agroforestry received
 

mixed interest at first. The Consultative Group on International
 

Agricultural Research (CGIAR) originally perceived agroforestry as a
 

form of forestry and thus excluded it from its mandate, a clear
 

example of the artificial institutional separation of agricult,,re and
 

forestry (Lundgren, 1982; Lundgren & Raintree, 1983; Office of
 

Technology Assessment, 1984). This has now changed considerably.
 

Several agricultural research institutions within the CGIAR system
 

have adopted agroforestry research programes. The International
 
Institute for Tropical Agriculture (IITA), located in Ibadan, Nigeria
 

has been carrying out experimental research on the potential of alley
 

cropping as a substitute for the bush fallow system in the lowland
 

humid tropics (IITA, 1984; Kang et al., 1984).
 

IITA and the International Livestock Centre for Africa (ILCA), the
 
latter located in Addis Ababa, Ethiopia are collaborating on research 
or alley-cropping for the production of feed from pastures and browse 

for small ruminants (Terkuile & Kang, 1986). 

ILCA has also hosted a very important meeting to review the state of
 
knowledge about feed trees and shrubs in Africa. These feed trees and 
shrubs are important examples of African dryland agroforestry 
practices (Le Houerou, 1980). 

The International Crops Research Institute for the Semi-Arid Tropics
 
(ICRISAT), with headquarters in India, has several on-going
 
experimental agroforestry research projects, to study alley-cropping,
 
cropping under shade trees, pigeon pea in agroforestry systems, land
 
management systems with perennial plants and observing tree growth
 
with an agroforester's bias (ICRISAT, 1986).
 

World Bank
 

The World Bank recognized the importance of a specific form of 
agroforestry, farm forestry, as far back as 1978 (World Bank, 1978) 

and has funded agroforestry projects, or what are termed farm 
forestry projects, which have produced a rate of return that is 
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considerably higher (10-30°o) than the return 
from conventional
 
industrial forestry projects. 
 In some cases, cash market incentives
 
have provided the stimulus, but lower investment costs compared to
 
government plantations 
have also had a role to play in these
 
large-scale schemes (Spears, 1985). Not everyone 
shares this
 
enthusiasm and the poorest farmers do not always benefit from farm
 
forestry on this scale (Foley & Barnard, 1984).
 

The World Bank applies a narrow definition to agroforestry. In the
 
case 
of farm forestry, the World Bank has subsumed agroforestry under
 
the forestry sector and assigned outputs to agroforestry that are
 
associated with the production of 
wood from trees. There has been
 
little indication in World
the Bank reports that agroforestry can
 
have a role to play in agricultural production in more ways than by

just placing trees on farms or giving farmers incentive to grow wood
 

or
for fuel industrial products. There has been little appreciation
 
for the role of agroforestry in food production except in more
 
general statements about the potential of agroforestry as a
 
sustainable form of land 
use in Africa in particular (World Bank,
 
1984).
 

Recently, a more 
holistic approach to crop production along with an
 
appreciation of the effect of 
 the institutional separation of
 
agriculture and forestry at the field level in the Sahel has been

recognized, and some agroforestry techniques useful to assist
 
agricultural production have also been identified, along with
 
research orientations (World Bank, 1985).
 

FAO
 

Within the United 
 Nations system, the Food and Agricultural

Organization (FAO) is the institution which is most concerned with
 
agriculture, although 
many others (UNEP, UNDP) have an interest in
 
sustainable forms of land use.
 

The FAO does not use the term "agroforestry" in the title of its
 
publications that are related 
to subject. Cf the 266 titles
 
attributable to the FAO and,found in the ICRAF library, the word
 
groforestry appears in the 
title of only two of them. Forestry for
 
local community development or community forestry or farm forestry
 
are used by FAO, and this terminology shares a measure of common
 
meaning with agroforestry.
 

'Community forestry has been 
defined ... as any situation which
 
intimately involves local people in a forestry activity. It embraces
 
a spectrum of situations ranging from woodlots in areas which are
 
short of wood and other forest products for local needs, through the
 
growing of trees at the farm 
 level to provide cash crops and the
 
processing of forest products at the 
household, artisan or small
industry level to generate income, to 
 the activities of
 
forest-dwelling cmnunit:ies ... (FAO, 1978 a).
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The forestry for local community development programme of the FAO is 
thus broadbased and is characterized by the emphasis it places on the 
community and on forest products, especially wood-based forest 
products, i.e. fuelwood, charcoal, poles, etc. By 1978, seventeen 
community forestry projects had been described by the FAO (FAO, 
1978a). By 1984, more than 130 community forestry programmes had been 
started in over 50 countries with a total funding level in excess of 
$ 750 million (Foley & Barnard, 1984). 

As is the case with agroforestry, terminology as well as definitions
 
concerning this concept are a problem. In India, social forestry
shares a similar meaning with community forestry, farm forestry,
urban forestry, recreation forestry, environmental forestry, 
vanamahotsava, arboriculture, tree farming, forest farming, small 
scale forestry, village woodlots, bio-aesthetic plantations, energy

plantations, three-dimensional forestry, tree crops and livestock 
forestry, forestry for 4-F (fuel, forage, fodder, fertilizer),
 
agroforestry, etc. (Tiwari, 1983 b).
 

In general, social forestry emphasizes tree growing on common lands,
 
sometimes in association with villages, as it has been done
 
traditionally in India (Tiwari, 1983 a).
 

For the purpose of this review, social forestry and community 
forestry are deemed to be more or less equivalent and are based on 
the use of common lands (the 'commons') for tree growing (Tiwari,
1983 a; Foley & Barnard, 1984). For sone, community forestry is the
 
preferred term because it does not mean that any form of tree growing 
brings social benefits as 'social forestry' implies (Foley & Barnard,
 
1984).
 

Farm forestry is applied to programmes "... which aim to encourage 
commercial tree growing by individual farmers on their own land'. In 
these programes, trees are regarded as a cash crop, and farmeis are 
provided with assistance in growing them (Foley & Barnard, 1984).
 
Farm forestry is contrasted with social or community forestry on the
 
basis of individual as opposed to community involvement.
 

Other forms of farm or community forestry include tree growing for 
family uses and land allocation schemes (Foley & Barnard, 1984). 

Much development work has gone into these tree-growing activities
 
that share some comnon ground with agroforestry, and they have been
 
criticially analysed on the basis of the experience acquired
 
(Shepherd, 1985; Foley & Barnard, 1984).
 

National and regional scales
 

The many regional and national initiatives in agroforestry are
 
documented in the proceedings listed under Appendix 2. Notable among
 
these is the concerted effort by the Indian Council for Agricultural
 
Research (ICAR) which initiated the 'All India Coordinated Research
 
Project on Agroforestry' in 1983. This project is a very systematic
 
national endeavour in agroforestry and presently involves twenty-two
 
participating research centres in India. With the assistance of
 
ICRAF, three core projects have been developed in 1982 (Singh, 1986).
 



19
 

These include
 

1 - diagnostic exercises and the identification of Indian 
agroforestry systems in order to determine the potential for 
improving them. 

2 - collection and evaluation of germplasm of trees most often
 
used in native agroforestry systems.
 

3 - studies to determine the best combination of agroforestry 
components, their arrangements and to undertake economic 
feasibility analysis of these systems. 

Similar activities, but on a regional scale, are under way in Africa 
(Torres, 1985). 

International research on multipurpose trees
 

In 1979, the Forestry Department of the FAO initiated a project on
 
the conservation and better utilization of the genetic resources of
 
arboreal species for the improvement of rural living (FAO, 1981).
 
Emphasis has been placed on multipurpose fuelwood species from the
 
dry zones, in particular selected species of the genera Acacia,
 
Prosopis and Eucalyptus, as well as a few others. Priority has been
 
given to the explorati n, collection and conservation of these
 
species.
 

Updates documenting the progress of this project have appeared in
 
various issues of 'Forest Genetic Resource Information' published by

FAO. (See, Paimberg, (1983), for example).
 

Similarly, several handbooks on dry-zone species have been published
 
by the FAO to provide technical information on these little known but
 
potentially useful species. (Brenan, 1983; Ffolliott & Thames, 1983
 
a, 1983 b; Johnson, 1983; Southgate, 1983).
 

In 1980, the Ad Hoc Panel of the Advisory Committee on Technology
 
Innovation of the National Academy of Sciences of the USA published
 
the first of two reports on the selection of species suitable for
 
deliberate cultivation as firewood crops in developing countries
 
(NAS, 1980, 1983 a). Particular emphasis was placed on the
 
multipurpose nature of the species, ease of establishment and
 
adaptation to the local site conditions, ability to fix atmospheric
 
nitrogen, ability to grow rapidly and to coppice and ability to
 
produce wood of high calorific value, among others.
 

A questionnaire was sent to researchers, institutions and a selection
 
of most suitable candidate species was made. The results were first
 
published in 1980 and described sixty tree species or groups of
 
species (NAS, 1980). Twenty-seven more species were described in a
 
companion volume published in 1983 (NAS, 1983 a).
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The multipurpose qualitites and adaptability of these species is of
 
considerable interest 
 for agroforestry applications, and several of
 
the species have been used for this purpose. Companion volumes on
 
other candidate agroforestry species, namely, Leucaena leucocephala,

Acacia mangium and other Acacia species native to 
the tropical

rainforest of Australia, Calliandra callothyrsus, eighteen Casuarina
 
species, have also appeared (NAS, 1977, 1983 b, 1983 c, 1984).
 

Other NAS panels, one on underexploited tropical plants and another
 
to identify 
leguminous plants that are little known or underutilized
 
also produced 
reports that contained useful information on selected
 
species as candidates for agroforestry (NAS 1975, 1979). Once again,

the National Academy of Sciences sought the views of respected plant

scientists in selecting and researching these topicss.
 

The Australian Centre for International Agricultural Research (ACIAR)

has given high priority to the evaluation of lesser known
 

Australian trees and shrubs with potential to meet the diverse needs
 
of foresLry and agroforestry programnes in developing countries 
... 
(Turnbull, 1986).
 

100 Australian species have been described using the format of the
 
Natural Academy of Sciences publication 'Firewood Crops'.
 

Australian Acacias with potential for developing countries have also
 
been described in another ACIAR monograph (Turnbull, 1987).
 

Together, these publications of the National Academy of Sciences and
 
of the Australian Centre for International Agricultural Research
 
represent the most systematic collection of organized and readily

accessible, if general, information on multipurpose woody
sometimes 

plants for agroforestry.
 

The Nitrogen Fixing Tree Association (NFTA) of Hawaii in the USA
 
publishes periodically a collection of short technical reports on
 
research, demonstration and utilization 
 of trees that fix nitrogen

(NFrA, 1985 a) and on the genus Leucaena (NFTA, 1985 b). They have
 
also summarized useful information about the genus Leucaena, one
 
dealing with wood production (NFTA, 1985 c) and another on Leucaena
 
for animal feed (NFTA, 1985 d).
 

The species researched by the NAS and the NFA 
are most promising

candidates for further research 
on their role as constituents of
 
agroforestry systems and for their role as producers of firewood.
 

The published proceedings of an international conference on
 
Casuarinas, convened by the Commonwealth Scientific Industrial
 
Research Organizations (CSIRO) of Australia presents an in-depth and
 
very useful review of scientific knowledge about this genus, along

with an extensive bibliography (Midgley, Turnbull & Johnston, 1983).
 

Eucalypts are another 
genera of mostly Australian trees (over 600
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species) with potential for agroforestry, because, like Casuarinas,
they are fast growing, highly adaptable and offer many benefits.
However, the genus Eucalyptus 
 stands out because of the reputation
that trees 
of the genus have for degrading the environment. A review
of this controversy suggests 
 that site specific considerations and
the objectives of land management will decide how best to use or not
 to use eucalypts (Poore & Fories, 1985).
 

Crops for agroforestry
 

In agroforestry research, more attention is currently devoted to the
woody component in the farming system than to either the crop or
animal components. This is because the the
tree, conditional
constituent of agroforestry, is considered the
underexploitedcomponent 
with greatest promise to yield applicable
results to help overcome 
problems of land management in an
environmentally conservative and ecologically sustainable fashion.
 

However, crops and animals must also be selected properly in order
that the optimal mix of components is achieved. The selection,
suitability 
and cultivation of crops for agroforestry has been
reviewed (Hair, 1980). Some research on this subject has been
undertaken for plantation crops. It has been suggested to interplant
rubber with 
perennial crops, with particular attention to minimizing

biological or economic competition (Allen, 1955).
 

According to this source for an intercrop to be successful, 

- it should not grow as tall as the rubber and its root system 
should be different; 

- it thould be tolerant of partial shade;
 

- it should not be more susceptible than rubber to the diseases
 
they have in common;
 

- its harvest should not damage the rubber roots or induce soil
 
erosion or deterioration of soil structure;
 

- it should not be slow maturing or have a longer economic life
 
than rubber.
 

To this are added the further considerations that
 

-
 the soil should be suitable to both crops; (from Hartley, 1977)
 

- the combined yield of both crops shall be greater inmonetary

terms than that of the main crop when grown alone;
 

- when the susidiary crop comes to the end of its bearing life,the yield of the main crop shall continue at an economic level
unaffected by the previous presence of the subsidiary crop.
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The oil palm does not lend itself to intercropping with food crops, 
except possibly at the establishment stage (Hartley, 1977). Work in 

India on multiple cropping with coconuts has demonstrated that this 
species can be intercropped with different root and tuber crops, 
grain legumes, upland rice and other food crops, and that the 

perennial crop cacao can also be grown in a mixed cropping 
arrangement with coconuts (Nair, 1979). Coconut has the interesting 
property of casting less shade as the crop matures and the canopy 
rises above the ground (Nair, 1979).
 

A list of crops with potential for agroforestry along with notes has
 
been prepared (Nair, 1980).
 

Animals in agroforestry
 

The selection of which animal to introduce in agroforestry systems
 
depends on the objective of land management and on local animal
 
husbandry practices.
 

In general terms, ruminants are preferred because they are more
 
efficient and less demanding in their nutritional requirements and
 
because they compete less than other animals for land (Zandstra &
 
King, 1982).
 

In Nepal, as in many cther countries in Asia, livestock in general
 
and buffaloes in particular are kept as a source of fertilizer, meat,
 
milk, draft power and for cultural reasons. Agroforestry practices
 
must take this into consideration. Here, feed trees and shrubs, from
 
either private land or forest areas, play an important role in animal
 
production (Panday, 1982).
 

Grazing livestock under tropical plantation crops is sometimes done
 
for practical purposes, such as suppressing weeds and to maintain or
 
improve soil nutrient status, especially if a leguminous cover crop
 
is introduced (Thomas, 1978). However, research with rubber and oil
 
palm shows that, generally speaking, cattle grazing may have adverse
 
effects, i.e., soil compaction from trampling, upsetting latex
 
collection cups (rubber), rubbing off or chewing bark, browsing young
 
trees, etc. (Thomas, 1978).
 

Grazing cattle under coconuts is possible because of the light
 
penef ration under plantaticns less than five years old or those that
 
are over twenty years old, the time beyond which the amount of light
 
reaching the ground increases, to the benefit of any sown pasture
 
(Reynolds, 1980).
 

The selection of animals to grow under perennial crops will depend on
 
the pasture crops that are adapted to particular conditions. Under
 
coconut, the most suitOaY- grass species have the following
 
properties (Reynolds, 1980) : they
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- are tolerant of reduced light conditicons 

- have stoloniferous growth habit
 

- form short to moderate height swards
 

- provide moderate carrying capacity
 

- do not compete excessively with coconut production
 

- allow fallen nuts to be located easily
 

Much of the literature on this subject deals mainly with cattle. When
 
research is aimed at the selection of animals, work with rubber has
 
shown that sheep are preferable to buffalo, cattle or goats, and that
 
poultry rearing and bee keeping are also possible (Tajuddin, 1986).
 

While in many cases, it would be preferable to use smaller ruminants,
 
such as sheep, which are less destructive in plantations, larger

ruminants, such as buffaloe or cattle, are preferred because they
 
produce more meat, fertilizers and milk.
 

In Ecuador, tropical lowland sheep have been selected because of
 
their adaptation to the climate and their resistance to disease and
 
because they cause little soil compaction and erosion as is the case
 
under continuous cattle grazing on less fertile lands and because
 
they accept less palatable forage than cattle. Studies to intensify

land use under shifting cultivation have shown that sheep, which
 
produce high-quality food, can be grazed on a legume cover forage of
 
Desmodium ovalirolium intercropped with Inga edulis, a fast-growing

nitrogen fixing tree species, and produce three times as much as
 
cattle . while 
 intensifying land use and accelerating the
 
rehabilitation of cleared forest land (Bishop, 1983).
 

In general, research on animal selection for agroforestry is lacking.

Research programmes to determine the most nutritious and palatable

feeds from 
woody plants will need to be undertaken and interventions
 
at the farming system level are required that will call not only for
 
modifying the plant components of mixed farming systems, but for
 
breeding animals 
that are best adapted to ecological, socio-cultural
 
and economic circumstances. This is 
an area where much more research
 
is needed.
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CONCLUSION
 

Agroforestry is generating much interest and research. Each quarter,
 
the documentation service of the International Council for Research
 
in Agroforestry identifies over 300 titles that are broadly relevant
 
to the subject from the Ccw.-onwealth Agricultural Bureaux journals
 
alone.
 

Current research emphasis continues to be placed on identifying and
 
characterizing agroforestry systems and practices, as well as trees
 
for agroforestry systems and practices, as well as trees for
 
agroforestry, and developing methods of agroforestry research and
 
project design, implementation and analysis. 

Selection of promising technologies and multipurpose trees for 
further research is already uLnder way. Propagation of species and
 
dissemination of information, knowledge, research methodologies,
 
certified germplasm of known provenance, etc., are steps that are at
 
various stages of accomplishment. Interesting questions lie in the
 
future. Of the many agroforestry combination of trees, crops and
 
animals, which are likely to be the most promising cznd under which
 
conditions? Those that can intensify fallow-based cultivation systems
 
to either reduce or eliminate the need for fallow completely, while
 
being adoptable; more efficient plantation-based systems where
 
nutrient cycling is efficient enough to considerably reduce the need
 
for fertilizer applications; permanent tree crop farming systems in
 
the Sahel that can improve production, conserve soil, fee livestock
 
and improve and maintain soil fertility indefinitely; and many
 
others.
 

All of these possibilities do exist. The choice has to be made as to
 
how the scant resources of the developing countries and of the
 
development community are to be used for research on these topics.

Obviously, it will not be possible scientifically to examine the two
 
thousand-odd potential multipurpose species (von Carlowitz, 1985).
 

However, it is interesting to speculate on the benefits that
 
intensive research could bring to agroforestry considering that plant
 
breeders have been able to increase the crude rubber yield of this
 
plantation crop, a tree of the Amazonian rainforest, ten-fold in one
 
hundred years (Oldfield, 1984). More interesting yield increase,
 
between 300-800 per cent, have been reported for Eucalyptus
 
camaldulensis through the selection of the best adapted provenances
 
for given situations (Palmberg, 1981).
 

Given these responses, the question can be posed, 'What is the
 
genetic potential of some of these more promising species?' If such
 
gains can be obtained by simply selecting the best-performing
 
provenances, then surely this approach merits more effort, and not
 
simply with a view to improving the plant ideotype.
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Yield is not the only concern in agroforestry. Plant combinations,

i.e., tree and crop associations do not lend themselves to the crop
"ideotype" 
model of breeding which emphasizes yield improvement.

Perhaps breeding for tree crop associations is needed as well (Sinha

& Swaminathan, 1984).
 

Other areas of research have not been explored. Work on integrated

pest management under agroforestry is an example. If there are the
 resources and the cooperation necessary to undertake this research

and to involve farmers and extension workers in this effort, then the
next few 
years will promise to be very interesting for agroforestry,
 
as a tool for development.
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Table 1 - Products (outputs) and services rendered by agroforestry 

Products 

Fuelwood, charcoal
 
Timber - poles
 

- construction materials (wood)
 
- wood for tools
 

Bark - tannin, fibre, rope dyes, etc.
 
Thatch - roofing
 
Food - fruits, nuts, leaves, cash crops, honey, etc.
 
Feed for animals - pods, husks, seeds & leaves for protein banks,
 

- supplemental feeds,
 
- fodder gap resources
 
- bee fodder
 

Medicinal products
 
- traditional
 
- pharmaceutical
 

Industrial products
 
- oils, waxes, exudates (damar), gums (gum arabic), resins
 

(lac)
 
Public health
 

- water clarifiers
 

Serices 

Soil conservation
 
- trees on bunds, vertical risers (terrace cropping)
 
- contour hedges and anti-erosion strips
 
- shelterbelts
 
- sand dune fixation
 

Soil amelioration 
- nutrient assimilation by deeper roots resulting in litter 

deposition, humus formation 
- soil fertility enhancement by improved fallows without need 

shifting (alley cropping) 

Moisture conservation
 
- mulching
 

Microclimate modification
 
- shelterbelts
 
- shade for livestock, plantation crops or other crops
 

Nitrogen fixation & cycling
 
- decreased dependence on chemical fertilizers
 

Hedges
 
-livestock fencing (non-palatable bushes), live fences
 

Conservation
 
- of genetic resources, by increasing diversity of plants used
 
incropping systems
 

- of forest and other protected lands (by creation of
 
bufferzones, i.e., agroforests, see Michon, 1985)
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Table 2 -
Major approaches in classification of agroforestry systems (and practices)
 

Categorization of systems 
(based on their structure and function) 

Grouping of systems 
(According to their spread and management) 

Structure 
(Nature and arrangement of components, especially 
woody ones) 

Function 
(Role and/or output 
of components, 

Agro-ecological/ 
environmental 
adaptability 

Socio-economic anc 
management level 

especially woody ones) 

Nature of Arrangement of 
components components 

Agrisilviculture 
(crops and trees incl. 
shrubs/trees and trees 

Silvopastoral 
(pasture/animals and 
trees) 

Agrosilvopastoral 
(crops, pasture/animals 
and trees) 

Others 
(multipurpose tree lots 
apiculture with trees, 
aquaculture with trees, 
etc.) 

In space (Spatial) 
Mixed dense 

(e.g.: Home garden) 
Mixed sparce 

(e.g.: most systems 
of trees in pastures

Strip 
(width of strip to be 
more than one tree) 

Boundary 
(trees on edges of 
plots/fields) 

In time (Temporal) 
Coincident 
Conc mittant 
Overlapping 

Productive function 
Food 
Fodder 
Fuelwood 
Other woods 

Other products 

Protective function 
Windbreak 
Shelterbelt 
Soil conservation 
Moisture corservation 
Soil improvcment 
Shade 

(for crop, animal, 
and for man) 

Systems in/for 
Lowland humid tropics 
Highland humid tropics 

(above 1,200 m a.s.l; 
e.g.: Andes, India, 
Malaysia) 

Lowland subhumid 
tropics 

(e.g.: savanna zone 
of Africa, Cerrado 
of South America) 

Highland subhumid 
tropics (Tropical 
highlands) 

(e.g.: in Kenya, 
Ethiopia) 

Based on level of 
technology input 
Low input (MarginE 
Medium input 
High input 

Based on cost/bene 
relations 
Commercial 
Intermediate 

Subsistence 

Sequential (separate) 
Interpolated 

Source: Nair (1985) Classification of Agroforestry Systems. Agroforestry Systems 3:97-128
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Table 3 - Classification scheme for agroforestry information 

Agroforestry in general 

history
 
definition
 
classification
 
concepts fron other land-use systems 
potential
 

Agroforestry systems
 

Agrisilviculture
 
Sylvopastoral systems

Agrosylvopastoral systems
 
Other systems
 

Agroforestry components and pr(x ;ses 

Multipurpose trees 
 (definition, choice 
 of species,
genetics, seeds, breeding and other biological aspects) 

Animals for agroforestry (ditto)
 

Crops for agroforestry (ditto)
 

Production aspects (fuelwood, food, industrial, feed, etc.) 
Service aspects (soil and water conservation, shelterbclts, 
nutrient cycling, etc.)
 

Human ecology and social, economic aspects (including
cultural aspects, economics of production) 
Agroforestry development 
 issues (including extension,
 
education and training)
 

Agroforestiy research 
 and methodology (including

information resources)
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Table 4 - Beneficial effects of trees on soils (from Young, 1986)
 

Processes which augment additions to the soil:
 

- Photosynthesis: fixation of atmospheric carbon and its transfer
 
to the soil.
 

-
 Nitrogen fixation, both symbiotic and non-symbiotic.
 

- Nutrient retrieval: the taking up of nutrients released by rockweathering in deeper layers of soil, and their release by litterdecay on the surface (not specifically demonstrated).
 

- Providing favourable conditions 
for input of nutrients by

rainfall and dust (not demonstrated).
 

Processes which 
reduce losses 
 from the soil, making the plant/soil 
system more closed:
 

- Protecting the soil from erosion (water and wind), thereby from
loss of carbon and nutrients. 

- Trapping and recycling nutrients which would otherwise have been
lost by leaching (not demonstrated).
 

Improvement of soil fertility through physical conditions
 

- Soils under trees generally have better physical conditions,including a higher water-holding capacity combined with goodpermeability and drainage, and greater erosion resistance.
 

Processes 
which affect 
 the quality of plant residues and the timing

of their transfer to the soil:
 

- Protion of a range of different qualities of plant litter,through supplying a mixture of woody and herbaceous litter (TSBF
hypothesis). 

- Favourable effects of roots: growth-promoting substances in therhizosphere (demonstrated in scro, cases) possibly also provisionof a range of root-litter quality (TSBF hypothesis). 

- Timing of nutrient release. Under natural conditions, theprovision of a steadily-decaying nutrient store in tihe form ofsoil organic matter. Under managettient, the [pOtentlal to controltiming further, e.g. through decisions on when to prune (basic
'MB'I hylxt hre:;i:;).
 

- Effect; of shading on microclimate, thereby on soil climate aridrate of mineralisation (demonstrated in sot- cases; 'ISBF 
hypothesis).
 

Note: 'SI3F : Tropical SOils Biology and Fertility Programne 
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Figure 1 - Categorization of agroforestry systems based on the nature 
of components (Nair, 1985) 
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Appendix 1 b - Agroforestry Systems Register
 
Computerized Data Sheets Available on the
 

Following Systems: Dated 06/12/86
 

I I
1 No I System hame I 
1 Country


1 Cereal cultivation In Butyrospermum parki and Parkia biglobosa treeI
paI1aa a~aDgOD~ reparks 
 I Burkina Faso

I Ipractised by the Mossi
 

I- ------------------
I 2 I.Integration of Crop --
and Livestock production in West African SavannahI (Southern Fulani Farming system) I Burkina Faso
 

I I 
I ----------
I 3 I Acacia albida - ----------------------------sorghum - -------------------------------livestock system on compound and village fields 
 I--------------I
I Burkina Faso
S..... I....................
I 4 1Acacia albida and Butyrosperum parkil tree gardens I----------

I Burkina Faso
 
I 5 I Acacia albida and cattle on 
village fields In Dagari country, Burkina Faso I - --------I Burkina Faso
I I (formerly Upper Volta) 
 I
 
I.-- -I--------------------------------------------
. .. . ...----------- -...
I 6 I Buty-ospermum parkii (karite), Parkia biglobosa (nere), cereals & nomadic I-------------- II Burkina Faso II li%.stock on village fields
 
I --- --------------------------------------­
7 1Acacia albIda - I------------- Icereal system with cattle practised by the Birifor In S.B. Faso 
 I Burkina Faso I
I-- - ------------------------------
i 8 ----------------- -- --.------- - - - --I Acacia albida --------- - ­- Sorghum - Livestock system in compound fields ----------- ­as practised by I Cameroon


I I the Massa tribe 
 I
 
--- I----------------------
.
 . . .
 --. --.. . .----.... . - - -I IAcacia albida systems practised by refugee

..-- . . - -. I-------------- Itribes of the Mandara 
 I .ountainsCameroon
 
SI 


S10 1 Oasis system: Phoenix dactylifera (date palm) - cereals - livestock 

I -----­

..... I.............. .h-a---------------------I-------------- I Chad
 
I 1 Cordia alliodora (laurel) ­ shade and timber tree In cocoa (Theobroma cacao) I Costa Rica
I lpantatio n 


I
I-I - - -t--- - - - - - - -
I 12 1Oil - - - - - - - - - - - - - - - - -Ipalm system (Elaels guineensis) with Rice (rainfed -) -& -livestock - - - - --------------­in Western I Gambia
I IGa m bi a I 

I 13 I Mixed garden - Fruit trees - Livestock - Vegetable farming system in Guam I GuaI -I------------------------

114 
 I Acacia albida with cattle as practised by the Brame and Mandjak in Guinnea Bissao IGuinnea-issao
115 1Intercropping under poplars (Populus deltoides) in Uttar Pradesh, 
India 
 I India
 --SI -------------------------------------------------------------------------


I 16 1Multiple cropping with Arecanut (Areca catechu) In India -------------
I India
 

1 17 
1Gunehr village terraced cropping, fodder tree and cattle production system I India . 1 
I-- -I----------------------------------------------------------------------------

18 I Shifting cultivation In North East ---------------- IIndia
..... I ........-------------------------------­19 I India"I
Multiple cropping with coconuts in India-I-------­
.-I -----------------------------------------------------------­

----- IIIndia1 20 
 I Farm forestry in the Western Himalayas 

..
 I.....a 

I India ­



- - - - - - --------------- 

-----------------------------------------------------------------------------------

-------------

-- --- --- -- -- --- -- --- -- -- --- -- --- -- -- --- -- --- 

---------- -----------------------------------------------------------------

-------------------------------------------------------------------- 
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'1 I 
I Ho
I 
"1 

I System Name
I IC 

I Country
I ilkI' 

I 21 1Kumri cultivation in Deccan plateau of India 
I --I --- -

I India 

I 22 1 Farm forestry In the Rajasthan desertI ..... - -nd-a
India I 

I 23 I-I----------------------_-__--------_1 Agroforestry systems In the Homestead of Kerala, Indii I India 
1 24 1 Rattan-swidden system 

I Indonesia 
1 25I 1 *amar' (resin) tree gardens: Shorea-javanicafruit trees - rice - coffee ­ cloves - IndonesiaI 
126__IShamba_ system of forest plantation establishment - Kenya highlands I Kenya 

27 I ­---------1 Acacia albida -----------------------------------------------------­- millet ­ livestock system on pledmont and plateau fields 
I---------------
I Mall28 1 Mult'purpose shade trees (Erythrina poeppigiana & Diphysa robinoides) f r cacao . Mexico
 

29 1Coconut, star grass, bovine system 
 I Mexico I 
I - - -I- - - ­ -
 -
130 Multipurpose shade trees -- --- -- - - -------- - ­(Inga edulis, Erythrina fusca,- Samanea- - - sama) for cocoa- - - - - - - I Mexico- - - -I --------------I
I I----------------------------------------------I
---- ----- I
131 Multipurpose shade trees (Gliricidia sepium & Diphysa robinoides) 
for cacao I Mexico I
 

and vanilla 
 I I
 

132 1Coconut, breadfruit, mango, papaya system I-------------- II Mexico
 
I--- I-------------------------------------------------------------------

133 _ Multipurpose live fence tree species (Diphysa, Pachira, Salix sp.) ----------I---------------I
around pastures I Mexico .
 
I- ------------------------------------------------------------------------I--------------I
134 1Laurel (Cordia alliodora) multipurpose shade tree on pastures I Mexico 


I ------------------------------------------------------------------------

I 35 1Multipurpose shade trees (Cedrella, Tabebula, Ceiba sp.) I--------------I
 

on pastures I Mexico I
 
I-- -I----------------------------------------------------------------------------

136 1Multipurpose fruit trees (mango & citrus) for animal shade on past:res I--------------I
I Mexico
 
I---I---------------------------------------------------------------------------

I 37 1Samanea saman: multipurpose shade tree for cocoa I--------------I
I Mexico I
 

I ---
I----------------------------------------------------------------------------------I
38 1 Multipurpose live fence trees (Gliricidia sepium & Tabebula rosae) around pastures 

--------------- I 
S I------------------------------------------------------------------------- I Mexico II 39 Fruit trees (avocado, sapodilla) as -------------- I
shade for perennial woody shrub and I Mexico
 

I herbaceous crops 
 I
 
I---I--------------------------------------------------------------------------

140 _ Multipurpose trees (fuelwood, poles) as ---------------- I
live fences around pastures I Mexico
 
I- -----------------------------------------------------------------------------

1 41 1Trees, maize and beans system I--------------
I MexicoI

I--I 
 i

142 1Living fences: Bursera, Brosimun and crops system 
 I Mexico I
 

43 Trees aplcu ture ---- ----- ----- -- ---------
IIMexico -----II
 
--e--
 I ----------------.. 

1 44 1 Trees, coffee system.............
 
I-----------
I Mexico
 

1 45 Grevillea co fee system I---------------

I I 


..................................................
 I exco
I--------------.. 



----- 

- -----------------

----------------------------------------------------------------------------------- ----------------

----------------

------------------------------------------------------------------------------ 
----------------

-------------------------------------------------------------------------------

-------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------- 
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No I System Name 	 I Country

"1 
 II
 

I 46 1 Inga, coffee system 1 Mexico 
I.--- - - I ----- I 
I 47 1 Acacia, paspalum, bovine system I Mexico I 

I I ------------------------------------------------------------------------ I---------------
I 48 1 Multipurpose tree/shrub strips on hill farms of Western Nepal I Nepal 
I--- I----------------------------------------------------------------------------- I--------------
I 49 ; Hill farming Western Nepal I Nepal 
I ------ -- . . . ..---------------------------------------------------------------­--- --- .
 
I 50 1 Date - Palm Oasis system of the Southern Air/Niger I Niger
 

-I---------------------------------------------------------------------------------
I---------------

I 51 1 Date palm system: Regional development programme for oases and related systems I Niger
 
I in the Air/Niger I
 

. .	 ..-----------------------------------------------------------------------­.-.. . .	 I-------------
I 52 1Compound farms (homegardens): multistoried agroforestry system In the humid zone I Nigeria
 
I S.. Nigeria I
 
I -----I . . . . . I------------­. . . . . ..------------------------------------------------------------------------
I 53 1 Cropping by Fulani Agropastorflists in Nigeria I Nigeria 
I---I -----------------------------------------------------------------------------
I--------------I
I 54 : Mixed homegardening In the Pacific Islands I Pacific Islandsl 

I --------------------------------------------------------------------
I 55 1Mixed gardens: Casuarina oligodon and bananas as shade for coffee I Papua New 
I I I Guinea
 

I-----------------------------------------------------------------------------I-------------

I 56 1MultJpurpose shade trees for coffee (coffea arabica) I Papua New
 
I I 


I. . . ..-.

I Guinea I
 
I. I-- -------------------------------------------------------------------------. . ..-.	 I-------------- I 
1 57 1Alyura basin forest fallow system I Papua New
 

I 
 I Guinea
 

I 58 1 Timber trees (Cedrella tubiflora, Cordia trichotoma, Balforodeiaron sp.) Paraguay
 
I as shade for bananas
 

I------------------------------------------------------------------------------------------
I 59 I Forest plantation trees (Cobralea oblongifolia, Pterogyne nilens I Paraguay I
 
I-----I ----- ----------------------------------------------------------------------------I--------------I
 
I 60 I Melia azedarach (timber) & Leucaena leucocephala (fuelwood, poles,) intercropped I Paraguay
 
I I with maize
 

I 61 I Eucalyptus (poles, essential oils) Intercropped with maize and cassava I Paraguay I
 
I-- -
I------------------------------------------------------------------------------I--------------
I 62 I 	 Experimental system involving Cordla trichotoma (timber) intercropped with I Paraguay 

peas and groundnuts I 

I---------------I
1 63 I Melia azedarach (for timber) intercropped with bananas 	 I Paraguay 

I-------------­1 64 1 Ilex paraguarensis (tea made from leaves) shade tree on pasturesas 
 I Paraguay

I ---------------------------------------------------------------------------- I-------------­165 1C!trus species (oranges. tangerines, grapefruit) intercropped with maize and I Paraguay 

I I soyabeans II 

I----------­



----- ----

--------- 

-- ---

----- 

--- -----

----------------------------------------------

- ---------------------------------- 

-------------------------- ----------------- 

-------------------------------------------------------------------
- - -- 
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I I 

-

I No I System Name I
 
I I I Country
 

1 66 I Ilex paraguarensis (tea made from leaves) intercropped with maize ,nd soyabeans 
 I Paraguay

I - I------- I
 
1 67 I Melia azedarach (for timber) Intercropped with maize and soybean 
 Paraguay
 

. -.. . . Paraguay
 
1 68 I Paraiso (Melia azedarach var. gigante) woodlots on farmland Paraguay­

1 69 I China berry, maize system 	 -
Paraguay
 
I--- I - -g - -­
1 70 .1Trees, food crops system araguay 

I-----------... Paraguay
 
1 71 1 Pinus, maize and watermelon system I Paraguay
 

I- ---------------- I - -y---
Paraguay
 
-Paraguay
1 72 1 Trees, maize and watermelon system 


I -- ----- ----	 ----- Paraguay______--I.------­
1 73 1 China berry, mate and maize system Paraguay


I- -------------- --- . - IParaguay--

1741 China berry and cotton system - - Paraguay 


I ------ -------------------------- .. ..... .. ..------.. 	 Paraguay 
1 75 1 China berry, cordia and maize system

I -----..... 
 aguay
 
1 76 1 Paulownia and maize system


SI ---------------- I I
I---

1 77 1 Alcuritis and soybean system I Pargua -
I- I------------------- --- --------- I Para­
1 78 1 Paulownia and soybean system 	 I-ara--ay -­

IP--r-------------

I---.. - - - -- --.-.- -- - - - - - - - --.- - - - - -- - - -- - - -- - - - - - - - I FaraguayI
 

I 79 1 Aleuritis and maize system 	 I aa---­

1 80 1 Palm, banana and pineapple system 	 Paraguay 

Paraguay
. . .I 	 - - - - - - - - ­

81 1 Leucaena leucocephala (soil conservation, fuel, fodder) with crops & livestock - I Philippines Ia resettlement project 
 I
 
*-----------------------------


I 82 1 Multistorey cropping involving fruit trees, 	 -----­tree crops (coffee) and field crops I Philippines

I (maize, cassava)
 
I - ------------ ----
1 83 	 ---------­1 Leucaena lemcocephala (fodder, soil conservation, fuelwood) in an Upland I Philippines
I Development Programme 

- ---.....-------------------------------------------------------------------------

-1 84 1 lkalahan kaingin system I P - p 


I- --------------------------------------------------- p--------------------
Philippines 
1 85 1 Nasiplt Lumber Company Silvopastoral sytem with exotic & Indigenous timber I Philippines 
I species & cattle I 

I------------------------------------------------------------------------I--------------I-----------­
1 86 1 Grazing under forest plantations: an experimental system by the 

I
 
I Philippines I


I Nasipit Lumber Company, Philippines
 

I-------------­87 1 Traditional-subsistence tree/crop system In Ponape ..	 I Pone -
I---.. - .- - - - -- - - -- - - -- - - - ---.. - -- - - - -- - - -- - - -- - - - I Ponap eI 

88 1 Leguminous trees as shade trees for cocoa in Samoa I Samoa --

I---------------------------------I I SamoaI
........... .. .. .. .. .. .. ------ -.------------- - I-------------­--------------- --------- t - -- -­



------------------------------------------

---------------------------------------------------------------------------- 

----

--------------

----------------

-------------- 

- - - - - - - - - - -

--------------------------------------------------------------------- 

---
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SNO I System ame
i io ytI T -

Country
 

I 89 ITaungya system - Taro cultivation and timber treesI I:.........................I--- I Samoa
 
ISao
 

90 I Traditional system: Yam cultivation with live 
tree supports In Saa 
 I Sama
 
I--- --------------------------------------------------------------aI
1 91 Acacia senegal - millet, groundnuts. co-pea--livestock:---developme I S....ne
.
 
I project In Senegal ' -" s : a development Senegal
 

192 1-Acacia albida - millet System with cattle I--------------------------------------------------------------------------------- 1I................................
 Integration practised by the Serer----------------------------------------------------- i
 ,.9_.1.Grazing .. .. . ............ eea
n forestry plantations In the..Solomon.. . Islands I-------------eea I 
--- - .--- - -
I...........
Solomon-Island-l
 

94 :-9-4--I--a-nd
I Kandy homegardens: multistorey cropping with multipurpose trees, tree and 
I--------------
I shrub crops, and field crops
 I Sri Lanka


I - I...----------------------------------------------------------------------I
 
1 95 I Intercropping under coconuts In Sri Lanka
I -...I.. . . . . . . . . .
. . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . .I-------------..
I Sri Lanka
 
I 96 1 Tea under shade In Sri Lanka
I';--I..............................I Sri Lanka 
 II Sri-Lanka
 
197 Gun gardens: Acacia Senegal 
- millet ­ bush fallow 


I----
Sud -----

I 998 Establishment of Tectona grandis (teak) plantations by the taungya method 


II In southern Sudan
I r " I eLugamto I Sudanua
 

I -------------------------------------------------------------------------­1 99 
I Chagga hoegardens: Loffee-banana-multipurpose trees/shrubs and
I I stall-fed livestock I Tanzania
I-----------------------------------------------------------------------I------------­
0 ors - ilage system:agroforestry on forest land 
 I--------
I 01I Taln----------------------------
101 1 Thailand forest village system -- I Thailand
 

I- --------------------------------------
1102 1 ntercropping under coconut in Tonga Thailand
 -
.... .... . .I ...
. .... ... 
 Tonga

I 103 I Shifting cultivation in Vanuatu 
 I-------------

S..I-- - - - ­ -1104 1 Trees - - - - - - - I Vanuatu 

- Guinea I1--------------I- - - Brachiaria - Bovine 
105 Spanish cedar 
- Brachlaria 
- Bovine Venezuelai- ----- ....................................-
 I-----------
I VenezuelaI1 Cedar - Napier grass - Bovine .....................................---
I-------------
I- "- .Venezuela
107 I Teak.- Guinea grass - Napier grass - Bovine 
 VenzueaI
 

I--- I-----------------------------------------------------------------------------Veezel
 
108 Avocado - Papaya .-------------


I- -.....- - - - - - ­ - - - - - - -I Venezue:a
 
1 1 9 M ango - Papaya 


I------------- --­;- ;-AvoId-d------------------------------------------------------------------I 
Venezuela
 
I10IAoao-Mango - Food Crops 

I Orange 
 I-------nez--1-----­- Star grass - Bovine 
 . .
 .
 . .
 .
I------------------------------------------------------I
.
. . .-.. 
Venezuela . I
1 112 1 Avocado Mango - Banana - Papaya - Cassava------------- I......---.------------­

- - - - - - -I Venezuela
 

------- I
i--------------­



-- - - - - - - - - - - - - - - - - - - - -- - - -

-------------------- ---------------------------------- ----------------

---------------------------------------------------------------------------- ----------------

- ------------------------------------------------------------------------- 

---

----------------

---------------- 
--------------

------------------------------- 
----------------

-------------- -------------- ---------- -----
--------------------- ------------------- 

------------------------------------------------------------------------- 
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ifo I Systet Name 
 I
 

I I I Country I
 

1 113 1 Orange food crops I n
 
I .. ....... . ....
..... ......... 
 I Venezuela I
 

1114 I Coconut - Guinea grass - Bovine I Venezuela
 

I I ----------------------------------------------------------------------I-------------

I 115 I Trees - Caprine I Venezuela
 

-I-------------------------------------------------- ----------------­116 I Mahogany - Cacao - Pineapple - Vigna Venezuel a
 
I ------------------------------------------------------------------
ezuela
I 117 I Tre-s - Natural grasses - Caprine - Ovine I Venezuela
 

1 118 1 Trees - Banenas - Cacao I------------

I I ----------------------------------------------------------------
I Venezuela
I 119 I Trees - Bananas - Coffee Venezuela
 

I -------­ I--ene--e----------------­
120 1 Avocado vegetables .. Venezuela
 

1?)I Cedar - - - - - - - - - - - - - - - - - - --------------­plantain :Venezuela 

--- I----------------------------------------------------------------------------

I 122 1Gnelina - beansI...... ............ ... ... ----------------Venezuela I
.. ...
 II Venezuela
 

I 123 1G'elina - maize Venezuela
 

I 124 IGanlina - Guinea grass - ovine .........................
------------------------------------------- - - II.Venezuela
......
 
I Venezuela
 

I 125 1 Gme lina - Grasses - e I .. . . I
Bo 'iln . .. .
 

---I--------------
M16 - - Bovine I Venezuela
Mahogany Star grass 

I I---- -----------------------------------
 I-------------I
127 1Raintree - Grasses - Bovine I Venezuela
 
---- I -------------------------------------------------------------


I
1 128 1 Cedar - Grasses - Bovine 
 I Venezuela
 
S129 I Cordla - Cacao Venezuela
 

130 Raintree - Brachlarla - Bovine II VenezuelaVenezuela 

I 131 f Raintree - Guinea grass - Bovine I Venezuela

I- ----------------------------------------------------------------------I 
 I-------------I 133 1 Spanishcedar - Guinea grass - Bovine I Venezuela
 
.....I Spanish c...dar..
-Giegrs-BoneI
---- -*-- - ------------------------------------ Venezuela I
 

'34 1 Cedar - Guinea grass - Bovine . Venezuela
 

I -------------­
135 Mahogany - Star grass - Bovine I Venezuela
 

SI-

136 Cedar 
- Star grass - Bovine
('i .............................. I Venezuela 


II Venezuela ,
 
1 37 I Raintree 


Venezuela
 
-- I - Star grass - Bovine 

--- -- I --- ---- . . .
- ...................................-- . . I---------
I1 38 I Raintree - Napir grass 

. I.. . .
 
- Bovine
S------------------------------------------------------------
II VenezuelaVenezuela-
 I
 

I 




--- --- 

--- 
-----------------------------------------------------------------------

------------------------------------------- -----------

----------------------------------------------------- 
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I ho I System Name I
 

I I Country I
 

I 	 139 1 Mahogany - Napier grass - Bovine I 

----I Citrus rend...
 I Venezuela
 
I 140 Citrus - Food crops ............................. .--------------- I-------------
I-----I . . . . . . . .. I Venezuela 
I 141 I Coral tree - Banana - Cacao --Vene-uela 

I---- I ....................................- I Venezuela I 
1 142 I Coconut - Cacao - Cassava 
 I Venezuela-------..
 .. ... ...
I .... ...I . ........ ...... ..	 I Venezuela I
 

1 143 I Trees - Bovine - Caprine - Ovine 
 I.........Ve.ezue.. 

I-----I.................. 
 I Venezuela I 
1 144 1 Raintree - Grasses - Buffalo I Venezuela 
I ----- I VenezuelaI .....................................­
1145_Avocado - Sorghum - Pineapple - Vigna Guanapa 	 I he-------------a 
. --­------------------­---­--­--­---­--­--­----­---­--­--­---­--­--­-----------Venezuela 
146 I Avocado - Pineapple I-­e...e..uel ....I 

-----I- - - - - - - - -- - - - - - - -- - - - - - - -I Venezuela 
I 147 I Avocado - Sorghum - Vigna I-­enezu------la-I 

148_,,ango -Vign o rgu...............................I---........--- I
 
I Venezuela I 

I 109 I Mango - Pineapple Ven.ueaI I 
I- I-------- Vezul I 

I -------------------------------------------------------------------------------


150 1 Cashew nut - Brach.ara - Bovine-- I Venezuela 
--- I--------------- --------------------------------------------------------- 1--------l 

I.....I Con .. I Venezuela 

I 152 I Natural forest - Manaca Palm ------- -------

I Venezuela
 

I--------------I
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Appendix 2 - List of publications prepared for or resulting from
 
meetings on agroforestry held from 1978
 

1978 	 Royal Tropical Institute. Agroforestry Proceedings of the50th Tropische Landbouwdag" (Symposium on tropical
agriculture), 1978.
 
Bulletin 303, Royal Tropical Institute, Amsterdam. 47 pp
 

1979 	 De Las 
Salas, G - Proceedings of a Workshop - Agroforestry
systems in Latin America, Turrialba, Costa Rica, March 
26-30, 1979

United Nations University/CATIE, Turrialba, Costa Rica. 
220 pp
 

Indian Council of Agricultural Research. Proceedings of the
agroforestry seminar. Imphal, India, May 16-18, 1979.
ICAR, New Delhi. 268 pp 

H•Mong', 0 & Huxley, P A - Soils research inagroforestry. Proceedings 
 of an expert consultation,
 
Nairobi, March 26-30, 1979
 
ICRAF, Nairobi. 585 pp
 

Serravo, R & Rodriguez, M L - Agroforestry inperspective: 
 proceedings of the agroforestry

symposium-workshop, December 19-21, 1979.

FCARRD 
Book No. 5, Philippines Council for Agricultural and

Resources Research, Los Bonos, Laguna, Philippines. 81 pp
 

1980 	 Chandler, M & Spurgeon, D -
T International Cooperation

in Agroforestry. Proceedings 
 of an international
 
conference.
 
DSE/ICRAF 
 Conference on international cooperation in
 
agroforestry, Nairobi, Kenya, July 16-22, 1979. 469 pp
 

Ives J D, Sabhasir, S & Voraurai, P - Conservation anddevelopment in northern Thailand : Proceedings of a 
programmatic workshop on agro-forestrylowland 	 and highland ­interactive systems held at Chiang Mai, Thailand,
November 13-17, 1978.
 
United Nations University,. Tokyo, Japan. 114 pn
 

Le Houerou 
 - Browse in Africa. The current state of 
knowledge.
ILCA, Addis Ababa, Ethiopia. 491 pp 

1981 	 Buck, L Proceedings of the Kenya National Seminar on
Agroforestry IC!bi/University of Nairobi, Novem!)er 12-22, 
1980.
 
ICRAF/University of Nairobi, Kenya. 679 pp
 



1981 
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Central Arid 
Zone Research 
Institute. Proceedings of the
summer institute on agroforestry in arid 	 and semi-arid zones. June 15 
- July 14, 
1981, Jodhpur, India.
 

Satjapradja, 
0 et al. Seminar agroforestry dan pengendalianperladangan 
 (Seminar 
 on agroforestry

cultivation control), 	

and shifting
Jakarta, 	Indonesia, 
 November 

19-20, 1981
 

1982 Hoekstra, D &
A Kuguru, F M - Agroforestry systemssmall-scale farmers : 	Proceedings of 
for 

the ICRAF/BAT Workshopheld in Nairobi. 
ICRAF, Nairobi. 283 pp
 

Macdonald, 
L H - Agroforestry 
in the African humid
tropics: 	 Proceedings of a workshop held in Ibadan, Nigeria,
April 27 
- May 1, 1981.
 
UNU, TIokyo. 163 pp
 

1983 	 Huxley, P A - Plant Research and agroforestry. Proceedingsof a consultative meeting, Nairobi, April 8-15, 1981.
 
ICRAF, Nairobi. 617 pp
 

Obel, E et al. - Proceedings of an agroforestry workshopfor high-potential 
areas in Kenya : Seminar held in Bukura,

Kakamega, March 1983.
 
KETO, Nairobi. 68 pp
 

SECID -	 Comptes-rendu du Seminaire sur lIAgroforesterie auSahel, Niamey, Niger du 23 mai au 
11 juin, Vol I : Syllabus
(et documents d'appui).
"CILSS/Club 
du Saehl /AID, Washington, D.C., South Eastern
Consortium for Internatio:,al Development. 65 pp
 

1984 	 Bilbrough, G W - Proceedings of a technical workshop onAgroforestry, Ministry of 
 Agriculture 
 & Fisheries,

Wellington, New Zealand. 98 pp
 

Burley, 3 F & Carlowitz, P G Von -	 MultipurposeProceedings of planning workshop 
germ plasm.a 	 to discuss internationalcooperation, Washington D.C., June 1983.


ICRAF, Nairobi xvi +. 298 pp
 

Hleuveldop, J 
a 

& Lagemann, J - Agroforestry: Proceedings ofSeminar held in C2ATIE, Turrialba, Costa Rica, February
23 - March 3, 1981.
Agroforesteria 
Actas 
del Seminario realilzado en el CATIE,
Turrialba, Costa Rica 23 de Febrero - 3de Marzo do 1981,
CATIE. 112 pp 

Linnartz, N E - Agroforestry in the southern United States - 23rd Annual Forestry Syiij)osium, 1984.I'iisiana 	State University. 183 pp 
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1984 Schirmer, A - The role of agroforestry in the Pacific, DSE,Fed. Republic of Germany. 103 pp 
1985 Fortmann, 
L & Riddell, J - Trees and tenure. An annotated
bibliography 
 for agroforesters 
 and others. Nairobi


ICRAF/Madison, Wisconsin, USA.
 
Land Tenure Center. xviii + 135 pp
(In preparation 
 for a conference 
 'Tenure issues 
 in
agroforestry', held in Nairobi, May 27-31, 1985).
 

New 
Zealand Ministry of Agriculture & Fisheries. Proceedings.
Ruakara farmer's Conference, 1985 : 37A Conference, Hamilton,New Zealand, Ministry of Agriculture & Fisheries. 154 pp 
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