
The history of agroforestry

Cultivating trees and agricultural crops in intimate combination with one
another is an ancient practice that farmers have used throughout the world.
Tracingthehistoryofagroforestry,King (1987)statesthatinEurope,untilthe
Middle Ages, it was the general custom to clear-fell degraded forest, burn the
slash, cultivate food crops for varying periods on the cleared area, and plant or
sow trees before, along with, or after sowing agricultural crops. This "farming
system"isnolongerpopularinEurope,butwaswidelypracticedinFinlandup
totheendofthelastcentury,andwasbeingpracticedinafewareasinGermany as late
as the1920s.

In tropical America many societies have simulated forest conditions to
obtain the beneficial effects of the forest ecosystem. For example, in Central
America, it has been a traditional practice for a long time for farmers to plant
an average of two dozen species of plants on plots no larger than one-tenth of
a hectare. A farmer would plant coconut or papaya with a lower layer of
bananas or citrus, a shrub layer of coffee or cacao, annuals of different stature
such as maize, and finally a spreading ground cover such as squash. Such an
intimate mixture of various plants, each with a different structure, imitated the
layered configuration of mixed tropical forests (Wilken, 1977).

In Asia, the Hanunoo of the Philippines practiced a complex
and somewhat sophisticated type of "shifting" cultivation. In clearing the
forest for agricultural use, they deliberately spared certain trees which, by the
end of the rice-growing season, provided a partial canopy of new foliage to
prevent excessive exposure of the soil to the sun. Trees were an indispensable
part of the Hanunoo farming system and were either planted or preserved from
the original forest to provide food, medicines, construction wood, and
cosmetics (Conklin, 1957). Similar farming systems have also been common in
many other parts of the humid lowland tropics of Asia.

The situation was little different in Africa. In southern Nigeria, yams,
maize, pumpkins, and beans were typically grown together under a cover of
scattered trees (Forde, 1937). The Yoruba of western Nigeria, who have long
practiced an intensive system of mixing herbaceous, shrub, and tree crops,
claimthatthe systemisameans ofconservinghumanenergybymaking fulluse



of the limited space won from the dense forest. The Yoruba also claim that this system is an
inexpensive means of maintaining the soil's fertility, as well as combating erosion and nutrient
leaching (Ojo, 1966).

There are innumerable examples of traditional land-use practices involving combined production
of trees and agricultural species on the same piece of land in many parts of the world. These are
some examples of what is now known as agroforestry. Trees were an integral part of these farming
systems; they were deliberately retained on farmlands to support agriculture. The ultimate objective
of these practices was not tree production but food pro• duction.

By the end of the nineteenth century, however, establishing forest or agri• cultural plantations had
become an important objective for practicing agro- forestry. In the beginning, the change of emphasis
was not deliberate. At an outpost of the British Empire in 1806, U.Pan Hle, a Karen in the Tonze
forests of Thararrawaddy Division in Myanmar (Burma), established a plantation of teak (Tectona
grandis) by using a method he called "taungya," and presented
ittoSirDietrichBrandis,theGovernor.Brandisisreportedtohavesaid,"this, if the people can ever be
brought to do it, is likely to become the most efficient way of planting teak" (Blanford, 1958). From
this beginning, the practice becameincreasinglywidespread.ItwasintroducedintoSouthAfricaasearlyas
1887 (Hailey, 1957) and was taken, from what was then Burma, to the Chittagong and Bengal areas in
colonial India in 1890 (Raghavan, 1960). The ruling philosophy of the taungya system was to establish
forest plantations whenever possible using available unemployed or landless laborers. In return for
performing forestry tasks, the laborers would be allowed to cultivate the land between the rows of tree
seedlings to grow agricultural produce. This is a simplification of a system whose details varied
depending on the country and locality (see Chapter 6 for details of the taungya system).

Asaresultofforesters'preoccupationswiththeforestsandtheforestestate, the main objective of the
research undertaken by them on such mixed systems was to ensurethat:
• little or no damage occurred to the forest-treespecies;
• the rates of growth of the forest-tree species were not unduly inhibited by

competition from the agriculturalcrop;
• the optimum time and sequence of planting of either the tree or agricultural

crop be ascertained in order to ensure the survival and rapid growth of the
treecrop;

• the forest species that were capable of withstanding competitionfrom
agricultural species be identified; and

• the optimum planting-out spacings for the subsequent growth of thetree
crop be ascertained.
In short, the research conducted was undertaken for forestry by foresters. It

appears the foresters conducting the research never envisioned the system as
beingcapableofmakingasignificantcontributiontoagriculturaldevelopment, or
its potential as a land-management system (King,1987).



Many factors and developments in the 1970s contributed to the
general
acceptanceofagroforestryasasystemoflandmanagementthatisapplicableto
both farm and forest. These factorsincluded:
• the re-assessment of development policies by the WorldBank;
• a reexamination of forestry policies by the Food and Agricultural

Organization (FAO) of the UnitedNations;
• a reawakening of scientific interest in both intercropping and farming

systems;
• the deteriorating food situation in many areas of the developingworld;
• the increasing spread of tropical deforestation and

ecologicaldegradation;
• theenergycrisisofthe

1970sandconsequentpriceescalationandshortageof fertilizers;and
• the establishment by the International Development Research Centre

(IDRC) of Canada of a project for the identification of tropical
forestry researchpriorities.
At the beginning of the 1970s, serious doubts were expressed about

the relevance of current development policies and approaches. In
particular, there was concern that the basic needs of the poorest,
especially the rural poor, were neither being considered nor adequately
addressed. Robert McNamara, the President of the World Bank at that
time, confronted these concerns quite clearly (McNamara, 1973):

Ofthetwobillionpersonslivinginourdevelopingmembercountries,nearl
y two-thirds, or some 1.3 billion, are members of farm families, and
of these are some 900 million whose annual incomes average less than
$100...for
hundredsofmillionsofthesesubsistencefarmerslifeisneithersatisfyingno
r decent. Hunger and malnutrition menace their families. Illiteracy
forecloses their future. Disease and death visit their villages too often,
stay too long, and return toosoon.

The miracle of the Green Revolution may have arrived, but, for
the most part,thepoorfarmerhasnotbeen
abletoparticipateinit.Hecannotafford to pay for the irrigation, the
pesticide, the fertilizer, or perhaps for the land itself, on which his
title may be vulnerable and his tenancyuncertain.

Against this backdrop of concern for the rural poor, the World Bank
actively considered the possibility of supporting nationally oriented
forestry programs.
Asaresult,itformulatedaForestrySectorPolicypaperin1978,whichhasbeen
usedasthebasisformuchofits lendinginthe forestrysub-sectorinthe1980s'.
Indeed, its social forestry program, which has been expanded
considerably since the 1980s, not only contains many elements of
agroforestry but is reportedly designed to assist the peasant and the
ordinary farmer by increasing food production and conserving the
environment as much as it helps the traditional forest services to



produce and process wood (Spears,1987).

It was around the same time that, with the appointment in 1974 of a new
Assistant Director-General responsible for forestry, the FAO made a serious
assessment of the forestry projects which it was helping to implement in
developing countries, as well as the policies which it had advised the Third
World to follow. After assessing the program it became clear that although
there was notable success, there were also areas of failure. As Westoby (1989)
would later express it:

Because nearly all the forest and forest industry development which has
takenplaceinthedevelopingworldoverthelastdecadeshasbeen externally
oriented...the basic forest-products needs of the peoples of the developing
world are further from being satisfied thanever...

Just because the principal preoccupation for the forest services in the
developing world has been to help promote this miscalled forest and forest
industry development, the much more important role which forestry could
playinsupportingagricultureandraisingruralwelfarehasbeeneitherbadly
neglected or completelyignored.

FAO redirected its focus and assistance in the direction of the rural poor. Its
new policies, while not abandoning the traditional areas of forestry
development, emphasized the importance of forestry for rural development
(FAO, 1976). It also focused on the benefits that could accrue to both the
farmer and the nation if greater attention were paid to the beneficial effects of
trees and forests on food and agricultural production, and advised land
managers in the tropics to incorporate both agriculture and forestry into their
farming system, and "eschew the false dichotomy between agriculture and
forestry" (King, 1979).

To these two strands of forest policy reforms, which evolved independently,
one in an international funding agency and the other in a specialized agency of
the United Nations, were added the simultaneous efforts of a large number of
tropical land-use experts and institutions. Faced with the problems of
deforestation and environmental degradation, these individuals and
institutions intensified their search for appropriate land-use approaches that
would be socially acceptable, ensure the sustainability of the production base,
and meet the need for production of multiple outputs. Efforts to design major
programs which would allow local communities to benefit directly from forests
paved the way for new forestry concepts, such as social forestry, which were
implemented in manycountries.

Several developments in the area of agricultural research and development
duringthe1960sand1970swerealsoinstrumentalininitiatingorganizedefforts
inagroforestry.UndertheauspicesoftheConsultativeGrouponInternational
Agricultural Research (CGIAR), several International Agricultural Research
Centers (IARCs) were established in different parts of the world to undertake
research with the objective of enhancing the productivity of major agricultural
crops (or animals) of the tropics. The development of high-yielding varieties of
cereals and related technologies through the joint efforts of some ofthese



centers and the relevant national programs paved the way for what became
knownastheGreenRevolution(BorlaugandDowswell,1988).However,itwas
soonrealizedthatmanyofthegreenrevolutiontechnologiesthatplacedaheavy
demand on increased use of fertilizers and other costly inputs were beyond the
reach of a large number of resource-poor farmers in the developing countries.
Most of the IARCs and the national programs were focusing on individual crops
such as rice, wheat, maize, and potato, and production technologies for
monocultural or sole-crop production systems of these crops. However, the
farmers, especially the poorer farmers, often cultivated their crops in mixed
stands of more than one crop, and sometimes crops and trees; in such
circumstances the production technologies developed for individual crops would
seldom be applicable. These shortcomings were recognized widely by a large
number of policymakers.

Asaconsequence,therewasrenewedandheightenedinterestintheconcepts of
intercropping and integrated farming systems. It was being demonstrated, for
example, that intercropping may have several advantages over sole
cropping.2Preliminary results from research in different parts of the world had
indicated that in intercropping systems more effective use was made of the
natural resources of sunlight, land, and water. The research also indicated that
intercropping systems might have beneficial effects on pest and disease
problems; that there were advantages in growing legumes and nonlegumes in
mixture;andthat,asaresultofallthis,higheryieldscouldbeobtainedperunit
areaevenwhenmulti-croppingsystemswerecomparedtosolecroppingsystems
(Papendick et al.,1976).

It became obvious that although a great deal of experimentation was being
carried out in the general field of intercropping, there were many gaps in our
knowledge. In particular, it was felt that there was a need for a more scientific
approach to intercropping research, and it was suggested that greater efforts
were needed with respect to crop physiology, agronomy, yield stability,
biological nitrogen fixation, and plant protection (Nair, 1979). Concurrently,
theInternationalInstituteofTropicalAgriculture(IITA),anIARCinIbadan,
Nigeria, extended its work to include integration of trees and shrubs with crop
production (Kang et al., 1981). Other research organizations had also initiated
serious work on, for example, the integration of animals with plantation tree
crops such as rubber, and the intercropping of coconuts (Nair,1983).

Building upon the success of these
scientific studies, agricultural scientists began investigating the feasibility of
intercropping in plantation and other tree crop stands as well as studying the
role of trees and shrubs in maintaining soil productivity and controlling soil
erosion. Livestock management experts also began to recognize the importance
of indigenous tree and shrub browse in mixed farming and pastoral production
systems.

Environmentalconcernsbecameveryconspicuousatthesametimeasthese
changes anddevelopmentswerehappeningintheland-usescenariosoftropical



Figure 1. World forestry typology and deforestation rates.
A and B: Typology of forests in theworld
C: Average rates of deforestation and reforestation in the 1980s.
Note: n.a. = not applicable; numbers in parentheses as a percentage of total forest area. Source:
World Bank (1991).



forestry and agriculture. Deforestation of the world's tropical region, which
attained the status of a "hot topic" on the agenda of almost all environment-
related discussions at all levels during the 1980s, was a major environmental
issue even during the 1970s. Definitions and estimates of the rates of
deforestation vary. For example, the World Bank, which defines deforestation
as the disturbance, conversion, or wasteful destruction of forest lands, has
assembledstatisticsontheextentandprogressionofdeforestationinthetropics
duringthepasttwodecades,andestimatedthecurrentratesatabout12million
hectares per year (World Bank, 1991; Sharma, 1992). The World Bank's data
on average rates of deforestation and reforestation in the world during the
1980s is given in Figure 1. FAO, on the other hand, based on its preliminary
estimatesfromthe1990assessment,reportsthattheactualrateofdeforestation
during the 1980s was about 50% higher, 17.1 million hectares annually
(Matthews and Tunstall, 1991). As pointed out in a study by the World
Resources Institute, one of the main reasons for these differences is that many
of the assumptions on which estimates of the extent of tropical deforestation
are made have proven false, and very little effort is being made to update the
information systematically (World Resources Institute, 1990). In spite of these
differences in its estimates, there is no divergence of opinion on the
consequences of deforestation: it is widely agreed that deforestation causes a
declineintheproductivecapacityofsoils,acceleratederosion,siltationofdams and
reservoirs, destruction of wildlife habitats, and loss of plant genetic diversity
(World Bank, 1991). It is also generally agreed that the main causes of this
deforestation are population resettlement schemes, forest clearance for large-
scale agriculture, forestry enterprises and animal production, and, in
particular, shifting cultivation. A 1982 FAO estimate showed that shifting
cultivation was responsible for almost 70% of the deforestation in tropical
Africa, and that forest fallows resulting from shifting cultivation occupied an
areaequivalentto26.5%oftheremainingclosedforestinAfrica,16%inLatin
America,and22.7%intropicalAsia(FAO,1982).Facedwiththesechallenges and
maladies of deforestation, several studies and efforts were made to reduce the
extent of deforestation and suggest alternative land-management strategies.
Though the problem has, unfortunately, not been contained, several sound
strategies have evolved, thanks to the efforts of large numbers of researchers
from different disciplines. For example, ecologists produced convincing
evidence of positive influence of forests and trees on the stability of ecosystems,
leadingtothecallformeasurestoprotecttheremainingforests,introducemore
woody perennials into managed land-use systems, and change farming
attitudes. Studies carried out by anthropologists and social scientists on farmer
attitudes to improved land-use systems showed the importance of mixed
systems in traditional cultures and highlighted the need to build upon these
practices when developing newapproaches.

Many of these studies and efforts, although not coordinated, provided
important knowledge about the advantages of combined production systems
involving crops, trees, and animals. But, perhaps the most significant single



initiative that contributed to the development of agroforestry came from the
International Development Research Centre (IDRC) of Canada. In July 1975,
the IDRC commissioned John Bene, an indefatigable Canadian, to undertake
a studyto:
• identify significant gaps in world forestry research andtraining;
• assesstheinterdependenceofforestryandagricultureinlow-incometropical

countries and propose research leading to the optimization of landuse;
• formulate forestry research programs which promise to yield results of

considerableeconomicandsocialimpactondevelopingcountries;
• recommend institutional arrangements to carry out such research effectively

and expeditiously;and
• prepare a plan of action to obtain international donorsupport.

Although the initial assignment stressed the identification of research
priorities in tropical forestry, Bene's team came to the conclusion that first
priorityshouldbegiventocombinedproductionsystemswhichwouldintegrate
forestry, agriculture, and/or animal husbandry in order to optimize tropical
landuse(Beneetal.,1977).Inshort,therewasashiftinemphasisfromforestry to
broader land-use concepts which were perceived as having immediacy and
long-termrelevance.

How was the agroforestry research that was proposed by Bene and his team
to be undertaken? Their report stated:

It is clear that the tremendous possibilities of
productionsystemsinvolvingsomecombinationoftreeswithagriculturalcropsar

ewidelyrecognized,andthat research
aimedatdevelopingthepotentialofsuchsystemsisplannedorexistsinanumberof
scatteredareas.Equallyevidentistheinadequacyofthepresentefforttoimproveth

elotofthetropicalforestdwellerbysuchmeans.A new front can and should be
opened in the waragainsthunger,inadequate shelter, and environmental
degradation. This war canbefoughtwith weapons that have been in the

arsenal of rural peoplesince
timeimmemorial,andnoradicalchangeintheirlifestyleisrequired.Thiscanbest

be accomplished by the creation of an internationallyfinancedcouncilfor
research in agroforestry, to administer a comprehensive programleading

to better land-use in the tropics (Bene et al., 1977).

It wasapparentthatdespitethegrowingawarenessoftheneed forinformation, on
which agroforestry systems might be effectively based, very little research
wasbeingundertaken.Furthermore,theresearchthatwasbeingconductedwas
haphazard and unplanned. The IDRC Project Report, therefore, recom•
mended the establishment of an international organization, which would
support, plan, and coordinate, on a world-wide basis, research combining the
land-management systems of agriculture and forestry. This proposal was
generally well received by international and bilateral agencies; subsequently,
the International Council for Research in Agroforestry (ICRAF) was
established in 1977. The ancient practice of agroforestry was institutionalized
for the firsttime.



This congruence of people, concepts, and institutional change has provided the
material and the basis for the development of agroforestry since then. Although
many individuals and institutions have made valuable contributions to the
understanding and development of the concept of agroforestry since the 1970s,
ICRAF - renamed in 1991 as The International Centre for Research in Agroforestry
- has played the leading role in collecting information, conducting research,
disseminating research results, pioneering new approachesandsystems,
andingeneral,throughthepresentationofhardfacts, attempting to reduce the doubts
still held by a fewskeptics.

Today, agroforestry is taught as a part of forestry- and agriculture-degree
courses in many universities in both the developing and industrialized world.
Today, agroforestry, instead of being merely the handmaiden of forestry, is
beingusedmoreasanagriculturalsystem, particularlyforsmall-scalefarmers. Today,
the potential of agroforestry for soil improvement and conservation is generally
accepted. Indeed, agroforestry is fast becoming recognized as a land- use system
which is capable of yielding both wood and food while at the same time conserving
and rehabilitatingecosystems.

Definition and concepts of agroforestry



It is clear from the previous chapter that agroforestry is a new name for a setof
old practices. The word and concept attained a fair level of acceptability
ininternationalland-useparlanceinarathershorttime,butnotwithoutsome
difficulty. In the beginning, undoubtedly, a lot of ambiguity and confusion
existed regarding the question "what is agroforestry?" Even the people who
were supposedly experienced and knowledgeable about agroforestry in the late
1970s and early 1980s were unable to clearly define agroforestry.  Perhaps as
a manifestation of this lack of precision, most of the writings on agroforestry
during this period contained at least one definition, and often some
imaginative and fascinating interpretations, of agroforestry. The situation was
reviewed in an editorial, appropriately titled, "What is Agroforestry," in the
inaugural issue of Agroforestry Systems (Vol. 1, No. 1, pp. 7-12; 1982), which
contains a selection of "definitions" of agroforestry, proposed by various
authors.

In summarizing these definitions, Bjorn Lundgren of ICRAF stated that:

There is a frequent mixing up of definitions, aims and potentials of
agroforestry. It is, for example, rather presumptuous to define agroforestry
as a successful form of land use which achieves increased production and
ecological stability. We may indeed aim for these, and in many ecological
and socioeconomic settings agroforestry approaches have a higher potential
toachievethesethanmostotherapproachestolanduse.But,withthewrong
choiceofspeciescombinations,managementpractices,andlackofpeoples'
motivation and understanding, agroforestry may indeed fail just like any
other form of land use may fail, and it will still be agroforestry in the
objective sense of theword.

A strictly scientific definition of agroforestry should stress two
characteristics common to all forms of agroforestry and separate them from
the other forms of land use, namely:
• the deliberate growing of woody perennials on the same unit of landas

agricultural crops and/or animals, either in some form of spatial mixture
or sequence;

• there must be a significant interaction (positive and/or negative) between the
woody and nonwoody components of the system, either ecological
and/oreconomical.
Whenpromotingagroforestryoneshouldthenstressthepotentialofitto

achievecertainaims,notonlybymakingtheoreticalandqualitativeremarks
about the benefits of trees, but also, and more importantly, by providing
quantitative information (Lundgren,1982).

These ideas were later refined through "in-house" discussions at ICRAF, and
the following definition of agroforestry was suggested:

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 units as agricultural crops
and/oranimals,insomeformofspatialarrangementortemporalsequence.
Inagroforestrysystemstherearebothecologicalandeconomicalinteractions
between the different components (Lundgren and Raintree,1982).



This definition implies that:
• agroforestry normally involves two or more species of plants (or plants and

animals), at least one of which is a woodyperennial;
• an agroforestry system always has two or moreoutputs;
• the cycle of an agroforestry system is always more than one year;and
• even the simplest agroforestry system is more complex, ecologically

(structurally and functionally) and economically, than a monocropping
system.

This definition, though not "perfect" in all respects, was increasingly used in
ICRAF publications and thus achieved wide acceptability.

In the meantime, the surge of enthusiasm for defining agroforestry has
subsided. The concepts, principles, and limitations of agroforestry have been
articulatedinseveralpublicationsfromICRAFandotherorganizations.Thus,
agroforestryisno longera"new"term.Itiswidelyaccepted asanapproachto land
use involving a deliberate mixture of trees with crops and/or animals.
However, the question of "what is agroforestry" comes up occasionally even
today (early 1990s) in many discussions and some publications (e.g.,
Somarriba, 1992). But the discussants eventually realize that the discussion,
after all, has not been worth their while; they reconcile themselves to the fact
that even the long-established land-use disciplines such as agriculture and
forestrydonothavecompletelysatisfactorydefinitions,andmoreimportantly, that
a universally acceptable definition has not been a prerequisite for the
development of thosedisciplines.

Today there is a consensus of opinion that agroforestry is practiced for a
variety of objectives. It represents, as depicted in Figure 2.1, an interface
between agriculture and forestry and encompasses mixed land-use practices.
These practices have been developed primarily in response to the special needs
andconditionsoftropicaldevelopingcountriesthathavenotbeensatisfactorily



Figure 2.1. Agroforestry has developed as an interface between agriculture and forestry in response to the special needs andconditionsoftropical
developingcountries.



addressedbyadvancesinconventionalagricultureorforestry.Thetermisused to
denote practices ranging from simple forms of shifting cultivation to complex
hedgerow intercropping systems; systems including varying densities
oftreestandsrangingfromwidely-scatteredFaidherbia(Acacia)albidatreesin
Sahelian millet fields, to the high-density multistoried homegardens of the
humid tropics; and systems in which trees play a predominantly service role
(e.g., windbreaks)tothoseinwhichtheyprovidethemaincommercialproduct
(e.g.,intercroppingwithplantationcrops).Detaileddescriptionsofavarietyof such
systems in the tropics are now available (e.g., Nair, 1989). It needs to be
reemphasized that one concept is common to all these diverse agroforestry
systems: the purposeful growing or deliberate retention of trees with crops
and/or animals in interacting combinations for multiple products or benefits
from the same management unit. This is the essence ofagroforestry.

Additionally, therearethreeattributeswhich,theoretically,allagroforestry
systems possess. Theseare:
1. Productivity: Most, if not all, agroforestry systems aim to maintain or

increase production (of preferred commodities) as well as productivity (of
the land). Agroforestry can improve productivity in many different ways.
These include: increased output of tree products, improved yields of
associated crops, reduction of cropping system inputs, and increased labor
efficiency.

2. Sustainability:Byconservingtheproductionpotentialoftheresourcebase,
mainly through the beneficial effects of woody perennials on soils (see
Section IV of this book), agroforestry can achieve and indefinitely maintain
conservation and fertilitygoals.

3. Adoptability: The word "adopt" here means "accept," and it may be
distinguished from another commonly-used word adapt, which implies
"modify" or "change." The fact that agroforestry is a relatively new word
for an old set of practices means that, in some cases, agroforestry has
alreadybeenacceptedbythefarmingcommunity.However,theimplication here
is that improved or new agroforestry technologies that are introduced into
new areas should also conform to local farmingpractices.

These attributes are so characteristic of all agroforestry systems that they form
the basis for evaluation of various agroforestry systems as discussed inChapter
24.

Community forestry, farm forestry, and social forestry

The escalating worldwide interest in tree planting activities during the pasttwo
decades (1970-1989) resulted in the emergence and popularization of several
other terms with "forestry" endings. Notable among these are Community
Forestry,FarmForestry,andSocialForestry.Althoughthesetermshavenot been
defined precisely, it is generally accepted that they emphasize the self-help
aspect - people's participation - in tree planting activities, notnecessarily in



association with agricultural crops and/or animals as in agroforestry, but
with social objectives ranking equally in importance with production
objectives. Thus, social forestry is considered to be the practice of using
trees and/or tree
plantingspecificallytopursuesocialobjectives,usuallybettermentofthepoor,
through delivery of the benefits (of trees and/or tree planting) to the local
people; it is sometimes described as "tree growing by the people, for the
people." Community forestry, a form of social forestry, refers to tree
planting activities undertaken by a community on communal lands, or the
so-called common lands; it is based on the local people's direct
participation in the process, either by growing trees themselves, or by
processing the tree products locally. Though claimed to be suited for areas
with abundant common lands, the success of community forestry has been
hampered by the "tragedy of the commons."1 Farm forestry, a term
commonly used mainly in Asia, indicates tree planting onfarms.

The major distinction between agroforestry and these other terms seems
to be that agroforestry emphasizes the interactive association between
woody perennials (trees and shrubs) and agricultural crops and/or animals
for multiple
productsandservices;theothertermsrefertotreeplanting,oftenaswoodlots.
As several authors have pointed out (e.g., Dove, 1992; Laarman and
Sedjo, 1992), all these labels directly or indirectly refer to growing and
using trees to provide food, fuel, medicines, fodder, building materials,
and cash income. Only blurred lines, if any, separate them and they all
encompass agroforestry
conceptsandtechnologies.Nomatterwhattheexpertsmaysay,thesetermsare
often used synonymously, and sometimes even out of context, in land-use
parlance.



Classification of agroforestry systems

If we look at existing land-use systems using the broad definition and concepts
of agroforestry given in Chapter 2, we find that various types of agroforestry
combinations abound in all ecological and geographical regions of the world,
but most distinctively in the tropics. Several descriptions of very promising
land-use systems involving integrated production of trees and crops, as well as
innovative scientific initiatives aimed at improving such systems, have been
reported without the label of "agroforestry" before the arrival and acceptance
of this new word. The extent and distribution of agroforestry systems are
discussed in Chapter4.

Inordertounderstandandevaluatetheexistingagroforestrysystemsandto
develop action plans for their improvement, it is necessary to classify them
according to some common criteria. The most organized effort to understand
thesystemshasbeenaglobalinventoryofagroforestrysystemsandpracticesin
developing countries undertaken by ICRAF between 1982 and 1987. This
activity involved systematically collecting, collating, and evaluating data
pertaining to a large number of such land-use systems around the world (Nair,
1987a). It assembled for the first time, a substantial body of information on a
large number of agroforestry systems including their structures and functions,
and their merits and weaknesses. This information was so comprehensive and
broad-based that, on the one hand it provided an elaborate database for
developing a widely-applicable classification scheme, and on the other hand,
such a classification scheme became necessary to compile and process the
information. Nair (1985a) used this information to develop the classification
scheme describedhere.

The main purpose of classification should be to provide a practical
framework for the synthesis and analysis of information about existing systems
and the development of new and promising ones. Depending on the focus and
emphasis of strategies for development of improved systems, the nature of a
given framework will vary. Therefore, any classification scheme should:
• include a logical way of grouping the major factors on which production of

the system willdepend;
• indicate how the system is managed (pointing out possibilities for manage-

ment interventions to improve the system's efficiency);
• offer flexibility in regrouping the information;and
• be easily understood and readily handled(practical).

The complexities of these requirements suggest that a single classification
scheme may not satisfactorily accommodate all of them; perhaps a series of
classifications will be needed, with each one based on a definite criterion to
serve a different purpose. In the early stages of agroforestry development,
several attempts were made to classify agroforestry systems (Combe and
Budowski, 1979; King, 1979; Grainger, 1980; Vergara, 1981; Huxley, 1983;
Torres, 1983). However, these were mostly exercises in concept development
ratherthanaidsinevaluatingandanalyzingagroforestrysystems basedonfield data.
While some of them were based on only one criterion such as the role of
components (King, 1979) or temporal arrangement of components (Vergara,
1981), others tried to integrate several of these criteria in hierarchical schemes
in rather simple ways (Torres, 1983) or more complex ones (Combe and
Budowski, 1979; Wiersum, 1980).



The most obvious and easy-to-use criteria for classifying agroforestry
systems are the spatial and temporal arrangement of components, the
importance and role of components, the production aims or outputs from the
system, and the social and economic features. They correspond to the systems'
structure, function (output), socioeconomic nature, or ecological
(environmental) spread. These characteristics also represent the main purpose
of a classification scheme. Therefore agroforestry systems can be categorized
according to these sets ofcriteria:
• Structural basis: refers to the composition of the components, including

spatialarrangementofthewoodycomponent,verticalstratificationofallthe
components, and temporal arrangement of the differentcomponents.

• Functional basis: refers to the major function or role of the system, usually
furnished by the woody components (these can be of a service or protective
nature, e.g., windbreak, shelterbelt, soilconservation).

• Socioeconomicbasis:referstothelevelofinputsofmanagement(lowinput, high
input) or intensity or scale of management and commercial goals
(subsistence, commercial,intermediate).

• Ecological basis: refers to the environmental condition and ecological
suitability of systems, based on the assumption that certain types of systems
can be more appropriate for certain ecological conditions; i.e., there can be
separate sets of agroforestry systems for arid and semiarid lands, tropical
highlands, lowland humid tropics,etc.
These broad bases of classification of agroforestry are by no means

independent or mutually exclusive. Indeed, it is obvious that they have to be
interrelated. While the structural and functional bases often relate to the
biological nature of the woody components in the system, the socioeconomic
andecologicalstratificationreferstotheorganizationofthesystemsaccording
toprevailinglocalconditions(socioeconomicorecological).Thecomplexityof
agroforestryclassificationcanbeconsiderablyreducedifthestructuraland



Table 3.1. Major approaches to classification of agroforestrv systems and practices.

Categorization  of systems
based on their structure and functions

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
adaptibility

Socio-economic and
management level

Nature of components

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

Silvopastoral
(pasture/animals and
trees)

Agrosilvopastoral

Arrangement of components

In space (spatial)
Mixed dense

(e.g., homegarden)

Mixed sparce
(e.g. most  systems
of trees in pastures)

Strip

especially woody ones)

Productive function
Food

Fodder

Fuelwood

Other woods
Other products

Systems in/for
Lowland humid tropics

Highland humid tropics
(above 1,200 m a.s.l.,
Malaysia)

Lowland subhumid
tropics

Based on level of
technology   input
Low input(marginal)

Medium input

High input

Based on cost/benefit

(crops,pasture/animal:!, (width of strip tobe Protective function (e.g. savanna zone relations

and trees)

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

more than one tree)

Boundary
(trees on edges of
plots/fields

In time (temporal)
* Coincident

* Concomitant

* Overlapping

* Sequential(separate)

* Interpolated

Windbreak

Shelterbelt

Soil conservation

Moisture conservation

Soil improvement

Shade
(for crop, animal
and man)

of Africa, Cerrado
of South America)

Highland subhumid
tropics (tropical
highlands)
(e.g. in Kenya,
Ethiopia)

Commercial

Intermediate

Subsistence

* See Figure 3.2. (on p. 27) for explanation of these terms
Source: Nair(1985a).



functional aspects are taken as the primary considerations in categorization of
the systems and socioeconomic and agroecological/environmental (as well as
any other such physical or social) factors are taken as a basis for stratifying or
grouping the systems for defined purposes. These approaches to classification
of agroforestry systems are summarized in Table 3.1.

3.1. Structural classification ofsystems

The structure of the system can be defined in terms of its components and the
expected role or function of each, manifested by its outputs. However, it is
importanttoconsiderthearrangementofcomponentsinadditiontotheirtype.

3.1.1. Based on the nature ofcomponents

In agroforestry systems there are three basic sets of elements or components
that are managed by the land user, namely, the tree or woody perennial, the
herb(agriculturalcropsincludingpasturespecies),andtheanimal.Aswehave seen
in Chapter 2, in order for a land-use system to be designated as an agroforestry
system, it must always have a woody perennial. In most agroforestry systems,
the herbaceous species is also involved, the notable exceptions being
apiculture and aquaculture with trees, and plantation-crop mixtures of two
woody perennials such as coffee and rubber trees, or coffee,
cacao,andteaundershadetrees.Animalsareonlypresentinsomeagroforestry
systems. This leads to a simple classification of agroforestry systems as given
below and depicted in Figure3.1.

As mentioned above, there are also a few other systems, such as multi•
purpose woodlots (that interact economically and ecologically with other land-
use production components and hence fall under the purview of agroforestry
definition), apiculture with trees, and integration of trees and shrubs with fish
production (shall we call it aquasilviculture?) that do not fall into these
categories. In the absence of a better term to encompass these forms of
agroforestry, they are grouped together under"others."

This categorization of agroforestry systems into three major types1 is some•
what fundamental; one of these types can conveniently be used as a prefix to
other terms emanating from other classification schemes in order to explicitly
express the basic composition of any system. For example, there can be an
agrisilvicultural system for food production in the lowland humid tropics at a
subsistence level of production, a commercial silvopastoral system for fodder
and food production in lowland subhumid (or dry) tropics, an agrosilvo-



Figure 3.1. Classification of agroforestry systems based on the type of components.
Agrisilviculture - crops (including shrubs/vines) andtrees.
Silvopastoral - pasture/animals and trees
Agrosilvopastoral - crops, pasture/animals and trees.
Source: Nair(1985a).

pastoral system for food production and soil conservation in highland humid
tropics, and so on. Therefore it seems logical, compatible, and pragmatic to accept
the components as the basic criterion in the hierarchy of agroforestry classification.

It may be noted that the term agrisilviculture (rather than agrosilviculture) is
used to denote the combination of trees and crops, whereas agrosilvopastoral
(rather than agrisilvipastoral) is used for crops + animals/pasture + trees. The
intention here is to limit the use of the word agrisilviculture only to those
combinations involving agricultural crops and trees. The word agrosilviculture
can encompass all forms of agriculture (including animal husbandry) with
trees, and would thus be another word for agroforestry. That again is the
reasoning behind the use of the all-inclusive "agro" prefix in agrosilvipastoral.
It is worth mentioning in this context that  during the process of the evolution
of the word "agroforestry" some people held the view that, from the linguistic
perspective, the proper nomenclature for a term that combines agriculture and
forestry should be "agriforestry" and not agroforestry (Stewart,1981).



However, despite any such linguistic shortcomings and inappropriateness, the
word agroforestry has become so firmly implanted that it would now be very
confusing if another word were to be popularized for the same concept. After
all,onecanfindseveralotherusagesintechnicallanguagesthatmaynotstrictly satisfy
the niceties of conventional linguisticusage.

3.1.2. Based on the arrangement ofcomponents

The arrangement of components refers to the plant components of the system
(especially if the system involves plant and animal components). Such plant
arrangementsinmultispeciescombinationscaninvolvethedimensionsofspace and
time. Spatial arrangements of plants in agroforestry mixtures vary from dense
mixed stands (as in homegardens) to sparsely mixed stands (as in most
silvopastoral systems). Moreover, the species can be in zones or strips of
varying widths. There can be several scales of such zones varying from
microzonal arrangements (such as alternate rows) to macrozonal ones. A
commonly mentioned example of the zonal pattern is hedgerow intercropping
(alley cropping, see Chapter 9). An extreme form of zonal planting is the
boundaryplantingoftreesonedgesofplotsandfields foravarietyofpurposes and
outputs (fruits, fodder, fuelwood, fencing and protection, soil conservation,
windbreak, etc.). It is also important to note that extreme forms of
macrozonal arrangements can also be construed as sole cropping systems;
theinteractiveassociationofdifferentcomponents,however,canbeusedasthe
criterion to decide the limits between macrozonal agroforestry and sole crop
systems.

Temporal arrangements of plants in agroforestry can also take various
forms. An extreme example is the conventional shifting cultivation cycles
involving 2 to 4 years of cropping followed by more than 15 years of fallow
cycle when a selected woody species or mixture of species is planted or is
allowed to regenerate naturally (see Chapter 5). Similarly, some silvopastoral
systems may involve grass leys in rotation with woody species, with the same
species of grass remaining on the land for several years during the grass phase.
These temporal arrangements of components in agroforestry have been
described by terms such as coincident, concomitant, overlapping (of which the
extreme case is relay cropping), separate, interpolated, and so on (Huxley,
1983; Kronick, 1984). See Figure 3.2 for an explanation of these terms.

3.2. Classification based on function ofsystems

Production and protection (which is the cornerstone of sustainability) are,
theoretically, two fundamental attributes of all agroforestry systems as
explained in Chapter 2. This implies that agroforestry systems have a
productive function yielding one or more products that usually meet basic
needs,aswellasaservicerole(i.e.,protectingandmaintainingtheproduction



TEMPORALARRANGEMENT SCHEMATICILLUSTRATION EXAMPLES

COINCIDENT Coffee under shadetrees;
pasture under trees

CONCOMITANT Taungya

Annual crops under coconut;
INTERMITTENT Seasonal grazing of cattlein
(spacedominant) pastures undertrees

INTERPOLATED
v Homegarden

(space-and time-dominant)

OVERLAPPING Black pepper andrubber

SEPARATE Improved "fallow" speciesin
(time-dominant) shiftingcultivation

time
>

(timescalewillvaryforeach combination)

woodycomponent nonwoodycomponent

Figure 3.2. Arrangement of components in agroforestry systems.
Source: Nair (1985a).



degree of commercialization, can systems). Raintree (1984) argues that any
land-use system, regardless of its be described and evaluated in terms of the
output of relevant basic needs such as food, energy, shelter, raw materials, and
cash. This is the logic which underlies the basic-needs approach within the
methodology for agroforestry diagnosis and design, developed by ICRAF (see
Chapter 19). Additionally, this approach recognizes the service roles of woody
perennials as factors contributing to the production of one or more of these
basic needs. For example, soil conservation affected by appropriate
agroforestry practices can be expressed in terms of its contribution to
augmenting the sustainability of crop production. Similarly, amelioration of
microclimate through well designed arrangements of trees and crops (e.g.,
shelterbelts)canbeevaluatedintermsofitseffectsoncropyields,etc.

However, the emphasis on production of outputs should not diminish the
importance of sustainability. Although production is a very important
consideration in agroforestry, it is the sustainability attribute that makes it
different from other approaches to land use. Moreover, all agroforestry
systems produce more than one basic-need output (largely because of the
multipurpose nature of the associated woody perennial component).
Therefore, all agroforestry systems have both productive and protective roles,
though in varying degrees. Depending on the relative dominance of the
particular role, the system can be termed productive or protective. Production
of a particular output should not, therefore, be used as the sole criterion for
classifying agroforestry systems. However, production of an output, or for that
matteranyotheraspect,maybechosenasabasisforundertakinganevaluation of
available agroforestryoptions.

3.3. Ecologicalclassification

During the late 1970s and early 1980s, several enumerations of agroforestry
practices were presented from various geographical regions at seminars and
workshops. Notable among them are the group discussions held at CATIE, in
Turrialba, Costa Rica (de las Salas, 1979); at ICRAF, in Nairobi (Buck, 1981;
Chandler and Spurgeon, 1979; Hoekstra and Kuguru, 1982; Huxley, 1983;
Nair, 1987b); and at IITA, Ibadan, Nigeria (McDonald, 1982). There have also
been severalcompilationsonspecific systems,suchastheAcacia(Faidherbia)
albida system in West Africa (Felker, 1978; Vandenbeldt, 1992), and the
Prosopis cineraria system in western India (Mann and Saxena, 1980).
Additionally, country or regional overviews were undertaken, such as reviews
of agroforestry in francophone Africa (FAO, 1981a), the Indian subcontinent
(FAO, 1981b), and Latin America (Montagnini, 1986; Padoch and de Jong,
1987). Several other notable overviews have been published (Lundgren and
Raintree, 1982; Nair, 1983b; 1983c; 1984). The Agroforestry System
Description Series in Agroforestry Systems, which is a major output from
ICRAF's Agroforestry Systems Inventory Project (Nair, 1987a) is themost



recent and concerted effort in describing severalexisting
agroforestrysystems.Most of these agroforestry system characterizations

pertaintospecificecological conditions of different geographical regions. It is
thus easytofindseveral descriptions of agroforestry systems in, say,

thehighland,subhumidtropics (or the tropical highlands, as they are popularly
known):for

example,theChaggasystemonMountKilimanjaroinTanzania(Fernandesetal.,19
84),hill farming in western Nepal (Fonzen and Oberholzer,

1984),multipurposetree integration in the highlands of Rwanda (Neumann,
1983),andcasuarinaand coffee systems in Papua New Guinea (Bourke, 1984).

Similarly,alargenumber of system descriptions can be found for
otherecologicalregions.Recommendations on agroforestry technologies have

alsobeen suggestedforspecific agroecological regions, for example, the hilly
regions ofRwanda(Nair,1983a), and for areas with common physical

features such as slopinglands
(Young, 1984) or soil constraints such as acidity (Benites, 1990).

Descriptions of existing systems, as well as recommendations of potential
agroforestry technologies, for specific agroecological zones, include a mixture
of various forms of agroforestry (in terms of the nature as well as arrangement
of components); there can be agrisilvicultural, silvopastoral or agrosilvo-
pastoral systems in any of the ecological regions. For example, Young (1984)
analyzed the agroforestry potential for sloping lands using the primary data
collected by ICRAF's Agroforestry Systems Inventory Project and others for
eightsystemsinslopinglandsinvariouspartsoftheworld,andshowedthatall three
basic categories of agroforestry (agrisilvicultural, silvopastoral and
agrosilvopastoral) can be found in this particular land form. Similarly, Nair
(1985b) examinedtheagroforestryoptionsinthecontextoflandclearinginthe
humidtropics.

Insummary,mostagroforestrycategoriescanbefoundinallagroecological
zones; therefore, agroecological zonation alone cannot be taken as a
satisfactory basis for classification of agroforestry systems. However,
agroecological characteristics can be used as a basis for designing agroforestry
systems, because, similar ecological regions can be found in different
geographical regions, and the agroforestry systems in similar ecological zones
in different geographical regions are structurally (in terms of the nature of
speciescomponents)similar;thisisdiscussedinmoredetailinthenextchapter. The
main point is that several types of agroforestry systems and practices (existing
as well as potential) are relevant to any major agroecological zone; depending
on the special conditions of a zone, the emphasis of the system or
practicewillalsovary.Forexample, inthetropicalhighlands, oneofthemain
considerations would be the protective role (soil conservation potential) of
agroforestry, whereas in sparsely-populated, semiarid savannas, silvopastoral
systems producing livestock and fuelwood would be morecommon.



3.4. Classification based on socioeconomiccriteria

Socioeconomic criteria such as scale of production and level of
technology input and management, have also been used as a basis for
classifying agroforestry systems. Lundgren (1982), for example, grouped
systems into commercial, intermediate and subsistence systems.

Thetermcommercialisusedwhenthemajoraimofthesystemisproduction of
the output (usually a single commodity) for sale. In these systems, the scale
ofoperationsisoftenmediumtolargeandlandownershipmaybegovernment,
corporateorprivate; laborisnormallypaidorotherwisecontracted.Examples
includecommercialproductionofagriculturalplantationcropssuchasrubber,
oil palm, and coconut, with permanent understories of food crops, or
integration of pasture and animals; commercial production of shade-
tolerant plantation crops like coffee, tea, and cacao under overstory shade
trees; rotational timber/food crops systems in which a short phase of food-
crop production is used as a silvicultural method to ensure establishment of
the timber species (i.e., various forms of taungya); and commercial grazing
and ranching under large-scale timber and pulpplantations.

"Intermediate" agroforestry systems are those that are intermediate
between commercial and subsistence scales of production and management,
i.e., production of perennial cash crops and subsistence crops undertaken
on medium-to-small-sized farms where the cash crops satisfy cash needs,
and the food crops meet the family's food needs. Usually farmers who either
own the land, or have long-term tenancy rights to land, reside and work on
the land themselves, and are supplemented by paid temporary labor. The
main features distinguishing the intermediate system from the commercial
system at one end and from the subsistence system on the other, are holding
size and level of economic prosperity. Several agroforestry systems in many
parts of the world can be grouped as intermediate systems, especially those
based on plantation crops such as coffee, cacao, and coconut. Similarly,
there are several intermediate agroforestry systems based on a large number
of fruit trees, especially in the Asia-Pacific region (Nair, 1984), and short-
rotation timber
speciessuchasParaserianthes(Albizia)falcatariainthePhilippines(Pollisco,
1979) and Indonesia (Nair,1985b).

Anthropologists define subsistence farmers2as those who produce most
of what they consume, or consume most of what they produce. Farmers
who do not, or cannot, produce enough for the needs of their families (e.g.,
many Haitian farmers: M.E. Bannister, 1992: personal communication) are
also usually considered under this category. Subsistence agroforestry
systems are those where the use of land is directed toward satisfying basic
needs and is managed by the owner or occupant and his/her family. Cash
crops, including
thesaleofsurpluscommodities,maywellbepartofthesesystems,butareonly
supplementary. Most of the agroforestry systems practiced in various
partsof

the developing countries come under the subsistence category. Forms of
traditionalshiftingcultivation foundthroughoutthetropicsarethemostwide•
spread example. However, not all subsistence agroforestry systems are as
"un• desirable" or resource-depleting as traditional shifting cultivation. For
example, the integrated, multi-species homegarden system found in almost



all
denselypopulatedareasisanecologicallysoundagroforestrysystem(Wiersum,
1980; Michon et al., 1986). Similarly, several sustainable systems of a
subsistence nature can be found in many other regions. Examples have been
noted in Latin America (Wilken, 1977), arid West Africa (von Maydell,
1979; 1987; Le Houerou, 1987), humid West Africa (Getahun et al., 1982)
and India (ICAR,1979).

Grouping agroforestry systems according to these socioeconomic and
managementcriteriaisyetanotherwayofstratifyingthesystems forapurpose-
orientedactionplan.Suchanapproachwillbeusefulindevelopmentefforts,for
example.However,therearesomedrawbacksifthesecriteriaareacceptedasthe
primary basis for classifying the systems. First, the criteria for defining the
various classes are not easily quantifiable; the standards set for such a
differ• entiation will reflect the general socioeconomic situation of a given
locality. What is considered as a "subsistence" system in one locale may
well fall under
the"intermediate"orevenahighercategoryinanothersetting.Moreover,these
class boundaries will also change with time. A good example is the gum-
arabic production system of the Sudan. It used to be a flourishing
"intermediate" system consisting of a planned rotation of Acacia Senegal
for gum production for7-
12years.AcaciaSenegalalsoprovidedfodderandfuelwoodandimproved soil
fertility (Seif-el-Din, 1981). But with the advent of artificial substitutes for
gum arabic, the Acacia senegal/millet system has now degenerated into a
shrinking subsistence system. Therefore, socioeconomic factors that are
likely
tochangewithtimeandmanagementconditionscannotberigidlyadoptedasa
satisfactory basis for an objective classification scheme, but they can be em•
ployedasabasisforgroupingthesystems foradefinedobjectiveoractionplan.

3.5. A framework forclassification

The foregoing analysis reveals that the commonly used criteria for classifying
agroforestry systems and practices are:
• structure of the system (nature and arrangement ofcomponents),
• function of the system (role and output ofcomponents),
• agroecological zones where the system exists or is adoptable,and
• socioeconomic scales and management levels of the system.

Each of these criteria has merits and applicability in specific situations,
but
theyalsohavelimitations;inotherwords,nosingleclassificationschemecanbe
accepted as universally applicable. Therefore, classification of agroforestry
systemswillhavetobepurpose-oriented.Thecomplexityoftheproblemcanbe
reduced if the structural and functional aspects of the system are taken
asthe
criteria for categorizing the systems and agroecological and socioeconomic
aspects as the basis for further grouping.

Sincethereareonlythreebasicsetsofcomponentsthataremanagedbythe
landuserinallagroforestrysystems(woodyperennials,herbaceousplants, and
animals), a logical first step in classifying agroforestry should be based on the
nature of these components. As discussed previously, there are three major



categories:
• agrisilvicultural,
• silvopastoral,and
• agrosilvopastoral.
Having done such a preliminary categorization, the system can be grouped
accordingtoanyofthepurpose-orientedcriteriamentionedabove.Eachofthe
resulting groups can have any one of the above three categories as a prefix, for
example:
• silvopastoral system for cattle production in tropical savannas;and
• agrisilvicultural systems for soil conservation and food production in

tropicalhighlands.
Such an approach that seems a logical, simple, pragmatic, and purpose-
oriented way to classify agroforestry systems is adopted in this book.

3.6. Agroforestry systems andpractices

The words "systems" and "practices" are often used synonymously in
agroforestry literature. However, some distinction can be made between them.
Anagroforestrysystemisaspecificlocalexampleofapractice,characterized by
environment, plant species and their arrangement, management, and
socioeconomic functioning. An agroforestry practice denotes a distinctive
arrangement of components in space and time. Although hundreds of
agroforestry systems have been recorded, they all consist of about 20 distinct
agroforestry practices. In other words, the same or similar practices are found
in various systems in different situations. Table 3.2 lists the most common
agroforestry practices that constitute the diverse agroforestry systems
throughoutthetropicsandtheirmaincharacteristics.Itmaybenotedthatboth the
systems and the practices are known by similar names; but the systems are (or
ought to be) related to the specific locality or the region where they exist, or
other descriptive characteristics that are specific toit.

Anothertermthatisalsofrequentlyusedisagroforestrytechnology.Itrefers to
an innovation or improvement, usually through scientific intervention, to
eithermodifyanexistingsystemorpractice,ordevelopanewone.Suchtechnol• ogies
are often distinctly different from the existing systems/practices; so they
caneasilybedistinguishedandcharacterized. However,thedistinctionbetween
systemsandpracticesarevague,andevennotverycriticalforunderstandingand
improving them. Therefore, the words, systems, and practices are used
synonymously in agroforestry, as they are in other forms of landuse.



Table 3.2. Major agroforestry practices and their main characteristics.

Agroforestry practice Brief description (of arrangement of
components)

Agrisilvicultural systems (crops - including shrub/vine/tree crops - and trees)

Major groupsofcomponents Agroecologicaladaptability

(1) Improvedfallow

(2) Taungya

(3) Alley cropping (hedge•
rowintercropping)

(4) Multilayer tree gardens

(5) Multipurpose trees on
croplands

(6) Plantation crop
combinations

(7) Homegardens

(8) Trees in soil
conservation and
reclamation

(9) Shelterbelts and
windbreaks, livehedges

Woody species planted and left to grow
during the 'fallow phase'
Combined stand of woody and agricultural
species during early stages of establishment
ofplantations
Woody species in hedges; agricultural
species in alleys in between hedges;
microzonal or strip arrangement

Multispecies, multilayer dense plant
associations with no organized planting
arrangements

Trees scattered haphazardly or according to
some systematic patterns on bunds, terraces
or plot/fieldboundaries
(i) Integrated multistorey (mixed, dense)
mixtures of plantationcrops
(ii) Mixtures of plantation crops in alternate
or other regulararrangement
(iii) Shade trees for plantation crops; shade
treesscattered
(iv) Intercropping with agricultural crops
Intimate, multistorey combination of
various trees and crops aroundhomesteads

Trees on bunds, terraces, raisers, etc. with
or without grass strips; trees for soil
reclamation

Trees around farmland/plots

w: fast-growing preferably leguminous
h: common agriculturalcrops
w: usually plantation forestry spp.
h: common agriculturalcrops

w: fast-growing, leguminous, that coppice
vigorously
h: common agricultural crops

w: different woody components of varying
form and growth habits
h: usually absent; shade tolerant ones
sometimes present
w: multipurpose trees and other fruit trees
h: common agricultural crops

w: plantation crops like coffee, cacao,
coconut, etc. and fruit trees, esp. in (i);
fuelwood/fodder spp., esp in (iii)
h: usually present in (iv), and to some
extent in (i); shade-tolerant species

w: fruit trees predominate; also other
woody species, vines, etc.
h: shade tolerant agricultural species
w: multipurpose and/or fruit  trees
h: common agriculturalspecies

w: combination of tall-growing spreading
types
h: agricultural crops of the locality

In shifting cultivation areas

All ecological regions (where
taungya is practiced); several
improvements possible
Subhumid to humid areas with
high human population press•
ure and fragile(productive but
easily degradable) soils Areas
with fertile soils, good
availability of labour, and
high human population
pressure
In all ecological regions esp. in
subsistence farming; also com•
monly integrated with animals
In humid lowlands or tropical
humid/subhumid highlands
(depending on the plantation
crops concerned); usually in
smallholder subsistence
system

In all ecological regions, esp.
in areas of high population
density
In sloping areas, esp. in
highlands, reclamation of
degraded, acid, alkali soils,
and sand-dune stabilization
In wind-prone areas



Table 3.2. (continued)

Agroforestry practice Brief description (of arrangementof
components)

Major groupsofcomponents Agroecologicaladaptability

(10) Fuelwoodproduction Interplanting firewood species on or around w: firewoodspecies
agriculturallands h: agricultural crops of thelocality

Silvopastoral systems (trees + pasture and/or animals)

In all ecological regions

(11) Trees on rangeland or
pastures

Trees scattered irregularly or arranged
according to some systematic pattern

w: multipurpose; of fodder value
f:present
a:present

Extensive grazing areas

(12) Proteinbanks

(13) Plantation cropswith

Production of protein-rich treefodderon w: leguminous fodder trees
farm/rangelands forcut-and-carryfodder h:present
production f:present
Example: cattle under coconutsinsouth- w: plantationcrops

Usually in areas with high
person: land ratio

In areas with less pressure on
pastures and animals east Asia and the south Pacific f: present

a: present
plantation crop lands

Agrosilvopastoral systems (trees + crops + pasture/animals)

(14) Homegardensinvolving Intimate, multistorey combinationof w: fruit trees predominate; also other In all ecological regions with
animals

(15) Multipurpose woody
hedgerows

(16) Apiculture withtrees

(17) Aquaforestry

various trees and crops, and animals,
around homesteads
Woody hedges for browse, mulch, green
manure, soil conservation, etc.

Trees for honey production

Trees lining fish ponds, tree leaves being
used as 'forage' for fish

woody species
a: present
w: fast-growing and coppicing fodder
shrubs and trees
h: (similar to alley cropping and soil
conservation)
w: honey producing (other components may
bepresent)
w: trees and shrubs preferred by fish (other
components may be present)

high density of human
population
Humid to subhumid areas
with hilly and slopingterrain

Depending on the feasibility
of apiculture
Lowlands

(18) Multipurposewoodlots For various purposes (wood, fodder,soil
protection, soil reclamation, etc.)

w: multipurpose species; special location-
specific species (other components may be
present)

Various

Note: w = woody; h = herbaceous; f = fodder for grazing; and a = animals.
Source: Nair(1991).



Shifting cultivation and improved fallows

The term shifting cultivation refers to farming or agricultural systems in which
land under natural vegetation is cleared, cropped with agricultural crops for a
few years, and then left untended while the natural vegetation regenerates. The
cultivation phase is usually short (2-3 years), but the regeneration phase,
known as the fallow or bush fallow phase, is much longer (traditionally 10-20
years). The clearing is usually accomplished by the slash-and-burn method
(hence the name slash-and-burn agriculture), employing simple hand tools.
Useful trees and shrubs are left standing, and are sometimes lightly pruned;
othertreesandshrubsarepruneddowntostumpsofvaryingheighttofacilitate fast
regeneration and support for climbing species that require staking. The lengths
of the cropping and fallow phases vary considerably, the former being
morevariable;usuallythefallowphaseisseveraltimeslongerthanthecropping
phase. The length of the fallow phase is considered critical to the success and
sustainability of the practice. During this period the soil, having been depleted
of its fertility during the cropping period, regains its fertility through the
regenerative action of the woodyvegetation.

5.1. Systemoverview

Shiftingcultivationisstillthemainstayoftraditionalfarmingsystemsovervast
areasofthetropics andsubtropics.Estimatesofareaundershiftingcultivation vary.
One estimate still used repeatedly (FAO, 1982). is that it extends over
approximately360millionhectaresor30%oftheexploitablesoilsoftheworld, and
supports over 250 million people. Crutzen and Andreae (1990) estimated
thatshiftingcultivationispracticedby200millionpeopleover 300million-500
million hectares in the tropics. Although the system is dominant mainly in
sparsely populated and lesser developed areas, where technological inputs for
advanced agriculture such as fertilizers and farm machinery are not available, it
is found in most parts of the tropics, especially in the humid and subhumid
tropics of Africa and Latin America. Even in densely populated Southeast
Asia, it is a major land-use in some parts (Spencer, 1966; Grandstaff,1980;



Table 5.1. Local terms for shifting cultivation in different parts of the tropics.

Term Country orregion

A. Asia

B. Americas

C. Africa

Ladang
Jumar
Ray
Tam-ray, rai
Hay
Hanumo, caingin
Chena
Karen
Taungya
Bewar, dhya, dippa, erka, jhum,

kumri, penda, pothu, podu

Coamile
Milpa
Roca

Masole
Tavy
Chitimene, citimene

Proka

Indonesia, Malaysia
Java
Vietnam
Thailand
Laos
Philippines
Sri Lanka
Japan,Korea
Burma (Myanmar)
India

Mexico
Mexico, Central America
Brazil

Zaire
Madagascar
Zaire, Zambia, Zimbabwe,

Tanzania
Ghana

Source: Okigbo (1985).

Ruthenberg, 1980; Kyuma and Pairinta, 1983; Denevan et al, 1984; Padoch et
al, 1985; Padoch and de Jong,1987).

Despite the remarkable similarity of the shifting cultivation practiced in
different parts of the world, minor differences  exist, and are oftendependent on
the environmental and sociocultural conditions of the locality and the historical
features that have influenced the evolution of land-use systems  over the
centuries. These variations are reflected, to some extent, in the  various names by
which the system is known in different parts of the world (Spencer, 1966; Okigbo,
1985, Table 5.1). The practice is also said to have  been  widespread in Europe
until a few centuries ago (Nye and Greenland, 1960; Greenland, 1974). Under
resource-rich conditions, as in Europe, shifting cultivation has slowly been
replaced by more technologically-oriented and profitable land-use systems that
bear no resemblance to the original system. In developing countries with low
population densities, where the farmerhad enough land at  his disposal and
freedom to cultivate anywhere he chose within   a specified geopolitical unit or
region, the ratio of the  length of fallow period to cultivation phase reached 10
to 1. The system was stable and ecologically sound. However, under the strain of
increasing population pressure, the fallow periods became drastically reduced
and the system degenerated, resulting in serious soil erosion and a decline in the
soil's fertility and productivity (see Figure5.1).



Figure 5.1. Schematic presentation of the changes with time in the length of fallow phase, and
consequent patterns of crop yields and soil productivity in shifting cultivation.
Source: Adapted from Okigbo (1985) (after Ruthenberg, 1980).

The most remarkable differences in the practice of shifting cultivation are,
perhaps, due to ecological conditions. In forest areas of the lowland humid
tropics, the practice consists of clearing a patch of forest during the dry (or
lowest rainfall) period, burning the  debris in  situ shortly before  the first
heavy rains, and planting crops, such as maize, rice, beans, cassava, yams, and
plantain, in the burnt and decaying debris. The crops are occasionally weeded
manually. Thus, irregular patterns of intercropping are the usual practices
(Figure 5.2). After 2 or 3 years of cropping, the field is abandoned to  allow
rapid regrowth of the forest. The farmer returns to the same plot after 5 to 20
years, clears the land once again, and the cycle isrepeated.

In an example of shifting cultivation as practiced in the savannas, especially
in West Africa, the vegetation, consisting primarily of grasses and some scattered
trees and bushes, is cleared and burned in the dry season (Figure 5.3).  The soil
is then worked into mounds, about 50 cm high, on which root crops,usually



Figure 5.2. Photograph: Shifting cultivation in lowland humid tropics.
Improved agricultural practices such as line planting and fertilizer application to crops have been
suggested in some shifting-cultivation area; but these are seldom adopted by farmers.

yams, are planted. Maize, beans, and other crops are planted between the rows.
The mounds are levelled after the first year of yams. A variety of crops
including maize, millets, and peanuts (groundnuts) are planted for the next 2 to
3 years. Thereafter, the land is left fallow and regrowth of coarse grasses and
bushes occurs. This period lasts for up to about ten years. Compared with
shifting cultivation in the forests, this form results in a more thorough working
of the soil for cropping, longer cropping periods, and, ultimately, a more severe
weed infestation. Moreover, soil erosion hazards are also  higher when the soil
is bare after the clearing and burning in the dryseason.

Various attempts have been made to classify shifting cultivation, as
considered in greater detail by FAO/SIDA (1974), and reviewed by Ruthenberg
(1980). In almost all classification schemes, the various categories designate
different degrees of intensification of cultivation which  can  best  be evaluated
on the basis of the land-use factor(L)1:

1 A  related term  used in some literature (e.g.  see Table 5.2) is the cultivation factor (R), which
is the inverse ofL.

C
R = where C and  F  have the same  meanings  as  in  the land-use  factor (C  =  length  of

C +F
cropping phase, F = length of fallow phase).



Figure 5.3. Photograph: Shifting cultivation in savanna.
The vegetation, consisting primarily of grasses and some scattered trees and shrubs, is cleared and
burned in the dry season, and crops are grown in the following rainy season(s).

During the early stages of shifting cultivation, when fallow periods are long,
L>10. However, when a sedentary and permanent cultivation stage is reached,
as on the compound farm, L= 1. Moreover, the various systems of shifting
cultivation are interwoven in the agricultural landscape. This is particularly so
in Africa where one can find traditional shifting cultivation and permanent
production systems existing together in the same locality. Thus, within the
general pattern of alternating fallow and cropping cycles, the nature of shifting
cultivation varies from place toplace.

The literature on the various aspects of shifting cultivation is voluminous
and fairly well documented. Grigg (1974) has examined the evolution of
shifting cultivation as an agricultural system, while anthropological and
geographical information on the practice  has been compiled by Conklin
(1963). Sanchez (1973), Greenland (1976), and Ruthenberg (1980) have
described the various forms of shifting cultivation. Studies on soils under
shifting cultivation have been superbly evaluatedby  Nye and Greenland (1960),
Newton (1960), FAO/SIDA (1974), and Sanchez (1976). An annotated
bibliography of shifting cultivation and its alternatives has been produced by
Robinson and McKean (1992). Various approaches have been suggested as
improvements and/or alternatives to shifting cultivation (FAO, 1985), and most
of them emphasize the importance of retaining or incorporating the woody
vegetation into the fallow phase, and even in the cultivation phase, as  the key
to  the maintenance of  soil productivity. Depending on  the   ways in which
the woody species are incorporated,the alternateland-use



system can be alley cropping (Kang and Wilson, 1987), or some other form of
agroforestry (Nair and Fernandes, 1985), or even other forms of improved,
permanentproductionsystems(Okigbo,1985).Inordertodiscussthesevarious
options, the major soil management problems in the shifting cultivation areas
of the tropics and subtropics need to be reviewed, as well as the role of trees in
soil productivity and protection; the former is presented here, the latter is
considered in detail in SectionIV.

5.2. Soil management and shiftingcultivation

Large parts of the humid and subhumid tropics currently under shifting
cultivation and related traditional farming systems are covered by the so-called
fragile upland soils. These are predominantly Ultisols, Oxisols, and associated
soil types in the humid tropics, and Alfisols and associated soils in the
subhumid tropics. The distribution and traits of these major soil groups are
described in Chapter 14. Many of these soils are also grouped as low-activity
clay (LAC) soils because of their limitations, unique management
requirements, and other distinctive features that adversely affect their potential
for crop production (Juo 1980; Kang and Juo, 1986).

During the past few decades, several institutions in the tropics have been
actively engaged in determining the constraints and management problems of
these upland soils relative to sustainable food-crop production. The results of
these investigations (Charreau, 1974; Lai, 1974; Sanchez and Salinas, 1981;
Kang and Juo, 1986; Spain, 1983; El-Swaify et al., 1984) and some of the
conclusions are highlighted below. Ultisols and Oxisols have problems
associated with acidity and aluminum toxicity, low nutrient reserves, nutrient
imbalance, and multiple nutrient deficiencies. Ultisols are also prone to
erosion, particularly on exposed sloping land. Alfisols and associated soils
have major physical limitations: They are extremely susceptible to crusting,
compaction, and erosion, and their low moisture-retention capacity causes
frequent moisture stress for crops. In addition, they acidify rapidly under
continuous cropping, particularly when moderate to heavy rates of fertilizers
are used. For a detailed discussion on tropical soils and their management, see
Sanchez(1976).

It is generally accepted that traditional shifting cultivation with adequately
long fallow periods is a sound method of soil management, well adapted to the
local ecological and social environment. Before the forest is cleared, a closed
nutrientcycleexistsinthesoil-forestsystem. Withinthissystem, mostnutrients are
stored in the biomass and topsoil, and a constant cycle of nutrient transfer
from one compartment of the system to another operates through the physical
and biological processes of rainwash (i.e., foliage leaching), litterfall, root
decomposition,andplantuptake.Forexample,Lundgren(1978)reportedfrom a
review of literature from 18 locations around the tropics, that an average of 8-
91ha-1yr1litterwasaddedfromclosednaturalforest, amountingto average



Figure 5.4. Examples of crop-yield declines under continuous cropping without fertilization in shifting cultivation areas as a function of soil, climate, and vegetation.
Numbers on top of histograms refer to economic crop yields (t ha '); numbers on x-axis refer to consecutive crops.
Source: Sanchez (1976). (Reprinted by permission of John Wiley & Sons, Inc.)

Figure 5.4. Examples of crop-yield declines under continuous cropping without fertilization in shifting cultivation areas as a function of soil, climate, and vegetation.
Numbers on top of histograms refer to economic crop yields (t ha '); numbers on x-axis refer to consecutive crops.
Source: Sanchez (1976). (Reprinted by permission of John Wiley & Sons, Inc.)



nutrient additions (kg ha-1 yr1) of 134 N, 7 P, 53 K, 111 Ca and 32 Mg. The
amount of nutrients lost from such a system is negligible.

Clearing and burning the vegetation leads to a disruption of this closed
nutrient cycle. During the burning operation the soil temperature increases, and
afterwards, more solar radiation falling on the bare soil-surface  results in
higher soil and air temperatures (Ahn, 1974; Lal et al., 1975). This change in the
temperature regime causes changes in the biological activity in the soil. The
addition of ash to the soil through burning causes important changes in soil
chemical properties and organic matter content (Jha et al., 1979; Stromgaard,
1991). In general, exchangeable bases and available phosphorus increase
slightly after burning; pH values also increase, but usually only temporarily.
Burning is also expected to increase organic matter content, mainly because of
the unburnt vegetation left behind (Sanchez and Salinas, 1981; Nair,1984).

These changes in the soil after clearing and burning result in  a sharp increase
of available nutrients, so that the first crop that is planted benefits
considerably. Afterwards, the soil becomes less and less productive and crop
yields decline. Some examples of yield decline under continuous cropping
without fertilization in different shifting cultivation areas corresponding to
various soil, climate, and vegetation types are given in Figure 5.4; a generalized
picture of the situation is depicted in Figure 5.5. The main reasons for the
decline in crop yields are soil fertility depletion, increased weed infestation,
deterioration of soil physical properties, and increased  insect and disease
attacks (Sanchez, 1976). Finally, the farmers decide that further cultivation of
the fields will be difficult and nonremunerative and they abandon the site and
move on to others. However, they know well that the abandoned site would be
reinhabited by natural vegetation (forest fallow); during the fallow periodthe



soil would regain its fertility and productivity, and the farmers could return to
the site after a lapse of a few years.

This cycle has been repeated indefinitely in many regions where shifting
cultivation has continued for centuries, though at low productivity levels.
However, over a long period of time, as population pressure has steadily
increased, fallow periods have become shorter and shorter; consequently,
farmers have returned to abandoned fields before they have had enough time
for fertility to be sufficiently restored (Figure 5.1). The introduction of
industrial crops and modern methods of crop production have also caused a
diminished emphasis on the importance of the fallow period in traditional
farming practices.

5.3. The evolution of plantedfallows

Levels of productivity that can be sustained in cropping systems largely reflect
the potential and degree of management of the resource base. In other words,
high productivity comes only from systems where management intensities
necessary for sustainability are attained without extensive depletion of the
resources. Evolutionary trends in tropical cropping systems show that
management intensities capable of sustaining productivity are usually
introduced only after considerable depletion and degradation of resources -
especially of the nonrenewable soil - have taken place.

Aswehaveseen,theimportantroleofthefallowperiodforsoil-productivity
regeneration in traditional shifting cultivation is well known (e.g., Nye and
Greenland, 1960). The rate and extent of soil-productivity regeneration depend
on the length of the fallow period, the nature of the fallow vegetation, soil
properties, and management intensity. During the fallow period, plant
nutrients are taken up by the fallow vegetation from various soil depths
according to the root ranges. While large portions of the nutrients are held in
the biomass, some are returned to the soil surface via litterfall or lost through
leaching,erosion,andotherprocesses.Inaddition, duringthefallowperiodthe
return of decaying litter and residues greatly adds to the improvement of soil
organic matterlevels.

Based on the various descriptions of tropical cropping systems (Benneh,
1972; Ruthenberg, 1980; MacDonald, 1982), a framework for a logical
evolutionary pathway of traditional crop-production systems in the humid
tropicswasdevelopedbyKangandWilson(1987),asshowninFigure5.6.This
pathway highlights the major changes in cropping systems and indicates points
at which intervention with planted fallows or other agroforestry methods could
be introduced, thus preventing further resourcedegradation.

Thepathwaybeginswithastagethatmaybedescribedasasimplerotational
sequence of temporal agroforestry. It is characterized by a very short cropping
period followed by a very long fallow period. In this fallow period even
inefficient soil-rejuvenating plant species are able to restore soilproductivity



Figure 5.6. Stages in the evolution of managed fallow and multistory cropping in  shifting
cultivation areas of the humidtropics.
Source: Kang and Wilson (1987).

Here the economic return to the input of labor or energy is high; themanagement
input is low and is confined to the cropping period. In the second stage, which
usually is caused by population pressure, the cropping period and the area
cultivated are expanded. Returns to energy input begin to fall and management
intensity increases. At this stage there is an awareness of the contribution (i.e.,
soil-rejuvenating properties) of the different species in the fallow system (Benneh,
1972). At the third stage, attempts are made to manipulate species in the fallow
in order to ensure fertility regeneration in the already shortened fallow period. A
good example of this third stage, taken from southwest Nigeria, is the retention
and use of tree species such as Dactyladenia (syn. Acioa) barteri, Alchornea
cordifolia, Dialium guineense, and Anthonata macrophyla as efficient soil-fertility
restorers (Obi and Tuley, 1973; Okigbo, 1976; Getahun et al., 1982).
Additionally, farmers near Ibadan, Nigeriahave
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observed that Gliricidia sepium, when used for yam stakes, grew and
dominated the fallow and restored soil fertility quicker than did other species.
Consequently,theynowmaintainG.sepiuminthefallowevenwhenyamisnot
included in the cropping cycle (Kang and Wilson, 1987). In the fourth stage,
mere manipulation of fallow and sole dependence on natural regeneration for
the establishment of the desired species are no longer adequate and a planted
fallow of selected species becomes necessary. Though the value and feasibility
of planted fallows have been demonstrated experimentally (Webster and
Wilson, 1980), the practice has not become widespread. This is the stage at
which the intervention of techniques such as alley cropping (Chapter 9) and in
situ mulch (Wilson, 1978) can takeplace.

At each of these successive stages, length of the cropping period extends
progressively and that of the fallow diminishes correspondingly. During these
extended cropping periods, soil degradation continues, and the damage done
cannot be repaired by the shortened fallow. Even when the most efficient soil-
rejuvenationspeciesdominatethefallow, theycanonlysustain yieldsatalevel
supportable by the degraded resourcebase.

The fifth (merging of cropping and fallow phases) and sixth (intensive
multistory combinations) stages could evolve from the previous stages, but
thereisnoclearevidenceforthis. Inmanyareaswheremultistorycroppingand
intensive agroforestry systems with trees and crops (Nair, 1979; Michon, 1983)
dominate, there is no evidence of stages four and five. The most plausible
explanation is that, as population pressures grow and the area available for
stagethreeshrinks,theareaforstagesix(whichisactuallyintensively-managed
homegardens where fruit trees are always among the major components)
expands. As the two stages merge, the more efficient homegarden undergoes
modification, which results in the development of the multistory production
system.

If one adheres to the above evolution pattern, sustainability with high
productivity can be achieved when conservation and restoration measures are
introduced before resources are badly degraded or depleted. In the humid
tropics, the multistory complex, which seems to be the climax of cropping-
systems evolution, would be the ideal intervention at stages one or two.
However, this may not be possible in all cases, especially where different
climatic and socioeconomic patterns prevail. Consequently, other types of
agroforestry systems, such as planted fallows, are necessary.

Earlyattemptstointroduceplantedfallowsinthetropicsweredominatedby the
use of herbaceous legumes for production of green manures (Milsum and
Bunting, 1928; Vine, 1953; Webster and Wilson, 1980). Though many
researchers reported positive responses, the recommendations were never
widely adopted. Later studies indicated that green manuring with herbaceous
legumes was not compatible with many tropical climates, especially in areas
with long dry periods which precede the main planting season (Wilson et al.,
1986); most herbaceous species did not survive the dry season and this did not
have green matter to contribute. However, herbaceous legumes suchas



Pueraria phaseoloides, Centrosema pubescens, Calopogoniummuconoides,
andC.caeruleumarewidelyusedasgroundcoverinthetree-cropplantations in the
humid regions (Pushparajah, 1982). Following the introduction of
herbicidesandno-tillcropestablishmentinthetropics,someofthecovercrops such
as Mucuna utilis, Pueraria phaseoloides, Centrosema pubescens, and
Psophocarpus palustris were found capable of producing in situ mulch for
minimum tillage production (Lai, 1974; Wilson,1978).

Various reports have shown that trees and shrubs, due to their deeper root
systems, are more effective in taking up and recycling plant nutrients than
herbaceous or grass fallows (Jaiyebo and Moore, 1964; Nye and Greenland,
1960; Lundgren, 1978; Jordan, 1985). In fact, Milsum and Bunting (1928) were
among the earliest researchers to suggest that herbaceous legumes were not
suitable sources of green manure in the tropics. They believed that shrub
legumes, including some perennials such as Crotalaria sp. and Cajanus cajan
were more suitable. They even suggested a cut-and-carry method in which
leaves cut from special green-manure-source plots would be used to manure
otherplotsonwhichcropswouldbegrown.Cajanuscajan,withitsdeeproots,
survives most dry seasons and has an abundance of litter and leaves to
contribute as green manure at the start of the rains. A planted fallow of shrub
legumessuchasCajanuscajan,alreadywidelyusedbytraditionalfarmers,was
sometimes found to be more efficient than natural regrowth in regenerating
fertility and increasing crop yields (Nye, 1958; Webster and Wilson,1980).

However, with increased use of chemical inputs, serious questions are
repeatedly raised as to whether a fallow period is needed and what minimum
fallow period will sustain crop production. An objection to the traditional
fallow system as illustrated in Figure 5.6 (phases one and two) is the large land
area required for maintaining stable production. On the other hand, modern
technologies from the temperate zone, introduced to increase food production
by continuous cultivation, have not been successful on the low-activity clay
soils.2 Rapid decline in productivity under continuous cultivation continues
even with supplementary fertilizer usage (Duthie, 1948; Baldwin, 1957;
Moormann and Greenland, 1980; FAO, 1985). From the results of a world•
wide survey, Young and Wright (1980) concluded that, with available
technology, it is still impossible to grow food crops on the soils of tropical
regions without either soil degradation or use of inputs at an impracticable or
uneconomic level. They further stated that, at all levels of farming with inputs,
there may still be a need to fallow, or to put the land temporarily into some
otheruse,dependingonsoilandclimaticconditions.Higginsetal.(1982)have given
some estimates of such rest periods needed for major tropical soils under
various climates with different inputs. These values, expressed as the
cultivation factor R, which is the inverse of the land-use factor L (as explained
in section 5.1) are given in Table 5.2. The rest period needed decreases with
increasing inputlevels.



Table 5.2. Rest period requirements of major tropical soils under traditional (low-input) annual cropping.

Values refer to the cultivation factor, R
Years under cultivation
Years under cultivation plus fallow

x 1000

Soil type General
description

% Area
inTropics

Ecozone -> Rainforest Savanna Semiarid

Growing -> >270 120-270 < 120
period (# of
days per year)

Oxisols Laterite; 23 15 15 20
leached

Ultisols Leached; 20 15 15 20
more clay
than Oxisols

Alfisols Red soils; 15 25 10 35
medium fertility

Vertisols Cracking clay 5 40 55 45

Entisols Alluvial; sandy 16 10 15 20

Inceptisols Brown; forest soils 14 40 55 75

Source: Young (1989).



To overcome the management problems of the upland LAC soils, which
required incorporation of amuch-needed fallow component, scientists working
attheInternationalInstituteofTropicalAgriculture(IITA)inIbadan,Nigeria in
the 1970s devised an innovative agroforestry approach: the using of woody
species to manage these LAC soils. This has led to the development of what is
nowknownasthealley-croppingsystem(seeChapter9).Inbothplantedfallow and
alley cropping, the potential for sustainability is derived from more intensive
management; i.e., the noncrop-producing component (the fallow or woody
species) is managed in such a way that a large portion of the energy
flowingthroughthatsectorisredirectedtowardscropproduction,andresource
degradation and depletion are prevented. When these practices are introduced
early on in the evolution of cropping patterns, they will maintain the resource
base at a high level, permitting it to respond more effectively to intensive
management.

5.4. Improved treefallows

An improved tree fallow is a rotational system that uses preferredtreespeciesas
the fallow species (as opposed to colonization bynatural vegetation),inrotation

with cultivated crops as in traditional shifting cultivation.Thereasonfor using
such trees is production of an economic product,

orimprovementoftherateofsoilamelioration,orboth.Examplesofthissimplekind
ofrotationaltree fallow are uncommon. Bishop (1982)

describedanagrosilvopastoralsystem from Ecuador, in which two years of food
crops arefollowed byeightyears of a "fallow" consisting of Inga edulis

interplanted with bananasandaforage legume. The forage legume is grazed by
pigs, and the litterfrom Ingaisassumed to improve soil fertility. In Peru,

biomass productionfrom Ingaisreported to be greater than that of a
herbaceous fallow, as well asequallingorexceeding the natural forest (Szott et

al., 1991). Short, sub-annualtreefallowsare also possible. Tree fallow amid rice
was a traditional practiceinNorthVietnam (Tran van Nao, 1983). In

northwestern
India,Sesbaniacannabina,grownunderirrigationfor65daysbetweenwheatandric

ecrops,added7300kgdry matter ha1and 165 kg N ha-1(Bhardwaj and Dev,
1985). In areview oftheuse of leguminous woody perennials in Asian farming

systems,Nair(1988)identified several such examples. In most of those
instances,however,thesystems combine intercropping with different herbaceous
cropsinrotation,ratherthansimplyalternatingtreeswithoneparticularcropeverys

eason/year.
These combination cultures involving different species and components can

be arranged in time and space. Traditional shifting cultivation systems are
temporal, sequential arrangements where the fallow and crop phase alternate
(seeTable3.2).Theterm"improvedtree"impliestheuseofimprovedtreeand shrub
species during the fallow phase. However, as discussed earlier, it should also
involve various types of improved plant management techniques and
improvedplantarrangements.Dependingonthelocalconditions,thedegreeof



intensification can progress from a simple two-component mixture of a
concomitant type, as in taungya, to space-and-time interpolated multispecies
associations as in homegardens. Therefore, the term improved tree-fallow
system can in practice imply improved alternatives to the fallow phase of
shiftingcultivation.Alleycropping(Chapter9)isthus,inasense,animproved
(permanent) fallowsystem.

Mostreviewsonalternativesorimprovementstoshiftingcultivationcontain
recommendations on tree species considered suitable to alternate and/or
intercrop with agricultural species. An ideal fallow species would be one that
grows fast and efficiently takes up and recycles available nutrients within the
system, thus shortening the time required to restore fertility. In addition to
these soil improving qualities, the need for economic products from the trees
also is now recognized. Thus, ability to produce some economic products
(productive role) in addition to providing benefits (service role) is also an
importantcriterion.Anindicationofthischaracteristicistheadditionoffruit- and-
nut-producing trees to lists of potential fallow species oftrees.

Reviewing the tree genera and species that are suitable for maintenance and
improvement of soil fertility, Young (1989) listed several species that had been
quotedinearlierreviewsbyotherworkers.Thatlistcontained31generaand53
species. As mentioned earlier, Nair (1988) simultaneously prepared a list of
perenniallegumescommonlyusedinAsianfarmingsystems.Althoughallthese
species are expected to have soil-improving qualities, these qualities vary
considerably and many have yet to be proven scientifically. The most clearly
established include those species that are primarily identified by farmers (e.g.,
Faidherbia(Acacia)albida)aswellasthoseselectedandimprovedbyscientists
(e.g.,Leucaenaleucocephala).Based onthecriteriaofdominanceinfarming
systems, scientific evidence, and (unsubstantiated) opinions, a suggested list of
trees and shrubs for soil improvement is presented in Table 5.3. Short notes on
these species are included in SectionIII.
Germplasm screening and performance evaluation of several of these

multipurpose trees are now a regular part of several agroforestry research
projects in many parts of the tropics as discussed in Chapter 20. However,
successful examples or case studies of large-scale adoption of improved-fallow
models, or for that matter, any viable alternatives to shifting cultivation, are
rare.
Discussions on species suitable for improved tree fallows in shifting

cultivation areas are usually limited to trees and shrubs with soil-improving
qualities. Soil improvement is undoubtedly one of the major considerations.
The nature of shifting cultivation itself, however, has been shifting. The
traditional situation of long fallows interrupted by short cropping phases has
been (or is rapidly being) replaced by shorter fallows. Present-day shifting
cultivators do not (often because they cannot afford to) shift their residences as
far apart as did previous generations because of shrinking land area per
individual family. Therefore, they tend to become more sedentary. This has
forcedthem,aswell astheresearchersconcernedabouttheirplight,tolookfor



Table 5.3. Trees and shrubs for soil improvement.

Species Priority

Acacia auriculiformis I
Acacia mangium 2
Acacia mearnsii I
Acacia Senegal 2
Acacia tort Ms 2
Acrocarpus fraxinifolius 2
Alchornea cordifolia 2
Albizia lebbeck 2
Alnus spp., inc. nepalensis, acuminata 2
Cajanus cajan
Calliandra calothyrsus 2
Cassia siamea
Casuarina spp., mainly equisetifolia 2
Cordia alliodora
Dactyladenia (syn. Acioa) barteri 2
Erythrina spp. (poeppigiana, fusca) 2
Faidherbia (syn. Acacia) albida 1
Flemingia macrophylla I
Gliricidia sepium 2
Inga spp. (edulis, jinkuil, duke, vera) 2
Lespedeza bicolor
Leucaena diversiflora 2
Leucaena leucophala I
Paraserianthes (syn. Albizia) falcataria I
Parkia spp. (africana, biglobosa, clappertonia, roxburghii) 2
Parkinsonia aculeata
Pithecellobium duke 2
Pithecellobium (syn. Samanea) saman 2
Prosopis spp., (cineraria, glandulosa, juliflora) 2
Robinia pseudoacacia 2
Sesbania spp., (bispinosa, grandiflora, rostrata, sesban) 2

1 Noted as priority for soil improvement (by NFTA: Nitrogen Fixing Tree Association)
1 = first priority; 2 = second priority; Adapted from Young (1989). See Chapter 12 for
descriptions of many of these species.

land management systems by which they can get something from the land even
during the so-called fallow phase. Intercropping under or  between  trees  in
fallow phases is one of the approaches mentioned as an alternative to shifting
cultivation (Bishop, 1982). Fruit trees merit  serious consideration in  this
context as potential "fallow" species in areas close to urban centers. Borthakur
et al. (1979) recommended several prototype farming systems that would allow
farmers to have continuing access to and dependence on land even during the
"no-cropping" (rather than the fallow) phase as alternatives to shifting
cultivation in the northeastern parts of India. But the extent to which such
alternatives are adopted by the shifting cultivator will depend more on the
social, economic, and anthropological conditions than on the biologicalmerits



of the suggested alternatives. Several studies have been conducted on
social aspects of adoption of alternatives and improvements to shifting
cultivation (e.g., FAO 1985, 1989). In spite of all this research, the shifting
cultivator, unfortunately, still continues to be poor, if not poorer than
before.

Theremaybeaschoolofthoughtthatwouldnotsubscribetothephilosophy of
replacing shifting cultivation by permanent cultivation. Nonetheless, it is
infeasible to expect shifting cultivation in its traditional form (with long fallow
phases) to continue; any realistic approach to improve it would therefore have
to be reconciled with a situation that demands a shorter fallow. In fact, these
shortened fallows are becoming too short to be of any real benefit in terms of
the expected level of soil improvement even with the most "miraculous" fallow
species. These unmanaged shorter fallows are really the root of the disastrous
consequences that are attributed to shifting cultivation (such as soil erosion,
loss of soil fertility, weed infestation, and build-up of pests and pathogens). It
seems logical to accept that managed permanent cultivation systems that
encompass some advantages of traditional shifting cultivation, would be
preferable to unchecked, fallow-depleted, traditional shifting cultivation. The
approaches to fallow improvement, that lead inevitably to permanent
cultivation,includeimprovedtaungya,homegardens,plantationcropsystems,
alley cropping, and tree incorporation on farm and grazing lands. These are
discussedinthefollowingchaptersinthissection.



Taungya

The Taungya system in the tropics is, like shifting cultivation, a forerunner to
agroforestry.Thewordisreportedtohaveoriginated,asmentionedinChapter 1, in
Myanmar (Burma) and means hill (Taung) cultivation (ya) (Blanford, 1958).
Originally it was the local term for shifting cultivation, and was subsequently
used to describe the afforestation method. In 1856, when Dietrich Brandis was
in Burma, then part of British India, shifting cultivation was widespread and
there were several court cases against the villagers for encroaching on the forest
reserves. Brandis realized the detrimental effect of shifting cultivation on the
management of timber resources and encouraged the practice of "regeneration
of teak (Tectona grandis) with the assistance of taungya," (Blanford, 1958)
based on the well known German system of Waldfeldbau, which involved the
cultivation of agricultural crops in forests. Two decades later the system
proved so efficient that teak plantations were established at a very low cost.
The villagers, who were given the right to cultivate food crops in the early
stages of plantation establishment, no longer had to defend themselves in
court cases on charges of forest destruction; they promoted afforestation on
the cleared land by sowing teak seeds. The taungya
systemwassoonintroducedintootherpartsofBritishIndia,andlateritspread
throughout Asia, Africa, and LatinAmerica.

Essentially,thetaungyasystemconsistsofgrowingannualagriculturalcrops
along with the forestry species during the early years of establishment of the
forestryplantation.Thelandbelongstotheforestrydepartmentsortheirlarge-
scalelessees, whoallowthesubsistencefarmerstoraisetheircrops.Thefarmers are
required to tend the forestry seedlings and, in return, retain a part or all of the
agricultural produce. This agreement would last for two or three years, during
which time the forestry species would grow and expand its canopy.
Usuallyduringthisperiodthesoilfertilitydeclines,somesoilislosttoerosion, and
weeds infest the area, thus making crop production nonremunerative, if
notimpossible.Figures6.1and6.2arephotographsofataungyaplantationin two
consecutive years in Thailand, and illustrate site-fertilitydecline.

Today the taungya system is known by different names, some of which are
also usedtodenoteshiftingcultivation(aslistedinTable5.1):Tumpangsariin



Figure 6.1. The first year of establishment of a teak (Tectona grandis) and eucalyptus (not in the
picture) plantation in the Forest Village Scheme (Thailand), with upland rice asthemajor
agriculturalcrop.
Source: Nair (1989).

Figure 6.2. The second year of establishment of teak and eucalyptus in the same Forest Village
Scheme as in Figure 6.1. The decline in soil productivity is already evident from the relatively low
vigor of the rice crop in comparison to that of the first-year rice crop shown inFigure 6.1.
Source: Nair (1989).



Table 6.1. Soil properties of teak and mahogany nurseries compared with those of freshly cleared and burnt sites at Sapoba, Nigeria.

Soil depth 0 - 5 cm 5 - 15 cm 15 - 30 cm

Soil properties 1 2 3 1 2 3 1 2 3

pH(H 2 0 ) 8.65 7.45 6.58 7.73 7.51 6.57 7.11 7.12 6.32
Loss on ignition (%) 6.16 4.14 4.32 4.06 3.06 3.52 3.23 2.66 3.28
Total nitrogen (%) 0.014 0.003 0.005 0.016 0.002 0.004 0.016 0.004 0.005
Available P (ppm) 52.10 34.80 28.40 49.30 18.80 18.00 40.10 12.20 14.90
Total exch. bases

(meq 100 g1)
14.23 6.65 6.01 10.00 6.11 4.01 4.28 3.81 3.18

1. Freshly cleared and burntsites
2. Teak (Tectona grandis) nursery
3. Mahogany (Swietania macrophylla) nursery

Source: Nwoboshi(1970).
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Indonesia; Kaingining in the Philippines; Ladang in Malaysia; Chena in Sri
Lanka; Kumri, Jhooming, Ponam, Taila, and Tuckle in different parts of
India; Shamba in East Africa; Parcelero in Puerto Rico; Consorciarcao in
Brazil, etc. (for details see King, 1968). Most of the forest plantations that have
beenestablishedinthetropicalworld,particularlyinAsiaandAfrica, owetheir
origin to the taungya system (von Hesmer, 1966, 1970; King,1979).

The taungya system can be considered as another step in the process of
transformation from shifting cultivation to agroforestry. While shifting
cultivation is a sequential system of growing woody species and agricultural
crops, taungya consists of the simultaneous combination of the two
components during the early stages of forest plantation establishment.
Althoughwoodproductionistheultimateobjectiveinthetaungyasystem, the
immediate motivation for practicing it, as in shifting cultivation, is food
production. From the soil management perspective, both taungya and shifting
cultivation systems are similar; agricultural crops are planted to make the best
use of the improved soil fertility built up by the previous woody plant
component (given that taungya plantations are established on cleared forest
lands and not degraded agricultural lands). In shifting cultivation the length of
the agricultural cycle can last only as long as the soil sustains reasonable crop
yields. In taungya it is primarily dependent on the physical availability of space
andlightbasedontheplantingarrangementsofthetrees.

In the classification of taungya, a distinction is sometimes made between
"integral" and "partial" systems. Partial taungya refers to "predominantly the
economic interests of its participants (as in some kinds of cash crops,
resettlement, and squatter agriculture)," whereas integral systems "stem from
a more traditional, year-round, community-wide, largely self-contained, and
ritually sanctioned way of life" (Conklin, 1957). In other words, the concept of
"integraltaungya"ismeanttoinvoketheideaofaland-usepracticethatoffers a
more complete and culturally sensitive approach to rural development. It is
not merely the temporary use of a piece of land and a poverty level wage, but
a chance to participate equitably in a diversified and sustainable agroforestry
economy.

6.1. Soilmanagement

There are numerous reports describing different taungya practices and the
growth of different plant species in the system (Aguirre, 1963; Anonymous,
1979; Cheah, 1971; George, 1961; Manning, 1941; Mansor and Bor, 1972;
Onweluzo, 1979; Jordan et ah, 1992; unpublished reports on the "shamba"
system from the Kenya Agricultural Research Institute, Nairobi). Research
dataonchangesinsoilfertilityandonothersoilmanagementaspects,however, seem
to be scarce. Alexander et al. (1980) describe a two-year study on the Oxisols
of Kerala, India (about 10°N latitude, 2500-3000 mm rain per year)
wherethegreatestdisadvantageof taungyawastheerosionhazardcausedby



soil preparation for the agricultural crops. The surface horizons became partly
eroded and sub-surface horizons were gradually exposed. The addition of crop
residuestothesoilsurfacewasfoundtobeaveryeffectivewayofminimizingsoil
lossandexposure.InanagrisilviculturalstudyinsouthernNigeriaconsistingof
interplanting of young Gmelina arborea with maize, yam, or cassava, Ojeniyi
and Agbede (1980) found that the practice usually resulted in a slight but
insignificant increase in soil N and P, a decrease in organic C, and no change in
exchangeablebasesandpHcomparedwithsolestandsofGmelina.Ojeniyietal.
(1980) reported similar results from investigations in three ecological zones of
southern Nigeria and concluded that the practice of interplanting young forest
plantationswithfoodcropswouldnothaveanyadverseeffectonsoilfertility.In
contrast, a study at Sapoba, Nigeria (Nwoboshi, 1981) showed that intensive
cultivationandcroppingpracticedinforestnurseries(secondnurserieswherethe
seedlings are retained for variable periods, sometimes up to three years, before
theyareplantedoutinthefields)depletedthefertilityofthesoilwithinayearor two
(Table 6.1). Although trees in the field are usually planted at 6 to 12 times
widerspacingsthaninnurseries,itwasarguedthattheinclusionofarablecrops in the
plantation would have effects similar to those of frequent cultivation in
nurseries with respect to the depletion of soilfertility.

It can be inferred from these reports that, in most taungya systems, erosion
hazards, rather than soil fertility, are likely to pose the greatest soil manage•
ment problems. The long-term effect of the practice on soil fertility will,
however, largely depend on the management practices adopted at the time of
the initial clearing as well as subsequent re-establishment phases. In any case,
soil fertility and the related soil management practices are, perhaps, only of
secondary importance in determining the continuation of the traditional
taungya system. In most cases, the biological problems of continuing cropping
under an expanding overstory tree canopy make it impossible to continue
cropping after the initial two or three years.

6.2. Alternatives/improvements toTaungya

Several alternatives and improvements to taungya have been attempted in
different places, most of them with the objective of providing better living and
socialconditionsforthetenants.Oneofthemostwidelyquotedexamplesisthe Forest
Village scheme in Thailand, which has generated several reports (e.g.,
Boonkird et al., 1984). The philosophy of the scheme was to encourage and
support farmers to give up shifting cultivation in favor of a more settled
agricultural system, while simultaneously obtaining their services for the
establishment of forestry plantations. Each farm family who agreed to take
partintheschemewas providedwithapieceoflandofatleast1.6hawithinthe selected
village unit for constructing a house and establishing a homegarden. The
farmers were also permitted to grow crops between the young trees in the
forest plantation unit that they helped to establish according to the plans ofthe



Figure 6.3. The houses and the homegardens surrounding them in a Forest Village in northern Thailand.
Source: Nair (1989).

Forest Industries Organization (FIO) (Figure 6.3). The FIO then would appoint
"development teams," of multidisciplinary experts for each forest village; the
teams provided agricultural, educational, and medical services to the people of
the village. The scheme has enabled the FIO to establish forest plantations at
considerably reduced costs. Table 6.2 shows the cost of establishing FIO forest
plantations with and without the forest village scheme. In the early 1980s there
was a total of about 4,000 ha of taungya forest plantations under cultivation in
the FIO scheme. Economic returns from the scheme varied depending upon
various local conditions; a summary account of income from  different regions
of Thailand is given inTable 6.3.

The concept of the forest village has been tried, with varying degrees of
success, in several other countries, e.g., Kenya, Gabon,Uganda, India, Nigeria,
and Cambodia. Although it is more expensive (to the forestry departments) than
the traditional practice of taungya, it is particularly suitable for countries with
extensive natural forest resources and large numbers of shifting cultivators and
landless farmers. Ideally, the system permits sustainable use of forest land for
food production by landless  people  who would otherwise be engaged in
forestencroachment.

Although the taungya system is often cited as a popular and mostly
successful agroforestry approach to establishing forest plantations, it has
also been criticized as labor-exploitative. It capitalizes on the poor forest farmer's
need for food and his willingness (often out of helplessness) to offer  labor for
plantation establishment free of cost in return for the right toraise



the much-needed food crops for even a short span of time. The "improve•
ments," such as the forest village scheme of Thailand, have not been very
successful due to technical, socioeconomic, and institutional inadequacies. For
example, practically no comprehensive research has  been conducted onthe

Table 6.2. Cost (US $ per hectare) of establishing FIO forest plantation in Thailand with and without
the Forest Village scheme.1

Without Forest
Village

With Forest
Village

Teak Non-teak Teak Non-teak

First year
Labor 205.60 235.05 71.20 82.07
Administrative cost 287.28 287.28 287.28 287.28
Fixed cost (house, machinery, etc.) 74.00 74.00 74.00 74.00

Stump or seedling and
replanting charges2 19.57 32.61 17.93 29.89

Forest Village expenses — — 168.29 168.29

Total 586.45 628.94 618.70 641.53

Second year
Labor and/or reward 74.46 95.92 74.46 95.92
Stump/seedling 3.26 8.15 1.63 4.08

Total 77.72 104.07 76.09 100.00

Third year
Labor and/or reward 56.79 66.86 56.79 68.86
Stump/seedling 1.63 4.08 0.82 2.04

Total 58.42 72.94 57.61 70.90

Fourth and fifth years
Maintenance and protection per year 52.45 52.45 52.45 52.45

Total for two years 104.90 104.90 104.90 104.90

Sixth to tenth years
Maintenance and protection per year3 20.65 20.65 20.65 20.65

Total for five years 103.25 103.25 103.25 103.25

Grand total for ten years 930.74 1,014.10 960.55 1,020.58

1 Daily wage rate per laborer = B38; 1US $ = B23. (1983).
2 Cost per teak stump = US  $ 0.03; cost per non-teak seedling  =  US $ 0.04; replanting at  the

rate of 20% in "Without Forest Village" and 10% in "With ForestVillage".
3 Thinning cost is not included as the output from thinning will cover the expenses involved.
Source: Boonkird et al. (1984).



Table 6.3. Area and total value of produce of the three agricultural crops grown in the forest scheme
in Thailand in 1981.

Crop Area  of cultivation inplantation(ha) Income (US$)

Maize 1,661 163,568
Cassava 1,782 75,874
Kenaf 380 49,348

Source: Boonkird el at. (1984).

biological aspects of system improvement, resulting in a lack of technical
information with respect to various aspects of system management. Moreover,
sociopolitical factors have considerably influenced the scope and continuation
of conventional taungya. The author was involved in a survey for ICRAF during
1978-1979 of the characteristics and the extent of distribution of taungya in
different parts of the tropics, especially East Africa and South Asia. Several
unpublished documents, including details of the legally binding agreements
between the forestry departments and the farmers, were obtained. In most places
these legal agreements were noteworthy more for the violations they caused than
for compliance. In the course of time, the laws were repealed, diluted, or
ignored. In some places, conventional taungya (and shifting cultivation) gave
way to systematic settlement schemes such as the previously-discussed Forest
Village Scheme of Thailand (Boonkird et al., 1984); in others, taungya lands
were eventually converted to agricultural settlements as in Kerala, India
(Moench, 1991). Therefore, some forestry departments have become hesitant to
lease lands to taungya farmers. In some countries, political or policy decisions
have been made, due to increasing population pressures, to grant to the taungya
farmers ownership rights to the land they used to farm according to the taungya
system. The assumption is that, once the farmers obtain ownership rights to
land, they would, in most cases, discontinue taungya and plant homegardens or
other predominantly agricultural subsistence production systems. An
interesting case in point is the transformation of the shamba system of Kenya.
This system, which is a form of taungya, was adopted by Kenya's (Government)
Forestry Department in the early 1900s in order to establish plantations
throughout Kenya. Prompted by socio-political considerations, the government
absorbed the taungya farmers into the civil service as regular employees of the
Forestry Department in 1976. Once they were assured of their civil-service status
and benefits, however, they were not obliged to farm, nor would land  be
allocated to them automatically (Oduol, 1986). Naturally, conventional taungya
was no longer feasible in those circumstances. However, it is neither implied that
taungya is the best form of land-use for those farms, nor that conventional
taungya should continue forever.

In summary, the taungya system, though still popular in some places as a means
for plantation establishment, continues to be a relatively unimproved land-use
practice.



Homegardens

Home gardening has a long tradition in many tropical countries. Tropical
homegardens consist of an assemblage of plants, which may include trees,
shrubs,vines,andherbaceousplants,growinginoradjacenttoahomesteador home
compound (Figures 7.1 and 7.2). These gardens are planted and maintained by
members of the household and their products are intended primarily for
household consumption; the gardens also have considerable ornamental
value, and they provide shade to people and animals. The word
"homegarden" has been used rather loosely to describe diverse practices, from
growing vegetables behind houses to complex multistoried systems. It is used
here to refer to intimate association of multipurpose trees and shrubs with
annual and perennial crops and, invariably livestock within the compounds of
individual houses, with the whole crop-tree-animal unit being managed by
family labor (Fernandes and Nair,1986).

7.1. Types ofhomegardens

Much has been written about homegardens. Most of the publications are
qualitative descriptions of traditional land-use practices around homesteads.
Numerous terms have been used by various authors to denote these practices.
These include, mixed-garden horticulture (Terra, 1954), mixed garden or house
garden (Stoler, 1975), home-garden (Ramsay and Wiersum, 1974), Javanese
homegarden (Soemarwoto et al, 1976; Soemarwoto, 1987), compound farm
(Lagemann, 1977), kitchen garden (Brierley, 1985), household garden (Vasey,
1985), and homestead agroforestry (Nair and Sreedharan, 1986; Leuschner and
Khalique,1987).VariousformsofJavanesehomegardensdominatemostofthe
writingsonhomegardensinthetropicssothattheJavanesewordsPekarangan and
Talunkebun are often used interchangeably with the wordhomegarden.

While it is true that the Javanese homegardens provide an illustrative
example of the diversity and complexity of tropical homegardens, it is
importanttopointoutthattherearealsoseveralothertypesofhomegardensin other
geographical locations, each with its own characteristic features. Infact,
homegardens can be found in almost all tropical and subtropical ecozones
where subsistence land-use systemspredominate.

Plantation crops such as cacao, coconut, coffee, and black pepper often are
dominant components of many homegardens of the humid tropics. These
systems are also usually referred to  as plantation-crop combinations (described
in Chapter 8). Structurally there are no clear differences between these  two
types of practices; the differences, if any, are socioeconomic. The primary
emphasis of homegardens is food production for household consumption (as
discussed later in this chapter), whereas plantation-crop combinations usually
focus on commercial production of such plantation crops.Inactuality, however,
there is a continuum from the small, subsistence-level, homegardens
tofairlylargeareas(afewhectares)ofplantation-cropcombinations,withno



Figure 7.1. A homegarden in Jamaica.
Food crops such as banana, yams, and taro, and mango and various other fruit trees are common
components of these homegardens.



Figure 7.2. A homegarden in Veracruz, Mexico.
Citrus and plantain are the major components of the traditional homegardens. Photo:
L. Krishnamurthy.

distinct lines of demarcation between them. Another related agroforestry
practice, which sometimes forms a part of the homegarden, is the so-called
multistory tree garden. These are mixed-tree plantations consisting of
conventional forest species and other commercial tree species, usually tree
spices, giving the appearance of a managed forest. These tree gardens are also
discussed in Chapter8.

Homegardens exemplify many agroforestry characteristics, i.e., the intimate
mix of diversified agricultural crops and multipurpose trees fulfills most of the



basic needs of the local population while the multistoried configuration and
high species diversity of the homegardens help reduce the environmental
deterioration commonly associated with monocultural production systems.
Moreover, they have been producing sustained yields for centuries in a most
resource-efficient way. According to the classification of agroforestry systems
based on the nature and type of components (Chapter 3), most homegardens
are agrosilvopastoral systems consisting of herbaceous crops, woody
perennials, and animals. Some are agrisilvicultural systems consisting only of
the first two components.

Several descriptions of a variety of homegardens have been published (for
example: Bavappa and Jacob, 1982; Fernandes and Nair, 1986; Fernandes et
al., 1984; Lagemann, 1977; Michon, 1983; Okafor and Fernandes, 1986;
Soemarwoto et al., 1976; Wiersum, 1982; Reynor and Fownes, 1991). An
annotated bibliography on tropical homegardens, published in 1985
(Brownrigg, 1985) listed most, if not all, of the relevant information on the
subject up to that date. The international workshop on tropical homegardens
held at Bandung, Indonesia in December, 1985 (Landauer and Brazil, 1990)
generated several more reports and discussions on various aspects of
homegarden systems.

Based on the information gathered for ICRAF's global inventory of
agroforestry systems (see Chapter 3), Fernandes and Nair (1986) undertook an
evaluation of the structure and function of 10 selected homegarden systems in
differentpartsofthetropics.Thebiophysicalandsocioeconomicaspectsofthe
homegardens selected for the study are summarized in Table 7.1, and their
major components and literature references in Table 7.2. Although most
ecological regions of the tropics and subtropics were represented in the study,
a majority of the study sites were in the lowland humid tropics. Similarly,
except in the case of the Ka/Fuyo gardens of semiarid Burkina Faso, and the
homegardens in the Pacific Islands, the population density was generally high
in all selected homegarden areas. The tables also show that, in most cases, the
average size of a homegarden was much less than a hectare, indicating the
subsistence nature of the practice. All homegardens contained some sort of
food crops and many of the trees also produced fruits or other forms of food.
This shows that the most important function of the homegardens is food
production (see the section below on species composition vis-a-vis food
production). However, there are also several secondary outputs from the
homegarden. For example, in a study from Java, it was found that
homegardens provided 15-20% of the total fuelwood requirements of the local
households(K.F. Wiersum,personalcommunication;andunpublishedreport,
1977). Indeed, it is only natural that a mixed stand of a large number of
multipurposespeciesprovidesavarietyofproducts. Environmentalprotection is
also achieved through a multistoried plant configuration, but it is often an
effect of the homegarden system and seldom a motivation for adopting the
practice.



Table 7.1. Biophysical and socioeconomic aspects of selected tropical homegardens.

Region Local name
of system

Location Population
density
(km2)

Ecozone Rainfall
range
(mm)

Altitude
range
(m)

Mean
management
units (ha)

Range of
management
units (ha)

Market
orientation

Southeast Pekarangan Java, 700 Humid 0-600 0.6 0.01-3.0 Subsistence/
Asia Indonesia lowlands commercial

(50:50)
Homegardens Philippines 400 Subhumid to 1000-3000 0-1500 0.05 0.01-1.0 Subsistence

humid; mostly with subsidiary
lowlands commercial

Pacific Homegardens South Pacific 40 Humid 2000-2500 0-100 No data No data Subsistence
islands lowlands with subsidiary

commercial
South Asia Kandy Sri Lanka 500 Humid; 2000-2500 400-1000 1.0 0.4-2.2 Commercial

gardens medium with subsidiary
altitude subsistence

Africa

American
tropics

Compound
gardens

Compound
farms

Chagga
homegardens

Ka/Fuyo
gardens

Huerlos
Familiares
(Kitchen
gardens)
Kitchen
gardens

Kerala
(Southwest
India)
Southeast
Nigeria

Mt.
Kilimanjaro, N.
Tanzania
Hounde Region,
Burkina Fasso
Tabasco,
Mexico

Grenada,
West Indies

500

500

500

50

(Variable)

300

Humid
lowlands to
mid-altitudes
Humid
lowlands

Highlands

Semi-arid to
sub-humid
lowlands
Humid
lowlands

Humid
lowlands

2000-2500

2000-4000

1000-1700

700-900

1500-5000

1500-4000

0-1000

0-300

900-1900

200-500

0-500

0-300

0.5

0.5

0.68

0.50

0.50

0.15

0.1-4.0

0.2-3.0

0.2-1.2

0.1-0.8

0.1-1.0

0.01-0.5

Subsistence to
commercial

Subsistence
with subsidiary
commercial
Commercial
with subsidiary
subsistence
Subsistence

Subsistence
3
ft

Subsistence
with subsidiary
commercial 5

Source: Fernandes and Nair (1986).
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Table 7.2. Major components of selected tropical homegardens.

System name Plant components Livestock types

and importance

©

X
3i=

Common number of
woody species reported

Herbaceous species reported Major cash
crops

Usual number
of vertical
canopy strata

Total Food-producing Number
Majorfood crops 3

(Java)

Homegardens 34 28
(Philippines)

Homegardens 53 J5
(Pacific)

Kandygardens IS 15
(Sri Lanka)

Compound 25 8
gardens (Southwest

India)
Compound farms 64 62

(Southeast
Nigeria)

Chagga 51 13
homegardens

(N.Tanzania)

Ka/Fuyogardens 7 5
(Burkina Fasso)

Huertos 28 24
Familiares

(Southeast
Mexico)

Kitchengardens 24 21
(Grenada)

vegetables, coconut,
fruit trees

40 Sweet potatoes,
coconut, banana

19 Coconut,
colocasia, yams

11

12 Tuber crops, upland
rice, banana,
vegetables

73 Yam, cocoyam,
banana

58 Banana, beans,
colocasia,
xanthosoma,
yams

7 Maize and red
sorghum

4^ Maize,beans

27 Colocasia,
xanthosoma,
yams, maize,
pigeon peas

vegetables

Tomatoes,egg 4
plant, squash,
peas, mango
Coconut 4

Cloves,pepper, 3
tea, coconut
Coconut,arecanut, 4
cacao, pepper,
cashew, spices
Cola,oilpalm 4

Coffee 5
(arabica),
Cardamon

Tobacco 2

Cacao 4

Banana,cocoa, 4
and nutmeg

sheep, cows, water
buffalo-meat
and manure
Poultry,
pigsmeat

No data

Poultry

Poultry (meat, eggs),
cattle (milk)

Goats, sheep,
poultry; Tsetse
constrain!
Cattle, goats,
pigs, poultry
for meat, milk
and manure
Goats, sheep,
poultry for manure
and rituals
Pigs and poultry,
meat and manure

Poultry, pigs,
sheep and goats
for meat and
cash

S5

si.
•a
2
5'
5

Source: Fernandes and Nair (1986).

Pekarangan 152 48 39 Upland rice, maize, Fruits and 5 Poultry, fish, goats, Q2



7.2. Structure ofhomegardens

In spite of the very small average size of the management units, homegardens
are characterized by a high species diversity and usually 3-4 vertical canopy
strata (Table 7.3), which results in intimate plant associations. Schematic
presentations of canopy configurations of the Chagga homegarden and a
Javanese homegarden, redrawn from Fernandes et al. (1984) are presented in
Figures 7.3 and 7.4 respectively. Some woody and herbaceous species that are
most characteristic of the system are also indicated.

The layered canopy configurations and admixture of compatible species are
the most conspicuous characteristics of all homegardens. Contrary to the
appearance of random arrangement, the gardens are usually carefully
structured systems with every component having a specific place and function.
The Javanese pekarangan is a clean and carefully tended system surrounding
thehouse, whereplantsofdifferentheightsandarchitecturaltypes,thoughnot
planted in an orderly manner, optimally occupy the available space both
horizontally and vertically (Wiersum, 1982; Soemarwoto and Soemarwoto,
1984). Michon (1983) reported, from an analysis of the structure of the
Pekarangan in the Citarum watershed in West Java, a five-layered canopy
structure. The lowest layer of less than 1 m height contained 14% of the total
canopy volume; the second layer of 1-2 m, 9%; 2-5 m, 25%; 5-10 m, 36%;
and greater than 10 m, 16%. The homegardens in the Pacific islands present a
more clearly defined spatial arrangement of species following the orientation
and relief characteristics of the watershed. The West African compound farms
(Okafor and Fernandes, 1987) are characterized by a four-layer canopy
dominated by a large number of tall indigenous fruit trees. An architectural
analysis of the canopy reveals a relatively higher percentage of canopy
distribution in the upper strata. The Chagga homegardens (Fernandes et al.,
1984) are essentially a commercial system based on arabica coffee and banana,
so that the coffee/banana layers which constitute the second and third canopy
strata from the ground dominate, in terms of total volume, over theothers.

In general terms, all homegardens consist of a herbaceous layer near the
ground, a tree layer at upper levels, and intermediate layers in between. The
lowerlayercanusuallybepartitionedintotwo,withthelowermost(lessthan1 m
height) dominated by different vegetable and medicinal plants, and the second
layer (1-3 m height) being composed of food plants such as cassava, banana,
papaya, yam, and so on. The upper tree layer can also be divided in two,
consisting of emergent, fully grown timber and fruit trees occupying the
uppermost layer of over 25 m height, and medium-sized trees of 10-20 m
occupying the next lower layer. The intermediate layer of 3-10 m height is
dominated by various fruit trees, some of which would continue to grow taller.
This layered structure is never static; the pool of replacement species results in
a productive structure which is always dynamic while the overall structure and
function of the system aremaintained.

Very little has been reported about rooting patterns and configurations in





Figure 7.4. Schematic presentation of the structural composition of a Javanese homegarden (pekarangan).
Source: Fernandes and Nair (1986) (adapted from Michon, 1983).
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multi-species homegardens. A dynamic equilibrium can be expected with
respect to organic matter and plant nutrients on the garden floor due to the
continuous addition of leaf litter and its constant removal through
decomposition. Consequently, an accumulation of absorbing roots of all
species is to be expected at or near the soil surface. At lower depths in the soil,
the root distribution of the various species is likely to conform to a vertical
configuration roughly proportional to the canopy layers. However, this
remains an important aspect for further investigation.

7.3. Food production fromhomegardens

The magnitude and rate of production, as well as the ease and rhythm of
maintenance, of the homegarden system depend on its species composition.
Althoughthechoiceofspecies isdeterminedto alargeextentbyenvironmental
andsocioeconomicfactors,aswellasthedietaryhabitsandmarketdemandsof
thelocality, thereisaremarkablesimilaritywithrespecttospeciescomposition
among different homegardens in various places, especially with respect to the
herbaceouscomponents.Thisissobecausefoodproductionisthepredominant role
of most herbaceous species, and the presence of an overstory requires that the
species are shade-tolerant. Thus, tuber crops such as taro, cassava, yam, and
sweet potato dominate because they can be grown with relatively little care as
understory species in partial shade and yet be expected to yield reasonable
levels of carbohydrate-rich produce. Harvesting can be staggered over several
weeks depending upon householdneeds.

A conspicuous trait of the tree-crop component in homegardens is the
predominance of fruit trees1, and other food-producing trees. Apart from
providing a steady supply of various types of edible products, these fruit and
foodtreesarealsocompatible—bothbiologicallyandenvironmentally—with other
components of the system (Nair, 1984). While fruit trees such as guava,
rambutan, mango, and mangosteen, and other food-producing trees such as
MoringaoleiferaandSesbaniagrandiflora,dominatetheAsianhomegardens,
indigenous trees that produce leafy vegetables (Pterocarpus spp.), fruit for
cooking (Dacroydes edulis), and condiment (Pentaclethra macrophylla),
dominate the West African compound farms. Produce from these trees often
providesasubstantialproportionoftheenergyandnutritiverequirementofthe local
diet. For example, Terra (1954) and Stoler (1975) reported that Javanese
homegardens provided more than 40% of the whole energy requirement of the
local farming communities. Soemarwoto and Conway (1991) reported that
comparedwiththerice fields ofJava,thehomegardenhasagreaterdiversityof
production and usually produces a higher net income; in West Java, fish
production in homegarden ponds is common, with an income of 2 to 2.5 times
thatofrice fieldsinthe samearea.Similarly,Sommers (1978),inasurveyof40
households with homegardens in the Philippines, found that homegardens
supplied nearly all the households with the recommended daily requirement for
vitamin A, vitamin C, iron, and calcium. Moreover, half of the households
obtained a sizeable part of their thiamine, riboflavin, and niacin requirements
from the homegardens, and one in four households met their protein and
energy requirements from the homegarden outputs and resources. Okafor
(1981) conducted an analysis of the edible parts (fruits, seeds, and nuts) of
some trees in the compound farms in southeastern Nigeria and reported that



most of them contained substantial quantities of fat and protein. Seeds of
Irvingia gabonensis, nuts of Tetracarpidium conophorum and the fruit pulp
of Dacroydes edulis are rich in fat (44-72%), whereas nuts of T. conophorum
and Pentaclethra macrophylla contain high quantities of protein (15-47%).

Food production is thus the primary function and role of most, if not all,
of the homegardens. The Chagga homegardens, where arabica coffee is a
dominant crop, is perhaps the only exception. Even in that case, the system
evolved as a subsistence food production system and it remained so  until
coffee was introduced as a commercial component by the European settlers
around the year 1890. However, the system did not lose the ability to produce
food as farmers continue to maintain a careful balance between coffee and
food crops (banana, vegetables, and tubers), and switch over from one to the
other depending upon the market price of coffee and demand forfood.

Another aspect of food production in homegardens is the almost
continuous production that occurs throughout the year. The combination of
crops with different production cycles and rhythms results in a relatively
uninterrupted supply of food products. Depending upon the climate and other
environmental characteristics, there may be peak and slack seasons for
harvesting the various products, but generally there is something to harvest
daily from most homegardens. Most of this production is for home
consumption, but any marketable surplus can provide a safeguard against
future crop failures and security for the interval between the harvests (e.g., rice
in Java and Sri Lanka, coffee and maize in Tanzania, coconut and rice in
South Western India, and so on). Additionally, these harvesting and
maintenance operations require only a relatively small amount of labor from
the members of thefamily.

7.4. Research on homegardensystems

Almost all the homegarden systems have evolved over time under the influence
of resource constraints. These include population pressure and consequent
reduction in available land and capital. Moreover, physical limitations such as
remoteness of the area force the inhabitants to produce most of their basic
needsbythemselves,andlackofadequatemarketoutletscompelthefarmersto
produce some portions of everything they need. Scientific attention has seldom
focused on improving these traditional systems. Scientists who are notfamiliar
with them do not realize the importance and potential contribution of these
systems to the framework of agricultural development. Others, who are
under
theinfluenceofthetraditionaloutlookofmonoculturalagricultureorforestry,
consider homegardens to be very specialized systems adapted to subsistence
land-use and structurally too complex to be suitable for manipulation and
improvement. There is a small group of scientists, however, who have
conducteddetailedinvestigationsofhomegardensandwhoappreciatethevalue of
the systems and the wealth of information they offer regarding the behavior
of plants grown in intimate proximity. Some initiatives have been reported
from a few places, mainly as a result of the enthusiasm of this last category of
scientists, for example, the mixed garden trials in Sri Lanka (Bavappa and
Jacob, 1982) and improvement and distribution of indigenous tree species for
compoundfarmsinNigeria(J.C.Okafor,personalcommunication).However,



such efforts are usually ad hoc and sporadic in nature, and therefore lack
coordination andcontinuity.

Homegardens are very complex systems with a very sophisticated structure
and a large number of components. In contrast, researchers are, by and
large, specialists in a discipline or a commodity. Farmers who practice
homegarden systems are guided, in the absence of a unified set of expert
recommendations, by their own perceptions and convictions about species
selection, admixture, and management, so that each farm unit is a specialized
entity in itself. These contradictions and conditions are the main impediments
to coordinated research on homegardens. Yet these important systems
deserve more serious attention. A systems approach should provide the basis
for research on homegardens, and should include studies ofboth biological
and socioeconomic aspects. There is also an urgent need for quantitative data
and practical experimentation. A large number of research topics can quickly
be listed (see, for example, Landauer and Brazil (1990) for the
recommendations of the International Workshop on Tropical Homegarden
Systems held at Bandung, Indonesia, 1985); but, unfortunately, there have
been no serious efforts to
providetheinstitutionalandpolicysupportforstrengtheningresearchonthese
traditional systems of exceptionalmerits.

Plantation crop combinations



Tropical perennial plantation crops occupy about 8 % of the total arable area
indevelopingcountries.Someofthesecropsarenotwidelycultivatedandthey play
only a minor role in national economics; others produce high-value economic
products for the international market and are therefore very important,
economically and socially, to the countries that produce them.The focus of
this chapter is on the latter group, which includes oil palm, rubber, coconut,
cacao, coffee, tea, cashew, and black pepper. Sisal and pineapple, although
major crops, are not considered because they differ from the other crops in
terms of morphology and growthhabits.

Commercial yields of some of these crops have increased considerably
during the 1900s, whereas, for others, production has been remarkably
stagnant.Anotableexampleoftheformergroupisrubber{Heveabrasiliensis), the
average yield of which has increased over 17-fold since its domestication in the
19thcentury.Inthelattergrouparecropslikethecoconutpalm, cultivated
sinceveryearlytimes.Theeconomicvalueofitsmanyproductsarewellknown,
yetitsaverageyieldhasremainedlowforalongtime.Thiscontrastingsituation is a
function of the research effort that has gone into the development of these
crops. Crops like rubber, coffee, cacao, and oil palm have received consider•
able research attention, and the commercial yields of some of them have
increased substantially, while crops like coconut and cashew have not been
benefitted much fromresearch.

Research efforts on tropical plantation crops have been, essentially,
commodity oriented. The production strategy with respect to land-use patterns
has not changed, so that modern plantations have maintained their traditional
characteristics: monocultural production of an export crop, extensive use -
and, in some cases underutilization - of land, and a high manual labor input.
As indicated by Johnson (1980), the plantation owners, typically, have seldom
beenconcernedwithannualcropsexceptinthecaseofintercroppingduringthe early
stages of plantation establishment. Similarly, they have not been involved
inraisinglivestock,excepttosupplytheneedsoftheplantationitself.Withthe
realization of the importance and necessity for intensification of land use due
to rapidly increasing populations, planners and policy makers
intropicaldevelopingcountrieshaveturnedtheirattentiontowardsproposalstointe
grate plantation crops, annual crops, livestock production, and forestry.
Some plantation crops (e.g., coconut) are more amenable to such integration
than others (e.g., rubber) because of their growth habits as well as the
methods of their cultivation.These cases are examined in detail in the
following sections.

8.1. Integrated land-use systems with plantationcrops

Modern commercial plantations of crops like rubber, coffee, and oil palm
represent a well-managed, profitable, and environmentally stable land-use
activity in the tropics. The scope for integrative practices involving plant
associations is limited, except perhaps during the early phases of plantation
establishment, because the commercial production of these crops has been
developed with the single-commodity objective to such an extent that multi-use
resource development in large-scale plantations is considered impractical.
Diversified production strategies impede modernization and efficiency of
traditionalplantationmanagementtechnologies.Thus,itseemsthatthereisno



rationale for diversified production in such plantation areas; nor has the
technology for such possibilities been adequately developed to make such
alternatives economicallyattractive.

On the other hand, the situation is quite different under
smallholder1farming conditions where the two major production functions,
land and capital, are limiting, and the farmer's objective is not maximization
of a single commodity. In many such cases, especially in densely populated
areas,farmers usually integrate annual crop and animal production with
perennial crops, primarily to meet their food requirements. It is for these
innumerable smallholder areas that perennial-crop associations and integrated
land-use practices are becoming increasinglyimportant.

Contrary to popular belief, a substantial proportion of tropical plantation
crops is grown by smallholders as reviewed by Ruthenberg (1980), Nair
(1983), Watson (1983), and Nair (1989) (Figures 8.1 and 8.2). Most of the
cacao production in Ghana and Nigeria, for example, comes from
smallholdings. Cacao is usually grown in association with a specific crop, such
as maize, cassava, banana, cucumber, and sweet potato, especially during the
first four years after planting the cacao. The size of the holding varies widely
fromone

Figure8.1. An integrated land-use system with coconuts in Jogjakarta, Indonesia, with rice
paddyin the foreground, and various agricultural crops in thebackground.
Photo: Winrock International.



Figure 8.2. An integrated land-use system with plantation crops such as peach palm (Bactris
gasipaes), black pepper, and cacao in Bahia state,Brazil.

farmer to another. In Trinidad, cacao is mainly a forest species, grown under
shadetrees,withnofertilizerorpesticideapplication.Manysmallholderrubber
plantationsinsoutheastAsiaandNigeriaarebased onintegratingrubberwith a
variety of crops, including soya bean, maize, banana, groundnut, fruit trees,
black pepper, and coconuts. In Malaysia, poultry raising in rubber stands is
also a common and remunerative practice (Ismail, 1986). Notable examples of
smallholder systems in which coffee is integrated with other crops and/or
livestock includethebananaandcoffeesmallholdings ofEastAfrica, thecoffee and
maize holdings at Jimma in the Ethiopian highlands, the coffee and plantain
systems on steeply sloping land in Colombia, and the coffee and dairy
milkproductionsystemsinKenya.MostofthecoconutproductioninIndia,the
Philippines, Sri Lanka, and the Pacific islands comes from smallholdings in
which the coconut palm is integrated with a large number of annual and
perennial crops. In Sri Lanka and the Pacific islands, grazing under coconut is
alsocommon.Cashewgrowsinawiderangeofecologicalsituations,including
wastelands where few other species thrive. In India, Tanzania, Mozambique,
and Senegal, smallholders often grow cashew trees with other crops, planting
the trees in a random way so that they appear scattered on the land. Grazing
under cashew is also very common, particularly on smallholdings in East
African coastal areas.

There aresome characteristics, both socioeconomic and biological, that are
common to all smallholders. In these systems the resources available to the
farmer, including capital, severely limit opportunities for improvement. Farm
size is often small, and family labor is usually underutilized on a year-round
basis,butisinadequateduringperiodsofpeak requirements.Owner-operated
smallholder systems are characterized by the use of "free" family labor or low-



cost hired labor, usually with more working days per worker, as well as more
hours per working day, as compared to commercial, large-scale plantations.
Modern production technologies that are well adapted to commercial
plantations are of little value to such small farms, mainly because the farmer
lacks the resources to adoptthem.

Perennial crops do, however, encourage the farmer to take up a more
sedentary lifestyle than do annual crops, and may also contribute to increased
motivation for investment in permanent housing and agricultural
improvements (e.g., irrigation systems). Perennial crops are often considered
thebasisofafamily'swealth andsecurity.Additionally,therelativeconstancy of
yield and aseasonality of production of some of the perennial crops, for
example, coconut and rubber, have made them a reasonable insurance against
theriskoftotalcropfailure,whichiscommonforrainfed,seasonalcropsinthe
tropics.

Crop systems consisting of perennial plant associations offer improved
chances for conserving the soil and soil fertility due to the presence of a
permanentplantcoverandtheadditionoflittertothesoil(formoredetails,see
Section IV) and they lend themselves, in some cases, to reduced tillage
operations. Disincentives of perennial-crop cultivation include therelatively
long time-lag between planting and profitable production, the fact that land is
committed to a crop for several years or even decades, the high initial
investment in capital and labor costs, the processing requirements of some
crops, and the special management skills and diverse maintenance operations
that are usually needed.

8.2. Smallholder systems with coconuts: a notable example of integrated
land-use

Although research on plantation crop combinations has been carried out since
the 1970s before agroforestry came of age, few results have been published.
Most of the data that are available come from coconut-based systems in India
(Nair,1979;NelliatandBhat,1979),SriLanka(Liyanageetal.,1984;Liyanage
etal.,1989),andtheFarEastandtheSouthPacific(Plucknett,1979;Steeland
Whiteman, 1980; Smith and Whiteman,1983).

Coconutisoneofthemostwidely-growntreecropsinthetropics.Itisfound
mostly on islands, peninsulas and along coasts, covering an area of over 6
millionhectares.Morethan90%ofthecropisinAsiaandOceania;themajor
producingcountriesarethePhilippines,Indonesia,India,SriLanka,Malaysia and
the Pacific islands. Although the coconut is sometimes thought to be a large-
scaleplantationcrop, mostoftheworld'sproductionofcoconutsisfrom numerous
smallholdings (see Table8.1).

8.2.1. Intercropping undercoconuts

Intensification and a greater integration of land-use systems are logical
developments in smallholder areas where coconuts are grown because of the
demographic and socioeconomic characteristics of such areas, as well as the
growth habit of the coconut palm. Except during the period from about the
eighth to the twenty-fifth year of the palm's growth, there is sufficient light



reaching the understory to permit the growth of other compatible species. The
transmission of light to the lower profiles in palm stands of varying age groups,
and the general pattern of coverage by a coconut canopy are shown in Figure
8.3. Additionally, the rooting pattern of the palm in a managed plantation
(Figure 8.4) is such that most of the roots are found near the bole (Kushwah et
al., 1973), and thus overlapping of the root systems of the palm and the
intercrop species is minimal. These situations have been examined in detail by
Nair (1979) who suggested a plant association pattern for coconuts of different
age groups (Figure8.5).

Just as there is no uniformity in palm spacing, planting pattern or palm age
in most of the smallholder coconut areas, there is no regularity or systematic
pattern forintercropping.Inmanycasesanumberofcropsaregrowntogether
onthesamepieceoflandincomplex systems.Descriptorsforthesesystemsare
similarly diverse; for example, in India the term intercropping is used forthe



Table 8.1. Estimated total and smallholder areas of coconut and the common land-use systems involving coconut.

Country/region Total'
coconut area
('000 ha)

Smallholder area
(% of the
total area)

Size of the
smallholdings
(ha)

Common land-use systems
in coconut areas

Philippines

Indonesia

India

Sri Lanka

Papua New Guinea

Malaysia

Oceania

Africa

Central and S. America

West Indies

2100

1800

1100

445

250

246

297

208

108

79

90

>90

>90

75

33

87

not available

not available

not available

not available

0.1-20

not specified

< 2

< 8

not specified

< 40

not specified

not specified

not specified

not specified

Intercropping with food and cash
crops; cattle grazing.

Intercropping with food crops;
cattle grazing.

Intercropping with food and cash
crops.

Intercropping; cattlegrazing.

Intercropping; cattlegrazing.

Intercropping with perennial cash
crops and food crops.

Intercropping; cattle grazing.

Intercropping; cattle grazing.

Intercropping with other species.

Intercropping with food crops.

*Reliable statistics on coconut areas are difficult to obtain because the palms are widely spread all over the area and plant associations of varying intensities
are common.
Source: Nair (1983).



Figure 8.3. Ground coverage by coconut palms:
(top) Photograph of an adult, bearing coconut plantation, showing the canopy orientation and
groundcoverage.
(bottom) Schematic presentation of lighttransmission through the canopies of palms of differentage
groups planted at 7.5 * 7.5 mspacing.
Source: Nair(1979).





Figure 8.5. Schematic presentation of  the growth  phases  of coconut palmindicatingpossibilities for
cropcombinations.
A. Early phase, up to about 8 years: canopy develops gradually; much scope forintercropping.
B. Middle phase, about 8-25 years: greater ground coverage by canopy; little scope for inter•

cropping.
C. Later phase, after about 25 years: increased scope for intercropping; a mukistoryed combi•

nation of coconut + cacao + black pepper isdepicted.
Source: Nair (1979).



Table 8.2. Crops commonly grown with coconut (excluding cover crops and fodder species).

Crop Scientificname Country Important references*

1. CEREALS

Rice Oryzasaliva India CRCRI, 1976; Child, 1974
Finger millet(andother Eleusinecoracana India Child, 1974;
millets) Sri Lanka Albuquerque, 1964

Maize Zeamays Philippines Celino, 1963

2. PULSES

Green  gram(mungbean) Vignaradiala India Albuquerque, 1964; Nair,
Blackgram(Urd) Vignamungo
Pigeonpea Cajanuscajan
Cowpea Vignaunguiculata Sri Lanka

1979
Child, 1974
PHILCOA, 1974

Soyabean Glycinemax
Groundnut Arachishypogaea

Philippines

3. ROOT CROPS

Cassava Manihotesculenla

Sweet potato Ipomoeabatatas

India
Sri Lanka
Philippines
India

Nair, 1979
Child, 1974
Celino, 1963

Yams Dioscoreaspp.
Elephant footyam A morphophallus

campanutatus

Nair, 1979

Taro,cocoyam Colocasiaspp.
Xanlhosoma spp. Philippines, Fiji Gomez, 1974;

Hampton, 1972

4. SPICES AND CONDIMENTS

Ginger Zingiberofficinale
Tumeric Curcuma longa
MinorSpices e.g. Coriandrum

sativum
Trigonella
foenum-graecum

Cinnamon Cinnamomumzeylanicum
Chillies Capsicumannuum

India

Sri Lanka

Nair, 1979; Balasundaram
and Aiyadurai, 1963;
Menon and Pandalai,
1958

Child, 1974
Clove

Syzygium aromalicum Tanzania (Zanzibar)

Black pepper Pipernigrum
Seychelles
India, Philippines

Child, 1974

5. FRUITS

Pineapple Ananas  comosus
Mango Mangifera indica

India
Sri Lanka Nair, 1979

Banana Musaspp. Philippines Celino, 1963
Papaya Caricapapaya Malaysia Child, 1974
Breadfruit Artocarpusaltillis Pacific islands

Caribbean
Gomez, 1974

6. TREE CROPS

Arecanut Arecacatechu
Cacao
Coffee Theobroma cacao

Coffeacanephora

India
India, Malaysia
Philippines
Oceania

Menon and Pandalai, 1958

Child, 1974

7. OTHER CROPS

Cotton Cossypium spp.

Sesame Sesamumindicum

India, Sri Lanka Albuquerque, 1964;
Child, 1974

Abaca Musatextilis
Sugarcane Saccharumofficinarum

Philippines Seshadri and Sayeed, 1953

* Please refer to the original source for full bibliographic citations of these references.
Source: Nair (1983) (adapted from Plucknett,1979).



practice of growing annuals or other short-duration crops under perennial
species, whereas growing other perennials in the interspaces of perennial
plantations is called mixed cropping. Multistoried cropping is a term used to
refer to multi-species combinations involving both annuals and perennials
(Nelliat et al., 1974; Nair, 1977), and mixed farming refers to combined crop
and livestock production.

Becauseofthediverseconditionsunderwhichcoconutsaregrown,theycan be
interplanted with a large number of other economic species; the species
diversity is usually greater in less intensively managed holdings. In well-
maintained holdings farmers exercise some care in the selection of the other
species grown among coconuts but, invariably, food crops that produce a
reasonable yield under partial shade are a natural choice. For example, various
tuber crops such as cassava, sweet potato, and different species of yam, as well
asseveralkindsofvegetablesarecommonchoices.Therearealsootherannuals such
as ginger and turmeric, and perennials such as banana, pineapple, cacao,
clove, and cinnamon that grow well with coconuts. Where the population of
palms per unit area is lower and other conditions are favorable, crops that
require abundant sunlight, such as cereals and grain legumes, are also grown
profitably.

A list of crops commonly grown with coconut on small farms around the
world is given in Table 8.2. It can be seen that the intercrops range from staple
food crops to cash and export crops.

Thechoiceoftheintercropsandtheircroppingpatterndependonanumber of
factors such as demand or market for the product, climatic and soil
characteristics, age and management level of the palms, and growth habits of
the intercrop. The planting schedule for a number of intercrops for the high
rainfall areas on the west coast of India is shown in Figure 8.6. In Sri Lanka,
Santhirasegaram(1967) hasdividedthecoconutlandsintothreerainfallzones,
based on their suitability for intercropping, and has suggested different
cropping patterns for the "wet," "intermediate," and "dry" zones. However,
since coconuts do not grow well in areas with less than about 1000 mm of
appropriately distributed rain, the areas that the author classified as "dry" are
not truly arid or semiarid according to the general meaning of theseterms.

Numerousreportsareavailableontheyieldperformanceofvariouscoconut
intercrops under different conditions. As expected, there is considerable
variation. For example, yields of some intercrops grown under coconut on a
research station on the West coast of India are given in Table 8.3. It may be
noted that in these trials, both the coconuts and the intercrops were separately
fertilized and reasonablywell-managed.

8.2.2. Integrated mixed farming insmallholdings

In addition to intercropping systems, there are also examples of integrated,
laborintensivesystemsoflivestockproductionwithcoconutsinsmallholdings.
Experiments with these systems have been conducted at the CentralPlantation



Table 8.3. Average yield and return from some rainfed intercrops grown under coconut palms,
Kasaragod, India.

Intercrop Per hectare of coconut area Net return per unit
cost ofcultivation

Yield (t) Energy
Equivalent (GJ)+

Elephant foot yam (local variety) 13.46 44.29 1.37

Cassava (hybrid H. 165) 14.82 96.96 1.52

Sweet potato (H. 42) 8.38 42.00 0.93

Greater yam (local) 13.61 76.42 1.64

Lesser yam (local) 9.26 51.67 1.38

Chinese potato (local) 7.32 14.96 1.71

Ginger (cv. Rio-de-Janeiro) 8.61 24.04 1.92

Tumeric (cv. Armoor) 10.94 39.67 0.36

+ GJ = Giga Joule; J x 109 1 Joule
Source: Nair (1979).

0.24 Calorie



Crops Research Institute (CPCRI), in Kasaragod, India, since the early 1970s.
The typical unit consists of a farmer with a holding of approximately one
hectare of coconut land who maintains a few milk animals. The interspaces
between coconuts are planted with fodder grasses and legumes which are
manuredwiththecowdungandthebarnwastes. Amethanegassystemderived from
decomposing cow dung meets part of the farmer's domestic energy
requirements. One or two rows of food crops such as cassava, banana, yam, or
other suitable species, grown around the periphery of the plot, provide
subsidiary food for the farmer. Planting and harvesting are staggered
throughout theyear.

Trials at the CPCRI have shown that the net annual income of the farmer
from mixed farming on a one-hectare plot would be 50 % greater than that of
a sole crop stand of coconut (CPCRI, 1979; Nair, 1979). Guatemala grass
(Tripsacumlaxum),hybridNapiergrass(Pennisetumpurpureum)andGuinea
grass (Panicum maximum) yielded 50 to 60 t ha-1of green fodder annually,
whereasthefodderlegumesstylo(Stylosanthesguianensis)andcowpea(Vigna
unguiculata)yielded301ha1.Adailyfeedingrateof30to35kgofgreenfodder in a
3:1 proportion of grasses and legumes per animal met the fodder requirement of
four milk cows from one hectare of coconutland.

8.2.3. Grazing undercoconuts

Grazing cattle on the pastures grown under coconuts (as opposed to the cut-
and-carrysystem describedabove)isanothermajorland-useactivityincoconut
areas in many parts of the tropics. Cattle raising usually involves grazing on
pastures composed of natural species but, in some cases, special fodder plants
are also cultivated. In natural stands, the most important plantsfor grazing, as
would be expected, are grasses and legumes, although many other types of
plantsthatcanbegrazedarealsofound.Alistofthecommonspeciesoccurring in the
natural pastures in coconut areas is given in Table8.4.

Some of the species which are considered weeds in coconut gardens are also
grazed. Moreover, cover crops such as kudzu (Pueraria phaseoloides), centro
(Centrosemapubescens)andcalopo(Calopogoniummucunoides)canalsobe
found in naturalpastures.

The carrying capacity of unimproved natural pastures varies widely as it
depends upon a number of factors such as the type of plants, climatic
condition, age and stand density of the palms, degree of weediness, and so on.
Plucknett (1979) has surveyed the available literature on the subject and, in
mostcases,thecarryingcapacityonnaturalpasturesvariedfrom1to2hectares
perhead ofcattle.Thisformofcattleraisingonnaturalpasturesundercoconut is an
extensive land-use system with little management input. Usually many grasses,
broadleaved plants, and shrubs grow as weeds in these natural pastures, which
reduce the quality and production offorage.

Ontheotherhand,improvedpasturespeciesandgoodpasturemanagement
techniques are common in several coconut growing areas, especially inthe



Table 8.4. Common pasture and forage  species  occuring undercoconuts.

Commonname Scientificname Comments on occurence
anduse

NATURAL PASTURE GRASSES

Carpet grass
Sour paspalum

Bermuda grass
Buffalo grass
Guinea grass

Axonopus compressus
Pasapalum conjugatum

Cynodon dactylon
Stenotaphrum secondatum
Panicummaximum

Pacific islands, Jamaica
High rainfall areas in the

Pacific islands
Pacific islands
New Hebrides
Wide adaptability

LEGUMES

Sensitive plant
Desmodium

Hetero
Centro
Alyceclover

Mimosa pudica
Desmodium trifolium

Desmodium heterophyllum
Cetrosema pubescens
Alysiacarpusvaginalis

Widely distributed
Malaysia, Indonesia,

Western Samoa
South Pacific
Mostly as a cover crop
Sri Lanka

IMPROVED PASTURE GRASSES

Palisade grass
Signal  grass
Cori grass
Koronivia grass
Para grass
Congo grass
Alabhang
Rhodes grass
Pangola grass
Batiki blue grass
Molasses grass
Guinea grass
Scrobic
Napier grass

LEGUMES

Green leaf desmodium
Kaimi clover
Perennial soya bean

Leucaena
(Ipil-Ipil)

Siratro
Stylo (Brazilian lucerne)

Brachiaria brizantha
B. decumbens
B. milii/ormis
B. humidicola
B. mutica
B.  ruziziensis
Dicanthum aristatum
Chloris gayana
Digitaria decumbens
Ischaemum asistatum
Melinis minutiflora
Panicum maximum
Paspalum commersonii
Pennisetumpurpereum

Desmodium inlortum
Desmodium canum
Glycine wightii

fsyn. G. javanica)
Leucaena leucocephala

Macroptilium atropurpureum
Stylosanthesguianensis

Wideadaptability

East  Africa, India

Fiji

Mostly as fodder
Fodder species

Wetter subtropics
Pacific Islands
EastIndies

Wide adaptability (except acid
soils) for fodder

Adaptable to infertile soils;
also used as fodder

Source: Nair (1983) (adapted from Plucknett, 1979).



Pacificislands.Thespeciesthat arecommonlyusedarealsolistedinTable8.4. Management
practices include different stocking rates, use of different grazing
intensities,useoffertilizers,selectionoftheproperpasturespeciesormixtures, weed control,
and fencing. The management system varies greatly depending upon climatic factors
(particularly rainfall), soil type, and the farmer's skill.
Theeffectofgrazingandimprovedpasturemanagementtechniquesoncoconut yields has also
been studied in detail, particularly at the Coconut Research Institute in Sri Lanka. The
results have indicated that, as with the case of intercropping, the pasture will not
diminish the yield of palms if fertilizers are applied to both (Santhirasegaram, 1967,
1975; Santhirasegaram et at.,1969).

8.2.4. Factors favoring intensification of land use withcoconuts

Perhaps the most important incentive for adopting intensive land-use systems with
coconuts is the immediate economic benefit. Some data on the labor
requirement,costsofcultivation, neteconomicreturns, andincomeequivalent
ratios,2ofseveralintercroppingsystemsinsmallholdingshavebeenreportedby Nair (1979)
and Nelliat and Bhat(1979).

Notwithstanding these economic benefits, the desirability of intercropping from the
perspective of long-term productivity has frequently been raised. Published reports and
experimental evidence indicate that this productivity depends on the level of
management. If both the main crop and the intercrop are adequately manured and
managed well, intercropping is not harmful to coconut production. This has been
demonstrated in several investigations at CPCRI (CPCRI, 1979; Nair, 1979).

Ontheotherhand,iftheadditionalcropisallowedtobea"parasite"onthe main crop, the
yields of both components of the mixture will be adversely affected. In other words, a
major consideration in the productivity of such plant mixtures is the extent of plant-
to-plant interactions. Neighboring plants
willoftendrawonthesamepoolofenvironmentalresourcesatboththeabove- and below-
ground levels. In crop combinations with lower-story species, coconuts are likely to be
subjected to competition only for above-ground resources. Fortunately, there are a
number of species of economically useful plants, adapted to a range of ecological
conditions which can produce reasonable yields under conditions of restricted light
(Nair, 1980, and Table 8.2). The distribution patterns of the roots of individual species
are very important. The favorable rooting configurations in a multistoried crop
combination of coconut, cacao- and pineapple are shown in Figure8.7.

Interactionbetweenneighboringplantsneednotalwaysbenegative3. Plants may
complement each other in sharing pools, thus achieving a more complete utilization of
resources. They may also affect the microclimate in ways which favor associated
species. Such an example of biological complementarityhas



Figure 8.7. Schematic presentation of the vertical (top) and  horizontal (bottom) distributions of
root systems of different crops in a multistoried crop combination of coconut+cacao+ pineapple.
Source: Nair (1979).



been noticed in a crop combination of coconut and cacao at CPCRI. The yield
of coconuts increased when they were grown in combination with cacao,
compared to sole-stand coconut yields. There was no way to compare cacao as
a sole crop, because cacao was always grown under shade in the area. A large
number of factors may have contributed to this beneficial interaction, e.g., a
modified microclimate (Nair and Balakrishnan, 1977), and the favorable
activityofbeneficialmicroorganisms(NairandRao,1977).Theexploitationof such
beneficial interactions could substantially enhance the productivity of
coconuts and other species in a combinedsystem.

The intensification of land use in existing coconut areas is not without
problems and limitations, nor is it of universal applicability. The potential is
confined to those areas where soil and other physical conditions permit such
practices. Environmental resource limitations may impose restrictions on the
crops and cropping patterns. A lack of proper management of the crop
combination could also result in undesirable effects, and certain pest problems
can be enhanced by growing two or more crops together. These plant
interactions are discussed in some detail in Chapter 13. As regards the
availability of area for intercropping, the shade cast by the palms - a result of
their planting distances - is the most decisive factor.

8.3. Crop combinations with other plantationcrops

Considerable research has also been directed at coffee/shade tree and
cacao/shade tree combinations, largely at Centro Agronomico Tropical de
InvestigacidnyEnsen'anza(CATIE)inCostaRica.Muchofthisresearchhas
concentrated on nutrient-related issues. A long-term replicated experiment,
established in 1977 and known as "La Montana," has produced a significant
amount of data on such topics as organic matter, nutrient cycles, litter fall, and
water infiltration. The tree species used in this experiment are Erythrina
poeppigiana, which is periodically cut back, and a valuable timber species,
Cordia alliodora, which is periodically thinned (Alpizar, 1985; Alpizar et al.,
1986; Fassbender et al., 1988; Heuveldop et al., 1988; Imbach et al., 1989)
(Figures 8.8 and 8.9). In a study comparing the two species, Beer (1987, 1989,
and Beer et al., 1990) showed that E. poeppigiana, when pruned two or three
times a year, with the prunings added to the soil, can return the same amount
of nutrients to the litter layer of coffee plantations as the crop fertilized with
inorganic fertilizers at the highest rates recommended for Costa Rica (i.e., 270
kg N ha"1yr1, 60 kg P ha1yr' and 150 kg K ha-1yr'). The annual nutrient
return in this litter fall represents 90-100% of the nutrient store in the above-
ground biomass of E. poeppigiana. In the case of C. alliodora, which is not
pruned, nutrient storage in the tree stems, particularly of potassium, is,
potentially, a limiting factor to both crop and tree productivity. This suggests
that, in fertilized plantations of cacao and coffee, litter productivity of shade
trees is an important factor, possibly even more important thannitrogen



Figure 8.8. The "La Montana" experiment, CATIE, Costa Rica, showing coffee with Erythrina
poeppigiana and Cordia alliodiodora.
Photo: R.G. Muschler.

Figure 8.9. Schematic presentation of the structure of a  coffee  and shade-tree combination in
CostaRica.
Source: Lagemann and Heuveldop (1983).



fixation. Summarizing 10 years of results of these experiments at CATIE,
Fassbenderetal.(1991)reportedthattheaveragecacaobeanharvestduringthe ages
of 6-10 years reached 1036 and 1057 kg ha-1yr-1under shade of C. alliodora
and E. poeppigiana, respectively. Total stem volume growth of C. alliodora
was 9.6 m3ha"1yr1. Values of the natural leaf fall and of prunings made over
five years are given in Table 8.5. The soil productivity factors of these systems
are discussed in detail in SectionIV.

Other plantation-crop combinations that have been described include crop
associations involving a variety of crops with a number of plantation crops:
• cashew and coconut on the Kenyan coast (Warui,1980);
• plantation crops in North East Brazil (Johnson and Nair, 1984), and in

Bahia, Brazil (Alvim and Nair,1986);
• babassu palm (Orbignya phalerata) in Brazil (May et al.,1985);
• crop associations with arecanut (Areca catechu) palm in India (Bavappa et

al., 1982);and
• oil palm and rubber in West Africa (Watson,1983).
Mostofthesearequalitativedescriptionsofexistingsystemsanddonotcontain
quantitative, experimentaldata.

The examples of successful coconut based systems can serve as a guide with
respect to potentials in other smallholder perennial plantation crop systems.
Intimate crop association on smallholdings can lead to more efficient use of
land and other available resources, thus resulting in better land- and income-
equivalentratios.4Thisisespeciallytrueiftheplantsaremanagedinsuchaway that
the combined attention given to all species exceeds that usually given in a
monoculture. Such intensive land-use practices need to be supported by
adequate research. Without this, attempts at innovation and extrapolation
could have disastrous consequences; therein lies the challenge toscientists.

8.4. Multistory treegardens

As mentioned in Chapter 7, the terms multistory tree gardens and mixed tree
gardens are used to refer to mixed tree plantations consisting of conventional
forest species and other commercial tree crops, especially tree spices, lending a
managed mixed forest appearance. As opposed to homegardens, which
surround individual houses, these tree gardens are usually away from houses,
and are typically found on communally-owned lands surrounding villages with
dense clusters of houses, as in Indonesia (Java and Sumatra) (Figure 8.10).
Depending upon the characteristics and conditions of the places where the
systems are practiced, various forms of tree garden systems can be found. The
most important among these include:
• Tree gardens (kebun or talun) of Java (Wiersum, 1982) and agroforestry

garden systems of Sumatra (Michon et al.,1986);

' See the discussion on land-equivalent ratio in section 24.1 (Chapter 24).



I

Table 8.5. Natural litterfall and pruning inputs in the systems of Theobroma cacao with Cordia alliodora or Erythrina poeppigiana, ft ha~lyr')

Input T. cacao
leaves

C. alliodora

leaves branches

System
total

T. cacao
leaves

E. poeppigiana

leaves branches

System
total

Natural 4.40 2.88 0.83 8.11 3.93 4.62 0.74 9.29
55

Pruning 3.29' 3.29 3.801 3.76 6.01 13.57

Species total 7.69 3.71 11.40 7.73 15.13 22.86

1 Included leaves and branches.

Source: Fassbender et al. (1991) (adapted from Beer et al, 1990).



2,28,46,49,55,66,73,75,76,77,
Pterospermumjavomcumnos84,92,94,97,87,99,104,103,100,105,115
Duriozitwthinui nos1,3,9,21,33,34,44,47,48,59,74,93,96,98,107
Alonqiumkurzii nos45,103,106
Toona sinensis . no20
Boccoureadulcis no.18
Eugeniamolaccensis . no19
Bndeliamonotca , no16
Mynsticofragrons nos22,24,52,56,67
Coffeorobusto nos6,10,11,36,38,60,82,127,128,144,152
Pandunustectortusvar.samak .   . . . (a)
Sciiostachium brachycladum . . . . . . . ... (b)
Cinnomomum burmoni. othernos.
Figure 8.10. Schematic presentation of a multilayer tree garden consisting mainly of durian, wood
species, cinnamon, and nutmeg; Sumatra, Indonesia.
Source: Michon et at. (1986).



• Compound farms (gardens) ofsoutheastern Nigeria (Okafor and Fernandes,
1987);

• Crop combinations with cacao and other plantation crops in southeast
Bahia, Brazil (Alvim and Nair,1986).
Many characteristics and functions of all these tree-gardening systems are

often similar, although their relative importance may change from one system
to another. Wiersum (1982) lists the following common characteristics of tree
gardens:
• Thetreegardensarecharacterizedbyalargevarietyofmostlymultipurpose

plants in various vegetation layers (and sometimes animals, e.g., chickens),
which provides for effective utilization of environmental factors like water,
nutrients, and sunlight. This variety ensures production of different
materials throughout theyear.

• Most of the systems are dominated by perennial rather than annual crops
resulting in a relatively high ratio of nutrients stored in the vegetation to
thosestoredinthesoil.Thisensuresaneffectivenutrientcycleandrelatively small
hazard for leaching and erosion. An effective nutrient status is further
maintainedbytheuptakeofmineralsthroughdeeplyrootedperennialsfrom
deeper soil layers and effective catchment of mineral inputs by rain and by
nitrogen fixation of leguminousspecies.

• Most tree gardens form a part ofa whole-farm system, which also comprises
annually cultivated fields. Normally, the latter are used to produce staple,
high-caloriefoodstuffs(rice,maize,cassava),whilethetreegardensareused to
produce highly nutritious supplementary products (proteins, vitamins,
minerals), medicinal plants and spices, fuelwood, forage crops, and
construction wood. Fruit trees also are an important component of the tree
gardensystems.

• Most tree gardens are used to produce a small, continuous flow of these
supplementary products for subsistence and a possible small surplus for sale
tolocalmarkets.Higherproductionandmarketinglevelsmaybeattainedin
times of sudden necessities such as unfavorable climatic conditions or social
necessities.

• Although the general cultivation practices are
ratherstandardized,treegardensvarywithclimateandsoil,aswellaswithsocioecono

micconditions.The role of these tree gardens in food productionwill depend
upontheirspeciescomposition.Ingeneral,itisnotassignificantasthatofhomegard

ens.Animportantvalueofthetreegardensistheircontributiontothegeneralcasheco
nomy of the farmers, through the sale of various

(edibleornonedible)commercial products, e.g., timber, sawlogs, poles, and
variousfruitsandspices. The tree gardens also have potential utility as

efficientbufferzonesaround protected forests. Similarly, growing cash crops
under thecanopies ofmultipurpose trees including fruit trees, as in the system

insoutheastBahia,Brazil (Alvim and Nair, 1986), can be extrapolated to many
areas,withinarange of climatic and socioeconomic limitations.

Themostsignificantcontributionoftreegardensto
foodproductionwill,however,bederivedfrom

the exploitation of the vast variety of fruit trees (see Table 12.3).



Alley cropping
A promising agroforestry technology for the humid and subhumid tropics,
which has been developed during the past decade is alley cropping. Alley
cropping entails growing food crops between hedgerows of planted shrubs and
trees, preferably leguminous species. The hedges are pruned periodically during
the crop's growth to provide biomass (which, when returned to the soil,
enhances its nutrient status and physical properties) and to prevent shading of
the growing crops.

Alley cropping is, thus, a form of the so-called hedgerow
intercropping,1and combines the regenerative properties of a bush fallow
system with food-crop production. Pioneering work on this technology was
initiated at the
InternationalInstituteofTropicalAgriculture(IITA),inNigeria,byB.T.Kang
and co-workers, in the early 1980s. The underlying scientific principle of this
technology is that, by continually retaining fast-growing, preferably
nitrogen- fixing, trees and shrubs on crop-producing fields, their soil-
improving attributes (such as recycling nutrients, suppressing weeds, and
controlling erosion on sloping land) will create soil conditions similar to
those in the fallow phase of shifting cultivation. Alley cropping is currently
being evaluated in many parts of the tropics (Figure 9.1) and even in the
temperate zones (see Chapter 25). Much has been written about this
technology; the most comprehensive among these numerous publications is
the review by Kang et al. (1990). Much of the research on alley cropping has
so far been on biophysical aspects; these are summarized in this chapter.
Research has also been initiated recently on socioeconomic aspects; these are
discussed later, in Chapter22.



Figure 9.1. Alley cropping:
(top) Leucaena leucocephala and cow pea in Ibadan, Nigeria.
(bottom) Leucaena leucocephala and maize in Machakos, Kenya.

9.1. Nutrient yield

The growing emphasis on the role of nitrogen-fixing trees in soil-fertility
improvement in agroforestry systems in general, and alleycropping in particular
(Brewbaker et al., 1982; Dommergues, 1987; Nair, 1988), has encouraged several
field trials in a number of places. As research shows, thereare great variations in
the estimates of nitrogen fixation (see Chapter 17) by different tree species, and it
is clear from this and other research results that much more information
isneeded.

The nitrogen contribution of woody perennials (that is, the amount of
nitrogen made available from the decomposition of biomass added to soil) is the
most important source of nitrogen for agricultural crops in unfertilized alley
cropping systems. Obviously, the amount of nitrogen added varies, and largely
corresponds to the biomass (and nitrogen) yield of trees, which in turn depends
on the species and on management and site-specific factors. As noted above,
nitrogen contributions may also vary according to the rate of nitrogen fixation
as well as the turnover rate of nodulatedroots.

Some data on the biomass yield of four woody species growing on  Alfisols
in Ibadan, Nigeria,  under different management systems, are provided inTable
9.1. Kass (1987) reported similar data from alley cropping studies conducted in
CATIE, Costa Rica in which Erythrina poeppigiana was grown as a hedgerow
species. Torres (1983) estimated that the annual nitrogen yield of Leucaena
leucocephala hedgerows, cut approximately every eight weeks, was 45 g per
meter of hedgerow; if the hedges were planted 5 m apart, this amounted to 90
kg N ha l yr l . Higher nitrogen contributions have been reported from other field
studies where the hedgerow species was L. leucocephalaorGliricidia sepium



(Yamoah et al., 1986a; Budelman, 1988). In a comparative study of the effect of
various pruning practicesonL.leucocephala,G.sepium,and Sesbania grandiflora,
Duguma et al., (1988) found that, for  all threespecies,

Table 9.1. Average pruning yields from woody species alley-cropped with food crops at IITA,
Nigeria.

Pruning yield
Species' (t dry matter ha-1yr-1)

Alchornea cordifolia 3.77
Dactyladenia (Acioa) barteri 2.07
Gliricidia sepium 5.18
Leucaena leucocephala 8.64

LSD (0.05) 1.52

Note: Three-year old hedgerows; 25 cm between plants in a row; rows spaced 2 m and 4 m
apart; hedgerows pruned five times a year; fertilizers applied to accompanying crops at two
different levels; 45-20-20 and 90-40-40 N, P and K kg ha-1,respectively
Source: Kang et al. (1990).

Table 9.2. Nutrient yield from five prunings of hedgerows of five woody species grown  at
IITA, Nigeria (4 x 0.5 mspacing).

Nutrient yield (kg h-1yr-1)

Species
Alchornea cordifolia

N
85

P
6

K
48

Ca
42

Mg
8

Dactyladenia (Acioa) barteri 41 4 20 14 5
Gliricidia sepium 169 11 149 66 17
Leucaena leucocephala 247 19 185 98 16

Source: Kang et at. (1989).

the highest yields were obtained from biannual prunings at 100 cm pruning
heights (245.1, 205.6, and 110.8 kg N ha-1 yr-1, respectively).

Hedgerow prunings are also an important source of other nutrients. Table
9.2 gives the nutrient yield data from studies carried out at IITA, Nigeria. In studies
conducted in Cote d'lvoire, yields of 44, 59 and 37 kg of K ha 1 were obtained over
a period of three months from G. sepium, L.leucocephala and Flemingia
macrophylla (syn. F. congesta), respectively (Budelman, 1988).

The amount of data on these aspects of alley cropping is growing; but more
research needs to be conducted regarding the extent to which the nutrients
produced by the hedgerow species will meet the nutrient requirements of the
crop(s) grown in the alleys at critical stages of their growth. Some information
is available on the decomposition pattern and nutrient release characteristics of
hedgerow species. Budelman (1988) reported that the decomposition half-lives
(see the discussion in Chapter16) of L. leucocephala, G. sepium, and F.
macrophylla were 30.7, 21.9, and 53.4 days, respectively. These half-lives were
correlated with in vitro1digestibility of organic matter, although the digestibility
of F. macrophylla was half that of the other two species. Simply stated, the
shorter the half-life, the faster is the decomposition of the mulch and
consequently, the faster the release of the nutrients to the soil. Yamoah et al.
(1986a) reported from a field study of the decomposition rates of  hedgerow



leaves during 120 days that prunings from G. sepium, F. macrophylla, and
Cassia siamea exhibited dry-matter losses of 96, 58, and 46% respectively.
Nitrogen mineralization from G. sepium supplied 71 % of the nitrogen needed
for maize production, while F. macrophylla supplied only 26 %. From a similar
study in the Peruvian Amazon basin, Palm and Sanchez (1988) reported that
leaves of G. sepium produced significantly higher levels of nitrogen
mineralization than did the leaves of 10 other local tree species. At the same site,
Palm (1988) found that the ratio of soluble phenolics to nitrogen was a better
indicator of likely nitrogen release. It was concluded from these studies that, on
the highly acidic soils of the Peruvian Amazon basin, G. sepium and Erythrina
species are suitable for nutrient enrichment use, while Inga edulis and C.
siamea, because of the slow rate of decomposition of their leaves, couldbeused for
erosion control and increasing soil organic matter (for further discussion on this
topic, see Chapter16).

9.2. Effect on soil properties and soilconservation

One of the most important premises of alley cropping is that the addition of
organic mulch, especially nutrient-rich mulch, has a favorable effect on the
physical and chemical properties of soil, and hence on crop productivity.
However, there are few reports on the long-term effects  of alley cropping on
soil properties; of those that are available, most are from IITA, the institution
with the longest record of alley croppingresearch.

Kang et al. (1989) and Kang and Wilson (1987) reported that, with the
continuous addition of L. leucocephala prunings, higher  soil organic  matter
and nutrient levels were maintained compared to no addition of prunings (see
Table 9.3). Atta-Krah et al. (1985) showed that soil under alley cropping was
higher in organic matter and nitrogen content than soil without trees.  Yamoah
et al. (1986a) compared the effect of C. siamea, G.  sepium, and F.  macrophylla
in alley cropping trials, and found that soil organic matter and nutrient status
were maintained at higher levels with C. siamea (which, surprisingly, is not a N2-
fixing species). Another set of reports from IITA by  Lal  (1989)  showed that,
over a period of six years (12 cropping seasons), the relative rates of decline in
the status of nitrogen, pH, and exchangeable bases of the soil were much less
under alley cropping than under nonalley cropped (continuous cropping without
trees) control plots (see Table 9.4). These studies also implied  a possible nutrient
cycling capability of L. leucocephala hedgerows, as there was evidence of a
slight increase in soil pH and exchangeable bases during the third and fourth years
after the establishment of thesehedgerows.

Very few studies have been carried out on the effect  of alley cropping on
other soil properties. A study by Budelman (1989) near Abidjan in Cote
d'lvoire compared the effect of three mulches - F. macrophylla, G.sepium,

Table 9.3. Some chemical properties of the soil after six years of alley cropping maize and
cowpea with Leucaena leucocephala at IITA, Nigeria.

Treatment
(kg N ha1)

Leucaena
prunings

pH-H2O Org. C
(mg kg-1)

Exchangeable
(c mole kg-1)

cations

K Ca Mg



0 removed 6.0 6.5 0.19 2.90 0.35
0 retained 6.0 10.7 0.28 3.45 0.50
80 retained 5.8 11.9 0.26 2.80 0.45

LSD (0.05) 0.2 1.4 0.05 0.55 0.11

Source: Kang et al. (1990).

Table 9.4. Changes in soil nitrogen and organic carbon contents under different management
systems at 1ITA, Nigeria.

1982 1986

Treatment 0-5 cm 5-10 cm 0-5 cm 5-10 cm

Soil nitrogen (%)
Plow-till 0.214 0.134 0.038 0.042
No-till 0.270 0.174 0.105 0.063
Leucaena - 4 m 0.397 0.188 0.103 0.090
Leucaena - 2 m 0.305 0.160 0.070 0.059
Gliricidia -4 m 0.242 0.191 0.066 0.067
Gliricidia -2 m 0.256 0.182 0.056 0.038

LSD (0.05) 0.01 0.01

Organic carbon (%)
Plow-till 1.70 1.12 0.42 0.28
No-till 2.50 1.41 1.08 0.52
Leucaena -4 m 3.01 1.59 0.90 0.91
Leucaena - 2 m 2.35 1.10 0.71 0.65
Gliricidia -4 m 2.26 1.53 0.63 0.60
Gliricidia - 2 m 2.38 1.47 0.62 0.61

LSD (0.05) 0.12 0.12

Source: Lai (1989).

and L. leucocephala - applied at a rate of 5000 kg ha-1 dry matter. As shown in
Table 9.5, all three, particularly F. macrophylla, had a favorable effect on soil
temperature and moisture conservation. The report by Lal (1989), based on
experiments at IITA, indicated lower soil bulk density and penetrometer resistance
and higher soil moisture retention and available plant water capacity under alley
cropping practices compared to nonalley cropping practices (see Table 9.6).

Although it seems clear from the numerous field projects being undertaken in
various parts of the tropics that planting contour hedgerows is an  effective soil
conservation measure, only a few reports have been produced from these studies.
Apart from the review by Young (1989), which contains convincing arguments
regarding the beneficial effect of agroforestry on soil conservation, two reports
produced in 1989 are worth mentioning.

The first report, by Ghosh et al. (1989), is based on a study carried out in a
1700 mm yr ' rainfall zone in southern India. Hedges of L. leucocephala and
Eucalyptus (species not reported) were intercropped with cassava, groundnuts,
and vegetables in a field with 5-9% slope; the L. leucocephala hedgerows are
pruned to 1 m at 60-day intervals after the first year. In the second year of study,
the estimated soil loss from the bare fallow plot was 11.94 t ha-1yr-1, whereas for
the L. leucocephala and L. leucocephala + cassava plots, the estimated loss was



5.15 t ha 1yr ' and 2.89 t ha 1yr 1 ,respectively.

Table 9.5. Average temperature and soil moisture content over a 60-day period  after adding
three different mulches at a rate of 5000 kg dry matter ha'.

Treatment/
mulch material

No. of
observations at

Average
temperature at

Average % soil
moisture over

15.00 h 5 cm (°C) 0-5 cm

Unmulched soil 40 37.1 4.8
Leucaena leucocephala 40 34.2 (-2.9) 7.1 (+ 2.3)
Gliricidia sepium 40 32.5 (-4.6) 8.7 (+ 3.9)
Flemingia macrophylla 40 30.5 (-6.6) 9.4 (+ 4.6)

LSD 1.20 1.84

Note: Values in parentheses: the difference relative to an unmulched soil
Source: Budelman(1989).

Table 9.6. Changes in some physical properties of an Alfisol under alley cropping and no-till
systems at 1ITA,Nigeria.

Infiltration
(cm h-')

rate at 120 min. Bulk density
(g cm3)

Cropping system year 1 year 3 year 5 year 1 year 3 year 4

Plow-till 24.2 23.2 21.4 1.36 1.51 1.42
No-till 18.0 12.4 5.0 1.30 1.47 1.62

Alley cropping
Leucaena 4 m 39.8 13.0 22.2 1.26 1.44 1.50
Leucaene 2 m 13.6 22.4 22.8 1.40 1.39 1.65
Gliricidia 4 m 18.8 18.8 16.8 1.30 1.35 1.57
Gliricidia 2 m 13.8 21.0 19.61 1.33 1.45 1.55

LSD (0.1) 5.8 0.03

Source: Lai (1989).

The study by Lal (1989), conducted in Nigeria, produced several significant
results: the erosion from L. leucocephala-based plots and G.  sepium-based
plots was 85 and 73 % less, respectively, than in the case of the plow-tilled
control plots; L. leucocephala contour hedgerows planted 2 m apart were as
effective as nontilled plots in controlling erosion and run-off (see Chapter 18).
Additionally, there were significantly higher concentrations of bases in water
run-off from alley cropped plots than from nonalley cropped plots, indicating
the nutrient-enhancing effect of the hedgerow perennials. This study also
showed that, during the dry season, the hedgerows acted as windbreaks and
reduced the desiccating effects of "harmattan" winds; soil moisture content at
a 0-5 cm depth was generally higher near the hedgerows than in nonalley
croppedplots.



9.3. Effect on cropyields

The criterion most widely used to assess the desirability of alley cropping is the
effect of this practice on crop yields. Indeed, most alley cropping trials produce
little data other than crop yield data, and these are usually derived from trials
conducted over a relatively short period of time.

Many trials have produced promising results. An eight-year alley cropping
trial conducted by Kang et al. (1989, 1990) in southern Nigeria on a sandy soil
showed that, using L. leucocephala prunings only, maize yield could be
maintained at a "reasonable" level of 2 t ha 1 , as against 0.66 t ha-1without
leucaena prunings and fertilizer (see Table 9.7). Supplementing the prunings
with 80 kg N ha"' increased the maize yield to over 3.01 ha-1. Unfortunately, the
effect of using fertilizer without the addition of leucaena prunings was not
tested. Yamoah et ah (1986b) reported that, to increase the yield of maize alley
cropped with C. siamea,  G.  sepium, and F.  macrophylla to an acceptable level,
it was necessary to add nitrogen. However, an earlier report by  Kang et
o/.(1981) indicated that an application of 10 t ha-1of fresh leucaena prunings had
the same effect on maize yield as the addition of 100 kg  N ha-1, although to
obtain this amount of leucaena leaf material it was necessary to supplement
production from the hedgerows with externally-grownmaterials.

Table 9.7. Grain yield of maize grown in rotation with cowpea under alley cropping at 11TA,
Nigeria (t ha-1).

Treatment ' Year

1979 1980 19812 1982 1983 1984 + 1986

0N-R 1.04 0.48 0.61 0.26 0.69 0.66
0N + R 2.15 1.91 1.21 2.10 1.91 1.99 2.10
80N + R 2.40 3.26 1.89 2.91 3.24 3.67 3.00

LSD (0.05) 0.36 0.31 0.29 0.44 0.41 0.50 0.18

Note: + Plots fallowed in 1985
1. N-rate 80 kg N ha 1 ; (-R) Leucaena prunings removed; ( + R) Leucaena prunings

retained. All plots received basal dressing of P, K, Mg andZn
2. Maize crop affected by drought

Source: Kang et al.(1990).

Kang and Duguma (1985) showed that the maize yield obtained using L.
leucocephala leaf materials produced in hedgerows planted 4 m apart was the
same as the yield obtained when 40 kg N ha-1was applied to the crop. In a study
conducted in the Philippines, O'Sullivan (1985) reported that when maize was
intercropped with L. leucocephala, yields of 2.4 t ha" (with fertilizer) and 1.2 t ha-

1(without fertilizer) were obtained; the corresponding yields for  maize  grown
without L. leucocephala were 2.1 and 0.5 t ha 1 . However,the



experimental details of this study, such as the quantity of fertilizer added and
length of experiment, are not clear.

Results from other alley cropping trials are less promising. For example, in
trials conducted on an infertile acid soil at Yurimaguas, Peru, the yields of all
crops studied in the experiment, apart from cowpea, were extremely low, and
the overall yield from alley cropped plots was equal to or less than that from the
control plots (see Table 9.8). Rice grain yields in rotations four and six were
significantly lower than those from the nonfertilized control plots; cowpea
yields in rotations two and five were highest in the nonfertilized control plots.
Szott (1987) and Fernandes (1990) concluded from these data that the main
reasons for the comparatively poor crop performance under alley cropping
treatments were root competition and shading. Fernandes (1990) noted that
reduced crop yields, due to root competition between hedgerows and cropsin the
alleys, were detected at 11 months after hedgerow establishment, and that
competition increased with age of the hedgerow as measured bysteadily declining
crop yields close to the hedgerow. Other possible explanations are that the
surface mulch physically impeded seedling emergence,  that  the decomposing
mulch caused temporary immobilization of nutrients, thus seriously reducing
the amount of nutrients available to young seedlings at a critical stage of their
growth, and that the inherent low levels of nutrients in the soil hampered the
recycling mechanism by treeroots.

Other results suggest that alley cropping may not be effective under moisture-
stressed conditions. In a four-year study carried out at the

Table 9.8. Grain yield and dry matter production from crops in different cropping systems at
Yurimaguas, Peru.

Yield (kg•ha"1) under cropping system1

Cyclecrop Cc It- Nc

Grain2

Fc Cc le Nc Fc

Drymatter

Note: For grain of dry matter, means within a row that are followed by the same letter are not
significantly different, based on Duncan's test, p = 0.05.

1. Cc = Cajanus cajan alley cropping; le = Inga edulis alley cropping; Nc = nonfertilized,
nonmulched control; Fc = fertilized, nonmulchedcontrol.

2. Maize grain yield based on 15.5% moisture content; rice and cowpea grain yields  based
on 14% moisture content. Inga plots in cycle 1 and Cajanus plots in cycle 6 were not
cropped.

Source: Szott (1987).

1.Maize 634a 390a 369a 1762b 2268b 4339a

2.Cowpea 778ab 526b 1064a 972ab 1972b 1791b 2597b 4766a

3.Rice 231a 211a 488a 393a 1138b 1160b 1723b 3718a

4.Rice 156c 205bc 386b 905a 929b 1151b 2121b 5027a

5.Cowpea 415a 367a 527a 352a 1398b 1353b 1404b 3143a

6.Rice 386b 382b 1557a 1054b 1037b 4897a



International Crop Research Institute for the Semiarid Tropics (ICRISAT) near
Hyderabad, India, growth of hedgerow species was greater than that of the
crops when there was limited moisture, resulting in reduced crop yields (Corlett
et al., 1989; ICRISAT, 1989; Rao et al., 1990). Similar observations have been
reported from semiarid areas in north-western Nigeria (Odigi et al., 1989) andin
Kenya (Nair, 1987; ICRAF, 1989; Coulson et al., 1989). A six-year study in
north-western India showed that maize, black gram, and cluster bean yields
were lower when these crops were alley cropped with L.  leucocephala
hedgerows than when grown in pure stands (Mittal and Singh,1989). The fodder
and fuelwood yields of L. leucocephala were also lower under alley cropping than
under nonalley cropped hedgerows. However, in this study it appears that,
instead of returning the L. leucocephala prunings to the soil as green manure,
they were taken away as fodder.

The IITA study by Lal (1989) (referred to above) showed that maize and
cowpea yields were generally lower under alley cropping than when grown as
sole crops (see Tables 9.9 and 9.10). A significant observation in this study was
that, in the years when rainfall was below normal, yield decline  was more
drastic under closer-spaced alleys, indicating severe competition for moisture
between the hedgerows and the crops. Recent studies at IITA by Ehui et
al.(1990) have projected maize yields in relation to cumulative soil losses under
different fallow management systems. However, when land in fallow andland

Table 9.9. Mean grain yield of maize grown under alley cropping over a six-year period at
IITA,Nigeria.

System Treatments Maize grain yield (t ha')

Perennialspec
ies

Spacing
(m)

1982 1983 1984 1985 1986 198

A Plow-till 4.1 4.9 3.6 4.3 2.7 2.3
No-till 4.0 4.1 4.0 5.0 2.4 2.7

B Leucaena 4 3.7 3.3 3.7 4.X 2.1 2.0
Leucaena 2 4.4 3.6 3.8 4.2 1.7 2.5

C Gliricidia 4 3.9 3.9 3.6 4.5 2.6 2.2
Gliricidia 2 3.X 3.2 3.3 4.8 1.6 2.X

Mean 4.0 3.8 3.7 4.6 2.2 2.4

LSD (0.05) (0.01)

(i) Systems (S) 0.27 0.22
(ii) Treatments (T) 0.34 0.28
(iii) Years (Y) 0.48 0.39
(iv) S x T 0.48 0.39
(v) T x Y 0.83 0.68

Source: Lai (1989).



Table 9.10. Mean grain yield of cowpea in a maize-cowpea rotation under alley cropping over a six-
year period at 11TA, Nigeria.

System Treatments Cowpea grain yield (kg ha-1)

Perennial
species

Spacing
(m)

1982 1983 1984 1985 1986 1987

A Plow-till 720 442 447 435 992 369
No-till 1520 829 1193 784 1000 213

B Leucaena 4 1000 514 581 409 285 222
Leucaena 2 730 319 503 159 146 236

C Gliricidia 4 950 600 670 590 452 207
Gliricidia 2 700 533 678 405 233 233

Mean 937 540 679 464 518 319

LSD (0.05) (0.01)

(i) Systems (S) 120 99
(ii) Treatments (T) 147 121
(iii) Years (Y) 208 171
(iv) S x T 208 171
(v) Tx Y 361 297

Source: Lai (1989).

occupied by the hedgerows (in shifting cultivationand alley cropping
respectively) were considered,3and maize yields were adjusted accordingly to
account for these possible losses (due to reduced cropping area) in production,
the highest yields would be obtained if alleys were spaced 4 m apart, whereas the
lowest yields would be obtained from nine-year fallowtreatments.

In a recently concluded study at the ICRAF Research Centre in
Machakos,Kenya, Jama-Adan (1993) compared the relative performance of
Cassia siamea and Leucaena leucocephala as hedgerow species for alley
cropping. He  found that during six cropping seasons (1989-1991; two crop
seasons per year) in the semiarid conditions (average rainfall 700 mm; bimodal
distribution), maize grain yield was better when alley-cropped with cassia than
with leucaena (Figure 9.2). Indeed, maize alley-cropped with leucaena yielded
lower than under no- alley-cropping control; but, control and cassia alley-
cropping treatments had similar yields. The results show that cassia is a better
species for alley cropping than leucaena under such semiarid conditions. The
importance of choosing appropriate species for alley cropping is clear from the
study.

3 In alley-cropping experiments, as in other woody and herbaceous mixtures, crop yields are
expressed per unit of gross area, i.e., combined area of both the hedgerows and the crops. Moreover,
crop yields are measured in transects across the hedgerows, i.e., from all crop rows extending from
the row closest to the hedgerow to the farthest row (Chapter 20; Rao and Coe,1992).
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Figure 9.2. Yield of maize alley-cropped with Cassia siamea and Leucaena leucocephala in comparison
with no-alley-cropping control during six cropping seasons (1989-1991) in semiarid conditions, Kenya.
Source: Jama-Adan(1993).

9.4. Futuredirections

Many studies on alley cropping are now being undertaken in various parts of the
tropics; in the next few years there is likely to be a rapid increase in the amount
of available data. As more data become available, the interpretation of the data
will become more refined and consistent. Many experts seem to have taken
extreme positions in interpreting the results that have been obtained so far, some
going to great lengths to use the data to defend alley cropping, others to
denigrate it. However, the merits or demerits of alley cropping cannot be judged
according to any single criterion or on the basis of short-term results. Benefits
other than crop yield, such as soil fertility improvement and the yield  of
fuelwood and fodder, must be carefully weighed against drawbacks, such  as
labor requirements, loss of cropping area, or pest managementproblems.

A key issue is ecological adaptability. Many research results suggest that alley
cropping offers considerable potential in the humid and subhumid tropics. A
generalized schematic presentation of the potential benefits and advantages as
proposed by Kang and Wilson (1987) is given in Figure 9.3. However, the scenario
is different in the drier regions. The provision of nutrients through decomposing
mulch, a basic feature of alley cropping, depends on the quantity, quality, and time
of application of the mulch. If the ecological conditions do not favor the production
of sufficient quantities of nutrient-rich mulch for timely application, then there is
no perceptible advantage in using alley cropping.



Figure 9.3. Schematic representation to show the benefits of nutrient cycling and erosion control in
an alley-croppingsystem.
Source: Kang and Wilson (1987).

Let us examine, for example, the quantity that could potentially be produced
from 1 ha, an area in which it is feasible to have 20 hedgerows of L. leucocephala,
each 100 m long and 5 m apart. If the hedgerows are pruned three times per
cropping season (once just before the season and twice during the season), and
if the rainfall conditions permit two crops a year, this results in six prunings a
year. Assuming that each meter of hedgerow produces 375 g of dry matter (1.5
kg fresh matter) from each pruning, the total biomass yield will be 4500 kg of dry
matter (derived from 375 g X 2000 m x 6 cuttings). If, on average, three percent
of this dry matter consists of nitrogen, the total nitrogen yield would be 135 kg
ha-1 yr-1, about half of which can be expected to be taken up by current season
crops.

There are several factors, however, which may limit the realization of this
potential. A major factor is soil moisture. In most semiarid regions, rainfall is
unimodal and falls over a four-month period. Thus, the number of prunings
would be reduced to a maximum of three. The mulch yield and, therefore,
nitrogen contributions will also be lower, implying that the nitrogen yield  will
not be sufficient to produce any substantial nitrogen-related benefits for the
crop. A very generalized relationship between rainfall and alley cropping
potential is presented in Figure 9.4. Additionally, there are shade effects caused
by the hedgerows as well as the reduction of land available for crop production
(20 hedgerows, each casting severe shade over an area 1 m wide and 100 m long,
will cover 2000 m2 per hectare, or 25 °7oof the total area). The additional labor
that is required to maintain and prune the hedges is another limitation.
Furthermore, farmers may choose to remove the mulch for use as animalfodder,
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Figure 9.4. A generalized picture of crop (maize) yield with  and without alley cropping in relation
to rainfall during cropping season in semiaridconditions.
Source: Nair(1990).

for example, rather than adding it to the soil, as is the case in Haiti (Bannister and
Nair, 1990).

Because of such limitations, alley cropping as it is known today, wherein a
heavy emphasis is given on such species as Leucaena leucocephala, is unlikely to
be a promising technology in the semiarid tropics. More efforts are needed to
identify hedgerow species that are appropriate for alley cropping in such dry
areas. This does not imply that agroforestry in general is unsuitable for these
regions. Indeed, some of the best-known agroforestry systems are found in the
semiarid tropics - for example, the systems based on fodder and fuelwood trees
(described in Chapter10).

An important point to remember is that under conditions where alley
cropping is appropriate such as in the lowland humid tropics, the technology can
be adopted for both low and high levels of productivity. If higher levels of crop
productivity are the goal, fertilizer application will be necessary under most
conditions. In other words, alley cropping cannot be a substitute for  fertilizers
if high levels of crop production are to be realized. But efficiency in the use of
fertilizers can be substantially increased under alley cropping as compared with
no-alley-cropping situations (Kang et al., 1989, 1990). In extremely acidic sandy
soils,suchasthoseinthePeruvianAmazonbasin(Szottetal.,1991b;TropSoils, 1988),
the success of alley cropping may depend on the extent to which external inputs
such as fertilizers are used. The choice of hedgerow species that can adapt to poor
and acid-soil conditions is also an important management consideration under
suchcircumstances.

Concurrent with all these efforts in enhancing the biological advantages of



alley cropping, efforts should also be made to improve its social acceptability
and adoption potential. In addition to the common difficulties in
popularizing an improved agricultural technology developed at research
stations among the
targetfarmers,therearesomefeaturesofalleycroppingthatcounterbalanceits
advantages and hinder its widespread adoption. Theseinclude:
• additionallaborandskillsthatarerequiredforhedgerowpruningandmulch

application.
• loss of cropping area to thehedgerows.
• difficulty in mechanizing agricultural operations.
• potentialforthehedgerowspeciestobecomeaweedand/oranalternatehost for

pests and pathogens, or harbor grain-eatingbirds.
• possibilities for increased termite activity, especially under dryconditions.

Researchers and development agencies are currently addressing these
problemsandsomequestionshavealreadybeenanswered(e.g.,seeChapters21 and
22 for on-farm research and economic aspects, respectively). Extensive efforts
such as the Alley Farming Network for Africa (AFNETA) are involved
inelaboratefieldtestingofthetechnologyunderawiderangeofconditionswith
appropriate modifications. Even if, or when, the technology becomes well
adopted, it is certain to take various forms depending on the biophysical and
socioeconomic conditions that are specific to eachsite.



Other agroforestry systems and practices

Agroforestry, in one form or another, is practiced in almost all ecological
regions of the tropics (Chapter 3) and in some parts of the temperate zone
(Chapter 25). The types of agroforestry systems are complex and diverse, and
they are virtually innumerable. In addition to the common types of systems
discussed in the previous chapters, there are many other lesser-known and
location-specific agroforestry systems. They comprise a wide range of
components and practices, such as fodder trees and silvopastoral practices,
fuelwood lots, scattered multipurpose trees on farmlands, tree-planting for
reclamation and improvement of problem soils, growing food producing trees,
and the use of agroforestry technologies such as windbreaks for combating
desertification. While some of these systems or technologies have been
documented,thereareseveralothersonwhichevenqualitativedescriptionsare
lacking. Important examples of these systems and practices, which are not
covered in the previous chapters, will be considered in thischapter.

10.1 Tree fodder and silvopastoral systems

As defined in Chapter 2, silvopastoral systems are land-use systems in which
treesorshrubsarecombinedwithlivestockandpastureproductiononthesame unit
ofland.Withinthisbroadcategory,severaltypesofsystems andpractices can be
identified depending on the role of the tree/shrub (sometimes collectively
called "trub") component. These include the following: Intensivelymanaged
• Cut-and-carrysystem(orproteinbank):Thetrubspeciesaregrowninblock

configurations or along plot boundaries or other designated places; the
foliageisloppedperiodicallyandfedtoanimalsthatarekeptinstalls(Figure 10.1).

• Live-fenceposts:Thefoddertreesarelefttogrowtodevelopsufficientwood so
that they serve as fence posts around grazing units or other plots (Figure
10.2); the trees are lopped periodically for fodder and for poles and posts as
in the cut-and-carrysystem.



Figure 10.1. The cut-and-carrysystem:harvesting Leucaena  teucocephala for  fodder and fuelwood
inMalawi.
Photo: ICRAF.

Figure 10.2. Use of Gliricidia sepium as live-fence posts in Costa Rica.
Photo: G. Budowski.



Extensively managed
• Browsing: Foliage (especially tender twigs, stems, and leaves) and sometimes

fruits and pods of standing trubs areconsumed.
• Grazing: Animals graze on the plants, usually herbaceous species. Only those

grazing systems in which trees are present and play an interactive role in
animal production (for example, by providing shade to animals, promoting
grass growth, and providing tree fodder or other tree products) can be
considered as silvopastoral systems. The role of trees in browsing systems is
usually more direct than in grazingsystems.
Silvopastoral systems involving a large number of trub species and various

management intensities, ranging from extensive nomadic silvopastoralism to
very high intensity cut-and-carry fodder systems, have been described at
various sites. Some of the most systematic and commercially-oriented grazing
systems are the pastures under coniferous forest plantations, (pine + pasture).
These systems are usually found in the "developed" countries of the temperate
zone and are described in Chapter 25. The discussion here is limited to tropical
silvopastoralsystems.

Livestock forms a major component of agricultural productivity in many
developing countries.For example, livestock makes up 30-40% of the
agricultural gross domestic product (GDP) in the Sudano-Sahelian  countries
of West Africa (Niger, Chad, Sudan, Mali, Burkina Faso, and Senegal). In
Mauritania, 80% of the agricultural production is livestock-related. India,
with its herd of 182 million cattle and 61 million buffalo,  accounts for 15%
and 50% respectively of the world totals of these animals (which are used
mainly for milk and draft power). Africa's total population of 147 million
cattle is raised primarily for food products. The vast majority of them are in
the drier parts of the continent, because production in the higher-rainfall areas
is limited by the presence of tsetse fly, which spreads the debilitating disease,
trypanosomiasis (Vandenbeldt, 1990). Thus, tree fodder and browsing systems
involving fodder trees are relatively more common in the drier parts of the
tropics, whereas the grazing systems where the trees and shrubs are of less
importance than the pasture are common in the wetter parts. As a corollary,
many of the well known fodder trees are those that are adapted to the drier
parts.According to one estimate (FAO, 1985), shrubs and trees  in silvopastoral
production systems constitute the basic feed resource of more than 500 million
out of the 660 million head of livestock  in the tropics, i.e., 165 out of the 218
million tropical livestock units (TLU) (1 TLU = approx. 250 kg liveweight of
animal). A number of studies suggest that ligneous species represent an average
of 10-20% of the overall annual stock diet in these production systems in terms
of dry-matter uptake, but they are much more valuable in qualitative terms
because they are the main sources of proteins and minerals in the diet,
particularly during the dry seasons (Le Houerou, 1987).

There is extant literature on various types of silvopastoral practices (and related
aspects) in different parts of the tropics. Some of them describe the



practices: e.g., traditional forest grazing in the Amazon region (Kirby, 1976;
Bishop, 1983), silvopastoral systems in Africa (Le Houeiou, 1980; 1987; von
Maydell, 1987),plantation grazing under coconuts in Southeast Asia and the
Pacific (Reynolds, 1978; 1981; Plucknett, 1979), and under rubber trees,
especially in Malaysia (Embong, 1978; Ismail, 1984), under cashew plantations,
e.g., in Kenya (Goldson, 1981; Warui, 1981), and in forest plantations such as
Caribbean pine in Fiji (Bell, 1981) and Costa Rica (Somarriba and Lega, 1991).
Nonetheless, a vast majority of the reports describe trub species - especially
leguminous fodder trees (e.g., Gutteridge and Shelton, forthcoming) - their
management, productivity, nutritive value, and palatability. A summary
account of some of the major fodder trees and shrubs used in tropical
silvopastoral systems is given in Chapter 12. In conclusion, considerable scope
and potential exist for improving the productivity of tropical fodder trees and
shrubs and the design of appropriate silvopastoral systems.

10.2. Agroforestry for fuelwoodproduction

Much has been written about the fuelwood shortage problem.  Eckholm's
(1975) report raised the alarm and referred to it as the "other energy crisis." He
estimated that (in the early to mid 1970s), "no less than 1.5 billion people in
developing countries derive at least 90% of their energy requirements from
wood and charcoal, and another billion people meet at least 50% of their energy
needs this way; this essential resource is seriously threatened;and the developing
world is facing a critical firewood shortage as serious as the petroleum crisis."
This concern, further strengthened and supported by views and estimates of
other renowned authorities, inspired several detailed studies and comprehensive
reports, such as the much acclaimed publications on fuelwood crops (NAS,
1980; 1983). Much concern has also been raised about the potential
environmental impact of the fuelwood problem. Fuelwood gathering is often
cited as a factor that contributes to the decimation of tropical forests. Although
these assertions are rarely substantiated, there is strong evidence to suggest that
fuelwood use is certainly a contributory element to the degradation of land
resources in agricultural regions where resource pressures are great (Mercer and
Soussan,1992).

Despite the lack of agreement on the specifics of the problem, it  is
universally accepted that fuelwood shortage is a very serious problem affecting
not only individual households, but also national and international resource-
use and conservation. Several measures have been recommended to address the
problem, the most significant being the promotion of tree-planting for
fuelwood production. Indeed, several substantial tree-planting programs
initiated in the late 1970s to early 1980s, especially in the dry tropics, included
fuelwood production as one of the (if not the) major objectives (e.g., Kerkhof,
1990). Since several of these programs involved tree planting by farmers on
their own farms or communally- or publicly-owned lands, they aregenerally



known as agroforestry or  social forestry projects (forfuelwoodproduction).1A
large number of tree species have been identified as fuelwoodcrops;seeChapter
12 for the general characteristics of some of thesespecies.Agroforestry(or other

forms of tree-planting) programs have been designed using anumberof these
fuelwood species. Since the largest share of fuelwooddemandisassociated with

rural households, some observers (e.g., Gregerson etat.,1989)believe the key to
solving the fuelwood problem is encouraging farmfamiliestogrow  sufficient trees

to meet their own requirements and togenerate surpluses
for sale.

The results of tree planting projects for fuelwood production, however, have
generally not been encouraging (Floor, 1987). The basic reason for this
situation is that the small farmers' preference is always for trees that yield
multiple outputs, no matter how serious the fuelwood shortage may be. Success
has also been hampered by the fact that many woodlots were planted on
communal land without a clear understanding of who, exactly, would maintain
the seedlings, and who had rights to the eventual wood products. Additionally,
local people often may not consider fuelwood scarcity as an existing  or
impending problem, because in deficit areas, fuelwood is replaced by such
alternatives as crop stovers, dung, twigs, bark, and so on. Other scarcities (such
as lack of building materials and fodder) are often viewed as more important
than fuelwood.2Many of these issues have gained clarity from the experience of
extensive fuelwood tree projects such as the Kenya Wood Fuel Development
Program of the 1980s. Thus, although there have been some spectacular
successes in promoting tree planting by private farmers, particularly in India
(e.g., the widely acclaimed social forestry projects in the 1980s in the Gujarat
State of India), the end-products are usually high value poles or
pulpwoodrather than fuelwood (World Bank, 1986; Arnold et al., 1987; Mercer
and Soussan, 1992). As Foley and Barnard (1984) state, numerous tree-planting
programs have been based on the erroneous belief that because fuelwood
scarcities appear to be getting worse, people will automatically want to plant
fuelwood species. It now appears that people, in many cases, would have been
more enthusiastic about planting trees to meet animal fodder and other needs,
with fuelwood being a subsidiary benefit rather than the primemotive.

Care must also be taken to ensure that the species chosen are locally
desirable and saleable. For example, in city fuelwood markets in Niger, wood
from Combretum species is preferred; wood of species such asneem(Azadirachta
indica) and eucalyptus that have been extensively promoted in the Sahel for
more than 20 years is still not as popular. Similarly, fuelwood markets in India
are dominated by wood of Acacia nilotica,  Tamarindus  indica,  Prosopis and
other local species, in spite of the large-scale tree-planting efforts for fuelwood
production by state agencies using exotics such as leucaena, casuarina and
eucalyptus (Vandenbeldt,1990).3

All these lessons and experiences suggest that:
• farmers seldom share the governments' and development-agencies' concerns

about existing or impending fuelwoodcrises;
• although great potential exists for enhancing fuelwood production through

agroforestry (and social forestry) programs, in order for such initiatives to be
successful, fuelwood should be promoted as a subsidiary benefit rather than
the prime end-product;and

• smallholders and communities will consistently choose locally adapted and



accepted income-generating trees that yield multiple products in preference
to those that only providefuelwood.

10.3. Intercropping under scattered or regularly plantedtrees

Various forms of intercropping under trees are often cited as common examples
of agroforestry systems, not only in the tropics, but also in the developed
countries of the temperate zones. The temperate-zone intercropping systems are
discussed in Chapter 25. Among the several types of tropical intercropping
systems, some have received more attention than others; examples include
intercropping under coconuts (and other plantation crops — see Chapter 8),
Faidherbia (Acacia) albida (Felker, 1978; Miehe, 1986; Poschen,1986;
Vandenbeldt, 1992), and Prosopis cineraria (Mann and Saxena, 1980). There
are also several reports on extensive intercropping systems in which a variety of
locally-adapted multipurpose trees are widely scattered over farmlands; such
reports can be found in many agroforestry conference proceedings (e.g., De las
Salas, 1979; MacDonald, 1982; Huxley, 1983; Gholz, 1987; Jarvis, 1991), as well
as in other compilations (e.g., von Maydell, 1986; Steppler and Nair, 1987;
Rocheleau et al., 1988; Nair, 1989; Young, 1989; MacDicken and Vergara,
1990). While several of these earlier reports are descriptions of existing systems,
which provide information on distribution, components, and importance, a
large number of recent (since 1990) reports present more incisive analyses of
biological and/or socioeconomic aspects of the systems and practices (see
Agroforestry Systems after 1990). This trend indicates the recognition of the
importance of detailed studies on these age-oldpractices.

These traditional intercropping systems consist of growing agricultural crops
under scattered or systematically-planted trees on farmlands, the former being
far more extensive and common under smallholder farmingconditions.

The species diversity in these systems is very much related to ecological
conditions: as the rainfall in a given region increases, the species diversity and
system complexity increase. Thus, we find a proliferation of more diverse
multistoried homegardens in the humid areas and less diverse,  two-tiered
canopy configurations (trees + crop) in drier areas. Homegardens and other
relatively complex systems, such as plantation-crop combinations, have been
described in previous chapters. Therefore, the emphasis here is on less diverse,
extensiveintercroppingsystems,especiallyscatteredtreesonfarmlands.

A large part of the agricultural landscape under subsistence farming
conditions in the tropics (as in Africa), is characterized by dispersed trees. The
so-called parklands (savanna) in the Sahelian and Sudanian zones of Africa are
characterized by the deliberate retention of trees on cultivated or recently
fallowed land (Kessler, 1992). Their appearance seems to have scarcely changed
for centuries (Pullan, 1974). Kessler (1992) reported that approximately 20
different tree species are common in these parklands (Table 10.1), and are well
known for their multiple products (wood, fodder, fruits, medicine, etc.). The
presence of such scattered trees on farmlands has also been described in other
locations such as southern India (Jambulingam and Fernandes,1986), and
Venezuela (Escalante,1985).



Table 10.1. Common trees and shrubs of farmed parkland in the Sahelian and Sudanian zones of
Western Africa, their occurrence and an indication of suitability for pruning (+ = suitable).

Botanical name English/French name Zone* Pruning

Acacia nilotica 1 2
Acacia Senegal 1 2
Acacia tortilis 1 2
Adansonia digitata baobab 123 4
Afzelia africana mahogany bean 4 +
Anogeissus leiocarpus 2 3 4 +
Balanites aegyptiaca desert date 1 2 3
Bombax costatum red flowered silk cotton 2 3 4
Borassus aethiopum fan palm/ronier 3 4 I

Ceiba pentandra silk cotton 4
Faidherbia albida winterthorn 1 2 3
Hyphaene thebaica dum palm/doum 1 2 3
Khaya senegalensis mahogany 34 +
Lannea acida raisinier 23 4
Parkia biglobosa locust bean/nere 23 4 +
Prosopis africana 23 4 +
Scelocarya birrea prunier 23 4
Tamarindus indica tamarind/tamarinier 123 4 +
Vilellaria paradoxa shea butter/karite 23 4

* 1. northern Sahel  zone (annual rainfall150-350mm);
2. southern Sahel  zone (annual rainfall350-600mm);
3. northern Sudan zone (annual rainfall 600-900mm);

4. southern Sudan zone (annual rainfall 900-1200 mm);
Source: Kessler(1992).



Figure 10.3. Intercropping sorghum under Faidherbia (Acacia) albida in Mali.
Photo: E.P. Campbell.

Scientific studies on the interaction between such trees and the intercropped
agricultural crops have, to date, been few. Those that have been conducted are
limited to a few tree species, such as Faidherbia (Acacia) albida in West Africa
(Felker, 1978; Weber and Hoskins, 1983; Raison, 1988; Vandenbeldt, 1992)
(Figure 10.3) and Prosopis cineraria in the Indian desert (Mann and Saxena,
1980). In both these cases, crop yields under the trees  are generally reported to
be higher than in the open field. This has been attributed to various factors that
contribute to microsite enrichment by the trees. These results are well
documented and reported in a number of earlier publications (e.g., Nair, 1984;
Young, 1989; also see Chapter 16). In two recent studies, Kessler (1992) and
Kater et al., (1992) studied the influence of Butyrospermum paradoxum (syn.
Vitellaria paradoxa), known as karite or the shea-butter tree, and Parkia
biglobosa (nere) in Burkina Faso and Mali. In both studies,  sorghum grain
yields were reduced by 50% to 70% by both trees, due to reduced light
availability under the trees. The authors recommended pruning of tree
branches, especially of the Parkia tree (Figure  10.4),  as a management option
to reduce the magnitude of yield reduction. However, the benefits from the tree
products are frequently more valuable than losses in cereal yields,  which
explains why trees are maintained on farmlands (Kessler, 1992). Jama and
Getahun (1991) reported the results of a five-year study ofintercropping



Figure 10.4. A pruned Parkia tree intercropped with sorghum in the farmed parklands of the Sudano-
Sahelian zone of West Africa.
Photo: J.J. Kessler.

Faidherbia (Acacia) albida with maize and green gram in Kenya's Coast Province:
crop yields declined when tree densities increased.4

Another major form of intercropping of cereals under trees involves
boundary planting of trees (Figure 10.5) or systematic line-planting of trees on
crop fields at wide between-row spacing and close within-row spacing. A good
example can be found in the irrigated and rainfed wheat fields in the Indo-
GangeticplainofIndiaandPakistan.Tree-to-treespacingwithinrowsis

4 An interesting observation in this study was that F. albida did not show its widely-acclaimed
phenological behavior of shedding the leaves during the rainy season and retaining them during the
dry season, a very useful phenomenon that is common in unimodal rainfall areas of West African
Sahel. Similar behavior of the tree (of not shedding the leaves in rainy season) has also been noted
from the semiarid, but bimodal rainfall-area, of Machakos,Kenya(author'spersonalobservation).
Obviously, our knowledge about the mechanisms governing the special phenology (which is of great
advantage in agroforestry) of this tree isincomplete.



Figure 10.5. Boundary planting of Grevillea robusta in Kenya.
Photo: ICRAF.

usually more than 1.5 m, so that such plantings do not form windbreaks. Common
tree species include Acacia spp., Eucalyptus spp., Dalbergia sissoo, and Populus
spp. Intercropping with poplars is also common in China (see Chapter 25). A few
reports are available on the effect of such tree lines on the yield of adjacent crop
rows; in general, trees cause a reduction in crop yields (Akbar et al., 1990; Grewal
et al., 1992; Khybri et al., 1992; Sharma, 1992); however, as in the parklands
system of Africa, farmers seem to accept some cereal-crop losses in return for the
valuable products.

Intercropping under scattered trees is the simplest and most popular form of
agroforestry. It has been, since time immemorial, an essential type of
smallholder farming, and it will continue to be so. There is a great need and
opportunity for increasing the productivity of these widespreadpractices.

10.4. Agroforestry for reclamation of problemsoils

Physical and chemical constraints to plant growth severely limit the
productivity of vast areas of land in the world. Waterlogging, acidity, aridity,
salinity and alkalinity, and the presence of excessive amounts of clay, sand, or
gravel are some of the major constraints. In addition to these naturally
occurring conditions that constitute wastelands, flawed agricultural and other
land-management practices result in the creation of more and more wasteland
every year (Lal, 1989). According to one estimate, 4,900 million ha inthe



tropics or 65% of the total land area, is classified as "wasted" because of these
constraints (King and Chandler, 1978). Examples of such areas include the acid
savannas of South America (formed by converting tropical rainforest into
animal/crop production systems), abandoned shifting cultivation areas (with severe
erosion and weed problems) in Southeast Asia and Africa, and extensive stretches
of salt-affected soils (the saline-alkaline conditions which are further aggravated
by extensive irrigation systems) in the Indo-Gangetic plains of the Indian
subcontinent.

Agroforestry techniques involving planting multipurpose trees that are
tolerant of these adverse soil conditions have been suggested as a management
option for reclamation of such areas (King and Chandler, 1978). For example,
several genera of economically useful trees have been identified as capable of
growing in saline-alkaline conditions, including Tamarix (NAS, 1980; Tomar
and Gupta, 1985), Atriplex (Le Houerou, 1992), Casuarina (NAS, 1984; El-
Lakany and Luard, 1982), and Prosopis (Felker and Clark, 1980; Felker et al.,
1981; Ormazabal, 1991). Acid-tolerant trees and shrubs useful for agroforestry
include Gmelina arborea (Sanchez et al., 1985), Erythrina spp., and Inga
spp.(Szott et al., 1991). Management options involving these species include: 1)
planting and maintaining them either in block configurations for a few years,
as in managed fallow systems (Chapter 5), and then bringing the land into
herbaceous crop production, and 2) planting them in association with crops in
alley cropping or planting designs. Planting fast growing species of trees in
dense stands and letting them build a thick canopy to shade out highly light-
demanding weeds such as Imperata cylindrica has been suggested as an option
for areas infested by such weeds. Establishing multipurpose trees (especially
fodder and fuelwood species) for reclamation of severely eroded and degraded
grazing lands is another often-recommendedtechnology.

Practical results or encouraging reports where such techniques have been
applied are, however, scant. Some success has been accomplished by tree
planting and subsequent soil amelioration in the salt-affected soils of
northwestern India (Singh et al., 1988; Ahmed, 1991). The species utilized were
Acacia nilotica, A. tortilis, Prosopis juliflora,  Butea  monosperma, and
Eucalyptus spp. Tree growth was faster and survival better when the planted
plots received amendments of gypsum and farm-yard manure. Reports on soil
amelioration through tree planting on acid soils, such as in Yurimaguas, Peru
(Sanchez, 1987; Szott et al., 1991), other parts of Amazonia (Unruh, 1990),
Kalimantan, Indonesia (Inoue and Lahjie, 1990), and Togo (Drechsel et al.,
1991), have generally investigated fallow improvement strategies in shifting
cultivation areas. These are considered in more detail in Chapters 5 and 16.
Field projects aimed at reclaiming gully-eroded lands and ravines through tree
planting have also been initiated, but such efforts seldom find their way into the
scientific literature. An example is the commendable effort at the on-going
Sukh-Majiri project in Haryana, India under the auspices of the Indian Council
of Agricultural Research (personal observation of the author). Undoubtedly,
agroforestry techniques, especially planting multipurpose trees, offer agreat



potential for ameliorating vast areas of such wastelands in the tropics. Whether
or not these MPT woodlots constitute an agroforestry practice may come up in
some discussions. However, that is too academic a point to be discussed in a
practical context, and deciding it in one way or the other (i.e., it is/is not
agroforestry) is not critical for the success of the practice. The important point
is the opportunity and the potential for reclamation of wastelands and other
degraded areas by planting trees, and managing the trees for their multiple
products andbenefits.

10.5. Underexploited trees in indigenousagroforestry systems

A discussion on "underexploited" and "indigenous" species can be found in
Chapter 12. In this section, the discussion will be limited to systems involving such
species.

In one of the rare detailed studies on the food production potential of the
indigenous woody perennials in the agricultural and pastoral areas of Africa's
dry region, Becker (1983) identified 800 species of wild plants with human
nutrition potential in the Sahel. Concentrating on the Turkana and Samburu
regions of Kenya and the Ferlo region of Senegal, it was estimated that the
annual harvestable production of leaves and fruits amounted to about 150 kg ha-

1in the Saharo-Sahel, 300 kg ha 1in the characteristic Sahel, and 600 kg ha-1in
the Sudano-Sahel region (Becker, 1984). This corresponds to the general rule,
based on various observations in the Sahel, that in "normal" ecosystems the
annual increment of nonwoody biomass from trees, shrubs and palms in kg ha
1roughly equals the rainfall in mm. Results from East  and West Africa indicate
that about 15% of that biomass can be classified as edible. Thus, in the above-
mentioned ecological zones, 23, 45, and 90 kg, respectively, of edible material
would be available per hectare annually. Correlating these figures with an
average population density of 1 person per square kilometer, and assuming a
ratio of 4:1 for leaves and  fruits, between 450 and 1,800 kg of edible fruits from
trees and shrubs could be available per person per year (potentially between 1.25
and 5.0 kg fruit per adult daily). However, it should be noted that fruits and
other edible materials, are available throughout theyear.

The study of the baobab tree, Adansonia digitata, in the Ferlo region of
Senegal showed that, on average, there were 5.5 trees per person in a
representative region. The leaves of the tree are rich in nutrients (100 g of fresh
leaves contain 23 g dry matter, 3.8 crude protein, 700 mg calcium and 50 mg
ascorbic acid), and are used extensively as a green-leaf vegetable. Even more
valuable is the fruit pulp, which is rich in vitamins B-l and C; the flour
produced from the dried fruits contains up to 48% protein and 2% vitamin B-l
on a dry weight basis (Becker,1984).

The exploitation of these lesser-known, ignored, and underexploited trees and
shrubs, and of the indigenous knowledge concerning their production and



processing have wide implications for the nutritional standards and economic well-
being of a large number of people in developing nations. Agroforestry is an
approach that holds great promise for improving indigenous systems and designing
improved systems involving these under-utilized species.

10.6. Buffer-zoneagroforestry

The introduction of agroforestry practices into buffer zones around protected
forest areas has been suggested as a technology option which may not only
reduce pressures on forest resources but which also can improve the living
standards of the rural population living around these protected areas (van
Orsdol, 1987). The buffer-zone system, perhapsfirst conceptualized by
UNESCO (1984), consists of a series of concentric areas around a protected
core; usually, this core area has been designated as a national park, wilderness
area, or forest reserve, and its biological diversity is maintained through careful
management. Surrounding this core area is a primary buffer zone in which
research, training, education and tourism are the main activities. This primary
buffer zone is encircled by secondary or transitional buffer zones, in which
sustainable use of resources by the local community is permitted. It is in these
transitional zones that great possibilities exist for agroforestry innovations.

The buffer-zone concept is based mainly on the need to protect pristine
forest systems from the effects of human encroachment, an important objective
being to maintain the biodiversity within the ecosystem. Therefore, in most
buffer-zone systems there is a wooded zone around the core forest (Oldfield,
1986). In some of these systems, some human activity, such as selective logging,
is allowed in this wooded transition zone (Johns, 1985). Another approach is to
allow agricultural activities to be carried out up to the edge of the core area; this
creates an "edge effect" that may have a negative impact on the primary forest
(Janzen, 1983); i.e., the invasion by pioneer or exotic species into the core zone
(which threatens its biological integrity) is facilitated by farming right up to its
edge. To overcome problems arising from the conflict between the need to
preserve pristine forest systems and the need to produce food for growing
populations, Eisenburg and Harris (1987) suggested a mixed land-use pattern in
which there are increasing levels of human exploitation: a pristine core area,
surrounded by a selectively logged forest, which, in turn, is surrounded by a
mixed farming area which could incorporate agroforestry practices. However,
in reality, the maintenance of buffer zones such as the double buffer-zone
UNESCO system through an integrated management or agroforestry project
may not always be practical because of a number of reasons, especially social.
In practice, alternative designs that take local conditions into account may be
more effective (for example, buffer zones composed of both semi-wild and
agricultural areas can be used as a buffer against human encroachment on
protectedareas).

There are several possible agroforestry strategies for buffer-zone manage-
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Figure 10.6. Some models of buffer-zone agroforestry schemes.
Source: van Orsdol (1987).

ment. Some models suggested by van Orsdol (1987) are given in Figure 10.6.
Mixed plantations, or woodlots of mixed, indigenous tree species can provide
less hostile environments for forest animals. Taungya systems could be used to
gradually expand small forest tracts while minimizing the social and economic
hardships (caused by limited resource availability) to the surrounding
population. The concept of buffer-zone agroforestry is being successfully
implemented in a number of projects, including the Bururi Forest Project in
Burundi (USAID, 1987), the Uganda Village Forest Project (CARE, 1986) and
the Conservation of Oku Mountain Project in Cameroon (MacLeod, 1987; van
Orsdol, 1987). In all these projects, an important consideration is the inclusion
of useful indigenous trees in the systemdesigns.

As stated earlier, there are many other types of agroforestry systems  in  a
wide variety of conditions. Some of them are currently receiving
research/development attention (e.g., windbreaks - see Chapter 18), but there
are several others that are still underexploited. However, it is hoped that the
description given in the few chapters portray the extent of complexity, diversity,
and potential of agroforestry systems in the tropics, and provide the



background for scientific analysis of their functioning and an insight into the
scope for their improvement.

Agroforestry species: the multipurpose trees



The emergence of agroforestry as an important land-use activity has raised the
issue of "agroforestry species," i.e., which species to use as well as what
constitutes an agroforestry species. Many of the species used in traditional
agroforestry systems are well known as conventional agricultural or forestry
plants,orasplantswithothereconomicbenefits.Ifweexaminethehistoryofthe
development of agriculture and forestry as separate disciplines, we notice that
most of the species that were cultivated with considerable managerial attention
and were harvested at frequent intervals for their economic produce - either
through repeated generations of the same short-duration species, or by repeated
harvesting from the same plant - were classified as agricultural (for this
discussion,horticultureisconsideredasapartofagriculture).Thosespeciesthat were
planted and usually managed less intensively, and then harvested after a long
production cycle, often for their wood products, were grouped under forestry
(Nair, 1980). There were also a few less important and relatively underexploited
plants that did not clearly conform to agricultural or forestry classifications.
Agroforestry has brought a different perspective into discussions on plant
typologies based on suitability for land-use systems. The most important
characteristic that determines the place of a species in agroforestry is its
amenability to integrated combination cultures (i.e., intercropping), not
whether it is labelled as an agricultural, forestry, or any other type of species.
Many of the relatively underexploited and lesser-known species - both woody
and herbaceous - often times satisfy this criterion much better than many of the
well known species. Several indigenous agroforestry systems involve a multitude
ofsuchspeciesthatarenotwidelyknownorusedinconventionalagricultureand
forestry. Undoubtedly, one of the major opportunities in agroforestry lies in
making use of, or "exploiting the potential"1of these lesser-
knownandunderexploited species. Furthermore, agroforestry places a special
emphasis on making use of such lesser-known woody species, because they are
(arguably) more numerous and less exploited (and therefore they offer greater
scope for success in a variety of situations) than herbaceous species, and because
woody perennials are central to the concept of agroforestry as we have seen in
Chapter
2. Thus, the term "agroforestry species" usually refers to woody species, and they
have come to be known as "multipurpose trees" (MPTs) or "multipurpose trees and
shrubs" (MPTS). (Henceforth, we will use the abbreviation MPT [or MPTs as plural]
to denote all multipurpose trees, shrubs, and other woody perennials.) Important
woody perennial groups in agroforestry include fruit trees, fodder trees, and fuelwood
species, but the term MPTs encompasses all these, especially the fodder and fuelwood
trees.

It is incorrect, however, to assume that agroforestry species consist only of
MPTs; indeed, the herbaceous species are equally important in agroforestry.
Many of these species are conventional agricultural species, and there are several
textbooks that describe them. The study of these species is an essential part of
agricultural curricula. On the other hand, most of the MPTs used in agroforestry
are neither described in conventional forestry or agricultural textbooks, nor do
they form part of such curricula. Therefore, the MPTs are given special
emphasishere.
12.1. Multipurpose trees(MPTs)

All trees are said to be multipurpose; some, however, are more multipurpose than



others. In the agroforestry context, multipurpose trees are understood as "those
trees and shrubs which are deliberately kept and managed for more than one
preferred use, product, and/or service; the retention or cultivation of these trees is
usually economically but also sometimes ecologically motivated, in a multiple-
output land-use system." Simply stated, the term "multipurpose" as applied to
trees for agroforestry refers to their use for more than one service or production
function in an agroforestry system (Burley and Wood, 1991). As mentioned earlier,
the MPT can be said to be the most distinctive component of agroforestry, and the
success of agroforestry as a viable land-use option depends on exploiting the
potential of these multipurpose trees, many of which are relatively little known
outside their nativehabitat.

Quite a lot of information is now available about MPTs that are commonly used in
agroforestry. The notable information sources include:
• The U.S. National Academy of Sciences (NAS) publications on Firewood

Crops (NAS, 1980; 1983) and individual publications on some taxa such as
Leucaena, Acacia, Casuarina, and Calliandracalothyrsus;

• A compilation of information on the most important MPTs in dryland Africa
(von Maydell,1986);

• The ICRAF Multipurpose Tree and Shrub Database (von Carlowitz etal.,
1991), a comprehensive compendium on the subject based on extensive
fieldsurveys, and available as 12 microcomputer floppy disks; and

• A compendium on MPTs used in Asia, prepared by Winrock International
(Lantican and Taylor,1991).
Table 12.1 (pp. 187-190) is a compilation of the important characteristicsand

uses of about 50 MPTs that are commonly used in agroforestry systems around
the world. Additionally, brief descriptions of individual species are provided at
the end of this chapter. The list of species included in the table or described
individually is not exhaustive; it merely represents some MPTs that have
received research attention and are therefore more widely known than others, as
well as some lesser-known species that seem particularly promising.
Publications consulted for this compilation include Hensleigh and Holoway
(1988), ICRAF (1988), Johnson and Morales (1972), Lamprecht (1989),Little
(1983), NAS (1980;  1983), NFTA (1983; 1983-1991), Teel (1984), vonMaydell
(1986), and Webb et al. (1984). Fodder trees and fuelwood species, and sometimes
fruit trees, are terms that are widely used in agroforestry literature; they represent
important groups of MPTs.

12.1.1. Foddertrees

A large number of tropical trees and shrubsare traditionally known andusedfor
their fodder; for example: Panday (1982) reported several

suchspeciesfromNepal, and Singh (1982) from India. A state-of-the-art account
of the"trub"(acollective name for tree and shrub: see Chapter 10) species in
Africa isgivenbyLe Houerou (1980), who suggested that technologies based

onpermanentfeedsupply from fodder trubs could transform pastoral
productionsystemsintosettled agropastoral systems. An extensive review by
Ibrahim(1981)presentsone of the most comprehensive treatments of factors

affectingdry-matteryield,palatability, nutritive value, and utilization of
foddertrubs,includingrecommendations for further research and development.

Torres'(1983)reviewof the subject includes extensive information on trub
species,andtheirproductivity, and nutritive value under different conditions.



Heconcluded thatprotein supply was the main nutritive role of tropical trubs,
butthat thevaluecould be limited by low levels of intake due to

animalpreferences.Nevertheless,the tropical trubs are very valuable because of
their presence duringdryseasonswhen grasses may be lacking or in states of

extremely lownutritivevalue.Additionally, pod-producing trubs may become a
very useful sourceofenergyand protein concentrate (Felker, 1980; Le

Houerou,1987).Silvopastoralsystems involving these fodder trees are discussed
in Chapter 10 (section10.1).

In recent times, a lot of interest has been generated regarding the possibility
of exploiting the fodder value of tropical trubs for improved silvopastoral
management, special attentionbeing given to nitrogen-fixing species (Robinson,
1985; Blair et al., 1990; Gutteridge and Shelton (forthcoming)). Table 12.2 gives
the nutritive value of some of the common tree and shrub species used regularly
as feed sources in these systems. Brief descriptions of most of these and other
commonly-used tropical tree and shrub fodderspecies



Table 12.2. Chemical composition (% dry matter basis) of some tree- and shrub fodder.

SPECIES COUNTRY/ <%DM
LOCATION

CP NDF ADF CF LGN DMD SOURCE*

--

Acacia mangium Indonesia 12.0 61.9 61.0 42.2 ... Blairera/.,1989 1
Acacia nilotica Ethiopia 85.0 13.6 31.6 22.5 ... 5.3 ... Tanner etal., 1990 "1

Acacia tortilis Ethiopia 89.4 13.0 32.4 24.2 ... 4.8 — Tanner et al., 1990
Albizia lebek Thailand 22.1 44.2 — ... ... — Akkasaeng et al., 1989 Q
Albizia (Samanea) saman Thailand ... 22.8 52.7 . ... ... ... Akkasaeng et al, 1989 •8
Artocarpus heterophyllus Sri Lanka 29.3 14.2 46.9 46.9 3.4 1.4 50.8 Rajaguru, 1989
Azadirachta indica Nepal 36 15.0 — ... 13.8 ... ... Bajracharya et al, 1989 Co

Cajanus cajan Malaysia 90.0 21.7 ... — 30.2 ... ... Devendra, 1979
Cassia siamea Indonesia ... 12.4 45.6 43.5 ... 25.3 ... Blair et al, 1989
Dalbergia sissoo Nepal 40 16.6 ... 22.2 ... ... Bajracharya et al, 1989
Desmanthus variegata Philippines 53 14.6 ... 19.5 ... ... Brewbaker, 1985
Erythrina poeppigiana Central America. --- 32.0 ... ... ... 44.0 Pezo et al, 1989
Erthyrina variegata Sri Lanka 18.6 25.7 50.6 39.1 4.8 0.9 52.5 Rajaguru, 1989
Faidherbia (Acacia) albida Ethiopia 88.0 14.3 37.4 27.9 ... 4.5 ... Tanner et al, 1990
Gliricidia septum Sri Lanka 19.9 27.6 36.1 27.8 5.3 2.1 61.5 Rajaguru, 1989
Grewia paniculata Malaysia ... 13.2 ... 28.1 ... ... Devendra, 1979
Leucaena leucocephala Philippines 69 22.0 ... . 18.3 ... ... Brewbaker, 1985
Paraserianthes (Albizia) Indonesia ... 24.0 37.0 ... ... ... ... Rangkuti et al, 1989

falcataria
Prosopis cineraria India ... 13.9 ... ... 17.8 ... ... Raghavani, 1989
Robinia pseudoacacia China ... 20.7 49.0 ... 19.4 ... ... Zaichun, 1989
Sesbania grandiflora Thailand ... 26.9 45.1 ... ... ... ... Akkasaeng et al, 1989
Sesbania sesban Thailand ... 26.4 38.7 ... ... ... Akkasaeng et al, 1989
Terminalia arjuna Sri Lanka 40.7 10.0 51.1 48.9 7.0 16.7 26.3 Rajaguru, 1989
Zizyphus nummularia India ... 14.0 ... — 17.0 ... ... Raghavan, 1989

NDF = Neutral Detergent  Fiber  =   hemicellulose  +  cellulose+ lignin LGN =Lignin
ADF = Acid Detergent Fiber = cellulose + lignin
DMD = Dry Matter Digestibility (invitro)

CP = Crude Protein
CF = Crude Fiber

*Please refer to Devendra (1990) for the full bibliographic citations of these references.



are included in the MPT-summary table (12.1) and in the species descriptions at
the end of this chapter.Detailed individual descriptions on some of the
important species are available in various special publications such as those of
the U.S. National Academy of Sciences (e.g. on Leucaena, Calliandra, Acacia
mangium), Nitrogen Fixing Tree Association (NFTA)2(e.g., Macklin and Evans,
1990, on Sesbania; Withington et al., 1987, on Gliricidia sepium), and others
(e.g. Evans and Rotar, 1987, on Sesbania). Readers are advised to refer to these
various publications for detailed information on specific aspects of such species
and the systems in which they arefound.

12.1.2. Fuelwoodtrees

A large number of woody species have been identified as fuelwood crops. It could
be argued that any woody material can be a fuelwood, and therefore any woody
plant can be a fuelwood species. But the term "fuelwood (or, firewood) crops" as
used in the swelling literature refers to plants suitable for deliberate cultivation to
provide fuelwood for cooking, heating, and sometimes lighting (Nair, 1988). For
the preparation of the earlier-mentioned two-volume publication Firewood Crops
(NAS, 1980, 1983), an international expert panel was constituted in the late 1970s
by the Board on Science and Technology for International Development of the U.S.
National Academy of Sciences. The panel identified more than 1200 species as
fuelwood species, of which about 700 were given top ranking, signifying that they
were potentially more valuable than others. Eighty-seven of them were described in
detail in the two volumes (NAS,

1 NFTA (1010 Holomua Road, Paia, Hawaii 96779-6744, U.S.A.) has a large number of publications
on various leguminous multipurpose trees. The Association also publishes occasional flyers called MPT
Highlights on selected MPTs, and these are a good source of condensed information on such species.

Footnotes to Table 12.2

1. In vitro DMD will differ from in vivo DMD, especially when many different species are
compared.

2. Intake is not always well correlated with NDF, ADF, or lignin contents; hence it may be
misleading to rank fodder quality based on these figures. However, high values of NDF will
mean lower digestibility. The most important aspect of NDF is chemical composition, i.e., the
ratios of cellulose: hemi cellulose: lignin. Species with same NDF values may differin digestibility
because one species may contain less lignin or a different type of lignin which will always affect
digestibilitydifferently.

3. Most analyses are not complete and they use different methods; therefore, comparison of figures
isdifficult.

4. Animal performance is the ultimate test of fodder quality; but there are few in vivo digestibility
data in relation to animalperformance.

5; The results will depend on several factors such as the stage of maturity of sample, leaf: twig ratio,
and whether the sample was dried before analysis or was fresh. These details are nog given in
most of these reports; therefore, it is very difficult to compare the differentresults.



1980; 1983). In preparing these reports, special considerations were given to plants
that:
• have uses other than providingfuelwood;
• are easily established andrequire little care;
• adapt well to different ecological conditions, including problem environ•

ments such as nutrient-deficient or toxic soils, sloping areas, arid zones, and
tropical highlands;and

• have desirable characteristics such as nitrogen-fixing ability, rapid growth,
coppicing ability, and wood that has high calorific value and burns without
sparks or toxicsmoke.
Many of these commonly used or promoted fuelwood species are included in

Table 12.1, and in the species descriptions at the end of this chapter; the role of
agroforestry in fuelwood production is reviewed briefly in Chapter 10 (section
10.2). Again, readers are advised to refer to the publications listed earlier for
detailed information on individual fuelwood species.

12.1.3. Fruittrees

The indigenous farming systems of many developing countries often include
several fruit- and nut-producing trees. These are common components in most
homegardens and other mixed agroforestry systems; they are also integrated
with arable crops either in intercropping mixtures or along boundaries of
agricultural fields. These fruit trees are well adapted to local conditions and are
extremely important to the diet, and sometimes even the economy, of the people
of the region, but they are seldom known outside their common places of
cultivation. For example, an inventory of the commonly cultivated plants in
mixed agroforestry systems in Tome' Acu, near Belem, Brazil listed 32 fruit-
producing species, a majority of which were indigenous trees virtually unknown
outside the region (EMBRAPA, 1982; Subler and Uhl, 1990). Examining the
biological and socioeconomic attributes of fruit trees and their role in
agroforestry systems, Nair (1984) concluded that fruit trees are one of the most
promising groups of agroforestry species. A summary account of the
occurrence of the common fruit trees in tropical agroforestry systems and their
condensed crop profiles are given in Table 12.3 (pp. 191-198). This table gives
only some general information on some species: there are many more fruit tree
species that are either already present in existing agroforestry systems, or could
potentially be used in agroforestry combinations. Detailed descriptions of
several of the better-known fruit trees are available (e.g., Morton, 1987); once
again, readers are advised to refer to these specialized publicationsfor details.

12.1.4. Other underexploited woody perennials

The history of agroforestry development, albeit short, is dominated by the
emphasis and focus on a few (about 50)  species of trees and shrubs (as shown
in Table 12.1 and the species descriptions at the end of this chapter). Someof



these have received considerably more attention than others. Considering that
worldwide agricultural efforts are concentrated on about 25 plant species, the
emphasis of agroforestry on twice that number of multipurpose tree and shrub
species may not appear to be extraordinary. Nonetheless, in many developing
countries,ruralpopulationsderiveasignificantpartoftheirfoodandotherbasic
requirements from various indigenous trees and shrubs that are seldom "cult•
ivated." In addition to food, these species provide a variety of products such as
fiber,medicinalproducts,oils,andgums,whichplayacriticalroleinmeetingthe basic
needs of local populations. Some examples of such indigenous multi• purpose
trees used as food sources in parts of Africa are given in Table 12.4 on
p. 199(Nair, 1990). Many of these species occur naturallyin forest environments
that are currently under pressure as the demand for agricultural landincreases.

Furthermore, these species are often complementary to agricultural cropsand
animal products. They may serve as emergency supplies in times of droughtand

they are usually consumed at production points with only a fraction of theproducts
entering the local markets. Therefore, the variety and value of productsthat are

derived from such trees are seldom appreciated, and, consequently, noefforts have
been made for their domestication, improvement, or exploitation.Various

publications from FAO and other sources list information about thevarious
indigenous food- and fruit-bearing trees and shrubs in different parts ofthe tropics

(e.g., FAO/SIDA, 1982; FAO,1983a; 1983b; 1984; 1986a; 1986b).
As discussed in Chapter 7, tropical homegardens and multistory tree gardens
contain a large number of such locally adapted woody perennials. For example,
Fernandes and Nair's (1986) analysis of homegarden systems in 10 selected
countries identified about 250 woody perennials of common occurrence in these
homegardens. Similarly, Michon et al. (1986) and Okafor and Fernandes (1987)
reported the presence of many such species in Indonesia and Nigeria
respectively. Some of these are relatively better known fruit trees described in
Table 12.3. A vast majority of these species, however, are quite restricted in
their distribution and are virtually unknown outside their usual range. There
are also a large number of emergency food plants that are not usually eaten, but
are consumed as food in times when natural calamities cause failure of common
food crops. FAO (1983a) has identified 700 such species that are used as
emergency food sources, a vast majority of them being woody  perennials.
Many of these underexploited woody perennials are components of existing
indigenous agroforestrysystems.

The U.S. National Academy of Sciences publication (NAS,1975) and
Vietmeyer (1986) list several other underexploited species with promising value,
and some of these are multipurpose woody perennials that can be incorporated
into agroforestry systems. ICRAF's computerized MPT databasecontains close
to 1,100 species entries based on literature searches and actual field reports (von
Carlowitz et ah, 1991). Even species like the Brazil nut tree {Bertholletia
excelsa), guarana (Paullinia cupana), passion fruit (Passiflora edulis), cupuacu
(Theobroma grandiflorum), and durian (Durio zibethinus), which are very
common in specific parts of the tropics, are not fully exploited despitetheir



tremendous potential. In the dry regions there are also a number of multi• purpose
woody species, the most notable being the various Prosopis spp., that can be
incorporated into agroforestry (especially silvopastoral) systems. Undoubtedly, one
of the most promising opportunities in agroforestry lies in making the best use of
this vast range of underexploited species.

An important group of multipurpose woody species with tremendous
potential in agroforestry is palms. Several prominent agroforestry systems have
been developed in different parts of the world based on some species of palms,
namely the coconut palm (Cocos nucifera) in India (Nair, 1979), Sri Lanka
(Liyanage et al., 1984), other parts of Southeast Asia (Nair, 1983), the Pacific
(Vergara and Nair, 1985), and Northeast Brazil (Johnson and Nair, 1984); the
arecanut palm (Areca catechu) in India and Southeast Asia (Bavappa et al.,
1982); the babassu palm (Orbignya martiana) in Brazil (May et al., 1985;
Anderson et al., 1991); the carnauba wax palm (Copenicia prunifera) in
Northeast Brazil (Johnson and Nair, 1984); and the pejibaye palm, Bactris (syn.
Guilielma) gasipaes, in Central and South America (Clement, 1986; 1989).
Johnson (1984) classified and assessed the multipurpose nature of palms with
respect to their suitability for incorporation into tropicalagroforestry
development projects, and identified a total of 52 such species.

12.1.5. Improvement of MPTs: the ideotypeconcept

It has generally been accepted that the mainscientific foundation of agroforestry
is the multipurpose tree. It is therefore only natural that MPT improvement is
one of the major scientific efforts in agroforestry. Collection, screening, and
evaluation of MPT germplasm are by far the most common aspect of such
efforts (Nair, 1992) and several MPT improvement programs of various scales
and dimensions are under way in different places around the world (see
Chapter20).

Most of these efforts are directed towards identifying the species, varieties,
provenances or cultivars of MPTs that are most promising and appropriate for
a given set of conditions and objectives. One of the difficulties encountered in
these efforts arises from the very reason for choosing an MPT: they have
multiple uses and roles; the focus on, or management for, one product or
service may affect or even contradict the output of other products and services.
For example, leaf production will be an important attribute of an MPT
developed or selected for its green-manure value; the same species, if improved
or developed for fuelwood production should produce a higher proportion of
its biomass as shoots. Therefore, for each species, the screening and selection
criteria will have to be specific depending on the objectives and locations.

Thus, in reality nothing approximates an "ideal" MPT for agroforestry for
all locations. The key to the fulfillment of the role of the MPT in  an
agroforestry system can perhaps be clarified through the ideotype concept.
First developed by CM . Donald in a now classic paper (Donald, 1968), the term
literally means "a form denoting an idea." In its broadest sense, an ideotypeis



a biological model which is expected to perform in a predictable manner within a
defined environment. Thus, an ideotype specifies the ideal attributes of a plant
for a particular purpose. The formulation of the ideotype is a practical step,
becauseitprovidesaclear,workablegoaltowhichplantbreederscanaspire.

The ideotype concept was originally developed for agricultural crops, using
the conventional "selection for yield" approach (Donald, 1968). The concept has
been adopted in the crop breeding programs for many agronomic crops (Adams,
1982), but it has not become a major operational part of most tree breeding
programs (Dickmann,1985).

While the selection of an ideotype may be a feasible approach in monocultural
forestry (Dickmann, 1985), it  is  likely to be much more complex in agroforestry.
As Wood (1990) has pointed out, in agroforestry, the environmental conditions
have to be extended to include suchmanagement

Table 12.5. Example of an ideotype specification for Acacia tortilis for agroforestry use in
semiarid zones.

Design Needs
• Productsandservicesrequired(giveninorderofimportance):fodder,fuelwood,food,

windbreaks, poles and posts,shade
• Generalselectioncriterion:vigor
• Ancillary information required: nitrogen-fixing or not, chemical composition (fodder value)

of leaves andpods

Ideotype Description
• Stem: as straight as can be found in a population; multistem phenotypes acceptable but long

bolesimportant
• Crown: fairly rounded, medium diameter (crown-bole ratio, 25:1 or less) with many branches

and positioned high up the stem; foliage medium todense
• Roots: geotrophic angled rather than horizontally extending lateralroots
• Pods: large pods (on average 6010cm long and >8mm wide)in large quantities
• Thorns: as few and as small as can befound
• Response to management: prolific regrowth after pollarding and individual branch pruning;

reliable coppicingresponse
• Deciduousness: low period of dry season leaflessness in comparison with the average tree of a

population

Discussion
When fodder is a priority, pod and leaf production is of foremost importance. Consequently,
selection of an appropriate ideotype should concentrate on tree attributes that support this. A
fairly rounded crown with a larger surface exposed to the light is likely to increase flowering
and fruit setting. A delayed leaf drop increases leaf fodder production for an extended period.
Prolific regrowth after pollarding of shoots with fewer and smallerthorns provides additional
and better digestible fodder for a longer period during the dry season. Straighter stems at least 4
m long favor the production of poles and posts of better quality. The opportunity to collect
fuelwood as a byproduct is increased by selecting more intensely branching crowns. A deep root
system is less prone to cultivation damage and is likely to be less competitive with adjacent grass
or crops.

practices as regular cutting and partial harvesting of trees, as inthemanagementof
hedgerows and lopped fodder trees. This impliesthatstructural,physiological,
phenological, and management characteristicsshould beincluded in any
description of the ideotype for a specified situation.Anexampleof a desired
ideotype of Acacia tortilis for agroforestry ina semiaridenvironment (Table 12.5),
suggested by Burley and Wood (1991),illustratesthecomplexities involved in
conceptualizing ideotypes of MPTsforagroforestry.Furthermore, as we have
already seen, the interest in a particular MPTmayliein several of its attributes, and



these may behave in quite differentorevenopposing ways in relation to changes in
desired products of the species,orevensites. Table 12.6, adapted from von
CarIowitz(1986) and Wood(1990),indicatesthe interrelationships among tree
attributes that may be evaluatedinMPTscreening and selection trials for the service
and productions expectedofthem.Detailed accounts of MPT selection criteria and
breedingstrategiesarebeyond the scope of this book. Readersare directed to
specificreferencemanuals, e.g., Burley and Wood (1991). Major
MPTbreedingprogramscurrently under way include those for species/genera such
asLeucaenaspp.,Gliricidia sepium, Erythrina spp., Acacia mangium and
Sesbaniaspp. (seesection 12.1.1). Additionally, Budelman (1991) has
examinedthedesirablecharacteristics of woody species that could be used as stakes
tosupportyams(Dioscorea spp.), an agroforestry practice that is very common in
WestAfrica,

Southwest India, and Jamaica (Figure 12.1).

Figure 12.1. Yam staking: staking yams on poles and other dead or live woody materials is  a
common aspect of yam (Dioscorea alata) cultivation in the Carribbean (as in this picture from
Jamaica shows), and the humid lowlands of West Africaand Southeast Asia.



Table 12.6. Multipurpose tree characteristics and agroforestry systems.

Treeattributes Relationship to performance in agroforestrysystems

Height

Stem form

Crown size, shape and density

Multistemmed habit

Rooting pattern (deep or shallow,
spreading or geotrophic)

Physical and chemical composition of

leaves and pods

Thorniness

Wood quality

Phenology (leaf flush, flowering and
fruiting) and cycle (seasonality)

Di = or monoeciousness

Pest- and disease-resistance vigor

Ease of harvesting leaf, fruit, seed and branchwood;
shading or wind effects

Suitability for timber, posts and poles; shading effects

Quantity of leaf, mulch and fruit production; shading
or windeffects

Fuelwood and pole production; shading or wind
effects

Competitiveness with other components, particularly
resource sharing with crops; suitability for soil
conservation

Fodder and mulch quality; soilnutritionalaspects

Suitability for barriers or alley planting

Acceptability  for fuel and various woodproducts

Timing and labor demand for fruit, fodder and seed
harvest; season of fodder availability; barrier function
and windbreakeffects

Sexual composition of individual species in community
(important for seed production and pollen flow)

Important regardless of function; biomass
productivity, early establishment

Site adaptability andecologicalrange Suitability for extreme sites or reclamationuses

Phenotypic or ecomorphological
variability

Response to pruning and cutting
management practices

Possibility of nitrogen fixation

Potential for genetic improvement, need for culling
unwanted phenotypes

Use in alley farming, or for lopping or coppicing

Use in alley farming, planted fallows, or rotational
systems

Source: Wood (1990) adapted from von Carlowitz (1986).
(Reprinted by permission of John Wiley & Sons, Inc.)

However, none of these efforts is comparable (in scale or magnitude) to
themassive breeding and improvement programs of preferred agricultural

speciessuch as cereals, or forestry species such as eucalypts and pines. This is
notsurprising given the complexity of the factors involved, the multiplicity
ofspecies, and the relative newness of the concepts of agroforestry and the

MPT.Finally, in the context of the discussion on MPT improvement, it
isimportant to refer to the controversy that prevails in many countries

aboutexotic versus indigenous tree species. Despite the fact that a greater part
ofagricultural production in these countries depends on introduced species such



as maize, wheat, or potatoes, there is vehement and powerful opposition to
introduction of exotic trees. Often times, the opposition is exacerbated by
linking it with sensitive issues such as national pride. Certainly, large-scale
monocultures of any species, especially little-known exotics, run the risk of
pests, diseases, and site incompatibility. Nonetheless, these are not reasons to
enforce an outright ban on all exotic species. We should realize that many of the
currently popular species in most countries were introduced as exotics at one
time or another; gradually they became naturalized. Therefore, as Wood (1990)
has aptly stated, the overriding principle should be to select the most suitable
tree for the farmer and the land, regardless of whether it is native or not. This
is not to imply that the indigenous species, especially the underexploited ones,
should continue to be neglected. It has been sufficiently emphasized in this
book that one of the greatest opportunities in agroforestry lies in exploiting the
vast potentials of such indigenous trees andshrubs.

12.2. Herbaceousspecies

In the history of agricultural domestication and improvement of plants,
attention has focused on nearly 30 species that have come to comprise most of
the world's human diet (Borlaug and Dowswell, 1988). Understandably, the
selection and improvement programs of these species have mostly been oriented
towards those traits and characteristics that would render the improved
cultivars most suitable to maximal production under sole crop conditions.
Agroforestry settings, however, offer sub-optimal conditions for the growth of
these plants with regard to resources such as light, moisture, and nutrients.
Thus, we are in a difficult situation with regard to compatible agricultural
species for agroforestry. On the one hand, an important measure of success of
agroforestry is its ability to satisfy the farmers' expectations and aspirations
regarding production of their most basic need (i.e., food); this implies that
some of these nearly 30 preferred crop species should be produced in a given
agroforestry system. On the other hand, crop improvement efforts have not
addressed the need to select or breed varieties of these species which can thrive
in low-input and mixed culture conditions. The situation has not been made
easier with the emphasis on MPTs almost at the exclusion of agricultural
species.

The agroforestry potential of the traditional agricultural species is different
from their commonly-perceived production potential. Based on the knowledge
of the ecophysiological requirements of different groups of plants in general,
and the individual species or cultivar in particular, some predictions can be
made with reasonable accuracy about optimal conditions for their best growth.
It is also possible to predict the ability of the species to produce a reasonable
yield under conditions of reduced supply of basic growth factors such as light,
nutrients, and water. Furthermore, from the practical point of view, the ease of
management of the species, its ability to withstand adverse climaticand



management conditions, and its adaptability to low-inputsystems are important
considerations. Predictionsregarding compatibility and agroforestry potential
of common agricultural crops could be made based on the information about
their performance under diverse agroforestry systems, as well as available
knowledge about their growth requirements.3Some preliminary efforts were
initiated in this direction by Nair (1980); a  list  of species included in this
compilation is given as Table 12.7 (p. 200). Unfortunately, this type of work has
not been seriously advanced. While rectifying this deficiency, attention should
also be given to other relatively underexploited herbaceous species of potential
value inagroforestry.

Effects of trees on soils



It is now widely believed that agroforestry holds considerable potential as a
major land-management alternative for conserving soil as well as
maintaining soil fertility and productivity in the tropics. This belief is based
on the hypothesis, supported by accumulating scientific data, that trees and
other vegetation improve the soil beneath them. Observations of interactions
in natural ecosystems have identified a number of points which support this
hypothesis:
• fromtimeimmemorial,farmershaveknownthattheywillgetagoodcropby

planting in forest clearings;
• soils that develop under natural woodland and forest are known to be well

structured, with good moisture-holding capacity and high organic matter
content;

• unlikeagriculturalsystems,aforestecosystemisarelativelyclosedsystemin
terms of nutrient transfer, storage, andcycling;

• theabilityoftreestorestoresoilfertilityisillustratedbyexperiencesinmany
developing countries, which indicate that the best way to recLalm degraded
land is through afforestation or a similar type of tree-basedland-use;

• the conversion of natural ecosystems to arable farming systems leads to a
decline in soil fertility and a degradation of other soil properties unless
appropriate, and often expensive, corrective measures are taken;and

• themicrositeenrichmentqualitiesoftreessuchasFaidherbia(Acacia)albida
inWestAfricaandProsopiscinerariainIndiahavelongbeenrecognizedin
many traditional farmingsystems.
These observations have led to a number of studies examining the role of

trees in soil productivity and protection, especially in the context of
agroforestry development. Notable reviews of these topics include those by
Nair (1984, 1987) on soil productivity and management issues in
agroforestry, and Wiersum (1986) and Lundgren and Nair (1985) on the role
of agroforestry as a practical means of soil conservation. Several
investigations have been carried out on the soil fertility aspects of some tree-
based systems, especially alley cropping (Kang and Wilson, 1987; Sanchez,
1987; Juo, 1989; Kang et al. 1990; Avery et al., 1990; Szott et al., 1991a,
1991b). It has been suggested that

the presence of trees will also lead to an improvement in soil-water supplies
(Young, 1989), but this issue has not been studied in the context of agroforestry
and therefore is not reviewed here.

Drawing on evidence from current land-use systems involving trees, Nair
(1984, 1987) advanced some hypotheses regarding the effects on soils of tree-
based systems in general, and agroforestry in particular (see Table 15.1). These

Table 15.1. Summary of the effects of trees on soil.



BENEFICIAL EFFECTS

Natureofprocesses Processes/Avenues Main effect onsoil

INPUT
(Augment additions
to soil)

Biomass production (litter and
root decay)

Improvement or maintenance of
organic matter

Nitrogen fixation N-enhancement

Effect on rainfall (quantity and
distribution)

Influence on nutrient addition
through rain/dust

OUTPUT
(Reduce losses
from soil)

Protection against water and
wind erosion

Reduce loss of soil and nutrients

TURN-OVER Nutrient retrieval/cycling/
release

Uptake from deeper layers and
deposition on surface

Withholding nutrients that can
be lost by leaching

Timing of nutrient release

'CATALYTIC"
(Indirect
influences)

Physical

Chemical

Improvement of soil properties

Moderating efffect on acidity,
salinity and alkalinity

Microclimatic Ameliorative effect on extreme
conditions

Biological Effect on soil microorganisms;
improvement of litter quality
through speciesdiversity

ADVERSE EFFECTS

1. Competition for moisture andnutrients
2. Production ofgrowth-inhibiting
3. Loss  of nutrients through treeharvest
4. Possible  adverse  effect  on  soilerosion

Source: Adapted from Nair (1989, chapter 34) and Young (1989).



have since been amplified by Sanchez (1987) and Young (1989). A schematic
presentation of the summary of the effects of trees on soils, suggested by Young
(1989), is presented as Figure 15.1. The following outline of the effects of trees
onsoilsisbasedlargelyonYoung'sreview.

Figure 15.1. Schematic presentation of the processes by which trees can improve soils.
Source: Young (1989).

15.1. Beneficialeffects

Additions to the soil
• Maintenance or increase of organic matter: This has been proven and widely

demonstrated, and is quantitatively known through studies of organic matter
cycling under natural forest; a widely-quoted, now-classic, study is thatof



Nye and Greenland (1960). One of the main avenues of organic matter
addition to soils by trees is believed to be through continuous degeneration
or sloughing-off of roots of standing (live) trees (see Chapter16).

• Nitrogen fixation: This has been proven, both indirectly through soil
nitrogenbalancestudiesanddirectlybyobservationofnodulationandtracer
studies (see Chapter17).

• Nutrient uptake: This is probable, but has not been demonstrated. The
hypothesisisthat,ingeneral,treesaremoreefficientthanherbaceousplants in
taking up nutrients released by the weathering of deeper soil horizons.
Potassium, phosphorus, bases such as calcium and magnesium, and
micronutrients are released by rock-weathering, particularly in the B/C and
C soil horizons which tree roots often penetrate. Thus, nutrients in deeper
soil horizons, that are unavailable to shallow-rooted crops, are taken up by
deep-rootedtrees.

• Atmospheric input: Atmospheric deposition makes a significant contri•
bution to nutrient cycling, more so in humid regions than in dry regions. It
consists of nutrients dissolved in rainfall (wet deposition) and those
containedindust(drydeposition).Treesreducewindspeedconsiderablyand
thus provide favorable conditions for drydeposition.

• Exudation of growth-promoting substances into the rhizosphere: This has
been suggested but not demonstrated. Specialized biochemical studies would
be required to demonstrate the presence and magnitude of any such effect,
and to separate it from other influences of roots on plantgrowth.

Reduction of losses from the soil
• Protection from erosion: The most serious effect of erosion is loss of soil

organic matter and nutrients, and the resulting reduction in crop yield.
Forestcoverreduceserosiontolow levels,primarilythroughground-surface
litter cover and understory vegetation; the protection afforded by the tree
canopy is relatively slight. Trees and shrubs can also be employed, through
proper planting arrangement and management, as effective barriers to
control soil erosion (e.g., hedgerows for soil-erosion control: see Chapter
18).

• Nutrientretrieval(Enhancednutrient-useefficiency):This is related tothe
nutrient uptake mentioned earlier. It is commonly supposed that tree-root
systems intercept, absorb, and recycle nutrients in the soil that would
otherwise be lost through leaching, thereby making a more closed nutrient
cycle. Evidence for this mechanism comes from the relatively closed nutrient
cycles found under forest ecosystems. The mycorrhizal systems associated
with tree roots are an agent in the nutrient cycling process; they penetrate a
large proportion of the soil, facilitating the uptake of nutrients, which can
move only short distances by diffusion. The efficiency of mycorrhizae is
demonstrated by the sometimes dramatic effects of mycorrhizal inoculation
on plant growth (Atkinson et al., 1983; ILCA,1986).



Effect on physical properties of the soil
• Maintenance or improvement of physical properties: The enhancement of

such properties as soil structure, porosity, moisture retention, and erosion
resistance under forest cover is well documented, as is the decline of these
properties without forest cover. There is much evidence of the influence of
physical propertiesoftropicalsoilsoncropgrowth,independentofnutrient or
other effects (Lal and Greenland,1979).

• Modification of extremes of soil temperature: Studies of minimum tillage
show that high soil temperatures adversely affect crop growth and other
biological properties including microbial population. Furthermore, ground-
surface litter-cover greatly reduces the high ground-surface temperatures of
bare soils in the tropics, which sometimes exceed 50°C (Harrison-Murray
and Lal, 1979). It is likely that leaf litter cover and shade produced by trees
would have a similareffect.

Effect on chemical properties of the soil
• Reductionofacidity:Treestendtomoderatetheeffectsofleachingthrough

theadditionofbasestothesoilsurface.However, itisdoubtful whethertree litter
plays a significant part in raising pH on acid soils, except through the
release of bases built up during many years of tree growth, as in forest
clearing or the chitemene system of shifting cultivation in northern Zambia
(Stromgaard, 1991; Matthews et al.,1992).

• Reductionofsalinityorsodicity:Afforestationhasbeenusedsuccessfullyto
recLalm saline and alkaline soils. For example, under Acacia nilotica and
EucalyptustereticornisintheKarnalregioninIndia,areductionoftopsoil pH
from 10.5 to 9.5 over five years and of electrical conductivity from 4 to2 dS
m-1 has been reported with tree establishment assisted by additions of
gypsum and manure (Gill and Abrol, 1986; Grewal and Abrol, 1986; Singh
et al., 1988).(see Chapter 10). In this type of reclamation, the improvement
in the soil's chemical properties undoubtedly is aided by improved drainage
caused by construction of ditches, which leads to betterleaching.

• Effects of shading: Shade lowers ground-surface temperatures, which may
reducetherateoflossofsoilorganicmatterbyoxidation(seeChapter16for a
discussion on the importance of organic matter as well as the effect of
temperature on rates of organic matter decomposition).

15.2. Adverseeffects

Trees,bothasindividualplantsandwhengrowninassociationwithherbaceous
plants, can have adverse effects on soils. The main soil-related problems are
notedhere; theydonotincludeshadingbecausethisproblemconcernsthetree- crop
interface (see Chapter 13) rather thansoils.
• Loss of organic matter and nutrients in tree harvest: A major concern in

forestryisthedepletionofsoilresources byfastgrowingtrees,andtheeffect



of this depletion on subsequent forest rotations. Trees accumulate large
quantitiesofnutrientsintheirbiomass,partofwhichisremovedinharvest.
The problem is greatest where there is whole-tree harvesting (for
example, the gathering of fine branches and litter by local people after
a timber harvest). From a soil management point of view, it is desirable
to allow all branches and litter to decay in situ and even to return bark,
but this often
conflictswiththeneedsofthelocalpeople,towhomsuchapracticeappears
unreasonable.

• Nutrientcompetitionbetweentreesandcrops:Thisproblemismostlikelyto
be serious when trees or shrubs have an established root system that
dominatesthatofnewlyplantedannualcrops.Ideally,therootingsystemsof
treesinagroforestrysystemsshouldhavedeeppenetrationbutlimitedlateral
spread. Whereas lateral spread of the canopy can be controlled by
pruning, root pruning is generally too expensive to bepractical.

• Moisture competition between trees and crops: In the semiarid and
dry savanna zones, this is possibly the most serious problem
encountered in agroforestry.

• Production of substances which inhibit germination or growth: Some
Eucalyptus species produce toxins which can inhibit the germination or
growth of some annual herbs (Poore and Fries, 1985). It has also been
suggested that the production of allelopathic substances by tree roots
could present a problem in agroforestry, but there is little evidence of
this (see Chapter13).
Understandingthemagnitudeandrateofbeneficialaswellasadverseeffects

oftreesonsoilsisthekeytosuccessfuldesignandmanagementofagroforestry
systems. Where the growth of crops or other associated species located
near or
beneathtreesisinhibited,itisimportanttoestablishthedegreetowhichthisis
caused by one or more of the above factors, or if, in fact, whether it is
caused by other factors. Thanks to the early thrust on soil-related studies
in scientific agroforestry (see Chapter 14), scientific information on soil-
improving processes in agroforestry is accumulating. There is now
evidence to indicate that trees and shrubs, when appropriately
incorporated into land-use systems and properly managed, can make a
significant contribution and improve the fertility and overall productivity
of the soil beneath them. However, there are many unanswered questions
and inadequately proven hypotheses too. In the
followingthreechapterswewillreviewthecurrentstateofknowledgeonthree
majorareasofsoil-relatedaspectsofagroforestry:nutrientcyclingandorganic
matter relations, nitrogen fixation, and soilconservation.



Economic considerations1

Economic considerations are among the most importantfactors that will
determine the ultimate value and feasibility of agroforestry to the land user.
However, the great majority of agroforestry research to date has concentrated
on the biological and physical factors that affect productivity. Inadequate
attention has been paid to the economic value of directly quantifiable
agroforestry outputs such as fodder, green manure, fuelwood, and timber as
well as significant, harder-to-quantify environmental effects including
enhanced soil fertility and watershed protection. To summarize, there is a
serious lack of reliable information based on actual farm conditions of the
economic benefits and costs, outlined in Table 22.1 (Arnold, 1987), that are
cLalmed inherent to many agroforestry combinations. Furthermore, while
traditional agroforestry systems may have proven economically viable under
the conditions in which they originally evolved, increasing land pressure,
changing social perceptions, and modern land-use options all underscore the
need for new economic evaluations of many existingsystems.

To address this need it is important that proponents of agroforestry have
some understanding of basic economic concepts as well as the procedures that
are frequently used by national and international development agencies  to
assess the feasibility of agricultural enterprises. To this end, this chapter will
begin with a discussion on some important economic concepts relevant to
agroforestry and its dissemination. This is followed by an examination of the
most common procedures currently used for the economic evaluation of
agroforestryinterventions.

22.1. General principles of economicanalysis

Most of the natural and human resources necessary for sustained economic
development in developing countries are becoming increasingly scarce.

Table 22.1. Principal benefits and costs of agroforestry.

Benefitsandopportunities Costs andconstraints

Maintains or increases site productivity
through nutrient recycling and soil
protection, at low capital and labor costs

Increases the value of output from a given
area of land through spatial or temporal
intercropping of tree and other species

Diversifies the range of outputs from a given
area, in order to (a) increase self-sufficiency,
and/or (b) reduce the risk to income from
adverse climatic, biological ormarket impacts
on particularcrops

Spreads the needs for labor inputs more

evenly throughout the year, so reducing the
effects of sharp peaks and troughs in activity,
characteristic of tropicalagriculture

Provides productive applications for under•
utilized land, labor, or capital



Reduces output of staple food crops
where trees compete for use of arable
land and/or depress crop yields through
shade, root competition or allelopathic
interactions

Incompatibility of trees with agricultural
practices such as free grazing, burning,
and common fields, which make it
difficult to protect trees

Trees can impede cultivation of monocrops
and introduction of mechanization,
andthus

(a) increase labor costs in situations where
the latter is appropriate and/or (b) inhibit
advances in farming practices

Where the planting season is very restricted,
e.g. in arid and semi-arid conditions,
demands on available labor for crop
establishment may prevent tree planting

The relatively long production period of trees
delays returns beyond  what  may  be tenable
for poor farmers, and increases the  risks  to
them associated with insecurity oftenure

Creates capital stocks available to meet
intermittent costs or unforeseen contingencies

Source: Arnold (1987).

Therefore, the decision to invest in one undertaking usually mandates the
exclusion of its possible alternatives. Accordingly, economics endeavors to
determine the ways in which limited or scarce resources can best be allocated to
fulfill the competing wants and needs of a society. More specifically, economic
analysis attempts to demonstrate to decision-makers the possible repercussions
or trade-offs which will result from alternative courses ofaction.

Such economic examinations can decrease the likelihood of nonoptimal
choices by offering a common monetary standard of measurement between
alternatives which, ideally, reflects true resource scarcity and value (Arnold,
1983; Gittinger, 1982; Majone and Quade, 1980). In the case of the individual
farmer, analysis can help ascertain whether agroforestry implementation will
provide greater productivity, farm income, and improved social well-being as
compared to more traditional land-use agricultural activities. Likewise,  from
the macroeconomic perspective, analysis can examine the expected economic
consequences of an undertaking to determine whether the net contributionto



Table 22.2. Important terms in economic analysis.

Discounting - Process of determining the present worth of a future quantity of
money.

Economic Model - A simplified, small-scale version of some aspect of the
economy; may be expressed in equations, graphs or words.

Ex-Ante Analysis - The evaluation of the merits of a proposed project before
implementation.

Ex-post Analysis - The evaluation a completed project.

Externality - Result of an activity that causes incidental  costs  or  benefits  to  a
second party with no corresponding compensation or payment  from  or  to
the generatingparty.

Nominal Rate of Interest - The prevailing financial or market rate of interest.

On-going Analysis - An evaluation of an existing enterprise.

Opportunity Cost - The forgone value of the next best alternative that is not
chosen; the true sacrifice incurred by the choice of a given action.

Real Rate of Interest - The prevailing rate of interest minus the inflation rate
(may be positive ornegative).

Shadow Price - A price used in economic analysis when markets prices do not
reflect actual costs tosociety.

society will justify the expenditures incurred (Gittinger, 1982). Some of the
terms that are most commonly used in economic analyses are expLalned inTable
22.2. Readers are, however, advised to refer to other sources for more terms
and explanations. Two good reference sources are Sullivan et al. (1992: pp.297-
-307) and Swinkels and Scherr (1991).

Any economic analysis of agroforestry should keep in mind  its complementary
and long-term characteristics, the essence of which can be illustrated through the
utilization of production possibility curves. Figure 22.1 gives the hypothetical
agroforestry combinations of perennial and annual crops that a farmer could
physically produce on his land during a single or short-term production period.

Given both biophysical and human constraints, production combinations
that lie above the curve are unattainable while those that lie below the curve
utilize available farm resources in a relatively inefficient manner; the most
efficient combinations are therefore those on the curve  itself. The negative
slope of the curve depicts the notion of opportunity cost: once relative
efficiency has been reached, in the short-term at least, the farmer can increase
annual or perennial crop production only by producing less of the other. For
instance, if the farmer is presently producing two units of perennials and two
annual units and wishes to increase the production of the annual to three units,
he or she must reduce perennial production to oneunit.

In reality, the perennial elements in an agroforestry system will require time



to bear fruit, fodder, and fuelwood or to provide intended services such as soil
erosion control or fertility enhancement. The longer-termproduction possibility
surface (Figure 22.2), developed byEtheringtonandMathews (1983), better
captures the true nature and objective of agroforestry. The perennial component
of a hypothetical agroforestry system is placed on the vertical axis of the diagram
while the annual crop appears on  the horizontal axis. Time is represented on a
third, diagonalaxis.

A subsistence requirement for the annual component is assumed to exist in
the first period at point S and at point S' in the final period. If OD of the woody-
perennial is grown at the commencement of this intervention, then OB of the
annual can be grown. The annual-crop production foregone in the first period is
BC, since C is the maximum possible output under sole cropping. Similarly, M is
the maximum possible monocropped output of the woody perennial at time0.

The size and composition of the production possibility surface can be seen to
change through time; interactions between the annual and perennial species are
being exploited to restore or, at a minimum, arrest the decline in crop yields that
would occur under mono- or sole-cropping. If, to use another quantity, a of the
perennial is planted in the first period, the annual crop output in the final period
would be at a", a point in excess of the subsistence requirement S'.

The most important point conveyed by the diagram, and borne out in actual
research, is that as a result of the incorporation of an appropriate perennial and
its ameliorative soil fertility properties, the sustainable production of the
annual crop has become possible on the same unit of land. If, on  the other
hand, the annual component had been monocropped during the time period
depicted in the figure, production will have fallen to C" in the final period, a
quantity below the subsistence requirement ofS'.

Many different perennial-annual production combinations are physically



Figure 22.2. An agroforestry intertemporal  production-possibility  surface. See text  for explanation.
Source: Adapted from Etherington and Mathews (1983).

possible in an agroforestry system. Determining the economic feasibility of a
specific combination will require information about the social valuation of
relevant farm inputs and outputs (Mercer, 1992). The challenge, then, for
agroforestry economic analysis is to determine if, and how, changing market
realities can be integrated with physical production possibilities  so as to  result
in not only sustainable production, but also optimal farmer income and well-
being.

22.2. Financial and economicanalyses

At the outset of this presentation on economic evaluation methodologies, it is
important to clarify some of the significant distinctions between financial and
economic analyses. To summarize, financial analysis examines the feasibility of
an undertaking from the private or individual's point of view while economic
analysis concentrates on the desirability of an  activity  from the perspective of
a society as a whole. The distinction is important; for example, a proposed
project which yields an expected profit for individual farmers might, because of
heavy subsidization, prove of negative value to the regional or national
economy.

More specifically, a financial profitability assessment of an agricultural
enterprise, which used subsidized fertilizer, would include only in its cost
calculations, the fertilizer price actually paid by the farmer. An economic



analysis, by contrast, would also include the subsidy expense incurred by the
government in calculating the venture's total fertilizer cost from the view of
society. In addition, in situations where market-generated prices do not reflect
an input's or output's true societal value because of tariffs, price controls, or
other influences, economic analyses can utilize shadow prices for a more
accurate estimation of true costs and benefits. These shadow prices can be
particularly valuable in adjusting for land and labor price distortions or to value
nonmarketed environmentaleffects.

The distinctions between financial and economic analysis can be better
clarified through the utilization of a specific example. The demand for
fuelwood, multi-use poles, and yamsticks in rural areas of Nigeria has steadily
risen in recent years while supply has diminished. In order to increase
availability, a proposal was made to incorporate perennial fuel and pole-
producing species into existing farming systems. Consequently, a financial
analysis was conducted by Akachuku (1985) on the feasibility of introducing
Gmelina arborea to traditional maize and yam production systems. As it was
assumed that the state forestry division would supply free tree seedlings to local
farmers, only the planting costs for maize and yams were included in the
financial evaluation. Second, only charges for hired labor were incorporated
into the enterprise's total labor cost; the portion of the work done by the farmer
and his household was costed (valued) as free. Not unsurprisingly, the ultimate
recommendation of the analysis was strongly favorable to the implementation
of theproject.

An economic analysis, on the other hand, would have probably reached a
somewhat less enthusiastic conclusion. First, given that the costs of hired labor
for planting, pruning, weeding, and market transportation were by far the
greatest enterprise expenses, the financial success of this labor-intensive
operation was, to a large extent, dependent on pricing farm-family labor at
zero. An economic analysis of this system would have instead utilized the
opportunity cost of on-farm family labor in alternative employment as a more
appropriate family wage rate. The zero wage rate for family members actually
used suggested that off-farm employment opportunities were, for all practical
purposes, nonexistent and that no other valuable on-farm activities would be
displaced. In view of the study's relatively high hired-labor wage rate of
(US)$12.50 per man-day, the opportunity cost for at least some of the farm
family members would certainly seem to havebeen greater than zero.

Secondly, an economic analysis would have incorporated the price for the
production and transportation of seedlings as a cost of this agroforestry
intervention to be borne by society. Furthermore, the analysis did not include
any cost figure for the land to be allotted to the proposed undertaking. The
value of the contribution of land in foregone alternative agricultural enterprises
(the opportunity cost), depending on the specific physical and demographic
setting, could be much greater than thezero figure utilized.



22.3. Projectanalysis

Hoekstra (1990) and others have indicated five major points which agroforestry
economic analyses should address:
1. Does the system under evaluation make the best use of availableresources?
2. In the event of commencement, would available funds permit project

completion?
3. Isthesystemtechnicallyfeasibleundertheprevalentlaborconstraints?
4. Is the system economically viable under the given capital constraints of

participants?
5. What are the risks involved in technologyintroduction?

Economic analysis can help address these issues through the
following process:
1. Theselectionofappropriateevaluationcriteriaandarationaldiscountrate;
2. The identification of an enterprises' costs and benefits over an appropriate

timeframe;
3. Their quantification and valuation in farmbudgets;
4. Computation under the selected evaluation criteria;and
5. The formation of conclusions regarding ventureviability.
Some of the procedures and concepts used  in  economic analyses are expLalned in
the following paragraphs.

22.3.1. "With" and "without"evaluations

A long-term "with and without implementation"  analytical approach is particularly
appropriate for economic evaluations of agroforestry systems for reasons suggested
in Figure 22.3. First, agroforestry is concerned with the long- term sustainability of
production (Hoekstra, 1990). An important benefit of its introduction may be the
prevention in output decline over time inherent to the



existing agricultural system. A "with" and "without" analysis will not only
examine the costs and benefits of introducing agroforestry to a particular
setting but can also highlight the opportunity cost of continuing with existent
agricultural land-use systems. Likewise, the "with" and "without" approach is
very useful to highlight the positive environmental effects of agroforestry.
Second, given the initial delay in benefit realization that is characteristic of most
agroforestry systems, a short-term agroforestry projection will usually
underestimate its total benefits in relation to other agriculturaltechnologies.

22.3.2. Discounting and the discountrate

Before addressing economic evaluation criteria, it is important that the reader
be familiar with the concept of discounting. Indeed, the function and selection
of the discount rate are among the most controversial topics in economic
analysis today (Prinsley,1990).

Not all the costs and benefits of an agricultural project occur at any
particular time; rather, they occur throughout its lifespan. Such costs and
benefits can be compared directly with each other when incurred in the same
year but they cannot be compared outright with those arising in other years. By
applying an adjusting discount rate, however, it becomes theoretically possible
to directly compare sums of money realized at different periods in time. In
addition, it is then conceivable to compare the total long-term worth of
alternative enterprises as measuredfrom the time of proposed commencement.

Several arguments are advanced in support of discounting. First, using no
discount rate would imply that one dollar today will retain the same intrinsic
value five, ten, or twenty years hence, a dubious assumption given historical
global trends in inflation. Furthermore, that same dollar could be invested at a
positive real interest rate; there is an opportunity cost in terms of the return to
capital foregone in alternative investment. Second, if one's financial status
changes over the ensuing time period between monetary comparisons, the
marginal utility of that dollar to that individual's well-being will diminish or
rise: a dollar is worth more to a poor person than to a rich one. Third, most
people are prone to spend rather than save money; the value of a unit of money
to be received in the future is less to them than if it were received in the present.
In economic terms, they are said to have a positive rate of time preference. A
positive discount rate reflects this preference for present over future
consumption.

In actual computation, discounting is the reverse of interest compounding.
Gregory (1987) presents the following illustrative example: at an interest rate of
10%, $1000 invested today will grow to $1610 at the end of a five-year period.
At a 10% discount rate, therefore, the present value of $1610 received five years
from now is $1000. This calculation of the present value of a future sum of
money can be mathematically represented asfollows:

Present Value = X, / (1 +/)t



where: X, is the amount of money in year t, and
/ is the utilized discount rate.

Two somewhat related qualifications are importantto remember when
discounting is utilized in economic evaluations. First, economic comparisons
between alternatives are only viable when the same discount rate has been  used
in their calculation. Second, the specific choice of a discount rate can lead to an
unintentional or intentional manipulation of the results of an analysis. This
critical second point warrants furthercomment.

The utilization of higher discount rates will favor those proposals that
generate substantial benefits in early years with the majority of costs incurred
later such as capital intensive agriculture on fragile tropical soils. Likewise, as
the discount rate increases, the weight attached to long-term effects will
diminish. Long-term environmental costs and benefits, important
considerations in agroforestry-related decision-making, can thus be
particularly prone to underestimation when higher discount rates areutilized.

To illustrate this effect, Table 22.3 from Dixon and Hufschmidt (1986)
presents the long-term benefits (50 years) of a reservoir and watershed
management project in Thailand which have been discounted at two different
rates. For clarity, only the annual benefits at five-year intervals have been
included.

While there may be only a 4% difference between a 6% and 10% discountrate,
the total calculated benefits over the project lifespan are 36%greater

Table 22.3. Present net value of benefits of the Nam Pong Reservoir with watershed
management in million bahts.

Year
Annual
benefit

6%
discount rate

10%
discount rate

1 298 282 271
5 293 219 182

10 286 160 110
15 281 117 67
20 275 86 41

25 269 63 22
30 263 46 15
35 257 33 9
40 251 24 6
45 245 18 3

50 239 13 2

Total 13,517 4,431 2,837
(all 50 years)

* 1 US $ = approx. 25 baht (July 1992)
Source: Dixon and Hufschmidt(1986).
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with a 6% discount rate as compared to the 10% rate. The marked effects that
both discount rates have on the present value of benefits in the later stages  of
the project are also noteworthy. While the evaluation estimates the realization
of 239 million baht in benefits during the project's 50th year, under a 6%
discount rate, the value at project commencement of that year's benefits is  only
13 million baht with the 6% discount rate and falls to 2 million baht under the
10%rate.

In actual practice, private concerns usually base discount rate selection
primarily on the market-determined rate of interest. For assessing public projects,
particularly during times of very high market interest rates, a social discount rate
established by national planning and financing authorities may be more appropriate
and is often specified for utilization in government-financed project evaluations
(Gregory, 1987). Given that society has a longer-term perspective of development
than its individual members, this rate would hopefully reflect not only market rates
of interest but also the desire for more equitable social development.

22.3.3. Evaluationcriteria

Policy and decision-makers in international development need some specific
means to rank investment alternatives according to a stated preference. The
economic tool most often used to evaluate investments that provide services
over periods of more than a few years is Benefit/Cost Analysis (BCA). The
basic function of BCA, first developed in the 1930s, is to compare the long-term
benefits of proposed projects with long-term costs. Its most common criteria
are the Net Present Value (NPV), the Internal Rate of Return (IRR) and the
Benefit-Cost (BC)Ratio.

The NPV and the IRR are frequently utilized in the private sector as well as
by governments, the World Bank, and the Food and Agricultural Organization
of the United Nations (Gregory, 1987). The usual procedure of these
organizations is to determine the NPV of a venture under a range of interest
rates and then to calculate the IRR. Public agencies, on the other hand, often
use the benefit-cost ratio for economicassessments.

It is not the intent of this section to describe the exact methodology for
calculating these criteria, but instead to review their intended function and
applicability to agroforestry. It is suggested that the interested reader may
consult Gittinger's Economic Analysis of Agricultural Projects (1982) for an
incisive presentation on the computation of thesecriteria.

Net present value
To calculate the NPV, all the annual net costs or benefits over the prescribed
lifespan of a project or undertaking are first discounted at a preselected rate. These
are then summed as a single indicator of project long-term value as estimated at the
time of implementation. Sang (1988) presents the following formula for calculating
the NPV:



where: B are the benefits in year t,
C are the costs in year t, and
r is the selected discount rate.

As a screen for economic viability, any enterprise that possesses a net present
value greater than zero is technically acceptable: long-term benefits exceed long-
term costs. A caution regarding this criterion is that the NPV figure  by itself
provides little information about the scale of project capital requirements. Even
though one proposed project may have a larger net present value than an
alternative, it may require a much larger capital expenditure. For example, a
project with a hypothetical NPV of $2 million might  necessitate an investment
of $30 million while a project with a NPV of $1 million could require an
expenditure of only $5million.

To illustrate an actual application of the NPV in agroforestry, Table 22.4
presents the results of a net present value evaluation conducted by Wannawong
et al. (1991) on monocultural and agroforestry systems in Thailand. Under
monocropping, cassava had the highest NPV followed by mungbean and
Eucalyptus. Specific reasons given for the lower NPV's of the monocropped tree
species {Acacia monocropping actually showed a negative value) were the
minimal length of time (3 years) for growing merchantable volumes and the
historically low market price of charcoal in effect at the time the study was
conducted.

Table 22.4. Economic analysis of alternative cropping regimes in the Phu Wiang watershed using
an 8% discount rate.

Description NPV B/C
(bahtVrai**)

Monocrops
Cassava (Manihot esculenla) 2807 2.7
Mungbean (Vigna radiata) 604 1.4
Eucalyptus (Eucalyptus camaldulensis) 151 1.2
Leucaena (Leucaena leucocephala) 113 1.1
Acacia (A cacia auriculiformis) -164 0.9

Agroforestry systems
Eucalyptus and cassava 3968 2.5
Leucaena and cassava 3032 2.2
Acacia and cassava 2917 2.1
Eucalyptus and mungbean 341 1.1
Leucaena and mungbean 652 1.2
Acacia and mungbean 413 1.1

* 1 US$ = approx. 25 baht (July 1992)
** 1 hectare = 6 rai
Source: Wannawong et al. (1991).
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In contrast, Eucalyptus intercropped with cassava had the highest NPV of
any evaluated monocultural or agroforestry system; its return was 41 % greater
than that of cassava, the most lucrative monocrop. In addition, under the net
present value criterion, all agroforestry combinations with cassava were judged
superior to either monocropped cassava ormungbean.

Benefit/cost ratio
In the calculation of the BC ratio, all the significant effects of a proposed project
are first identified and quantified. These effects are subsequently categorized as
either benefits or costs, valued by year, and then discounted at the preselected rate.
The total discounted project benefits are finally summed and divided by the sum of
the discounted costs to obtain a BC ratio:

_ . „ „ Total DiscountedBenfits
Benefit/Cost Ratio =

Total Discounted Costs

For example, a project with total discounted benefits of $30 million and $20
million in discounted costs would have a BC ratio of 1.5. If the ratio is greater than
one, the project is estimated to provide a positive net return. Theoretically, the
greater the ratio of benefits to costs, the more attractive the undertaking.

A particular advantage of the BC ratio is that it can be utilized for comparing
projects of different sizes. There are also corresponding disadvantages. As with the
NPV, the calculation of the BC ratio requires the controversial preselection of a
discount rate. In addition, the criterion is very sensitive to the original definition
and valuation of project benefits and costs. This is particularly so when there are
associated costs outside the actual project boundary for such essentials as the
development of marketing systems or road infrastructure construction. Gregory
(1987) uses the following example to illustrate this potential dilemma. Imagine a
project with total discounted benefits of
$1,500,000, discounted costs of $1,000,000, and an additional $400,000 of
associated costs. If the associated costs are included as part of the gross discounted
costs, the ratio is $1,500,000 over $1,400,000 or 1.071. If the associated costs are
included as a "negative benefit", however, the ratio changes to $1,100,000 over
$1,000,000 or 1.1.

Table 22.4 also includes the benefit/cost ratios calculated by Wannawong et al.,
(1991) for the farming systems first examined under the NPV criterion. With the
sole exception of Acacia monocropping, the total discounted benefits for all the
evaluated systems exceeded the total discounted costs: their ratios were greater
than 1.

Most of the findings of the BC ratio and the NPV exercises were in basic
agreement on the relative profitability of the evaluated practices. One
inconsistency, however, was that the cassava monocrop showed a more attractive
BC ratio than did the eucalyptus and cassava intercrop: the exact reverse of the
NPV conclusions. In such situations, the NPV criterion is usually given preference
(Gittinger, 1982; Wannawong et al. 1991).



The internal rate of return
The internal rate of return (IRR) theoretically calculates the maximum rate of
interest that a project can repay on loans while still recovering all investment and
operating costs. Put in other words, the IRR determines the earning power of the
money invested in a particular venture. In actual calculation, it is that discount rate
which will make the discounted total benefits and costs of an enterprise equal.
Randall (1987) mathematically defines the IRR as:

E ( B t - C t / ( 1 + p)' = 0,
t = 0

where: B are the benefits accruing in year t,
C are the costs accruing in year t, and
p is the internalrate of return.

Projects with an IRR that is in excess of the opportunity cost of capital are
technically viable: at an interest rate of 8%, an undertaking which earned a 10%
IRR would be acceptable while another with a 5% IRR would not be. The
general rule for selecting among alternative projects is to select those with the
highestIRR.

Although useful to estimate the interest on loans that a project can cover, the
calculation of the IRR is somewhat complicated as compared to those of NPV and
BC (Gittinger, 1982). In addition, the IRR is not a strictly valid evaluation criterion
when basic cost and benefit relations change radically during the life of a project as
does occur in agroforestry (Figure 22.4). Conversely, a distinct attribute of the IRR
is that no specific discount rate need be preselected for its calculation.

The following example from India illustrates an application of the IRR in
agroforestry analysis. Ahmed (1989) conducted an economic evaluation of
Eucalyptus tereticornis-based agroforestry systems with particular emphasis on the
effects on crop production. Rotations of 8, 9, and 10 years were evaluated using the
IRR as the judgment criterion for determining the optimum rotation (Table 22.5).
Under the study conditions, an eight-year rotation offered the highest return to
investment and was thus concluded as the most attractive system

22.3.4. Farmbudgets
The basic unit or model in agricultural economic analysis is most often the
individual farm budget; it provides a micro-view of the costs and returns of a
particular agricultural enterprise in a specific setting. Two approaches are common
(Davis, 1989). In the first, several representative project farms are selected and
modelled. The aggregate impact is then determined by multiplying the findings of
the individual models by the number of similar farms and summing the results.
This method can be time-consuming if a large number of different types of farms
are present within a project's boundaries.

In the second method, a larger, single model is constructed to simultaneously
simulate all project farms regardless of type or scale of operation. Once the net



Table 22.5. Comparison of the internal rate of return from Eucalyptus plantations on bunds for
three different rotations of trees taking account of the loss in net returns from agricultural
production.

Rotation
in years

8
9

10

Internal rate
of return

46.6%
37.9%
30.9%

Source: Ahmed (1989).

benefits and costs of the model farm are determined, they are multiplied by the
total number of farms to appraise overall economic feasibility of the project.
While this approach has the advantage of requiring the design of only one
model, it can be very complex and unwieldy in the case of a large, heterogeneous
project. Quantification and valuation, and risk evaluation (sensitivity analysis)
are two essential components of farm budgets; let us examine them in some
detail.

22.3.5. Quantification andvaluation
The precision of any economic evaluation is dependent upon the accuracy of the
data utilized. Thus, from an economic perspective, the task of designing viable
agroforestry interventions depends on successfully estimating the relevant costs
and returns in the proposed setting (Arnold, 1983). A simple production
function describing the relationship between farm inputs and outputs can help
identify the principal elements requiringexamination:

Y =g(K,L,R0)

where: Y = Farm output orincome,
g = the production technology employed,
K = capitalgoods,
L = labor (physical and mental), and
R0 = natural resources employed(land).

To illustrate an actual example of the results of this quantification and valuation
process, Table 22.6 presents the cost and benefits estimated by Garrett and Kurtz
(1983) for an agroforestry system which combined black walnut {Juglans nigra)
with traditional crops and livestock in Missouri, U.S.A.

The valuation of costs

As stated by the production function, the inputs used in agricultural production
come in three basic forms: capital goods, labor and land.



Capital goods
Capital goods are all the manufactured or purchased items utilized to produce
other goods and services. These goods can be quantified by weight, volume or
number and are most commonly valued at their market price to the final user
(Hoekstra, 1990; Prinsley, 1990). Specific examples of capital goods from the
black walnut example in Table 22.6 include seedlings, crop seeds, herbicides,
fertilizer, livestock feed, fencing, and machinery. In the case of those inputs
which have a longer lifespan than the venture in question, it is common to
incorporate the terminal or salvage value as a benefit in the final year of the
analysis (Hoekstra, 1990).

In subsistence and small-farm agriculture, as contrasted to large commercial
farmingsystems,capitalgoodswillusuallybescarcerelativetootherproduction
factors, particularly labor. Nevertheless, even relatively simple agroforestry
projects can entail a significant monetary outlay for capital goods in the first
years following implementation (Hoekstra, 1990). If expenditures for seedlings,
fertilizer, fencing materials, or other capital inputs in a project will be
substantial, this must be recognized before commencement in order to avoid
early farm or project failure; participant farmers may require some degree of
financial support or credit until adequate income is generated (Arnold,1983).

Labor
Labor in economic analysis usually refers to the physical and mental contributions
of men and women to the production of output. Labor is usually expressed in either
workdays or hours and is sometimes further categorized by the age or gender of its
contributor. Hired labor is most often valued at the prevalent market wage, while
family labor is costed at its value in the next best enterprise - the opportunity cost
(Hoekstra, 1990). In the black walnut example all labor, regardless of source, was
costed at $5.00 per hour.

Givenlimitedlandandcapitalresources,laboristypicallythemostimportant
inputusedonsmallorsubsistencefarms.Infact, StevensandJabara(1988)have
estimated that labor represents 80 to 85 % of the total value of all farm resources
utilized in traditional agricultural systems. In addition, farm-family labor may
also be employed to earn wages on other farms or in the local urban economy;
insuchsituationstherewillbeanopportunitycostforfarm-familyemployedon- farm.

Most agroforestry interventions will require some degree of change in either the
utilization of, or the total requirement for labor. Under conditions of under•
employment or unemployment agroforestry may actually improve labor efficiency,
while in other circumstances labor shortages may present serious constraints to the
adoption of certain practices such as alley cropping (Arnold, 1983). When
available farm-family labor is insufficient, it may be feasible to hire off-farm labor
for financially lucrative agroforestry enterprises.

As an item of particular importance in some labor-intensive agroforestry
practices, the use of a lower shadow wage is sometimes advocated under
conditions of widespread under- or unemployment (Prinsley, 1990). The actual



Table 22.6. Costs and revenues of a Juglans nigra-based agroforestry system  by production
category.

Category Description Price per unit($)

Land1 High quality (SI 24,4)
Medium quality (SI 19.8)
Propertytaxes

1,482.00ha-1

1,235.00ha-1

6.18 ha-1yr-1

Labor 5.00h-1

Trees

Soybeans2

Winter wheat2

Fescue2

Fencing

Establishment (planting, replacement, etc.)
Weed control (application and chemicals)
Corrective pruning (4.94 h ha' ) Management
(0.49 h ha-1)
Pruning: 2.14 m (8.15 hha-1)

2.14-3.36 m (5.93 h ha-1)
2.75 m (9.88 h ha-1)
2.75-4.58 m (7.66 h ha-1)

Precommercial thinning (0.1 h tree-1)
Nuts
Stumpage: 1.83 m log, 27,9 cm dib small end

2.44 m log, 27.9 cm dib  smallend
2.44 m  log,  33.0 cm  dib smallend
2.44 m  log,  35.6 cm dib smallend
3.05  m  log,41.9 cm dib small end
3.05 m log, 45.7 cm  dibsmall end
3.05  m log, 48.3  cmdib small end
4.27  m log, 39.4 cm dib smallend
4.27mlog,44.5cmdibsmallend
4.27mlog,48.3cmdibsmallend
4.27 m log, 52.1  cm  dib smallend
4.27  m log, 58.4 cm dib  smallend
4.27 m log,  62.2 cm dib small end

Establishment (planting, seed, cultivation, etc.)
Soybeans

Establishment (planting, seed, cultivation, etc.)
Wheat

Establishment (planting, seed, fertilizer, etc.)
Fertilization (application and fertilizer)
Seed
Hay (with seed removed deduct SO.lS/bale-1)

Perimeter fence:establishment(labor &materials)
maintenance (0.49 h ha 1 )

Electricfence: establishment(labor &materials)
maintenance (0.49 h ha-1)
removal (2.47 h-1 ha-1)

1.00 tree-1

0.10tree-1

24.70 ha-1

2.47 ha-1 yr-1
40.76ha-1

29.64ha-1

49.40ha-1

38.29ha-1

0.50 tree-1

0.20kg-1

2.10each
4.30each
8.30each

30.75each
149.50each
184.60each
230.80each
171.75each
243.10each
302.45each
363.45each
488.30each
573.45each

158.08 ha-1 yr-1

0.23 kg-1

165.46 ha-1 yr-1

0.11kg"1

76.57ha-1

65.46 ha 1 yr 1

0.55 kg-1

0.65 bale '

86.45 ha-1

2.47 ha-1 yr-1

101.02 ha-1

2.47 hayr-1

12.35 ha-1



Table 22.6. (continued)

Category

Livestock3

Description

Receipts:

Feed costs:

Other costs:

Calves (260.5 kg @ S 1.83 kg-1)
Cows (49.0 kg @ $ 1.04 kg-1)
Corn equivalent
Protein, salt, minerals
Mixedhay
Grasshay

Machinery, feed preparation
Veterinary, medicine
Other livestock materials
Breeding herd (10% of investment)
Labor (7.5 h cow')
Utilities
Operatinginterest

Price per unit ($)

477.25each
434.75each

0.10kg-1

0.22kg-1
55.10t-1

49.59t-1

8.00cow-1

5.00cow-1

14.00cow-1

51.00cow-1

37.50cow-1

3.00 cow-1

11.00 cow-1

1 Land sale price equals its purchase price.
2 Source: 1981 Missouri Farm Planning Handbook, Part 11. Planning Cropping Systems, Table C-

l (Estimated Crop Prices), Table C-2 (Corn Budget), Table C-4 (Soybean Budget), Table C-5
(Wheat Budget), EM 8161, University of Missouri, College of Agriculture, ExtensionDivision.

3 Source: 1981 Missouri Farm Planning Handbook, Part III. Planning Livestock  Systems, Table
LI (Estimated Annual Prices), Table L-6 (Beef Cow Budget, Fall Calving), FM8162,University of
Missouri, College of Agriculture, ExtensionDivision.

Source: Garrett and Kurtz (1983).

market wage rate will be a more accurate measure of value when the demand for
agroforestry labor competes with other agricultural or nonagricultural enterprises.

Land
Land in economic terms refers to the natural resources (such as soil, sunlight,
and rainfall), which contribute to agricultural production. In practice, only
those resources for which there is a recognized monetary value, usually land and
sometimes water, are typically included in financial evaluations. In an economic
analysis, however, it is appropriate to value the natural resource components of
a particular enterprise in terms of what their contribution would have been in
alternativeventures.

Land quantification occurs most often in terms of physical area and may be
further categorized by tenure status, productive capacity, or utilization. Its
valuation is straightforward, given the presence of functioning property
markets. This is apparent from Table 22.6 where land was classified and valued
according to the purchase price for both high- and medium- quality land, and the
taxes paid per hectare peryear.

Valuation will obviously be more difficult where land prices are not
established in a market setting. In such cases, opportunity costs may beutilized



to approximate value; if land resources are abundant, the opportunity cost in terms
of alternative enterprises foregone can be close to zero. In densely populated areas
the allocation of land to agroforestry will probably require the exclusion of other
activities; the fitting valuation in these circumstances may be the monetary
contribution of land to output under a known agricultural undertaking (Prinsley,
1990). Where land is rented, the appropriate cost for land will be the rent actually
paid.

The valuation of benefits

Increased production is the most common goal of agricultural development.
Likewise, the clearest benefit of agroforestry introduction is the enhanced value
of farm yield through either sustained or increased output or from a reduction
inrequiredinputs.Thisadvantagecanbeeconomicallyquantifiedbyconverting the
physical output to monetary value (Hoekstra,1990).

Direct production
Valuation is simple when agroforestry products such as food crops, fuelwood,
timber, or fruit are marketed through commercial channels. For these items, the
appropriate analytical market price will be that occurring at the point of first sale or
that price in effect when the product crosses the farm boundary (Gittinger, 1982). In
the black walnut example (Table 22.6) market prices were given for soybeans,
wheat, livestock, and several tree stumpage sizes.

Valuation will be more difficult in circumstances where most or all of
production is either bartered or consumed on-farm. The failure to include this
on-farm consumptioncan grossly underestimate the actual returns to
agroforestry investments relative to market-oriented systems (Prinsley, 1990).
Two accepted methods for pricing such goods are the value of labor employed
in their production or the cost that their consumers would be willing to pay for
marketedsubstitutes.

The valuation of the products of the agroforestry perennial can be
particularly challenging. The pricing of timber and poles is largely dependent on
marketutilization:timberusuallybeingsoldpercubicmeterandpoles bylength
(Hoekstra, 1990). The valuation of foliage productsis usually more
straightforward. Fodder is normally sold by green or dry weight and in the case
of on-farm consumption, beneficial effects will be reflected in increased
livestock production. Likewise, the value of internally-consumed green manure
andleaflitterwillbeincludedintheenhancedworthofthecropharvest.

Environmental benefits
Any economic assessment of agroforestry enterprises should carefully consider
the importantindirect effects, such as erosion control  andwatershed
maintenance, on the economic and social welfare of people both inside and
outside the project boundary. This inclusion is critical; from society's viewpoint
these environmental benefits can be key factors in the decision to promote



agroforestry (Mercer, 1992). Unfortunately, these effects are often neither obvious
nor easy to quantify, especially in the short-term.

Markets can provide considerable information about the demand for similar
marketed goods and their valuation (Anderson, 1987; Randall, 1987; Prinsley,
1990). In rural Nepal, for example, appraisers calculated the economic value of
fuelwood by a comparison with the opportunity cost to soil fertility and maize
production incurred when cattle dung was used as a fuel source (Table 22.7)
(Gregersen et al. 1989).

Table 22.7. Estimating the value of fuelwood based on the opportunity cost of cattle dung.

- 1  kg of air-dryfuelwoodcontains 4,700kcal

- 1  kg of dry cowdungcontains 2,400kcal

- 1  m3 of air-dryfuelwoodweighs 725kg

- The dung equivalent of 1 m3of
fuelwood is thus (725 x 4,700)/2,400= 1,420kg

- 1,420 kg of dung yields fourtimes
that quantity ofmanure,i.e. 5,680kg

- Farmers use on the average of 8 tons ha  '  of manure on
maize fields, which increases yield per ha by about 15%
of 1,500 kg ha-1 or 225kg

- 5,680 kg ha-1 of manure thus increases maize field per haby
about (5,680/8) x225 = 160kg

- 160 kg of maize  has  an economicvalueof NRs 520

- The economic value of  1  m3 of fuelwood  isthereforeabout NRs 520

Note: NRs = Nepal rupees
1 calorie = 4.184 joules

Source: Gregersen et al. (1989) based on World Bank (1986).

In the case of soil conservation, benefits can be ascertained through the market
value of the sustained or increased crop production made possible by an
agroforestry intervention. As mentioned in section 22.3.1, "with" and
"without" comparisons can be particularly useful to highlight the positive or
negative production or environmental effects associated with the introduction
of a particular agroforestrystrategy.

22.3.6. Riskevaluation

The uncertainty inherent to the adoption of any new agricultural technology,
whether because of the biological lag between planting and harvesting, adverse
weather, or the unpredictable nature of markets, is of critical importance to
farmers. In addition, elements of uncertainty are intrinsic to the evaluation process
itself (Sang, 1988):



1. The identification and measurement of most non-physical costs and benefits
are dependent upon valuejudgments;

2. The qualitative assessments of the indirect effects and externalities of  a
project are essentially subjective;and

3. Relevant data and information is generally limited and inadequate,
particularly in developingcountries.
For these reasons, it is unrealistic to base economic evaluations on the

assumptions of near-perfect knowledge and complete price stability (Gittinger,
1982). Therefore, provisions need to be made for beneficial or, perhaps more
importantly, adverse fluctuations in climate and market prices that could seriously
affect farm income. This is particularly pertinent to agroforestry where the presence
of a perennial component requires a long-term outlook.

Sensitivity analysis
As mentioned, substantial uncertainties will always linger about the future price
of inputs, the selection of the discount rate, the expected quantity of harvests
and so forth. Sensitivity analysis can be utilized in these situations to determine
how an economic evaluation will be affected if crucial variables and assumptions
are changed. In this analytical methodology, the effects of altered circumstances
are assessed by varying the quantity or price of inputs and outputs or other
important variables in an evaluation by a fixed percentage or amount and then
recalculating (sensitivity calculations as well as more advanced means of risk
analysis have been considerably facilitated by the relatively recent development
of spreadsheets and other computer software). The results can then be presented
as a range of possible outcomes and associated probabilities; the usual practice
istoplacethemostprobableestimateinthemiddleoftherange.

Table 22.8 presents a sensitivity analysis conducted by Wannawong et al.
(1991) to determine how various discount rates would affect the net present value
of the cassava farming system with and without eucalyptus, first discussed in
section 22.3.3. In this example, the utilization of different discount rates altered the
magnitude of the NPV but did not change the overall attractiveness of the
agroforestry intervention.

Table 22.8. An economic sensitivity analysis of alternate farming systems in Thailand using five
different discount rates.

System NPV (baht*/rai **)

Discount rate: 5% 7% 8% 9% 11%

Cassava 3009 2872 2807 2744 2624
Eucalyptus and cassava 4229 4052 3968 3887 3771

* 1 USS = approx. 25baht(July1992)
** 1 hectare = 6 rai
Source: Wannawong et al. (1991).



Sensitivity analysis can also be used to evaluate multiple variable changes
(Figure 22.4). Dunn et al. (1990) conducted a sensitivity analysis on the NPV of
fuelwood production with Alnus acuminata (syn. A. jorullensis) in Ecuador
using four different discount rates (10%,15%, 20% and 25%) and fourdifferent
market prices (150, 200, 250 and 300 sucres per mule load). From the diagram it
is apparent that production was profitable for all four prices at a 10% discount
rate but was never feasible at the 25% discountrate.

Figure 22.4. Net present value of 1 ha of Alnus acuminata (syn. jorullensis) thinned at year 10 in a 20-
year rotation using four discount rates and four fuelwood market prices.

Risk-benefit analysis
The underlying concept of risk-benefit analysis is that any development or
change from the status quo will involve some degree of risk; an inherent trade•
off between risk and increased productivity is recognized (Randall, 1987). Risk-
benefit analysis presents the potential economic and agronomic benefits of an
undertaking together with quantitative estimates of the risks involved in
implementation.

Other methods
Risks can be evaluated in less formal, less scientific ways. Where agroforestry
interventions may be perceived as being more risky than current agricultural
practices, higher than expected agroforestry investment costs can be coupled
with lower than average expected agroforestry benefits (Hoekstra, 1990). Under
this methodology, the opposite exercise would be performed if agroforestry
were perceived as a more risk-freeoption.



22.4. Past and recent economic studies ofagroforestry

As mentioned in the introduction to this chapter, the economic evaluations of
agroforestry have been few in comparison to biophysical investigations. Even when
such evaluations have been performed,  most have been pre- implementation, {ex
ante) studies rather than after-project, (ex post) studies. A recent publication on this
subject (Sullivan et al., 1992) has dealt with  this subject in detail, and given
several case studies. Therefore, only salient aspects are mentioned here.

22.4.1. Generalstudies

Betters (1988), Prinsley (1990), Hoekstra (1990), and Sullivan et al. (1992) have
provided detailed overviews of the specific issues and obstacles encountered in the
economic appraisal of agroforestry systems and projects. In an earlier work,
Magrath (1984) also discussed the particular evaluation problems inherent to
agroforestry and provided a survey of the economic returns of agroforestry projects.
Other early important works in agroforestry economic evaluation include those by
Filius (1982), Etherington and Mathews (1983) and Arnold (1987).

22.4.2. Farm-forestrystudies

Gregersen and Contreras (1979) reported on the economic and financial analysis of
a small-holder tree plantation project in the Philippines. Energy/ Development
International (1986) conducted case studies in eight countries on the economics of
tree farming for fuelwood production. A detailed ex ante economic analysis of farm
forestry was performed in Nigeria by Anderson (1987), and Hosier (1987)
compared the Kenya Fuelstick Project with a conventional woodlot project in
another ex ante study. Dunn et al. (1990) examined the economic feasibility of
producing AInus acuminata (syn. jorullensis) for fuelwood in Ecuador in a study
referred to earlier in this chapter. Economic implications and crop losses due to
growing eucalyptus on field bunds in northwestern India were studied by Saxena
(1990,1991,1992). He noted that farmers experienced lower crop yields in strips of
2-10 m width next to the tree line. When these crop losses were taken into account,
the BC ratio at 15% discount rate dropped from 9.2 (without taking crop losses into
the calculation), to just about 2. Several other case studies are reported in Sullivan
et al. (1992).

22.4.3. Alleycropping

As with biological investigations, more economic studies have been made on alley
cropping than on any other agroforestry technology (Nair, 1990). The review of
alley cropping by Kang et al. (1990) discussed the results of some economic
evaluations of this system. Ngambeki (1985) reported that



management of leucaena trees at IITA in alley cropping increased the labor
requirement by about 50% over nonalley-cropped plots. He found that this
increased labor cost was offset, however, by both a yield increase in maize of up to
60% as well as a decreased need for fertilizer. A study carried out in an Imperata
cylindrica-infested savanna area in Nigeria by the International Livestock Centre
for Africa (ILCA) showed that the labor required to clear fallow regrowth from an
alley farm was 47% less than that required on an adjacent traditional farm (ILCA
1987). In a similar study in an area where /. cylindrica was not a problem, alley
farming showed an 18% labor advantage over traditional practices (Ngambeki
and Wilson1984).

Working in southern Nigeria, Sumberg et al. (1987) developed an economic
model to compare maize production in monoculture and under alley cropping with
L. leucocephala. They concluded that alley cropping was more profitable than
maize monoculture practiced under a 3-year fallow system, but that the
agroforestry advantage decreased as the market price of maize increased relative to
the cost of labor. Again in southern Nigeria, Ehui (1992) examined the profitability
of alley cropping in comparison with traditional shifting cultivation with emphasis
on the short- and long-term effects of soil erosion.

Verinumbe et al. (1984), using a linear programming model (a computer-
based evaluation technique), reported that leucaena/maize alley cropping was
economically attractive where hired labor was available at a relatively low cost.
A similar conclusion was reached by Raintree and Turray (1980) in another
linear programming study of an upland leucaena and rice system in Sierra
Leone. Using a multi-time period analytical model, Thomas et al. (1992)
examined the profitability of maize and leucaena alley cropping system in
western Kenya; the polyculture option was seen to have a significant advantage
over maizemonoculture.

In general, the economic analyses of alley cropping conducted to date, as with
biological evaluations, have confirmed its feasibility in humid to subhumid tropical
regions. These same analyses, however, have indicated alley cropping's relative
impracticality in those areas with either limited or high-cost labor, low annual
rainfall, or extended dry seasons.

22.4.4. Other agroforestrypractices

Other agroforestry practices on which economic studies have been conducted
include:
Intercropping between live fences: Reiche (1987, 1988, 1992) summarized ex

post economic analyses of Gliricidia live-fences compared with dead-post
fencing in Honduras and CostaRica.

Intercropping and silvopastoral systems: Some exante and expost analyses have
been reported from India by Mathur et al. (1984); Gupta (1982) and Shekhawat
et al. (1988). Jabbar and Cobbina (1992) reported from studies on alley farming
in Southwestern Nigeria that crop response to mulching was the most important
determinant of whether or not the use of prunings for feeding



the animals was economic: at low crop yields and low crop response to mulching,
feeding a part of the tree foliage to small ruminants is economically gainful, but at
high crop-yield levels and higher crop responses to mulching,
theuseofpruningsasanimalfeedisuneconomic.

Multistory cropping and plantation crop combinations: Farm management and
economic data on labor utilization, costs of cultivation and benefit/cost
relations were reported from coconut-based agroforestry systems in India by
Nair (1979). Economic evaluation of combinations of cacao with shade trees
in Costa Rica were reported by von Platen(1992).

Homegardens: Arnold (1987) reviewed the reported results of economic studies on
homegardens in India, Indonesia and Nigeria.


