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Preface

Agroforestry has come of age during the past fifteen years. During this period,
activities and interest in agroforestry education and training have increased
tremendously, as in other aspects of agroforestry development. Today,
agroforestry is taught at the senior undergraduate and postgraduate levels in
many institutions around the world, either as a separate subject or as a part of
the regular curricula of agriculture, forestry, ecology, and other related
programs. Although several books on the subject have been published during
the past few years, there is till no single publication that is recognized as a
textbook. This book is an effort to make up for this deficiency.

The need for such a book became obvious to me when | was faced with the
task of teaching a graduate-level course in agroforestry at the University of
Florida five years ago. Subsequently, the Second International Workshop on
Professional Education and Training held here at the University of Florida in
December 1988 recommended that the preparation of an introductory textbook
be undertaken as a priority activity for supporting agroforestry education
world-wide. The various educational and training courses that | have been
involved in, and my interactions with severa instructors and students of
agroforestry in different parts of the world, further motivated me into this
venture.

Agroforestry is a very complex subject; indeed, it is an amalgam of many
subjects. For centuries, agroforestry has been artfully practiced throughout the
world, especially in the developing countries of the tropics. Lately, the
underlying principles of these time-tested practices, as well as the scope for
applying scientific principles to improve them, are being explored vigorously. It
has now become obvious that the science of agroforestry does, or ought to,
involve a harmonious blending of both biophysical and social sciences. While
it is important that an introductory-level textbook should cover al these
aspects, it is quite adifficult task to integrate these seemingly disparate subjects
under one cover. Nevertheless, an attempt has been made in this book to
include elements of most, if not all, of the major areas of current interest in the
subject.

The 25 chapters of the book are organized into six sections. After an

Xi



xii Preface

introductory section that traces the brief history of the development of
agroforestry and the underlying concepts and principles of the subject, the
magjor agroforestry systems in the tropics and the recent developments in each
of them are discussed in Section 11 (Chapters 3-10). Three chapters (11-13) that
constitute Section |11 dedl with the plant aspects; brief notes on about 50 of the
commonly-used multipurpose trees and shrubs in agroforestry and illustrations
of severd of them are included in this section. Section IV (Chapters 14-18) is
on soil productivity aspects. The leve of discussion in this section is more
detailed than in others, partly because this topic has attracted more research
attention, and also because soil-productivity improvement is often considered
to be one of the most important advantages of agroforestry. Section V, caled
Dedign and Analysis of Agroforestry Systems, dealswith the diagnosis & design
(D & D) methodology, on-station fidd experiments, on-farm research,
economic and socid considerations; and system-evaluation criteria. The main
focus of these 24 chapters (Sections I-V) is on the tropics and developing
countries, where the practice of and potential for agroforestry are most
conspicuous. However, significant developments in agroforestry are occurring
in the temperate zone too; these are the subject of the last chapter, which forms
Section VI.

Given the breadth of subjects covered in the book, it wasimportant and even
essentia to draw heavily from the available literature on the different topics. In
some cases, | thought it appropriate and important to present the subject in the
respective authors' own words, to retain the authenticity of the subject and the
arguments. A basic understanding of the elements of various biophysical (plant
and soil) and socia sciences is essentia for the scientific study of agroforestry.
However, many students have been found to bewesk or out-of-touch with these
basics. Therefore some of these basic principles are explained in separate
chapters; relevant references to standard textbooks on these subjects are also
made to enable the readers to update themselves.

The students of agroforestry have varied backgrounds and interests. Their
expectations of agroforestry and hence of a textbook on the subject are
divergent. Because of this, as wel as the complexity of the subject, one single
book may not be completdly satisfying to all. However, | hope that students,
professional trainees, researchers, and other professionals in agroforestry will
find the book a useful introduction to this complex subject.

Gainesville, Florida, USA P.K.R. Narr
November 1992
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SECTION ONE

Introduction

This introductory section consists of two chapters;
Chapter 1 is a review of the developments during the
1960s and 1970s that led to the institutionalization of
agroforestry. A discussion on the concepts and
principles of agroforestry follows in Chapter 2; the
other commonly used terms such as community
forestry, farm forestry, and social forestry are also
explained in this chapter.



CHAPTER 1

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.
Tracing the history of agroforestry, King (1987) statesthat in Europe, until the
Middle Ages, it was the general custom to clear-fell degraded forest, burn the
dash, cultivate food crops for varying periods on the cleared area, and plant or
ow trees before, along with, or after sowing agricultural crops. This "farming
system" is no longer popular in Europe, but was widely practiced in Finland up
to the end of thelast century, and was being practiced in afew areasin Germany
as late as the 1920s.

In tropical America many societies have simulated forest conditions to
obtain the beneficid effects of the forest ecosystem. For example, in Central
America, it has been atraditional practice for along 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 finaly a spreading ground cover such as sguash. 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 sophigticated 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 partia 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 aso 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 typicdly grown together under a cover of
scattered trees (Forde, 1937). The Y oruba of western Nigeria, who have long
practiced an intensive sysem of mixing herbaceous, shrub, and tree crops,
clam that the system is ameans of conserving human energy by making full use

3



4 |Introduction

of the limited space won from the dense forest. The Y oruba aso clam that this
sysem is an inexpensive means of maintaining the soil's fertility, as wel 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 ddiberately 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 Divison in Myanmar (Burma), established a plantation of
teak (Tectona grandis) by using a method he cdled "taungya," and presented
it to Sr Dietrich Brandis, the Governor. Brandisis reported to have said, "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
becameincreasingly widespread. It wasintroduced into South Africaas early as
1837 (Hailey, 1957) and wes taken, from what was then Burma, to the
Chittagong and Bengd areas in colonia Indiain 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 alowed to cultivate the
land between the rows of tree seedlings to grow agricultural produce. Thisisa
simplification of a sysem whose details varied depending on the country and
locdlity (see Chapter 6 for details of the taungya system).

Asareault of foresters' preoccupations with the forests and the forest estate,
the main objective of the research undertaken by them on such mixed systems
was to ensure that:

« little or no damage occurred to the forest-tree species;

* the rates of growth of the forest-tree species were not unduly inhibited by
competition from the agricultural crop;

« the optimum time and sequence of planting of either the tree or agricultural
crop be ascertained in order to ensure the surviva and rapid growth of the
tree crop;

» the forest species that were capable of withstanding competition from
agricultural species be identified; and

« the optimum planting-out spacings for the subsequent growth of the tree
crop be ascertained.

In short, the research conducted was undertaken for forestry by foresters. It
appears the foresters conducting the research never envisoned the system as
beng capable of making a significant contribution to agricultural development,
or its potential as aland-management system (King, 1987).
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Many factors and developments in the 1970s contributed to the genera
acceptance of agroforestry as a system of land management that is applicable to
both farm and forest. These factors included:
¢ the re-assessment of development policies by the World Bank;

* a reexamination of forestry policies by the Food and Agricultural

Organization (FAO) of the United Nations;

» a reawakening of scientific interest in both intercropping and farming
systems,

* the deteriorating food situation in many areas of the developing world;

* the increasing spread of tropical deforestation and ecologica degradation;

* the energy criss of the 1970s and consequent price escaation and shortage of
fertilizers, and

» the establishment by the International Development Research Centre

(IDRC) of Canada of a project for the identification of tropical forestry

research priorities.

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, especidly 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
cearly (McNamara, 1973):

Of the two hillion persons living in our developing member countries, nearly
two-thirds, or some 13 hillion, are members of farm families, and of these
are some 900 million whose annua incomes average less than $100...for
hundreds of millions of these subsistence farmers life is neither satisfying nor
decent. Hunger and malnutrition menace their families. Illiteracy forecloses
their future. Disease and death vist their villages too often, stay too long,
and return too soon.

The miracle of the Green Revolution may have arrived, but, for the most
part, the poor farmer has not been able to participatein it. He cannot afford
to pay for theirrigation, the pesticide, the fertilizer, or perhaps for the land
itself, on which his title may be vulnerable and his tenancy uncertain.

Againg this backdrop of concern for the rural poor, the World Bank actively
considered the possibility of supporting nationally oriented forestry programs.
Asaresult, it formulated a Forestry Sector Policy paper in 1978, which has been
used as the basis for much of its lending in the forestry sub-sector in the 1980s.
Indeed, its socia forestry program, which has been expanded considerably
snce the 1980s not only contains many elements of agroforestry but is
reportedly designed to asss the peasant and the ordinary farmer by increesing
food production and conserving the environment as much as it helps the
traditional forest services to produce and process wood (Spears, 1987).

! The World Bank's Forestry Policy, which was further revised in 1991 gives even more
emphasis to agroforestry and "trees outside the forest” (World Bank, 1991).
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It was around the same time that, with the appointment in 1974 of a new
Assigtant 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 wel 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 dl the forest and forest industry development which has
taken place in the developing world over the last decades has been externdly
oriented...the basic forest-products needs of the peoples of the developing
world are further from being stisfied than ever...

Just because the principal preoccupation for the forest services in the
developing world has been to help promote this miscdled forest and forest
industry development, the much more important role which forestry could
play in supporting agriculture and raising rural welfare has been either badly
neglected or completely ignored.

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 dso 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 fase dichotomy between agriculture and
forestry" (King, 1979).

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

Severd developments in the area of agricultural research and development
during the 1960s and 1970s were also instrumental in initiating organized efforts
in agroforestry. Under the auspices of the Consultative Group on International
Agricultura Research (CGIAR), severd International Agricultural Research
Centers (IARCs) were established in different parts of the world to undertake
research with the objective of enhancing the productivity of mgjor agricultural
crops (or animals) of the tropics. The development of high-yielding varieties of
cereds and related technologies through the joint efforts of some of these
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centers and the relevant national programs paved the way for what became
known asthe Green Revolution (Borlaug and Dowswell, 1988). However, it was
soon redlized that many of the green revolution technologies that placed aheavy
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.
Mog of the IARCs and the national programs were focusing on individua
crops such asrice, wheat, maize, and potato, and production technologies for
monocultural or sole-crop production systems of these crops. However, the
farmers, especidly 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 individua crops
would seldom be applicable. These shortcomings were recognized widdly by a
large number of policy makers.

As aconseguence, there was renewed and heightened interest in the concepts
of intercropping and integrated farming systems. It was being demonstrated,
for examgl e, that intercropping may have severa advantages over sole
cropping.” Preliminary results from research in different parts of the world had
indicated that in intercropping sysems more effective use was made of the
natural resources of sunlight, land, and water. The research also indicated that
intercropping sysems might have beneficial effects on pest and disease
problems; that there were advantages in growing legumes and nonlegumes in
mixture; and that, asaresult of al this, higher yields could be obtained per unit
area even when multi-cropping systems were compared to sole cropping sysems
(Papendick et d., 1976).

It became obvious that although a great deal of experimentation was being
carried out in the generd fidd of intercropping, there were many gaps in our
knowledge. In particular, it was fdt 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, yidd stability,
biologica nitrogen fixation, and plant protection (Nair, 1979). Concurrently,
the International Ingtitute of Tropical Agriculture (1ITA), an IARC in Ibadan,
Nigeria, extended its work to include integration of trees and shrubs with crop
production (Kang et al., 1981). Other research organizations had aso 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 wel 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.

Environmental concerns became very conspicuous at the same time as these
changes and developments were happening in the land-use scenarios of tropical

2 Some of these common land-use terms are explained in the glossary at the end of the book.
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A and B: Typology of forests in the world

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).
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forestry and agriculture. Deforestation of the world's tropical region, which
attained the status of a "hot topic" on the agenda of amost all environment-
related discussions at dl 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
assembled statistics on the extent and progression of deforestation in the tropics
during the past two decades, and estimated the current rates at about 12 million
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
estimates from the 1990 assessment, reports that the actual rate of deforestation
during the 1980s was about 50% higher, 17.1 million hectares annualy
(Matthews and Tunstall, 1991). As pointed out in a study by the World
Resources Ingtitute, 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 systematicaly (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 widdy agreed that deforestation causes a
declinein the productive capacity of soils, accelerated erosion, siltation of dams
and reservoirs, destruction of wildlife habitats, and loss of plant genetic
diversty (World Bank, 1991). It isaso generally agreed that the main causes of
this deforestation are population resettlement schemes, forest clearance for
large-scale agriculture, forestry enterprises and anima production, and, in
particular, shifting cultivation. A 1982 FAO egtimate showed that shifting
cultivation was responsible for aimost 70% of the deforestation in tropical
Africa, and that forest falows resulting from shifting cultivation occupied an
areaequivalent to 26.5 % of the remaining closed forest in Africa, 16 %in Latin
America, and 22.7 % intropical Asa(FAO, 1982). Faced with these challenges
and maladies of deforestation, severd 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, severad sound
grategies 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,
leading to the call for measuresto protect the remaining forests, introduce more
woody perennials into managed land-use systems, and change farming
attitudes. Studies carried out by anthropologists and socia scientists on farmer
atitudes to improved land-use sysems showed the importance of mixed
sysems in traditional cultures and highlighted the need to build upon these
practices when developing new approaches.

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

* identify significant gaps in world forestry research and training;

» asessthe interdependence of forestry and agriculture in low-income tropical
countries and propose research leading to the optimization of land use;

o formulate forestry research programs which promise to yield results of
considerable economic and socid impact on developing countries;

» recommend ingtitutional arrangements to carry out such research effectively
and expeditioudy; and

* prepare a plan of action to obtain international donor support.

Although the initial assgnment dressed the identification of research
priorities in tropical forestry, Bene's team came to the conclusion that first
priority should be given to combined production systems which would integrate
forestry, agriculture, and/or animal husbandry in order to optimize tropical
land use (Beneet al., 1977). In short, therewas ashift in emphasis from forestry
to broader land-use concepts which were perceived as having immediacy and
long-term relevance.

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 production systems involving
some combination of treeswith agricultura crops are widely recognized, and
that research aimed at developing the potential of such sysemsis planned or
exigsinanumber of scattered areas. Equally evident istheinadequacy of the
present effort to improve the lot of the tropical forest dweller by such means.

A new front can and should be opened in the war against hunger,
inadequate shelter, and environmental degradation. This war can be fought
with weapons that have been in the arsenal of rural people since time
immemorial, and no radical change in their life style is required. This can
best be accomplished by the creation of an internationally financed council
for research in agroforestry, to administer acomprehensive program leading
to better land-use in the tropics (Bene et al., 1977).

It was apparent that despite the growing awareness of the need for information,
on which agroforestry systems might be effectively based, very little research
was being undertaken. Furthermore, the research that was being conducted was
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 sysems of agriculture and forestry. This proposa was
generdly wdl 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 ingtitutionaized
for the first time.
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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 ingtitutions 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
approaches and systems, and in general, through the presentation of hard facts,
attempting to reduce the doubts gill held by a few skeptics.

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 merdly the handmaiden of forestry, is
being used more as an agricultura system, particularly for small-scale farmers.
Today, the potentia of agroforestry for soil improvement and conservation is
generdly accepted. Indeed, agroforestry is fast becoming recognized as aland-
use sysem which is capable of yielding both wood and food while & the same
time conserving and rehabilitating ecosystems.
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CHAPTER 2

Definition and concepts of agroforestry
Community forestry, farm forestry, and social forestry

It is clear from the previous chapter that agroforestry is a new name for a st
of old practices. The word and concept attained a fair leve of acceptability
in internationa land-use parlance in arather short time, but not without some
difficulty. In the beginning, undoubtedly, a lot of ambiguity and confusion
exised 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 a 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 dtated that:

There is a frequent mixing up of definitions, ams 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
ecologicd stability. We may indeed aim for these, and in many ecologica
and socioeconomic settings agroforestry approaches have a higher potentia
to achieve these than most other approaches to land use. But, with the wrong
choice of species combinations, management practices, and lack of peoples
motivation and understanding, agroforestry may indeed fal just like any
other form of land use may fail, and it will sill be agroforestry in the
objective sense of the word.

A drictly scientific definition of agroforestry should stress two
characteristics common to al forms of agroforestry and separate them from
the other forms of land use, namely:

« the deliberate growing of woody perennias on the same unit of land as
agricultural crops and/or animals, either in some form of spatia mixture
or sequence;

13
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* there must be a significant interaction (positive and/or negative) between
the woody and nonwoody components of the system, either ecologica
and/or economical.

When promoting agroforestry one should then stress the potentia of it to
achieve certain aims, not only by making theoretical and qualitative remarks
about the benefits of trees, but also, and more importantly, by providing
guantitative information (Lundgren, 1982).

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

Agroforestry is a collective name for land-use systems and technologies
where woody perennias (trees, shrubs, pams, bamboos, efc.) are
ddiberately used on the same land-management units as agricultural crops
and/or animals, in some form of spatial arrangement or temporal sequence.
In agroforestry systemsthere are both ecological and economical interactions
between the different components (Lundgren and Raintree, 1982).

This definition implies that:

» agroforestry normaly involves two or more species of plants (or plants and
animals), a least one of which is awoody perennid;

» an agroforestry system aways has two or more outputs;

* the cycle of an agroforestry system is dways more than one year; and

* even the dmplest agroforestry sysem is more complex, ecologicaly

(structurally and functionally) and economicaly, than a monocropping

system.

This definition, though not "perfect” in dl 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
articulated in severa publications from ICRAF and other organizations. Thus,
agroforestry isno longer a"new" term. It is widely accepted as an approach to
land use involving a deliberate mixture of trees with crops and/or animals.
However, the question of "what is agroforestry” comes up occasionaly even
today (early 19909) in many discussons and some publications (e.g.,
Somarriba, 1992). But the discussants eventualy redize that the discussion,
after all, has not been worth their while; they reconcile themsalves to the fact
that even the long-established land-use disciplines such as agriculture and
forestry do not have completely satisfactory definitions, and more importantly,
that a universadly acceptable definition has not been a prerequisite for the
development of those disciplines.

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 specia needs
and conditions of tropical developing countries that have not been satisfactorily
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addressed by advancesin conventional agriculture or forestry. Theterm is used
to denote practices ranging from smple forms of shifting cultivation to
complex hedgerow intercropping systems; systems including varying densities
of tree standsranging from widely-scattered Faidherbia (Acacia) albidatreesin
Sahdlian millet fidds, to the high-density multistoried homegardens of the
humid tropics; and systems in which trees play a predominantly service role
(e.g., windbreaks) to those in which they provide the main commercial product
(e.g., intercropping with plantation crops). Detailed descriptions of avariety of
such sysems in the tropics are now available (e.g., Nair, 1989). It needs to be
reemphasized that one concept is common to al 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 of agroforestry.

Additionaly, there are three attributes which, theoretically, all agroforestry
systems possess. These are:

1 Productrvrty Mogt, if not all, agroforestry systems am to maintain or
increase production (of preferred commodities) as wel as productivity (of
the land). Agroforestry can improve productivity in many different ways.
These include: increased output of tree products, improved yieds of
associated crops, reduction of cropping system inputs, and increased labor
efficiency.

2. Sustainability: By conserving the production potential of the resource base,
mainly through the beneficia effects of woody perennials on soils (see
Section 1V of this book), agroforestry can achieve and indefinitely maintain
conservation and fertility goals.

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 arelatively new word
for an old set of practices means that, in some cases, agroforestry has
already been accepted by the farming community. However, theimplication
here is that improved or new agroforestry technologies that are introduced
into new areas should also conform to local farming practices.

These attributes are so characteristic of dl agroforestry systems that they form

the basis for evauation of various agroforestry systems as discussed in Chapter

24,

Community forestry, farm forestry, and social forestry

The escdating worldwide interest in tree planting activities during the past two
decades (1970-1989) resulted in the emergence and popularization of severa
other terms with "forestry" endings. Notable among these are Community
Forestry, Farm Forestry, and Social Forestry. Although these terms have not
been defined precisdly, it is generaly accepted that they emphasize the sdf-help
aspect - people's participation - in tree planting activities, not necessaily in
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association with agricultura crops and/or animals as in agroforestry, but with
socid objectives ranking equaly in importance with production objectives.
Thus, socid forestry is considered to be the practice of using trees and/or tree
planting specificaly to pursue socia objectives, usudly betterment of the poor,
through ddivery of the benefits (of trees and/or tree planting) to the loca
people; it is sometimes described as "tree growing by the people, for the
people." Community forestry, a form of socia forestry, refers to tree planting
activities undertaken by a community on communal lands, or the so-caled
common lands; it is based on the loca peopl€e's direct participation in the
process, either by growing trees themselves, or by processing the tree products
locdly. 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."* Farm forestry, aterm commonly used mainly in Asia, indicates
tree planting on farms.

The mgor 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
products and services, the other terms refer to tree planting, often as woodlots.
As severd authors have pointed out (e.g., Dove, 1992, Laarman and Sedjo,
1992), dl these labels directly or indirectly refer to growing and using trees to
provide food, fuel, medicines, fodder, building materias, and cash income.
Only blurred lines, if any, separate them and they al encompass agroforestry
concepts and technologies. No matter what the experts may say, theseterms are
often used synonymoudy, and sometimes even out of context, in land-use
parlance.
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SECTION TWO

Agroforestry systems and practices

The focus of this section is on agroforestry systems
and practices. The extent of the complexity and
diversity of agroforestry systems, and a review of
current knowledge on some of the common agro-
forestry systems in the tropics are the topics of the
eight chapters of the section. After describing the
classification scheme (Chapter 3) and distribution
(Chapter 4) of the systems, five major systems are
reviewed in detail, each in a separate chapter
(Chapters 5-9). Chapter 10 contains brief descriptions
of other major systems and technologies.



CHAPTER 3

Classification of agroforestry systems

If we look at exigting 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 al ecologica and geographical regions of the world,
but most digtinctively in the tropics. Severa 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 Chapter 4.

In order to understand and evaluate the existing agroforestry systems and to
develop action plans for their improvement, it is necessary to dassfy them
according to some common criteria. The most organized effort to understand
the systems has been a global inventory of agroforestry systems and practicesin
developing countries undertaken by ICRAF between 1982 and 1987. This
activity involved systematically collecting, collating, and evauating data
pertaining to a large number of such land-use systems around the world (Nair,
19874). 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 classfication scheme, and on the other hand,
such a classification scheme became necessary to compile and process the
information. Nair (19858) used this information to develop the classfication
scheme described here.

The main purpose of classfication 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 alogica way of grouping the mgjor factors on which production of
the sysem will depend;
* indicate how the sysem is managed (pointing out possibilities for manage-

21
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ment interventions to improve the system'’s efficiency);
 offer flexibility in regrouping the information; and
* be easly understood and readily handled (practical).

The complexities of these requirements suggest that a single classification
scheme may not satisfactorily accommodate al of them; perhaps a series of
classfications will be needed, with each one based on a definite criterion to
sarve a different purpose. In the early stages of agroforestry development,
severd attempts were made to classfy agroforestry sysems (Combe and
Budowski, 1979; King, 1979; Grainger, 1980; Vergara, 1981; Huxley, 1983;
Torres, 1983). However, these were mostly exercises in concept development
rather than aidsin evaluating and analyzing agroforestry systems based on field
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), otherstried to integrate severa of these criteriain hierarchical schemes
in rather smple ways (Torres, 1983) or more complex ones (Combe and
Budowski, 1979; Wiersum, 1980).

The most obvious and easy-to-use criteria for classfying agroforestry
sysdems are the spatiad and temporal arrangement of components, the
importance and role of components, the production aims or outputs from the
system, and the socia and economic features. They correspond to the systems
structure, function (output), socioeconomic nature, or ecologica
(environmental) spread. These characteristics also represent the main purpose
of a classfication scheme. Therefore agroforestry systems can be categorized
according to these sets of criteria

» Sructural basis: refers to the composition of the components, including
spatia arrangement of the woody component, vertical stratification of dl the
components, and tempora arrangement of the different components.

» Functional basis: refers to the mgjor function or role of the system, usualy
furnished by the woody components (these can be of a service or protective
nature, e.g., windbreak, shelterbelt, soil conservation).

» Socioeconomic basis: refersto the leve of inputs of management (low input,
high input) or intensity or scale of management and commercial gods
(subsistence, commercia, intermediate).

» Ecological basis. refers to the environmental condition and ecologica
suitability of systems, based on the assumption that certain types of sysems
can be more appropriate for certain ecologica 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 classfication 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
biologica nature of the woody components in the system, the socioeconomic
and ecologica dtratification refers to the organization of the systems according
to prevailing local conditions (socioeconomic or ecological). The complexity of
agroforestry classification can be considerably reduced if the structural and



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 Function Agro-ecological Socio-economic and
(nature and arrangement of components, (role and/or output environmental management level
especially woody ones) of components, adaptibility
Nature of components Arrangement of components especially woody ones)
Agrisilviculture In space (spatial) Productive function Systems in/for Based on level of

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

Silvopastoral
(pasture/animals and
trees)

Agrosilvopastoral
(crops, pasture/animal:!,
and trees)

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

*

*

Mixed dense
(e.g., homegarden)

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

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

Boundary
(trees on edges of
plots/fields
In time (temporal)
Coincident

Concomitant
Overlapping
Sequential (separate)
Interpolated

Food
Fodder
Fuelwood

Other woods
Other products

Protective function
Windbreak

Shelterbelt

Soil conservation
Moisture conservation
Soil improvement

Shade
(for crop, animal
and man)

Lowland humid tropics

Highland humid tropics
(above 1,200 m as.l.,

Malaysia)

Lowland subhumid
tropics
(e.g. savanna zone
of Africa, Cerrado
of South America)

Highland subhumid
tropics (tropical
highlands)

(e.g. in Kenya,
Ethiopia)

technology input
Low input (marginal)

Medium input
High input

Based on cost/benefit
relations
Commercial

Intermediate
Subsistence

* See Figure 3.2. (on p. 27) for explanation of these terms

Source: Nair (1985a).
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functional aspects are taken as the primary considerations in categorization of
the systems and socioeconomic and agroecological/environmenta (as wel as
any other such physicd or socid) 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. Sructural dasdfication of systems

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
important to consider the arrangement of components in addition to their type.

3.1.1. Based on the nature of components

In agroforestry systems there are three basic sets of ements or components
that are managed by the land user, namely, the tree or woody perennial, the
herb (agricultural crops including pasture species), and the animal. As we have
seen in Chapter 2, in order for a land-use system to be designated as an
agroforestry system, it must aways have a woody perennial. In most
agroforestry systems, the herbaceous species is dso involved, the notable
exceptions being apiculture and aquaculture with trees, and plantation-crop
mixtures of two woody perennias such as coffee and rubber trees, or coffee,
cacao, and teaunder shadetrees. Animas are only present in some agroforestry
systems. This leads to a smple classification of agroforestry systems as given
below and depicted in Figure 3.1.

As mentioned above, there are dso a few other systems, such as multi-
purpose woodlots (that interact economicaly and ecologicdly with other land-
use production components and hence fal under the purview of agroforestry
definition), apiculture with trees, and integration of trees and shrubs with fish
production (shal we cal it aquasilviculture?) that do not fdl 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 types' 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
agrisilvicultura system for food production in the lowland humid tropics at a
subsigtence leve of production, a commercia silvopastoral system for fodder
and food production in lowland subhumid (or dry) tropics, an agrosilvo-

! Saverd other terms, indicating different forms or subdivisions of agroforestry, are being used
invarious places. For example, "agri-horiticulture," "horti-agriculture," "agri-silvi-horti," "silvi-
pasture,” "sylvopastoral," etc. can be seen in some publications. But the rationale and criteria for
defining such terms have seldom been explained.
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Figure 3.1. Classification of agroforestry systems based on the type of components.
Agrisilviculture - crops (including shrubs/vines) and trees.
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).
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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, onecan find severa other usagesin technical languagesthat may not strictly
satiy the niceties of conventiona linguistic usage.

3.1.2. Based on the arrangement of components

The arrangement of components refers to the plant components of the sysem
(especidly if the system involves plant and anima components). Such plant
arrangements in multispecies combinations can involve the dimensions of space
and time. Spatial arrangements of plants in agroforestry mixtures vary from
dense mixed stands (as in homegardens) to sparsaly mixed stands (as in most
slvopastoral systems). Moreover, the species can be in zones or strips of
vaying widths. There can be severd scales of such zones varying from
microzonal arrangements (such as alternate rows) to macrozonal ones. A
commonly mentioned example of the zond pattern is hedgerow intercropping
(aley cropping, see Chapter 9). An extreme form of zonal planting is the
boundary planting of trees on edges of plots and fidds for a variety of purposes
and outputs (fruits, fodder, fuewood, fencing and protection, soil
conservation, windbreak, etc.). It is aso important to note that extreme forms
of macrozond arrangements can aso be construed as sole cropping systems;
the interactive association of different components, however, can be used asthe
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 fdlow
cycde when a sdected woody species or mixture of species is planted or is
dlowed to regenerate naturally (see Chapter 5). Similarly, some silvopastoral
sysems may involve grass leys in rotation with woody species, with the same
species of grass remaining on the land for severa years during the grass phase.
Thee 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. Classfication based on function of sysems

Production and protection (which is the cornerstone of sustainability) are,
theoreticdly, two fundamenta attributes of al agroforestry sysems as
explaned in Chapter 2. This implies that agroforestry sysems have a
productive function yielding one or more products that usualy meet basic
needs, aswdl as asarvicerole (i.e., protecting and maintaining the production
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degree of commercidization, 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
basc 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) can be evauated in terms of its effects on crop yields, 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, dl agroforestry
systems produce more than one basic-need output (largely because of the
multipurpose nature of the associated woody perennid component).
Therefore, dl agroforestry systems have both productive and protective roles,
though in varying degrees. Depending on the relative dominance of the
particular role, the sysem can be termed productive or protective. Production
of a particular output should not, therefore, be used as the sole criterion for
classfying agroforestry systems. However, production of an output, or for that
matter any other aspect, may be chosen asabasis for undertaking an evaluation
of available agroforestry options.

3.3. Ecological dassfication

During the late 1970s and early 1980s, severd 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); a ICRAF, in Nairobi (Buck, 1981,
Chandler and Spurgeon, 1979; Hoekstra and Kuguru, 1982, Huxley, 1983,
Nair, 1987h); and a I TA, Ibadan, Nigeria(McDonad, 1982). There have dso
been saverd compilations on specific systems, such as the Acacia (Faidherbia)
albida sysem in West Africa (Felker, 1978, Vandenbeldt, 1992), and the
Prosopis cineraria sysem in western India (Mann and Saxena, 1980).
Additionally, country or regional overviews were undertaken, such as reviews
of agroforestry in francophone Africa (FAO, 19814), the Indian subcontinent
(FAO, 1981h), and Latin America (Montagnini, 1986; Padoch and de Jong,
1987). Severd 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 magor output from
ICRAF's Agroforestry Systems Inventory Project (Nair, 19873 is the most
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recent and concerted effort in describing severa exigting agroforestry systems.

Mogt of these agroforestry sysem characterizations pertain to gpecific
ecologica conditions of different geographical regions. It is thus essy to find
several descriptions of agroforestry sysems in, say, the highland, subhumid
tropics (or the tropical highlands, as they are popularly known): for example,
the Chagga system on Mount Kilimanjaro in Tanzania (Fernandes et al ., 1984),
hill farming in western Nepa (Fonzen and Oberholzer, 1984), multipurpose
tree integration in the highlands of Rwanda (Neumann, 1983), and casuarina
and coffee systems in Papua New Guinea (Bourke, 1984). Smilarly, a large
number of system descriptions can be found for other ecologica regions.
Recommendations on agroforestry technologies have also been suggested for
specific agroecologica regions, for example, the hilly regions of Rwanda (Nair,
19833), and for areas with common physical features such as soping lands
(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 wdl as arrangement
of components); there can be agrisilvicultural, silvopastora or agrosilvo-
pastoral systems in any of the ecological regions. For example, Young (1984)
andyzed the agroforestry potential for doping lands using the primary data
collected by ICRAF's Agroforestry Systems Inventory Project and others for
eight sysemsin doping landsin various parts of the world, and showed that al
three basic categories of agroforestry (agrisilvicultural, silvopastoral and
agrosilvopastoral) can be found in this particular land form. Similarly, Nair
(1985h) examined the agroforestry options in the context of land clearing in the
humid tropics.

In summary, most agroforestry categories can be found in al agroecological
zones, therefore, agroecologica zonation aone cannot be taken as a
satisfactory bass for classfication of agroforestry systems. However,
agroecological characteristics can be used as a basis for designing agroforestry
systems, because, Smilar ecologicd regions can be found in different
geographical regions, and the agroforestry systems in Smilar ecologica zones
in different geographical regions are structuraly (in terms of the nature of
species components) similar; this is discussed in more detail in the next chapter.
The main point is that several types of agroforestry sysems and practices
(exiging as well as potential) are relevant to any major agroecologica zone;
depending on the specia conditions of a zone, the emphasis of the system or
practice will dso vary. For example, in thetropical highlands, one of the main
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 more common.
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3.4. Classfication based on socioeconomic criteria

Socioeconomic criteria such as scade of production and leved of technology
input and management, have aso been used as a bads for dassfying
agroforestry systems. Lundgren (1982), for example, grouped systems into
commercial, intermediate and subsistence systems.

Theterm commercid is used when the magjor aim of the system is production
of the output (usualy a single commodity) for sale. In these systems, the scale
of operations is often medium to large and land ownership may be government,
corporate or private; labor is normally paid or otherwise contracted. Examples
include commercia production of agricultural plantation crops such as rubber,
oil pam, and coconut, with permanent understories of food crops, or
integration of pasture and animals, commercia production of shade-tolerant
plantation crops like coffee, tea, and cacao under overstory shade trees,
rotational timber/food crops sysems in which a short phase of food-crop
production is used as a slvicultural method to ensure establishment of the
timber species (i.e., various forms of taungya); and commercia grazing and
ranching under large-scale timber and pulp plantations.

"Intermediate” agroforestry sysems are those that are intermediate
between commercia and subsistence scaes 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 meat the family's food needs. Usudly 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 sysem from the commercia system at one end
and from the subsistence system on the other, are holding sze and leve of
economic prosperity. Severa agroforestry systems in many parts of the world
can be grouped as intermediate systems, especidly those based on plantation
crops such as coffee, cacao, and coconut. Similarly, there are severd
intermediate agroforestry systems based on a large number of fruit trees,
epecidly in the AsaPacific region (Nair, 1984), and short-rotation timber
gpecies such as Paraserianthes (Albizia) fal cataria in the Philippines (Pollisco,
1979) and Indonesia (Nair, 1985h).

Anthropologists define subsistence farmers® as 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 aso
usualy 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
the sde of surplus commodities, may wel be part of these systems, but are only
supplementary. Most of the agroforestry systems practiced in various parts of

2 S footnote 1, Chapter 8 (p. 98), for a further explanation of the term.



Classification of agroforestry systems 31

the developing countries come under the subsistence category. Forms of
traditional shifting cultivation found throughout the tropics are the most wide-
spread example. However, not al subsistence agroforestry systems are as "un-
desirable® or resource-depleting as traditional shifting cultivation. For
example, the integrated, multi-species homegarden system found in dmost al
densdy populated areasis an ecologically sound agroforestry system (Wiersum,
1980; Michon et al., 1986). Similarly, several sustainable sysems of a
subsistence nature can be found in many other regions. Examples have been
noted in Latin America (Wilken, 1977), arid West Africa (von Mayddll, 1979;
1987; Le Houerou, 1987), humid West Africa (Getahun et al., 1982) and India
(ICAR, 1979).

Grouping agroforestry systems according to these socioeconomic and
management criteriais yet another way of sratifying the systems for a purpose-
oriented action plan. Such an approach will be useful in devel opment efforts, for
example. However, there are some drawbacksiif these criteriaare accepted asthe
primary bass for classfying the systems. First, the criteria for defining the
various classes are not eadly 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 locae may wdl fal under
the"intermediate” or even ahigher category in another setting. Moreover, these
cdass 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 congisting of a planned rotation of Acacia Senegal for gum production
for 7-12 years. Acacia Senegal a so provided fodder and fuelwood and improved
s0il fertility (Seif-e-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
to change with time and management conditions cannot be rigidly adopted as a
satisfactory basis for an objective classification scheme, but they can be em-
ployed as abasis for grouping the systems for adefined objective or action plan.

3.5. A framework for classfication

The foregoing analysis revedls that the commonly used criteria for classfying
agroforestry systems and practices are:

* dructure of the sysem (nature and arrangement of components),

« function of the system (role and output of components),

» agroecological zones where the system exidts or is adoptable, and

» socioeconomic scaes and management levels of the system.

Each of these criteria has merits and applicability in specific situations, but
they aso have limitations; in other words, no single classification scheme can be
accepted as universally applicable. Therefore, classification of agroforestry
sysems will have to be purpose-oriented. The complexity of the problem can be
reduced if the structural and functional aspects of the system are taken as the
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criteria for categorizing the sysems and agroecological and socioeconomic
aspects as the basis for further grouping.

Since there are only three basic sets of components that are managed by the
land user in dl agroforestry systems (woody perennials, herbaceous plants, and
animals), alogica firg step in dassifying agroforestry should be based on the
nature of these components. As discussed previoudy, there are three major
categories.
 agrisiviculturd,

* dlvopastora, and

» agrosilvopastoral.

Having done such a preliminary categorization, the sysem can be grouped

according to any of the purpose-oriented criteria mentioned above. Each of the

resulting groups can have any one of the above three categories as a prefix, for

example:

 dlvopastoral system for cattle production in tropical savannas; and

o agridlvicultural sysems for soil conservation and food production in
tropical highlands.

Such an approach that seems a logicd, simple, pragmatic, and purpose-

oriented way to classfy agroforestry systems is adopted in this book.

3.6. Agroforedry sysems and practices

The words "systems' and "practices’ are often used synonymoudy in
agroforedtry literature. However, some distinction can be made between them.
An agroforestry system is a specific local example of a practice, 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 &l consist of about 20 distinct
agroforestry practices. In other words, the same or smilar practices are found
in various systems in different situations. Table 3.2 lists the most common
agroforestry  practices that constitute the diverse agroforestry systems
throughout the tropics and their main characteristics. It may be noted that both
the sysems and the practices are known by similar names; but the sysems are
(or ought to be) related to the specific locality or the region where they exist, or
other descriptive characterigtics that are specific to it.

Another term that is dso frequently used is agroforestry technology. It refers
to an innovation or improvement, usually through scientific intervention, to
either modify an existing system or practice, or develop anew one. Such technol-
ogies are often digtinctly different from the existing systems/practices; so they
can eadily be distinguished and characterized. However, the distinction between
systemsand practices are vague, and even not very critical for understanding and
improving them. Therefore, the words, systems, and practices are used
synonymoudy in agroforestry, as they are in other forms of land use.



Table 3.2. Major agroforestry practices and their main characteristics.

Agroforestry practice

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

®
@

©)

©

®

©)

®

©

Improved fallow
Taungya

Alley cropping (hedge-
row intercropping)

Multilayer tree gardens

Multipurpose trees on
crop lands

Plantation crop
combinations

Homegardens

Trees in soil
conservation and
reclamation

Shelterbelts and
windbreaks, live hedges

Brief description (of arrangement of
components)

Woody species planted and left to grow
during the ‘fallow phase'

Combined stand of woody and agricultural
species during early stages of establishment
of plantations

Woody species in hedges; agricultural
species in aleys 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/field boundaries

(i) Integrated multistorey (mixed, dense)
mixtures of plantation crops

(ii) Mixtures of plantation crops in aternate
or other regular arrangement

(iii) Shade trees for plantation crops; shade
trees scattered

(iv) Intercropping with agricultural crops
Intimate, multistorey combination of
various trees and crops around homesteads

Trees on bunds, terraces, raisers, etc. with

or without grass strips; trees for soil
reclamation

Trees around farmland/plots

Major groups of components

w: fast-growing preferably leguminous
h: common agricultural crops

w: usually plantation forestry spp.

h: common agricultural crops

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 agricultural species

w: combination of tall-growing spreading

types
h: agricultural crops of the locality

Agroecological adaptability

In shifting cultivation areas

All ecological regions (where
taungya is practiced); severa
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 al 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); usualy 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, akali soils,
and sand-dune stabilization
In wind-prone areas



Table 3.2. (continued)
Agroforestry practice

(20) Fuelwood production

Brief description (of arrangement of
components)

Interplanting firewood species on or around

agricultural lands

Silvopastoral systems (trees + pasture and/or animals)

(12) Trees on rangeland or
pastures

(12) Protein banks

(13) Plantation crops with
pastures and animals

Trees scattered irregularly or arranged
according to some systematic pattern

Production of protein-rich tree fodder on
farm/rangelands for cut-and-carry fodder
production

Example: cattle under coconuts in south-
east Asia and the south Pacific

Agrosilvopastoral systems (trees + crops + pasture/animals)

(14) Homegardens involving
animals

(15) Multipurpose woody
hedgerows

(16) Apiculture with trees

(17) Aquaforestry

(18) Multipurpose woodlots

Intimate, multistorey combination of
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

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

Major groups of components

w: firewood species
h: agricultural crops of the locality

w: multipurpose; of fodder value
f: present

a present

w: leguminous fodder trees

h: present

f: present

w: plantation crops

f: present

a present

w: fruit trees predominate; also other
woody species

a present

w: fast-growing and coppicing fodder
shrubs and trees

h: (similar to aley cropping and soil
conservation)

w: honey producing (other components may

be present)

w: trees and shrubs preferred by fish (other

components may be present)

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

Note: w = woody; h = herbaceous; f = fodder for grazing; and a = animals.

Source: Nair (1991).

Agroecological adaptability

In all ecological regions

Extensive grazing areas

Usually in areas with high
person: land ratio

In areas with less pressure on
plantation crop lands

In all ecological regions with
high density of human
population

Humid to subhumid areas
with hilly and sloping terrain

Depending on the feasibility
of apiculture
Lowlands

Various
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CHAPTER 4

Distribution of agroforestry systems in the tropics

The geographica definition of the word "tropics" (that part of the world
located between 23.5 degrees north and south of the Equator) is not of much
vaueinadiscusson on land use. For the purpose of this book, the word tropics
isused inageneral sense, and includesthe subtropical developing countries that
have agroecologica and socioeconomic characteristics, and land-use problems,
that are smilar to those of the countries within the geographica limits of the
tropics. In other words, theword is used, though erroneously, as a synonym for
developing countries. Thislogic is aso used later in the book when discussing
agroforestry systems in the temperate zone (Chapter 25).

4.1. Thetropical environment

Although it isimportant that readers of this book have a genera understanding
of the physical, biological, and socioeconomic characteristics of the tropics,
detailed discussions on those topics are not included here. Some discussion on
tropical soilsisincluded in Chapter 14. For other details, readers may refer to
other relevant books, severad of which are available. For example, Sanchez
(1976, Chapter 1), and Evans (1992, Chapter 1) give genera accounts of the
tropical environment, while annual publications such as World Resources (by
the World Resources Ingtitute, Washington, D.C.) give updated information
on the current state of affairs regarding world environment and resources.

The mgor climatic parameters that determine the environment of alocation
inthe tropics are rainfal (quantity and distribution) and temperature regimes.
Altitude is important because of its influence not only on temperature, but also
on land rdief characteristics. From the agroforestry point of view, the mgjor
ecologicd regions recognized in the FAO State of Food and Agriculture
Reports (SOFA) are relevant: these are temperate, mediterranean, arid and
semiarid, subhumid tropical (lowland), humid tropical (lowland) and highland.
These classes, excepting the first (and possibly the second), represent the
tropicad and subtropical lands where agroforestry systems exist or have a
potential. The main characteristics of these ecologica regions (humid and
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Table 4.1. Main characteristics of the major ecologica regions of agroforestry importance in the tropics and subtropics.

Characteristics

Climate

Vegetation and soils

Major geographical spread
(of areas with AF
importance)

Main land-use systems

Main land-use and
ecological problems

Major agroforestry
emphasis

Source: Nair (1989).

Humid/subhumid lowlands

Hot, humid for al or most of the
year, rainfal > 1000 mm;
sometimes one or more
extended dry periods per year;
Koppen Af, Am and some
Aw, esp. Aw"

Evergreen or semi-evergreen
vegetation; Ultisols (Acrisols)
and Oxisols (Ferralsols) and
other acid, low-base tropical soils

All tropical continents, especially

south-east and south Asia, west
Africa and central and south
America; about 35% of tropical land

Commercial forestry, agricultural
tree crop plantations, rice-paddies
(esp. Asia), ranching (S. America),
shifting cultivation, arable cropping

Excessive deforestation (and
consequent shortening of fallows,
etc.) overgrazing, soil acidity and
consequent problems, low soil
fertility, high rainfall erosivity

Improved fallows, soil fertility
improvement and conservation,
food production

Dry regions (semiarid and arid)

Hot, one or two wet seasons and at
least one long dry period; rainfall
1000 mm; Koppen Aw" (some),
Aw', and B climates

Savannas with low or medium-high
trees and bushes (Aw); thorn scrub

and steppe grasslands (BS), Vertisols,

Alfisols (Luvisols, Nitosols) and
Entisols

Savanna and sub-Saharan zones of
Africa, Cerrado of South America,
semi-arid and arid parts of Indian
subcontinent approx. 45% of total
tropical land

Arable farming, extensive ranching or
nomadic pastoralism, perennial crop
husbandry towards the more humid
areas, forestry

Drought (in areas with less rainfall),
soil fertility decline caused by
over-cultivation, over-grazing,
degradation of deciduous woodland,
fuelwood/fodder shortage

Fuelwood/fodder production, soil-
fertility improvement, windbreaks
and shelterbelts, food production

Highlands

Cool temperatures, subhumid or humid
(arid highlands are of low AF
potential); altitude over 1000 m;
Koeppen Ca, Cw (agricultural
growing period over 120 days)

Evergreen to semi-evergreen vegetation
depending on rainfall. Oxisols
(Humic Ferralsols) and Ultisols
(Humic Acrisols) Andosols
(volcanic soils)

Asia (Himalayan region, some parts of
southern India and S.E. Asia), east
and central African highlands, Andes;
about 20% of tropica land

Arable farming, plantation agriculture
and forestry, ranching (in south and
central America), shifting cultivation

Soil erosion; shortening of fallows;
over-grazing, deforestation and
ecosystem degradation; fodder/fuel
shortage

Soil conservation, fodder/fuel
production, watershed management,
ecosystem stabilization and protection
of rare species

%

6]
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subhumid lowlands, dry - semiarid and arid - regions, and highlands) are
summarized in Table 4.1.

One of the specid features of the tropics that is not a consequence of its
climate and ecology is its poor economic, socid, and developmental status. As
mentioned earlier, the word tropics is used synonymoudy with developing
countries. Mogt nations and people in the tropics are poor; gross domestic
product per person islow (about $ 100-150 per year) in most of these countries.
Economic growth sedom keeps pace with population increase. A vast mgjority
of the people work and depend on the land for their livelihood; yet agricultural
production per unit areais very low. The gravity of the situation is compounded
by the unfortunate political instability and turmoail that are characteristic of
many of these nations, which is a serious impediment to economic develop-
ment.

4.2 Didribution of tropical agroforestry sysems

The inventory of agroforestry sysems (Chapter 3) resulted in severd
publications on indigenous agroforestry systems in the tropics and subtropics.
Thisinformation was later compiled into a single volume Agroforestry Systems
inthe Tropics (Nair, 1989). Severa other publicationswere published in the late
1980s to early 1990s that describe many such indigenous agroforestry systems.
Notable among these are Agroforestry in Dryland Africa written by Rocheleau
et al. (1988), Agroforestry: Classification and Management (MacDicken and
Vergara, 1990), Agroforesterie et Desertification (Baumer, 1987), Systemas
Agroforestales (Montagnini, 1986), and Agroforestry Systems in China
(Zhaohua et al., 1991). Indeed, most if not al, proceedings of various
conferences and mesetings on agroforestry held during the 1980s contain
descriptions of agroforestry systems. Thus, today thereis afairly vast literature
of indigenous agroforestry systems.

A generdized overview' of the most common agroforestry systems in
different parts of the tropics and subtropics is given in Table 4.2. A closer
examination of the distribution of these sysems in different ecologicd and
geographical regions of the world reveds that there is a clear relationship
between the ecological characteristics of a region and the nature of the current
agroforestry sysemsthere. The following sections examinethis relationship for
the three major ecologica regions of the tropics.

! For more detailed information on the different types of agroforestry systems in the various
ecologicd regions of the tropics and the common woody species involved in each, readers are
advised to refer to: Nair, P. K. R. (ed.) 1989. Agroforestry Systemsin the Tropics, pp. 74-84.



Table 4.2. An overview of agroforestry systems in the tropics.

Subsystems Middle East and East and
and practices South Pacific South-East Asia  South Asia Mediterranean Central Africa West Africa American Tropics
AGRISILVICULTURAL SYSTEMS
Improved fallow Forest villages of Improvements to Improvements to Acioa barterii, Several forms
(in shifting Thailand; various shifting shifting Anthonontha
cultivation areas) fruit trees and cultivation; cultivation e.g. macrophyta,
plantation crops  several gum gardens of Gliricidia sepium
used as fallow approaches e.g. in the Sudan etc., tried as
species in the north-eastern fallow species
Indonesia areas of India
Taungya Taro with Widely practiced; Severa forms, The Shamba Several forms Several forms
system Anthocephalus forest villages of  severa names system
and Thailand an
Cedréella trees, improved form
and other forms
Tree gardens Involving fruit Dominated by In dl ecological e.g. Paraiso
trees fruit trees regions woodlots of
Paraguay
Hedgerow Extensive use of  Several The corridor Experimental Experimental
intercropping Seshania experimental system of Zaire  systems on aley
(alley cropping) grandiflora, approaches e.g. cropping with
Leucaena conservation Leucaena and
leucocephala and farming in Sri other woody
Calliandra Lanka perennial species

calolhyrsus

$a011004d pup SwdISAs L4s240f043y Tp



Table 4.2. (continued)

Subsystems
and practices

Multipurpose
trees and shrubs
on farmlands

Plantation crop
combinations

Agroforestry
fuelwood
production

South Pacific South-East Asia

Mainly fruit or Dominated by

nut trees e.g. fruit trees: also
Canarium, Acacia mearna
Pometia, cropping system,
Pandanus, Indonesia
Barringtonia,

Artocarpus altilics

Plantation crops  Plantation crops
and multipurpose and fruit trees;

trees e.g. smallholder
Casuarina with systems of crop
coffee in the

Papua New plantation crops;

Guinea highlands; plantation crops
aso Gliricidia and with spice trees
Leucaena with

cacao
Multipurpose Severa examples
fuelwood trees in different

around ecological regions

settlements

Middle East and
South Asia Mediterranean
Severa forms in  The oasis system;
lowlands and crop
highlands, e.g. combinations with
Khejri-based carob trees; the
system in dry Dehesa system;
parts of India hill olive trees and
farming in Nepal cereals; irrigated

systems
Integrated Irrigated systems;
production olive trees and
systems in cereals
smallholdings;

combinations with shade trees in

plantations; other
crop mixtures
including various
spice trees

Various forms,
including socia
forestry systems

East and
Central Africa

Various forms;
the Chagga
system of
Tanzanian
highlands; the
Nyabisindu
system of Rwanda

Intergrated
production; shade
treesin
commercial
plantations;
mixed systems in
the highlands

Various forms

West Africa

Faidherbia
(Acacia) albida-
based systems in
dry areas;
Butyrospermum
and Parkia
systems 'Parc
arboree'

Plantation crop
mixtures;
smallholder
production
systems

Common in the
dry regions

American Tropics

Various forms in
al ecological
regions

Plantation crop
mixtures; shade
treesin
commercial
plantations;
mixed systems in
small-holdings;
spice trees;
babassu palm-
based systems

Severa forms in
the dry regions



Table 4.2. (continued)

Subsystems

and practices South Pacific

Shelterbelts, Casuarina

windbreaks, soil oligodon in the

conservation highlands as

hedges shelterbelts and to
improve soils

Protein bank Rare

(cut-and-carry)

fodder

production

Live-fences Occasional

of fodder trees

and hedges

Trees and shrubs Cattle under

on pasture coconut, pine and
Eucalyptus
deglupta

South-East Asia

Terrace
stabilization on
steep slopes

Very common,
especialy in
highlands

Leucaena,
Calliandra etc.
used extensively

Grazing under
coconut and other
plantation crops

Middle East and
South Asia Mediterranean
Use of Casuarina
spp. as
shelterbelts;
several
windbreaks

Tree species for
erosion control

SILVOPASTORAL SYSTEMS

Multipurpose
fodder trees on or
around
farmlands,
especialy in
highlands

Seshania,
Euphorbia,
Syzigium, etc.
common

Severa tree Very common in
species being used dry regions; the
very widely Dehesa system

East and
Central Africa West Africa
The Nyabisindu  Various forms

system of Rwanda

Very common Very common

Very common in
all ecological
regions

The Acacia- Cattle under
dominated system oilpalm; cattle

in the arid parts  and sheep under
of Kenya, coconut
Somalia and

Ethiopia

American Tropics

Live-fences,
windbreaks,
especialy in
highlands

Very common

Very common in
highlands

Common in
humid as well as
dry regions e.g.
grazing under
plantation crops
in Brazil



Table 4.2. (continued)

Subsystems

and practices South Pacific
Woody hedges  Various forms;
for browse, Casuarina
mulch, green oligodon widely
manure, soil used to provide
conservation mulch and

etc. compost
Homegardens Several types of
(involving a large homegardens and
number of kitchen gardens

herbaceous and
woody plants
and/or livestock)

Agrosilvo fishery
(aguaforestry)

Various forms Common
of shifting
cultivation
Apiculture with  Common

trees

Source: Nair(1989).

Middle East and

South-East Asia  South Asia Mediterranean

AGROSILVOPASTORAL SYSTEMS

Various forms,

especialy in
lowlands

Various forms

Very common; Common in dll
Java homegardens ecological regions;
often quoted as  usually involving
good examples; fruit trees
involving severa

fruit trees

The oasis system

OTHER SYSTEMS

Silviculture in Occasional
mangrove areas;

trees on bunds of
fish-breeding

ponds

Swidden farming Very common;
and other forms  various names

Common Common Common

East and

Central Africa West Africa

Common;
variants of the
Shamba system

Very common

Various forms; Compounds
the Chagga farms in humid
homegardens; lowlands

the Nyabisindu

system

Very common Very common in

the lowlands

Common Common

American Tropics

Especidly in hilly
regions

Very common in

thickly populated
areas

Very common in
al ecological
regions
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4.2.1. Lowland humid and subhumid tropics

Characterized by hot, humid climate for al or most of the year, and an
evergreen or semi-evergreen vegetation, the lowland humid and subhumid
tropics (hereafter referred to as humid tropics) is by far the most important
ecologicd region in terms of the total human population it supports, extent,
and diversty of agroforestry and other land-use systems. Because of the
climatic conditions that favor rapid growth of a large number of plant species,
various types of agroforestry plant associations can be found in areas with high
human population. Various forms of homegardens, plantation crop
combinations, and multilayer tree gardens are common in such regions. In
areas with low population density, such as the low selvas of Latin America,
trees on rangelands and pastures, improved falow in shifting cultivation areas,
and multipurpose tree woodlots, are the mgor agroforestry systems. Thus, the
common agroforestry systems in this zone are:

« shifting cultivation,

taungya,

homegardens,

plantation-crop combination, and

various intercropping systems.

The lowland humid tropics aso include areas under natural rainforests. In
such areas, the cutting of rainforests at rates exceeding natural or managed
regeneration is acommon problem. This causes shortening of falow periodsin
shifting cultivation cycdes and results in declining soil productivity and
accelerated soil erosion. The potential of appropriate agroforestry systems to
combat these problems needsto be exploited in future land-use strategiesin this
zone.

4.2.2. Semiaridandaridtropics

Extending over the savanna and Sudano-Sahelian zone of Africa, the cerrado
of South America, and large areas of the Indian subcontinent, the semiarid and
arid tropics are characterized by one or two wet seasons (Koppen Aw or Aw',
respectively) and at least one long dry season. Drought is a hazard in the drier
parts of the zone.

The main agroforestry systems in this zone are a'so influenced by population
pressure; homegardens and multilayer tree gardens are found in the wetter areas
with high population pressure. But generally speaking, the predominant
agroforestry systems in this zone are:

* various forms of silvopastoral systems,

« windbreaks and shelterbelts, and

» multipurposetreeson crop lands, notably Faidherbia (Acacia) al bida-based
systems in Africa and Prosopis-based agrisilvicultura systems in the Indian
subcontinent.

Alley cropping as it is known today is unlikely to be widely adopted in the
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semiarid tropics (see Chapter 9). This does not imply that agroforestry in
genad is unsuitable for these regions. Indeed, some of the best-known
agroforestry systems are found in the semiarid tropics - for example, the system
based on Faidherbia (Acacia) albida, found in the dry areas of Africa (Felker,
1978, Miehe, 1986; Vandenbeldt, 1992), and the system based on Prosopis
cineraria, found in the dry areas of India (Mann and Saxena, 1980;
Shankarnarayan et ah, 1987).

Fuelwood shortage is amajor problem in most parts of the semiarid and arid
tropics;, agroforestry potentials in fuewood production are well documented
(e.g., Nair, 1987). Similarly, desertification and fodder shortage, which arethe
other mgjor land-use problems in this zone, could be addressed to some extent
through the agroforestry approach (Rocheleau et at., 1988) (see dso Chapter
10).

4.2.3 Tropical highlands

Approximately 20% of the tropical lands are at eevations from 900-1800 m.
These areas include approximately haf of the Andean highlands of Central and
South America, parts of Venezuda and Brazil, the mountain regions of the
Caribbean, many parts of East and Central Africa, the Cameroon, the Deccan
Plateau of India and some parts of the southeast Asa mainland. The atitude
exceeds 1800 m in about 3% of the tropical areas in the Andes, the Ethiopian
and Kenyan Highlands, northern Myanmar (Burma) and parts of Papua New
Guinea. In the subtropical regions, the most important highlands are in the
Himaayan region.

The highland tropics with significant agroforestry potential are humid or
subhumid, while areas with dry climates are of very low potential. Land-use
problems in the highlands are smilar to those in humid or dry lowlands
depending on the climate, with the addition that doping lands and steep terrains
meke s0il erosion an issue of mgor concern. Moreover, the overall annual
temperatures are low in the highlands (for every 100 m increase in elevation in
the tropics, there is a decline of 0.6°C in the mean annual temperature); this
dfects the growth of certain lowland tropical species.

The main agroforestry systems in tropica highlands are:
 production systems involving plantation crops such as coffee and tea in

commercid as wel as smalholder systems,

» use of woody perennials in soil conservation and soil fertility maintenance,
» improved fdlows, and
* dlvopastora systems.

In summary, the major types of agroforestry systems in the tropics are as

liged in Table 4.3.
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Table 4.3. Major types of agroforestry systems in the tropics.
Humid Lowlands

Shifting cultivation

Taungya

Plantation-crop combinations
Multilayer tree gardens
Intercropping systems

Semiarid Lowlands

Silvopastoral systems

Windbreaks and shelterbelts
Multipurpose trees for fud and fodder
Mutlipurpose trees on farmlands

Highlands

Soil conservation hedges
Silvopastoral combinations
Plantation-crop combinations

4.3. Agroecological spread of tropical agroforestry systems

The type of agroforestry system found in a particular area is determined to
some extent by agroecological factors. However, several socioeconomic
factors, such as human population pressure, availability of labor and proximity
to markets, are also important determinants, so that considerable variations
can be found among systems existing in similar or identical agro-climatic
conditions. Sometimes, socioeconomic factors take precedence over ecological
considerations. Even in the case of systems that are found in most ecological
and geographical regions, such as shifting cultivation and taungya, there are
numerous variants that are specific to certain socioeconomic contexts. As a
general rule, it can be said that while ecological factors determine the major
type of agroforestry system in a given area, the complexity of the system and the
intensity with which it is managed increase in direct proportion to the
population intensity and land productivity of the area.

The multispecies, multistoried homegarden systems serve to illustrate some
of these points. Although these systems are found mainly in humid lowlands,
they are a'so common in pockets of high population density in other ecological
regions (see Chapter 7). Intheir analysis of the structural and functional aspects
of 10 homegarden systems in different ecological regions, Fernandes and Nair
(1986) found that although the average size of a homegarden unit is less than 0.5
ha, it generally consists of a large number of woody and herbaceous species.
The garden is carefully structured so that the species form three to five canopies
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at varying heights, with each component having a specific place and function
within the overall design.

Agroecologica factors have a considerable bearing on the functiona
emphasis of agroforestry practices. For example, the primary function of
agroforestry practicesin doping lands is erosion control and soil conservation;
in wind-prone areas, the emphasis is on windbreaks and shelterbelts; and, in
areas with afuelwood shortage, the emphasisis on fuewood production. There
are aso specific agroforestry approaches for the reclamation of degraded lands
or wastelands (for example, land that has been badly eroded or overgrazed, or
is highly sdine or alkaline). The preponderance of homegardens and other
multispecies systems in fertile lowlands and areas with high agricultural
potentia at one end of the ecological scale, and extensive silvopastoral practices
at the other end, with various systems in between, indicates that the ecologicd
potential of an area is the prime factor that determines the distribution and
extent of adoption of specific agroforestry systems.

The ecological and geographica distribution of the major agroforestry
systems in the world has been schematicdly presented by Nair (1989) (Figure
4.1). However, caution must be exercised in producing and interpreting such
"agroforestry maps" because they am to show genera distribution patterns
and thus include only those areas in which specified agroforestry systems are
abundant. There are innumerable location-specific agroforestry practicesin the
tropics which, athough important in certain respects, are not significant
enough in terms of the overdl economy and land-use pattern of the area in
which they operate to warrant inclusion on a globa map. Conversdly, some
practices, such as multipurpose trees on farmlands, are found in aimost al
ecologica and geographical regions, but only a few of them - for example, the
arid zone sysems involving Faidherbia (Acacia) albida and Prosopis
(Shankarnarayan et ah, 1987) - can be classfied as distinct agroforestry
systems and included on an agroforestry map.

A significant feature that emerges from this analysis is that, irrespective of
the sociocultural differences in different geographical regions, the mgjor types
of agroforestry systems are structurally similar in areas with similar ecologicd
conditions. Thus, agroecologica zones can be taken as a basis for design of
agroforestry systems. The underlying concept is that areas with similar
ecologicd conditions can have dtructuraly similar agroforestry systems.
ICRAF used this strategy in designing its Agroforestry Research Networks for
Africa (AFRENAS) (ICRAF, 1987). The idea was further developed by Nair
(1992), who proposed a generalized matrix of the most common types of land-
use congtraints or problems in the three magjor agroecologica zones in the
tropics, and the broad types of agroforestry interventions that could be
developed to address these problems. This is presented in Figure 4.2. Such
matrices of agroecological conditions versus agroforestry practices could be
developed for any given region. However, the agroecological conditions and
the biologica and socioeconomic characteristics of agroforestry systems are so
complex and varied that it would be difficult to integrate al this information
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into smple models. Computer-aided, knowledge-engineering applications such
as Expert Systems would perhaps be a feasible approach to address this
problem. A Knowledge-Based Expert System developed by Warkentin et al.
(1990) for design of aley cropping illustrates the opportunities and possibilities
in applying this technique in agroforestry systems design.



Number of dry months per year
a @ @ n o
s T e SR s N e SR s S s SR e B s N e SN | D
| N R S R S R S R S R S S R m R s S

=
Ll

O

Figure 4.2. An agriforestry/agroecological matrix for the tropics and subtropics.

Source: Nair (1992).
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CHAPTER 5

Shifting cultivation and improved fdlows

The term shifting cultivation refersto farming or agricultural systemsin which
land under natural vegetation is cleared, cropped with agricultura crops for a
few years, and then left untended while the natural vegetation regenerates. The
cultivation phase is usualy short (2-3 years), but the regeneration phase,
known as the fdlow or bush falow phase, is much longer (traditionally 10-20
years). The clearing is usudly accomplished by the dlash-and-burn method
(hence the name dash-and-burn agriculture), employing ssimple hand tools.
Useful trees and shrubs are left standing, and are sometimes lightly pruned;
other trees and shrubs are pruned down to stumps of varying height to facilitate
fast regeneration and support for climbing species that require staking. The
lengths of the cropping and fallow phases vary considerably, the former being
morevariable; usually the fallow phaseis several timeslonger than the cropping
phase. The length of the falow 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 woody vegetation.

5.1. Sydem overview

Shifting cultivation is gill the mainstay of traditional farming systems over vast
aress of the tropics and subtropics. Estimates of area under shifting cultivation
vary. One edtimate ill used repeatedly (FAO, 1982). is that it extends over
approximately 360 million hectares or 30 % of the exploitable soils of theworld,
and supports over 250 million people. Crutzen and Andreae (1990) estimated
that shifting cultivation is practiced by 200 million people over 300 million-500
million hectares in the tropics. Although the system is dominant mainly in
sparsaly 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, epecidly in the humid and subhumid
tropics of Africa and Latin America. Even in densdly populated Southeast
Ada, it is a mgor land-use in some parts (Spencer, 1966; Grandstaff, 1980;
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Table 5.1. Loca terms for shifting cultivation in different parts of the tropics.

Term Country or region
A. Asia Ladang Indonesia, Malaysia
Jumar Java
Ray Vietnam
Tam-ray, rai Thailand
Hay Laos
Hanumo, caingin Philippines
Chena Sri Lanka
Karen Japan, Korea
Taungya Burma (Myanmar)
Bewar, dhya, dippa, erka, jhum, India
kumri, penda, pothu, podu
B. Americas Coamile Mexico
Milpa Mexico, Central America
Roca Brazil
C. Africa Masole Zaire
Tavy M adagascar
Chitimene, citimene Zaire, Zambia, Zimbabwe,
Tanzania
Proka 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 often dependent
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 dowly 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 farmer had
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
Figure 5.1).
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Figure 5.1. Schematic presentation of the changes with time in the length of falow 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 is repeated.

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
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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 falow 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 dry season.

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 dl 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)

C+F C
C F

length of the cropping phase (years)
length of the fallow phase (years)

1l

L:

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

The literature on the various aspects of shifting cultivation is voluminous
and fairly wel 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 evaluated by 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 alternate land-use
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system can be dley cropping (Kang and Wilson, 1987), or some other form of
agroforestry (Nair and Fernandes, 1985), or even other forms of improved,
permanent production systems (Okigbo, 1985). In order to discuss these various
options, the mgjor soil management problems in the shifting cultivation areas
of the tropics and subtropics need to be reviewed, as well astherole of treesin
soil productivity and protection; the former is presented here, the latter is
considered in detail in Section 1V.

5.2. Soil management and shifting cultivation

Large parts of the humid and subhumid tropics currently under shifting
cultivation and related traditional farming systems are covered by the so-caled
fragile upland soils. These are predominantly Ultisols, Oxisols, and associated
s0il 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 dso grouped as low-activity
day (LAC) soils because of their limitations, unique management
requirements, and other distinctive features that adversdy affect their potential
for crop production (Juo 1980; Kang and Juo, 1986).

During the past few decades, severd ingtitutions 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 aduminum toxicity, low nutrient reserves, nutrient
imbalance, and multiple nutrient deficiencies. Ultisols are aso prone to
erosion, particularly on exposed doping land. Alfisols and associated soils
have mgor physical limitations: They are extremey 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 falow periods is a sound method of soil management, well adapted to the
local ecologicd and socid environment. Before the forest is cleared, a closed
nutrient cycde exigsin the soil-forest system. Within this system, most nutrients
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 physica
and biologica processes of rainwash (i.e., foliage leaching), litterfdl, root
decomposition, and plant uptake. For example, Lundgren (1978) reported from
areview of literature from 18 locations around the tropics, that an average of
8-91 ha-* yr* litter was added from closed natural forest, amounting to average
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nutrient additions (kg ha-* yr') of 134 N, 7 P, 53 K, 111 Caand 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 etal., 1975). This change in the
temperature regime causes changes in the biologica 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
dightly 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 period the

100

Crop yield (relative to
first season's yields)

Years after clearing

Figure 5.5. A generalized pattern of yield decline of crops grown successively on the same land (in
low-activity clay soils) after initial land clearing.
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soil would regain its fertility and productivity, and the farmers could return to
the dte after alapse of a few years.

This cyde 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, fdlow 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 fdlow period in traditiona
farming practices.

5.3. The evolution of planted fallows

Leves 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 sysems where management intensities
necessaty for sustainability are attained without extensive depletion of the
resources. Evolutionary trends in tropical cropping sysems show that
management intensities capable of sustaining productivity are usudly
introduced only after considerable depletion and degradation of resources -
especidly of the nonrenewable soil - have taken place.

Aswe have seen, theimportant role of the fallow period for soil-productivity
regeneration in traditional shifting cultivation is wdl known (e.g., Nye and
Greenland, 1960). The rate and extent of soil-productivity regeneration depend
on the length of the falow period, the nature of the fdlow vegetation, soil
properties, and management intensity. During the fdlow period, plant
nutrients are taken up by the fadlow vegetation from various oil depths
according to the root ranges. While large portions of the nutrients are held in
the biomass, some are returned to the soil surface vialitterfall or lost through
leaching, erosion, and other processes. In addition, during the fallow period the
return of decaying litter and residues greatly adds to the improvement of soil
organic matter levels.

Basad on the various descriptions of tropical cropping systems (Benneh,
1972; Ruthenberg, 1980; MacDonad, 1982), a framework for a logica
evolutionary pathway of traditional crop-production sysems in the humid
tropics was developed by Kang and Wilson (1987), as shown in Figure 5.6. This
pathway highlights the major changes in cropping systems and indicates points
at which intervention with planted falows or other agroforestry methods could
be introduced, thus preventing further resource degradation.

The pathway begins with astagethat may be described as asimple rotational
sequence of temporal agroforestry. It is characterized by avery short cropping
period followed by a very long fdlow period. In this falow period even
inefficient soil-rejuvenating plant species are able to restore soil productivity
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Figure 5.6. Stages in the evolution of managed falow and multistory cropping in shifting
cultivation areas of the humid tropics.
Source: Kang and Wilson (1987).

Here the economic return to the input of labor or energy is high; the
management 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 fdl 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
fdlow 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, Nigeria have
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obsarved that Gliricidia sepium, when used for yam stakes, grew and
dominated the fdlow and restored il fertility quicker than did other species.
Consequently, they now maintain G. sepiumin the fallow even when yamis not
incduded in the cropping cyde (Kang and Wilson, 1987). In the fourth stage,
mere manipulation of falow and sole dependence on natural regeneration for
the establishment of the desired gpecies are no longer adequate and a planted
fdlow of selected gpecies becomes necessary. Though the value and feasibility
of planted fdlows have been demondtrated experimentally (Webster and
Wilson, 1980), the practice has not become widespread. This is the stage at
which the intervention of techniques such as dley cropping (Chapter 9) and in
situ mulch (Wilson, 1978) can take place.

At each of these successive stages, length of the cropping period extends
progressvely and that of the falow diminishes correspondingly. During these
extended cropping periods, soil degradation continues, and the damage done
cannot be repaired by the shortened falow. Even when the mogt efficient soil-
rejuvenation species dominate the fallow, they can only sustain yields at aleve
supportable by the degraded resource base.

The fifth (merging of cropping and fdlow phases) and sixth (intensive
multistory combinations) stages could evolve from the previous stages, but
thereis no clear evidence for this. In many areas where multistory cropping and
intensve agroforestry systems with trees and crops (Nair, 1979; Michon, 1983)
dominate, there is no evidence of stages four and five. The mogt plausible
explandtion is that, as population pressures grow and the area available for
gagethree shrinks, the areafor stage six (which isactually intensively-managed
homegardens where fruit trees are dways among the magjor components)
expands. As the two stages merge, the more efficient homegarden undergoes
modification, which results in the development of the multistory production
sysem.

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 ssems to be the climax of cropping-
sysdems evolution, would be the ided intervention a stages one or two.
However, this may not be possble in dl cases, especidly where different
climatic and socioeconomic patterns prevail. Consequently, other types of
agroforestry systems, such as planted falows, are necessary.

Early attemptsto introduce planted falows in the tropics were dominated by
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
widdy adopted. Later studies indicated that green manuring with herbaceous
legumes was not compatible with many tropical climates, especidly 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 such as
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Pueraria phaseoloides, Centrosema pubescens, Calopogonium muconoides,
and C. caeruleum are widdy used as ground cover in the tree-crop plantations
in the humid regions (Pushparajah, 1982). Following the introduction of
herbicides and no-till crop establishment in the tropics, some of the cover crops
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 falows (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 perennias such as Crotalaria sp. and Cajanus cajan
were more suitable. They even suggested a cut-and-carry method in which
leaves cut from specia green-manure-source plots would be used to manure
other plots on which crops would be grown. Cajanus cajan, with its deep roots,
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 falow of shrub
legumes such as Cajanus cajan, dready widdy used by traditional farmers, 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 chemica inputs, serious questions are
repeetedly raised as to whether a falow period is needed and what minimum
fdlow period will sustain crop production. An abjection to the traditional
fdlow 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? 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 ill impossible to grow food crops on the soils of tropical
regions without either soil degradation or use of inputs a an impracticable or
uneconomic level. They further stated that, at dl levels of farming with inputs,
there may ill be a need to falow, or to put the land temporarily into some
other use, depending on soil and climatic conditions. Higgins et al. (1982) have
given some estimates of such rest periods needed for mgjor tropical soils under
various climates with different inputs. These vaues, expressed as the
cultivation factor R, which isthe 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 input levels.

2 ge Chapter 14 for description of LAC soils.



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

Values refer to the cultivation factor, R

Sail type General
description
Oxisols Laterite;
leached
Ultisols Leached;
more clay
than Oxisols
Alfisols Red sails;

medium fertility

Vertisols Cracking clay
Entisols Alluvial; sandy
Inceptisols Brown; forest soils

Years under cultivation

Years under cultivation plus falow X

% Area
in Tropics

20

14

Source: Young (1989).

Ecozone ->

Growing ->
period (# of
days per year)

Rainforest

>270

40

Savanna

120-270

10

Semiarid

< 120

20

20

20
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To overcome the management problems of the upland LAC soils, which
required incorporation of amuch-needed fdlow component, scientists working
at the International Institute of Tropical Agriculture (IITA) in Ibadan, 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
now known asthe dley-cropping system (see Chapter 9). In both planted falow
and dley cropping, the potential for sustainability is derived from more
intensve management; i.e., the noncrop-producing component (the falow or
woody species) is managed in such a way that a large portion of the energy
flowing through that sector is redirected towards crop production, and resource
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 levd, permitting it to respond more effectively to intensive
management.

5.4. Improved tree fallows

An improved tree fdlow is arotational system that uses preferred tree species
as the fdlow gpecies (as opposed to colonization by natural vegetation), in
rotation with cultivated crops as in traditional shifting cultivation. The reason
for using such trees is production of an economic product, or improvement of
therate of soil amelioration, or both. Examples of this smple kind of rotational
tree fdlow are uncommon. Bishop (1982) described an agrosilvopastoral
system from Ecuador, in which two years of food crops are followed by eight
years of a "falow" consiging of Inga edulis interplanted with bananas and a
forage legume. The forage legume is grazed by pigs, and the litter from Ingais
assumed to improve soil fertility. In Peru, biomass production from Inga is
reported to be greater than that of a herbaceous fallow, as wel as equaling or
exceeding the natural forest (Szott et al., 1991). Short, sub-annual tree fdlows
are dso possible. Tree fdlow amid rice was a traditional practice in North
Vietnam (Tran van Nao, 1983). In northwestern India, Sesbania cannabina,
grown under irrigation for 65 days between wheat and rice crops, added 7300 kg
dry matter ha' and 165 kg N ha* (Bhardwgj and Dev, 1985). In areview of the
use of leguminous woody perennials in Asian farming systems, Nair (1988)
identified severd such examples. In most of those instances, however, the
systems combine intercropping with different herbaceous crops in rotation,
rather than smply alternating trees with one particular crop every season/year.
These combination cultures involving different species and components can
be arranged in time and space. Traditiona shifting cultivation sysems are
temporal, sequential arrangements where the falow and crop phase alternate
(see Table 3.2). Theterm "improved tree" implies the use of improved tree and
shrub species during the falow phase. However, as discussed earlier, it should
aso involve various types of improved plant management techniques and
improved plant arrangements. Depending on thelocd conditions, the degree of
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intengfication can progress from a smple 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-falow
sysgem can in practice imply improved aternatives to the falow phase of
shifting cultivation. Alley cropping (Chapter 9) isthus, in asense, an improved
(permanent) fdlow system.

Most reviews on dternatives or improvements to shifting cultivation contain
recommendations on tree species considered suitable to alternate and/or
intercrop with agricultural species. An ideal fadlow 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
aso is now recognized. Thus, ability to produce some economic products
(productive role) in addition to providing benefits (service role) is dso an
important criterion. An indication of this characteristic is the addition of fruit-
and-nut-producing trees to lists of potentia falow species of trees.

Reviewing the tree genera and species that are suitable for maintenance and
improvement of soil fertility, Young (1989) listed severd species that had been
quoted in earlier reviews by other workers. That list contained 31 generaand 53
Soecies. As mentioned earlier, Nair (1988) smultaneoudy prepared a list of
perennial legumes commonly used in Asian farming systems. Although al these
Soecies 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) aswdl asthose sdected and improved by scientists
(e.g., Leucaena leucocephala). Based on the criteria of dominance in farming
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 areincluded in Section 1.

Germplasm screening and performance evauation of several of these
multipurpose trees are now a regular part of severd 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 falows in shifting
cultivation areas are usualy limited to trees and shrubs with soil-improving
qualities. Soil improvement is undoubtedly one of the magjor considerations.
The nature of shifting cultivation itsdf, however, has been shifting. The
traditional situation of long falows 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 resdences as
fa apart as did previous generations because of shrinking land area per
individud family. Therefore, they tend to become more sedentary. This has
forced them, as wel as the researchers concerned about their plight, to look for
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Table 5.3. Trees and shrubs for soil improvement.
Species Priority

Acacia auriculiformis

Acacia mangium

Acacia mearnsii

Acacia Senegal

Acacia tort Ms
Acrocarpusfraxinifolius

Alchornea cordifolia

Albizia lebbeck

Alnus spp., inc. nepalensis, acuminata
Cajanus cajan

Calliandra calothyrsus

Cassia siamea

Casuarina spp., mainly equisetifolia

Cordia alliodora

Dactyladenia (syn. Acioa) barteri

Erythrina spp. (poeppigiana, fusca)

Faidherbia (syn. Acacia) albida

Flemingia macrophylla

Gliricidia sepium

Inga spp. (edulis, jinkuil, duke, vera)
Lespedeza bicolor

Leucaena diversiflora

Leucaena leucophala

Paraserianthes (syn. Albizia) falcataria

Parkia spp. (africana, biglobosa, clappertonia, roxburghii)
Parkinsonia aculeata

Pithecellobium duke

Pithecellobium (syn. Samanea) saman
Prosopis spp., (cineraria, glandulosa, juliflora)
Robinia pseudoacacia

Seshania spp., (bispinosa, grandiflora, rostrata, sesban)

NNNNDNDNNTDN—

N

N——N NN—TFP NN N

NNNDNDDN

! 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 falow phase. Intercropping under or between trees in
falow 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" speciesin 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 biological merits
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of the suggested aternatives. Severa studies have been conducted on socid
agpects of adoption of aternatives and improvements to shifting cultivation
(e.g., FAO 1985, 1989). In spite of dl this research, the shifting cultivator,
unfortunately, still continues to be poor, if not poorer than before.

There may be aschool of thought that would not subscribe to the philosophy
of replacing shifting cultivation by permanent cultivation. Nonetheless, it is
infeasible to expect shifting cultivation inits traditional form (with long falow
phases) to continue; any realistic approach to improve it would therefore have
to be reconciled with a situation that demands a shorter falow. In fact, these
shortened falows are becoming too short to be of any rea benefit in terms of
the expected level of soil improvement even with the most "miraculous” fdlow
species. These unmanaged shorter fdlows are redly 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
seams logica to accept that managed permanent cultivation systems that
encompass some advantages of traditional shifting cultivation, would be
preferable to unchecked, falow-depleted, traditional shifting cultivation. The
gpproaches to fdlow improvement, that lead inevitably to permanent
cultivation, include improved taungya, homegardens, plantation crop systems,
dley cropping, and tree incorporation on farm and grazing lands. These are
discussed in the following chapters in this section.
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CHAPTER 6

Taungya

The Taungya system in the tropics is, like shifting cultivation, a forerunner to
agroforestry. Theword is reported to have originated, as mentioned in Chapter
1, in Myanmar (Burma) and means hill (Taung) cultivation (ya) (Blanford,
1958). Origindly it wes the loca 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 redlized 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 sysem of
Waldfeldbau, which involved the cultivation of agricultural crops in forests.
Two decades later the system proved so efficient that teak plantations were
edablished a 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
system was soon introduced into other parts of British India, and later it spread
throughout Asia, Africa, and Latin America

Essentidly, the taungya system consists of growing annual agricultural crops
adong with the forestry species during the early years of establishment of the
forestry plantation. The land belongs to the forestry departments or their large-
scalelessees, who alow the subsistence farmersto raise their crops. Thefarmers
are required to tend the forestry seedlings and, in return, retain a part or al 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.
Usudly during this period the soil fertility declines, some soil is lost to erosion,
and weeds infest the area, thus making crop production nonremunerative, if
not impossible. Figures 6.1 and 6.2 are photographs of ataungya plantation in
two consecutive years in Thailand, and illustrate site-fertility decline.

Today the taungya system is known by different names, some of which are
aso used to denote shifting cultivation (aslisted in Table 5.1): Tumpangsari in
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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 as the major
agricultural crop.

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 in Figure 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

Soil properties 12
pH(H20) 865
Loss on ignition (%) 6.16
Total nitrogen (%) 0.014
Available P (ppm) 52.10
Total exch. bases 14.23

(meq 100 g*)

1. Freshly cleared and burnt sites

2. Teak (Tectona grandis) nursery

3. Mahogany (Swietania macrophylla) nursery
Source: Nwoboshi (1970).

0-5cm

7.45
4.14
0.003
34.80
6.65

6.58
4.32
0.005
28.40
6.01

7.73

4.06

0.016
49.30
10.00

5-15cm

7.51
3.06
0.002
18.80
6.11

6.57
3.52
0.004
18.00
4.01

711
3.23
0.016
40.10
4.28

15-30cm

7.12
2.66
0.004
12.20
381

6.32
3.28
0.005
14.90
3.18



78 Agroforestry systems and practices

Indonesia; Kaingining in the Philippines; Ladang in Mdaysia; Chena in Si
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). Mot of the forest plantations that have
been established inthetropical world, particularly in Asiaand Africa, 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 condsts of the simultaneous combination of the two
components during the early sages of forest plantation establishment.
Although wood production is the ultimate objective in the taungya system, 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 agricultura cyde can lagt only as long as the soil sustains reasonable crop
yidds. Intaungyait is primarily dependent on the physical availability of space
and light based on the planting arrangements of the trees.

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
"integral taungya’' is meant to invoke the idea of aland-use practicethat offers
a more complete and culturaly sendtive approach to rural development. It is
not merely the temporary use of a piece of land and a poverty leve wage, but

a chance to participate equitably in a diversfied and sustainable agroforestry
€conomy.

6.1. Soil management

There are numerous reports describing different taungya practices and the
growth of different plant pecies in the sysem (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
data on changesin soil fertility and on other soil management aspects, however,
seem to be scarce. Alexander et al. (1980) describe a two-year study on the
Oxisols of Keraa, India (about 10°N latitude, 2500-3000 mm rain per year)
where the greatest disadvantage of taungya was the erosion hazard caused by
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s0il preparation for the agricultural crops. The surface horizons became partly
eroded and sub-surface horizons were gradually exposed. The addition of crop
residuesto the soil surface wasfound to be avery effective way of minimizing soil
loss and exposure. In an agrisilvicultural study in southern Nigeriaconsisting of
interplanting of young Gmelina arborea with maize, yam, or cassava, Ojeniyi
and Agbede (1980) found that the practice usualy resulted in a dight but
inggnificant increase in soil N and P, adecrease in organic C, and no changein
exchangesble basesand pH compared with sole stands of Gmelina. Ojeniyi et al.
(1980) reported similar results from investigations in three ecologica zones of
southern Nigeria and concluded that the practice of interplanting young forest
plantations with food cropswould not have any adverse effect on soil fertility. In
contrast, a study at Sapoba, Nigeria (Nwoboshi, 1981) showed that intensive
cultivation and cropping practiced in forest nurseries (second nurserieswherethe
seedlings are retained for variable periods, sometimes up to three years, before
they are planted out in the fields) depleted the fertility of the soil within ayear or
two (Table 6.1). Although trees in the fidd are usudly planted a 6 to 12 times
wider spacingsthanin nurseries, it was argued that the inclusion of arable crops
in the plantation would have effects smilar to those of frequent cultivation in
nurseries with respect to the depletion of sail fertility.

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 sail fertility will,
however, largely depend on the management practices adopted at the time of
the initia clearing as wel as subsequent re-establishment phases. In any case,
il 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 initia two or three years.

6.2. Alternativesimprovements to Taungya

Sevard alternatives and improvements to taungya have been attempted in
different places, most of them with the abjective of providing better living and
socid conditions for the tenants. One of the most widdly quoted examplesisthe
Forest Village scheme in Thailand, which has generated severa 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
agriculturd  system, while smultaneoudly obtaining their sarvices for the
establishment of forestry plantations. Each farm family who agreed to take
part in the scheme was provided with apiece of land of at least 1.6 hawithin the
sdected village unit for constructing a house and establishing a homegarden.
The farmers were aso permitted to grow crops between the young trees in the
forest plantation unit that they helped to establish according to the plans of the
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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 atotal of about 4,000 ha of taungya forest plantations under cultivation in
the FIO scheme. Economic returns from the scheme varied depending upon
various loca conditions; a summary account of income from different regions
of Thailand is given in Table 6.3.

The concept of the forest village has been tried, with varying degrees of
success, in severa 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 forest encroachment.

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 to raise
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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 on the

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

Without Forest With Forest
Village 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 charges® 1957 32.61 17.93 29.89
Forest Village expenses — — 168.29 168.29
Totd 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 8.15 163 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 163 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
Sxth to tenth years
Maintenance and protection per year® 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

! 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 Forest Village".

% Thinning cost is not included as the output from thinning will cover the expenses involved.

Source: Boonkird et al. (1984).
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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 in plantation (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. Severa
unpublished documents, including details of the legaly 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 for ever.

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.
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CHAPTER 7

Homegardens

Home gardening has a long tradition in many tropical countries. Tropical
homegardens consst of an assemblage of plants, which may include trees,
shrubs, vines, and herbaceous plants, growing in or adjacent to a homestead or
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 aso have considerable
ornamenta value, and they provide shade to people and animals. The word
"homegarden” has been used rather loosdly 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 perennia crops and, invariably livestock within the compounds of
individud houses, with the whole crop-tree-anima unit being managed by
family labor (Fernandes and Nair, 1986).

7.1. Types of homegardens

Much has been written about homegardens. Mogt 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 e 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
Khaligue, 1987). Various forms of Javanese homegardens dominate most of the
writings on homegardens in the tropics so that the Javanese words Pekarangan
and Talunkebun are often used interchangeably with the word homegarden.
While it is true that the Javanese homegardens provide an illudtrative
example of the diverdty and complexity of tropica homegardens, it is
important to point out that there are aso severa other types of homegardensin
other geographical locations, each with its own characteristic features. In fact,

85
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homegardens can be found in almost all tropical and subtropical ecozones
where subsistence land-use systems predominate.

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. In actuality,
however, there is a continuum from the small, subsistence-level, homegardens
to fairly large areas (a few hectares) of plantation-crop combinations, with no

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.



Homegardens 87

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, usualy tree
spices, giving the appearance of a managed forest. These tree gardens are aso
discussed in Chapter 8.

Homegardens exemplify many agroforestry characteristics, i.e., the intimate
mix of diversified agricultural crops and multipurpose trees fulfills most of the
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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 agrosilvopastora systems consisting of herbaceous crops, woody
perennials, and animals. Some are agrislvicultural systems consisting only of
the firg two components.

Severd 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, 1936,
Soemarwoto et al., 1976; Wiersum, 1982, Reynor and Fownes, 1991). An
annotated bibliography on tropical homegardens, published in 1985
(Brownrigg, 1985) lised mogt, 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 severa more reports and discussons on various aspects of
homegarden systems.

Baed 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 sdlected homegarden systems in
different parts of the tropics. The biophysical and socioeconomic aspects of the
homegardens sdected for the study are summarized in Table 7.1, and their
magor components and literature references in Table 7.2. Although most
ecologicd regions of the tropics and subtropics were represented in the study,
a majority of the study stes 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 generaly high
in al sdected homegarden areas. The tables also show that, in most cases, the
average Sze 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 dso severad 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 loca
households (K.F. Wiersum, personal communication; and unpublished report,
1977). Indeed, it is only natural that a mixed stand of a large number of
multi purpose species provides a variety of products. Environmental protection
is adso achieved through a multistoried plant configuration, but it is often an
effect of the homegarden syssem and sddom a motivation for adopting the
practice.



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

Region

Southeast
Asia

Pacific

South Asia

Africa

American
tropics

Local name
of system

Pekarangan

Homegardens

Homegardens

Kandy
gardens

Compound
gardens

Compound
farms

Chagga
homegardens

Ka/Fuyo
gardens

Huerlos
Familiares
(Kitchen
gardens)
Kitchen
gardens

Location

Java,
Indonesia

Philippines

South Pacific
islands

Sri Lanka

Kerala
(Southwest
India)
Southeast
Nigeria

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

Grenada,
West Indies

Source: Fernandes and Nair (1986).

Population
density
(km?)

700

400

40

500

500

500

500

50

(Variable)

300

Ecozone

Humid
lowlands

Subhumid to
humid; mostly
lowlands
Humid
lowlands

Humid;
medium
altitude
Humid
lowlands to
mid-altitudes
Humid
lowlands

Highlands

Semi-arid to
sub-humid
lowlands
Humid
lowlands

Humid
lowlands

Rainfall

range

(mm)

1000-3000

2000-2500

2000-2500

2000-2500

2000-4000

1000-1700

700-900

1500-5000

1500-4000

Altitude
range
(m)
0-600
0-1500
0-100
400-1000
0-1000
0-300
900-1900

200-500

0-500

0-300

Mean
management
units (ha)
0.6

0.05

No data

10

05

05

0.68

0.50

0.50

0.15

Range of
management
units (ha)
0.01-3.0
0.01-1.0

No data
0.4-2.2
0.1-4.0
0.2-3.0
0.2-1.2

0.1-0.8

0.1-1.0

0.01-0.5

Market
orientation

Subsistence/
commercia
(50:50)
Subsistence
with subsidiary
commercia
Subsistence
with subsidiary
commercia
Commercial
with subsidiary
subsistence
Subsistence to
commercia

Subsistence
with subsidiary
commercia
Commercia
with subsidiary
subsistence
Subsistence

Subsistence

Subsistence
with subsidiary
commercia



Table 7.2. Major components of selected tropical homegardens.
System name Plant components Livestock types
X X and importance
Common number of Herbaceous species reported Major cash Usua number
woody species reported crops of vertical
canopy strata
Total Food-producing Number Major food crops
Pekarangan 152 48 39 Upland rice, maize, Fruits and 5 Poultry, fish, goats,
(Java) vegetables, coconut, vegetables sheep, cows, water
fruit trees buffalo-meat
and manure
Homegardens 4 28 40 Sweet potatoes, Tomatoes, egg 4 Poultry,
(Philippines) coconut, banana plant, squash, pigsmeat
peas, mango
Homegardens 53 N 19 Coconut, Coconut 4 No data
(Pacific) colocasia, yams
Kandy gardens IS 15 1 Cloves, pepper, 3 Poultry
(Sri Lanka) tea, coconut
Compound 25 8 2 Tuber crops, upland Coconut, arecanut, 4 Poultry (meat, eggs),
gardens (Southwest rice, banana, cacao, pepper, cattle (milk)
India) vegetables cashew, spices
Compound farms 64 62 73 Yam, cocoyam, Cola, oil pam 4 Goats, sheep,
(Southeast banana poultry; Tsetse
Nigeria) constrain!
Chagga 51 13 58 Banana, beans, Coffee 5 Cattle, goats,
homegardens colocasia, (arabica), pigs, poultry
(N. Tanzania) xanthosoma, Cardamon for meat, milk
yams and manure
Ka/Fuyo gardens 7 5 7 Maize and red Tobacco 2 Goats, sheep,
(Burkina Fasso) sorghum poultry for manure
and rituals
Huertos 28 24 n Maize, beans Cacao 4 Pigs and poultry,
Familiares meat and manure
(Southeast
Mexico)
Kitchen gardens 24 21 27 Colocasia, Banana,cocoa, 4 Poultry, pigs,
(Grenada) xanthosoma, and nutmeg sheep and goats
yams, maize, for meat and
pigeon peas cash

Source: Fernandes and Nair (1986).
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7.2. Sructure of homegardens

In spite of the very small average sze of the management units, homegardens
are characterized by a high species diversity and usualy 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 characterigtic of the sysem are aso indicated.

The layered canopy configurations and admixture of compatible species are
the most conspicuous characterigtics of al homegardens. Contrary to the
gppearance 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
the house, where plants of different heights and architectural types, though not
planted in an orderly manner, optimally occupy the available space both
horizontally and verticaly (Wiersum, 1982, Soemarwoto and Soemarwoto,
1984). Michon (1983) reported, from an andyss of the structure of the
Pekarangan in the Citarum watershed in West Java, a fivelayered 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 idands present a
more clearly defined spatial arrangement of species following the orientation
and rdlief 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
andyss of the canopy reveals a reatively higher percentage of canopy
distribution in the upper strata. The Chagga homegardens (Fernandes et al.,
1934) are essentially a commercid system based on arabica coffee and banana,
so0 that the coffee/banana layers which constitute the second and third canopy
strata from the ground dominate, in terms of total volume, over the others.

In general terms, dl homegardens consst of a herbaceous layer near the
ground, atree layer at upper levels, and intermediate layers in between. The
lower layer can usudly be partitioned into two, with the lowermogt (less than 1
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, conssting 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 resultsin
aproductive structure which is dways dynamic while the overall structure and
function of the system are maintained.

Vay little has been reported about rooting patterns and configurations in



Rauwolfia
caffra

\\/

N
o
I

HEIGHT (m)
o
1

Tectona
grandis

10

0

Albizia schimperiana

Olea welwitschi

Ficus spp.

Trema
guineensis
D"rr\
atura
O arborea

: Coﬂe%
arabica’

Live Fence

Morus
alba

Caesalpinia

@_ \I decaptla

Figure 7.3. Schematic presentation of the vertical canopy-zonation that is typical of a Chagga homegarden on the slopes of Mt. Kilimanjaro, Tan

Source: Fernandes et al. (1984).

6

§a211004d pup SWwid1SAs A415340f0438y



30 - Aglaia domestica
4 Coconut
i ” Areca catechu
& v LY 4
— W
3 g | 8
20 bt n' ‘l: Y }
' '1
E Parkia speciosa ‘
[
it‘-'.’ - \‘ | /_.-'- P e P é
z =, | \)
) Guava )
104 Carica
a
Anona spp. o
] &
. H\ % L

Cassava

f

Musa spp.

Sugarcane

Cardamorn

Taro

Figure 7.4. Schematic presentation of the structural composition of a Javanese homegarden (pekarangan).
Source: Fernandes and Nair (1986) (adaptedfrom Michon, 1983).



94 Agroforestry systems and practices

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 remova through
decomposition. Consequently, an accumulation of absorbing roots of al
gpeciesis to be expected at or near the soil surface. At lower depths in the sail,
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 from homegardens

The magnitude and rate of production, as wel as the ease and rhythm of
maintenance, of the homegarden system depend on its species composition.
Although the choice of speciesis determined to alarge extent by environmental
and socioeconomic factors, as well asthe dietary habits and market demands of
thelocality, there is aremarkable similarity with respect to species composition
among different homegardens in various places, especidly with respect to the
herbaceous components. Thisis so because food production isthe predominant
role of most herbaceous species, and the presence of an overstory requires that
the goecies are shade-tolerant. Thus, tuber crops such as taro, cassava, yam,
and swest potato dominate because they can be grown with relatively little care
as understory species in partial shade and yet be expected to yield reasonable
leves of carbohydrate-rich produce. Harvesting can be staggered over severd
weeks depending upon household needs.

A conspicuous trait of the tree-crop component in homegardens is the
predominance of fruit trees’, and other food-producing trees. Apart from
providing a steady supply of various types of edible products, these fruit and
food trees are al so compatible — both biologically and environmentally — with
other components of the syssem (Nair, 1984). While fruit trees such as guava,
rambutan, mango, and mangosteen, and other food-producing trees such as
Moringa ol eifera and Sesbania grandiflora, dominatethe Asian homegardens,
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
provides a substantia proportion of the energy and nutritive requirement of the
locd diet. For example, Terra (1954) and Stoler (1975) reported that Javanese
homegardens provided more than 40% of the whole energy reguirement of the
loca farming communities. Soemarwoto and Conway (1991) reported that
compared with the rice fields of Java, the homegarden has a greater diversity of
production and usualy produces a higher net income; in West Java, fish
production in homegarden ponds is common, with an income of 2 to 2.5 times
that of rice fidds in the same area. Similarly, Sommers (1978), in asurvey of 40

! s Table 12.3 for details of these fruit trees.
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households with homegardens in the Philippines, found that homegardens
supplied nearly all the households with the recommended daily reguirement for
vitamin A, vitamin C, iron, and calcium. Moreover, hdf 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 edulisarerich 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 al,
of the homegardens. The Chagga homegardens, where arabica coffee is a
dominant crop, is perhaps the only exception. Even in that case, the sysem
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 for food.

Another aspect of food production in homegardens is the amost
continuous production that occurs throughout the year. The combination of
crops with different production cycdes and rhythms results in a redively
uninterrupted supply of food products. Depending upon the climate and other
environmental characteristics, there may be pesk and dack seasons for
harvesting the various products, but generdly there is something to harvest
daly from most homegardens. Mogt 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 Si Lanka, coffee and maize in Tanzania, coconut and rice in
South Western India, and so on). Additionaly, these harvesting and
maintenance operations require only a relaively smdl amount of labor from
the members of the family.

7.4. Ressarch on homegarden systems

Almog dl 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, physica limitations such as
remoteness of the area force the inhabitants to produce most of their basic
needs by themselves, and lack of adegquate market outlets compel the farmersto
produce some portions of everything they need. Scientific attention has seldom
focused on improving these traditional systems. Scientists who are not familiar
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with them do not redlize the importance and potential contribution of these
sysems to the framework of agricultural development. Others, who are under
the influence of the traditional outlook of monocultural agriculture or forestry,
consder homegardens to be very specidized systems adapted to subsistence
land-use and structurally too complex to be suitable for manipulation and
improvement. There is a smdl group of scientists, however, who have
conducted detailed investigations of homegardens and who appreciate the value
of the systems and the wesdlth 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
scientigts, for example, the mixed garden trials in Si Lanka (Bavappa and
Jacob, 1982) and improvement and distribution of indigenous tree species for
compound farmsin Nigeria(J.C. Okafor, personal communication). However,
such efforts are usualy ad hoc and sporadic in nature, and therefore lack
coordination and continuity.

Homegardens are very complex systems with a very sophisticated structure
and alarge number of components. In contrast, researchers are, by and large,
gpecidigts in a discipline or a commodity. Farmers who practice homegarden
sysems 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 specidized entity in itsdf. These
contradictions and conditions are the main impediments to coordinated
research on homegardens. Ye these important systems deserve more serious
atention. A systems approach should provide the basis for research on
homegardens, and should include studies of both biological and socioeconomic
aspects. There is dso an urgent need for quantitative data and practica
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 Tropica Homegarden Systems held at Bandung,
Indonesig, 1985); but, unfortunately, there have been no serious efforts to
provide the institutional and policy support for strengthening research on these
traditional systems of exceptional merits.
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CHAPTER 8

Plantation crop combinations

Tropicd perennia plantation crops occupy about 8 % of the total arable area
in developing countries. Some of these crops are not widely cultivated and they
play only a minor role in national economics; others produce high-vaue
economic products for the international market and are therefore very
important, economicaly and socially, to the countries that produce them. The
focus of this chapter is on the latter group, which includes oil pam, rubber,
coconut, cacao, coffee, tea, cashew, and black pepper. Sisd and pineapple,
although major crops, are not considered because they differ from the other
crops in terms of morphology and growth habits.

Commercia yields of some of these crops have increased considerably
during the 1900s, whereas, for others, production has been remarkably
stagnant. A notable example of theformer group isrubber {Heveabrasiliensis),
the average yidd of which has increased over 17-fold sinceits domestication in
the 19th century. Inthe latter group are crops like the coconut palm, cultivated
sncevery early times. The economic value of its many productsarewdl known,
yet its average yield has remained low for along time. This contrasting situation
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 commercid yieds of some of them have
increased substantialy, while crops like coconut and cashew have not been
benefitted much from research.

Research efforts on tropical plantation crops have been, essentidly,
commodity oriented. The production strategy with respect to land-use patterns
has not changed, so that modern plantations have maintained their traditional
characterigtics: 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, typicaly, have sddom
been concerned with annual crops except in the case of intercropping during the
early stages of plantation establishment. Similarly, they have not been involved
in raising livestock, except to supply the needs of the plantation itself. With the
redization of the importance and necessity for intensification of land use due
to rapidly increasng populations, planners and policy makers in tropical

9
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developing countries have turned their attention towards proposalsto integrate
plantation crops, annua 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 wdl as the methods of
their cultivation. These cases are examined in detail in the following sections.

8.1. Integrated land-use sysemswith plantation crops

Modern commercial plantations of crops like rubber, coffee, and oil pam
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 commercia production of these crops has been
developed with the single-commodity objective to such an extent that multi-use
resource development in large-scde plantations is considered impractical.
Diversfied production drategies impede modernization and efficiency of
traditional plantation management technologies. Thus, it seemsthat thereis no
rationale for diversfied production in such plantation areas; nor has the
technology for such possibilities been adequately developed to make such
aternatives economicaly attractive.

On the other hand, the situation is quite different under smallholder’
farming conditions where the two major production functions, land and
capital, arelimiting, and the farmer's objective is not maximization of a single
commodity. In many such cases, especidly in densdy populated areas, farmers
usualy integrate annual crop and anima production with perennia crops,
primarily to meet their food requirements. It is for these innumerable
smdlholder areas that perennial-crop associations and integrated land-use
practices are becoming increasingly important.

Contrary to popular bdief, a substantial proportion of tropica plantation
cropsis grown by smallholders as reviewed by Ruthenberg (1980), Nair (1983),
Watson (1983), and Nair (1989) (Figures 81 and 8.2). Mogt 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, especidly during the first four
years dter planting the cacao. The size of the holding varies widdy from one

1 *Smallholder" or "small farmer" is aloosdly-defined and intuitively-understood, yet widely-
usd term. The size of a gndl farm varies widdy in different places, while a smdl fam in
Bangladesh is a smdl fraction of a hectare, it is 50-100 ha in northern Brazil. Smdl farms in
ecologicdly high-potential areas are smdler in sze than those of low-potentid areas. In
socioeconomic terms, asmdl farm is commonly "defined" as "farms where the resources such as
land and Iabor available to the farmer (owner) severdly limit opportunities for improvement,” but
this definition has some clear limitations. A working definition could be "a farm that is more of a
home than a business enterprise,” so that farm-management decisons are made based on
household needs rather than business interests (P.E. Hildebrand, 1992, persona communication).
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Figure8.1l. An integrated land-use system with coconuts in Jogjakarta, Indonesia, with rice paddy
in the foreground, and various agricultural crops in the background.
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.
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farmer to another. In Trinidad, cacao is mainly a forest species, grown under
shadetrees, with no fertilizer or pegticide application. Many smallholder rubber
plantations in southeast Asia and Nigeria are based on integrating rubber with
avariety of crops, including soya bean, maize, banana, groundnut, fruit trees,
black pepper, and coconuts. In Madaysia, poultry raising in rubber stands is
aso acommon and remunerative practice (Ismail, 1986). Notable examples of
smallholder systems in which coffee is integrated with other crops and/or
livestock include the banana and coffee smallholdings of East Africa, the coffee
and maize holdings at Jmma in the Ethiopian highlands, the coffee and
plantain systems on steeply doping land in Colombia, and the coffee and dairy
milk production sysemsin Kenya. Mot of the coconut productionin India, the
Philippines, Sri Lanka, and the Pacific idands comes from smallholdings in
which the coconut palm is integrated with a large number of annual and
perennia crops. In Si Lanka and the Pacific islands, grazing under coconut is
aso common. Cashew grows in awide range of ecologica situations, including
wagtelands where few other species thrive. In India, Tanzania, Mozambique,
and Senegd, smallholders often grow cashew trees with other crops, planting
the trees in a random way o that they appear scattered on the land. Grazing
under cashew is also very common, particularly on smalholdings in East
African coastal areas.

There are some characteristics, both socioeconomic and biologicdl, that are
common to al smallholders. In these systems the resources available to the
farmer, including capital, saverdly limit opportunities for improvement. Farm
size is often small, and family labor is usualy underutilized on a year-round
basis, but is inadequate during periods of peak requirements. Owner-operated
smdlholder systems are characterized by the use of "free" family labor or low-
cogt hired labor, usudly with more working days per worker, as wdl as more
hours per working day, as compared to commercia, large-scae plantations.
Modern production technologies that are wel adapted to commercid
plantations are of little value to such smdl farms, mainly because the farmer
lacks the resources to adopt them.

Perennia crops do, however, encourage the farmer to take up a more
sedentary lifestyle than do annual crops, and may aso contribute to increased
motivation for investment in permanent housing and agricultura
improvements (e.g., irrigation systems). Perennial crops are often considered
the badis of a family's wealth and security. Additionally, the relative constancy
of yield and aseasondlity of production of some of the perennia crops, for
example, coconut and rubber, have made them a reasonable insurance against
therisk of total crop failure, which is common for rainfed, seasonal cropsin the
tropics.

Crop systems consigting of perennial plant associations offer improved
chances for conserving the soil and soil fertility due to the presence of a
permanent plant cover and the addition of litter to the sail (for more details, see
Section 1V) and they lend themselves, in some cases, to reduced tillage
operations. Disincentives of perennial-crop cultivation include the relatively
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long time-lag between planting and profitable production, the fact that land is
committed to a crop for severd years or even decades, the high initial
investment in capital and labor costs, the processing requirements of some
crops, and the specid management skills and diverse maintenance operations
that are usualy needed.

8.2. Smallholder sysems 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.
Mog of the datathat are available come from coconut-based systems in India
(Nair, 1979; Ndlliat and Bhat, 1979), Si Lanka (Liyanageet al ., 1984; Liyanage
etal., 1989), and the Far East and the South Pecific (Plucknett, 1979; Sted and
Whiteman, 1980; Smith and Whiteman, 1983).

Coconut is one of the most widely-grown tree cropsin thetropics. It isfound
mogtly on islands, peninsulas and along coasts, covering an area of over 6
million hectares. More than 90 % of the crop isin Asaand Oceania; the major
producing countries are the Philippines, Indonesia, India, Sri Lanka, Maaysa
and the Pacific islands. Although the coconut is sometimes thought to be a
large-scale plantation crop, most of the world's production of coconuts is from
numerous smallholdings (see Table 8.1).

8.2.1. Intercropping under coconuts

Intendfication and a greater integration of land-use sysems are logicd
developments in smalholder areas where coconuts are grown because of the
demographic and socioeconomic characteristics of such areas, as wel 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 profilesin pam stands of varying age groups,
and the generd pattern of coverage by a coconut canopy are shown in Figure

8.3. Additionaly, the rooting pattern of the palm in a managed plantation
(Figure 84) is such that mogt of the roots are found near the bole (Kushwah et
al., 1973), and thus overlapping of the root sysems 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 (Figure 8.5).

Just asthere is no uniformity in pam spacing, planting pattern or palm age
in most of the smallholder coconut areas, there is no regularity or systematic
pattern for intercropping. In many cases a number of crops are grown together
on the same piece of land in complex systems. Descriptors for these systems are
smilarly diverse; for example, in Indiathe term intercropping is used for the



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

Country/region

Philippines

Indonesia

India

Sri Lanka
Papua New Guinea

Malaysia

Oceania
Africa
Central and S. America

West Indies

Total'
coconut area
('000 ha)

2100

1800

1100

250

246

297
208
108

9

Smallholder area
(% of the
total area)

90

75

87

not available
not available
not available

not available

Size of the
smallholdings
(ha)

0.1-20

not specified

<2

<8
not specified

< 40

not specified
not specified
not specified

not specified

Common land-use systems
in coconut areas

Intercropping with food and cash
crops; cattle grazing.

Intercropping with food crops;
cattle grazing.

Intercropping with food and cash
crops.

Intercropping; cattle grazing.
Intercropping; cattle grazing.

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 al over the area and plant associations of varying

intensities are common.
Source: Nair (1983).
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Figure 8.3. Ground coverage by coconut palms:
(top) Photograph of an adult, bearing coconut plantation, showing the canopy orientation and
ground coverage.
(bottom) Schematic presentation of light transmission through the canopies of palms of different
age groups planted at 7.5 * 7.5 m spacing.
Source: Nair(1979).
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Figure 8.4. Rooting pattern of the coconut palm.

(top) Photograph showing a section of the roots.
(bottom) Schematic presentation.

Source: Nair (1979) (adapted from Kushwah et al., 1973).
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A

Figure 8.5. Schematic presentation of the growth phases of coconut palm indicating possibilities

for crop combinations.

A. Early phase, up to about 8 years: canopy develops gradually; much scope for intercropping.

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 is depicted.

Source: Nair (1979).
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Table 8.2. Crops commonly grown with coconut (excluding cover crops and fodder species).

Crop Scientific name Country Important references*
1. CEREALS
Rice Oryza saliva India CRCRI, 1976; Child, 1974
Finger millet (and other Eleusine coracana India Child, 1974,
millets) Si Lanka Albuquerque, 1964
Maize Zea mays Philippines Celino, 1963
2. PULSES
Green gram (mung bean) Vigna radiala India Albuquerque, 1964; Nair,
Black gram (Urd) Vigna mungo 1979
Pigeon pea Cajanus cajan Child, 1974
Cow pea Vigna unguiculata Sri Lanka PHILCOA, 1974
Soya bean Glycine max Philippines
Groundnut Arachis hypogaea
3. ROOT CROPS
Cassava Manihot esculenla India Nair, 1979
Sri Lanka Child, 1974
Philippines Celino, 1963
Sweet potato Ipomoea batatas India
Yams Dioscorea spp. Nair, 1979
Elephant foot yam A morphophallus
campanutatus
Taro, cocoyam Colocasia spp.
Xanlhosoma  spp. Philippines, Fiji Gomez, 1974,
Hampton, 1972
4. SPICES AND CONDIMENTS
Ginger Zingiber officinale India Nair, 1979, Balasundaram
Tumeric Curcuma longa and Aiyadurai, 1963;
Minor Spices eg. Coriandrum Menon and Pandalai,
sativum 1958
Trigonella
foenum-graecum
Cinnamon Cinnamomum  zeylanicum
Chillies Capsicum annuum Sri Lanka Child, 1974
Clove
Syzygium aromalicum Tanzania (Zanzibar)
Seychelles Child, 1974
Black pepper Piper nigrum India, Philippines
5. FRUITS
Pineapple Ananas comosus India
Mango Mangifera indica Sri Lanka Nair, 1979
Banana Musa spp. Philippines Celino, 1963
Papaya Carica papaya Malaysia Child, 1974
Breadfruit Artocarpus altillis Pacific islands Gomez, 1974
Caribbean
6. TREE CROPS
Arecanut Areca catechu India Menon and Pandalai, 1958
Cacao India, Malaysia
Coffee Theobroma cacao Philippines Child, 1974
Coffea canephora Oceania
7. OTHER CROPS
Cotton Cossypium spp. India, Sri Lanka Albuquerque, 1964;
Child, 1974
Sesame Sesamum  indicum
Abaca Musa textilis Philippines Seshadri and Sayeed, 1953
Sugar cane Saccharum  officinarum

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



Plantation crop combinations 109

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

Because of the diverse conditions under which coconuts are grown, they can
be interplanted with a large number of other economic species, the pecies
diversty is usualy greater in less intensvely managed holdings. In well-
maintained holdings farmers exercise some care in the sdection of the other
gpecies grown among coconuts but, invariably, food crops that produce a
reasonable yield under partial shade are anatural choice. For example, various
tuber crops such as cassava, sweet potato, and different species of yam, as wel
as severd kinds of vegetables are common choices. There are also other annuals
such as ginger and turmeric, and perennials such as banana, pineapple, cacao,
clove, and cinnamon that grow well with coconuts. Where the population of
pams per unit area is lower and other conditions are favorable, crops that
require abundant sunlight, such as cereds and grain legumes, are also grown
profitably.

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

The choice of the intercrops and their cropping pattern depend on a number
of factors such as demand or market for the product, climatic and soil
characterigtics, age and management leve 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 Indiais shown in Figure 8.6. In Sri Lanka,
Santhirasegaram (1967) has divided the coconut lands into three rainfall zones,
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 wel in areas with less than about 1000 mm of
appropriately distributed rain, the areas that the author classfied as "dry" are
not truly arid or semiarid according to the genera meaning of these terms.

Numerous reports are available on the yidd performance of various coconut
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 reasonably well-managed.

8.2.2. Integrated mixed farming in smallholdings
In addition to intercropping systems, there are dso examples of integrated,

labor intensive systems of livestock production with coconutsin smallholdings.
Experiments with these systems have been conducted at the Central Plantation
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Figure 8.6. Schedule of some intercrops with coconuts and the average rainfall pattern at
Kasaragod on the southwestern coastal region of India

a. occasional irrigation 1o standing crop.

b. sweet potato, upland rice.

Source: Nair (1979).

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

Intercrop Per hectare of coconut area Net return per unit
cost of cultivation
Yield (t) Energy
Equivalent (GJ) +
Elephant foot yam (local variety) 13.46 44.29 137
Cassava (hybrid H. 165) 14.82 96.96 152
Sweet potato (H. 42) 8.38 42.00 0.93
Greater yam (local) 13.61 76.42 164
Lesser yam (local) 9.26 51.67 138
Chinese potato (local) 7.32 14.96 17
Ginger (cv. Rio-de-Janeiro) 8.61 24.04 192
Tumeric (cv. Armoor) 10.94 39.67 0.36

* GJ = GigaJoule; Jx 10° 1 Joule  0.24 Calorie
Source: Nair (1979).
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Crops Research Ingtitute (CPCRI), in Kasaragod, India, since the early 1970s.
The typica unit conssts 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
manured with the cow dung and the barn wastes. A methane gas system derived
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
subsdiay food for the farmer. Planting and harvesting are staggered
throughout the year.

Trids 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
(Tripsacum laxum), hybrid Napier grass (Pennlsetum purpureum) and Guinea
grass (Panicum maximum) yielded 50 to 60 t ha® of green fodder annually,
whereas the fodder legumes stylo (Stylosanthes guianensis) and cowpea (Vigna
unguiculata) yielded 301 ha'. A daily feeding rate of 30 to 35 kg of green fodder
in a 31 proportion of grasses and legumes per anima met the fodder
requirement of four milk cows from one hectare of coconut land.

8.2.3. Grazing under coconuts

Grazing cattle on the pastures grown under coconuts (as opposed to the cut-
and-carry system described above) is another major land-use activity in coconut
aress in many parts of the tropics. Cattle raising usudly involves grazing on
pastures composed of natural species but, in some cases, special fodder plants
are d o cultivated. In natural stands, the most important plants for grazing, as
would be expected, are grasses and legumes, athough many other types of
plantsthat can be grazed are also found. A list of the common species occurring
inthe natural pastures in coconut areas is given in Table 8.4.

Some of the species which are considered weeds in coconut gardens are also
grazed. Moreover, cover crops such as kudzu (Pueraria phaseoloides), centro
(Centrosema pubescens) and calopo (Cal opogonium mucunoides) can aso be
found in natural pastures.

The carrying capacity of unimproved natural pastures varies widdy 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
mog cases, the carrying capacity on natural pasturesvaried from 1 to 2 hectares
per head of cattle. This form of cattle raising on natural pastures under coconut
is an extendve land-use sysem with little management input. Usualy many
grasses, broadleaved plants, and shrubs grow as weeds in these natural
pastures, which reduce the qudity and production of forage.

Onthe other hand, improved pasture species and good pasture management
techniques are common in severa coconut growing areas, especidly in the
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Table 8.4. Common pasture and forage species occuring under coconuts.

Common name

Scientific name

NATURAL PASTURE GRASSES

Carpet grass
Sour paspalum

Bermuda grass
Buffalo grass
Guinea grass

LEGUMES
Sensitive plant

Desmodium

Hetero
Centro
Alyce clover

Axonopus  compressus
Pasapalum conjugatum

Cynodon dactylon
Senotaphrum  secondatum
Panicum maximum

Mimosa pudica
Desmodium  trifolium

Desmodium  heterophyllum
Cetrosema  pubescens
Alysiacarpus vaginalis

IMPROVED PASTURE GRASSES

Palisade grass
Signa 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-1pil)
Siratro
Stylo (Brazilian lucerne)

Brachiaria brizantha
decumbens
milii/ormis
humidicola

mutica

. ruziziensis
Dicanthum aristatum
Chloris gayana
Digitaria decumbens
Ischaemum asistatum
Melinis minutiflora
Panicum maximum
Paspalum commersonii
Pennisetum  purpereum

WwWwWm

Desmodium  inlortum
Desmodium canum
Glycine wightii

fsyn. G. javanica)
Leucaena leucocephala

Macroptilium  atropurpureum
Sylosanthes guianensis

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

Comments on occurence
and use

Pacific islands, Jamaica

High rainfall areas in the
Pacific islands

Pacific islands

New Hebrides

Wide adaptability

Widely distributed

Malaysia, Indonesia,
Western Samoa

South Pecific

Mostly as a cover crop

Sii Lanka

Wide adaptability

East Africa, India

Fiji

Mostly as fodder
Fodder species

Wetter subtropics
Pacific Islands
East Indies

Wide adaptability (except acid
soils) for fodder

Adaptable to infertile soils;
also used as fodder
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Pecific idands. The species that are commonly used are also listed in Table 8.4.
Management practices include different stocking rates, use of different grazing
intensities, use of fertilizers, selection of the proper pasture species or mixtures,
weed control, and fencing. The management system varies greatly depending
upon climatic factors (particularly rainfall), soil type, and the farmer's sKill.
The effect of grazing and improved pasture management techniques on coconut
yidds has aso been studied in detail, particularly at the Coconut Research
Ingtitute in Sri Lanka. The results have indicated that, as with the case of
intercropping, the pasture will not diminish the yield of pams if fertilizers are
applied to both (Santhirasegaram, 1967, 1975; Santhirasegaram et at., 1969).

8.2.4. Factors favoring intensification of land use with coconuts

Perhaps the most important incentive for adopting intensive land-use systems
with coconuts is the immediate economic benefit. Some data on the labor
requirement, costs of cultivation, net economic returns, and income equivalent
ratios,? of severa intercropping systemsin smallholdings have been reported by
Nair (1979) and Néelliat 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 experimenta evidence indicate that this productivity
depends on the leve 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 severd investigations at
CPCRI (CPCRI, 1979; Nair, 1979).

Onthe other hand, if the additional crop isalowed to bea" parasite” on the
main crop, the yidds of both components of the mixture will be adversdy
affected. In other words, a major consideration in the productivity of such
plant mixtures is the extent of plant-to-plant interactions. Neighboring plants
will often draw on the same pool of environmentd resources at both the above-
and below-ground levels. In crop combinations with lower-story species,
coconuts are likdy to be subjected to competition only for above-ground
resources. Fortunately, there are a number of species of economicaly useful
plants, adapted to a range of ecologica conditions which can produce
reasonable yieds 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 Figure 8.7.

I nteraction between neighboring plants need not aways be negative®. Plants
may complement each other in sharing pools, thus achieving a more complete
utilization of resources. They may aso affect the microclimate in ways which
favor associated species. Such an example of biologica complementarity has

2 See ection 24.1 (Chapter 24) for a discussion on the term.
% See Chapter 13.
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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).
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been noticed in a crop combination of coconut and cacao at CPCRI. The yied
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 dways grown under shade in the area. A large
number of factors may have contributed to this beneficid interaction, e.g., a
modified microclimate (Nair and Balakrishnan, 1977), and the favorable
activity of beneficia microorganisms (Nair and Rao, 1977). The exploitation of
such beneficid interactions could substantially enhance the productivity of
coconuts and other species in a combined system.

The intengification of land use in existing coconut areas is not without
problems and limitations, nor is it of universal applicability. The potentia is
confined to those areas where soil and other physical conditions permit such
practices. Environmenta resource limitations may impose restrictions on the
crops and cropping patterns. A lack of proper management of the crop
combination could aso 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 plantation crops

Considerable research has aso been directed a coffee/shade tree and
cacao/shade tree combinations, largely at Centro Agronomico Tropical de
Investigacidn y Ensen'anza (CA TIE) in Costa Rica. Much of thisresearch has
concentrated on nutrient-related issues. A long-term replicated experiment,
edablished 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 periodicdly cut back, and a valuable timber species,
Cordia alliodora, which is periodically thinned (Alpizar, 1985; Alpizar et al.,
1986; Fasshender 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't yr*, 60 kg P ha' yr' and 150 kg K ha™ yr'). The annua 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 potassum, is,
potentialy, alimiting 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, possbly even more important than nitrogen
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Figure 8.8. The "La Montana" experiment, CATIE, Costa Rica, showing coffee with Erythrina
poeppigiana and Cordia alliodiodora.

Photo: R.G. Muschler.
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Figure 8.9. Schematic presentation of the structure of a coffee and shade-tree combination in
Costa Rica.
Source: Lagemann and Heuveldop (1983).
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fixation. Summarizing 10 years of results of these experiments a CATIE,
Fasshender et al. (1991) reported that the average cacao bean harvest during the
ages of 6-10 years reached 1036 and 1057 kg ha' yr-* under shade of C.
alliodora and E. poeppigiana, respectively. Total sem volume growth of C.
alliodora was 9.6 m* ha' yr'. Vaues of the natural lesf fal 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 Section V.

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 pam (Orbignya phalerata) in Brazil (May et al., 1985);

* crop associations with arecanut (Areca catechu) pam in India (Bavappa et
al., 1982); and

 0il pam and rubber in West Africa (Watson, 1983).

Mogt of these are qualitative descriptions of existing sysems and do not contain

guantitative, experimental data.

The examples of successful coconut based systems can serve as a guide with
respect to potentias in other smallholder perennia 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-
equivalent ratios.* Thisis especidly trueif the plants are managed in such away
that the combined attention given to al species exceeds that usualy givenin a
monoculture. Such intensve land-use practices need to be supported by
adequate research. Without this, attempts at innovation and extrapolation
could have disastrous consequences; therein lies the chalenge to scientists.

8.4. Multigory tree gardens

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, especidly tree spices, lending a
managed mixed forest appearance. As opposed to homegardens, which
surround individual houses, these tree gardens are usudly away from houses,
and are typicaly 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).



Table 85. Natural litterfall and pruning inputs in the systems of Theobroma cacao with Cordia alliodora or Erythrina poeppigiana, ft ha~'yr')

Input T. cacao C. alliodora System T. cacao E. poeppigiana System
leaves total leaves total
leaves branches leaves branches
Natural 4.40 2.88 0.83 811 3.93 4.62 0.74 9.29
Pruning 3.29' 3.29 3.80 3.76 6.01 13.57
Species total 7.69 371 11.40 7.73 15.13 22.86

! Included leaves and branches.

Source: Fassbender et al. (1991) (adapted from Beer et al, 1990).
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Figure8.10. Schematic presentation of a multilayer tree garden consisting mainly of durian, wood
species, cinnamon, and nutmeg; Sumatra, Indonesia.
Source: Michon et at. (1986).
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» Compound farms (gardens) of southeastern 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 al 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:

» Thetree gardens are characterized by alarge variety of mostly multipurpose
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
materias throughout the year.

* Mos of the systems are dominated by perennid rather than annual crops
resulting in a relaively high ratio of nutrients stored in the vegetation to
those stored inthe soil. Thisensures an effective nutrient cycle and relatively
smdl hazard for leaching and erosion. An effective nutrient status is further
maintained by the uptake of minerals through deeply rooted perennias from
deeper soil layers and effective catchment of mineral inputs by rain and by
nitrogen fixation of leguminous species.

» Most tree gardens form a part of awhole-farm system, which aso comprises
annualy cultivated fields. Normally, the latter are used to produce staple,
high-caorie foodstuffs (rice, maize, cassava), whilethetree gardens are used
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
garden systems.

* Mo tree gardens are used to produce a small, continuous flow of these
supplementary products for subsistence and a possible small surplus for sale
to local markets. Higher production and marketing levels may be attained in
times of sudden necessities such as unfavorable climatic conditions or socia
necessities.

» Although the generd cultivation practices are rather standardized, tree
gardensvary with climate and soil, as wdl as with socioeconomic conditions.
The role of these tree gardens in food production will depend upon their

pecies composition. In generd, it is not as sgnificant as that of homegardens.

An important value of the tree gardens is their contribution to the genera cash

economy of the farmers, through the sale of various (edible or nonedible)

commercia products, e.g., timber, sawlogs, poles, and various fruits and
spices. The tree gardens adso have potential utility as efficient buffer zones
around protected forests. Similarly, growing cash crops under the canopies of
multipurpose trees including fruit trees, as in the system in southeast Bahia,

Brazil (Alvim and Nair, 1986), can be extrapolated to many areas, within a

range of climatic and socioeconomic limitations. The most significant

contribution of tree gardens to food production will, however, be derived from

the exploitation of the vast variety of fruit trees (see Table 12.3).
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CHAPTER 9

Alley cropping

A promising agroforestry technology for the humid and subhumid tropics,
which has been developed during the past decade is aley 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, aform of the so-called hedgerow intercropping,* and
combines the regenerative properties of a bush fallow system with food-crop
production. Pioneering work on this technology was initiated at the
International Institute of Tropical Agriculture (I TA), inNigeria, by B.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 aley 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 Chapter 22.

! Hedgerow intercropping involves zonal (as opposed to mixed) arrangement of components, in
which the components occupy definite zones, usudly strips of varying widths. In the case of dley
cropping, there are sngle or sometimes multiple rows or strips of woody plant, which is managed
S0 as to redrict its growth in the form of a hedge (Huxley, 1986).
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Figure 9.1. Alley cropping:
(top) Leucaena leucocephala and cow pea in Ibadan, Nigeria.
(bottom) Leucaena leucocephala and maize in Machakos, Kenya.
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9.1. Nutrient yield

The growing emphasis on the role of nitrogen-fixing trees in soil-fertility
improvement in agroforestry systems in general, and aley cropping in
particular (Brewbaker et al., 1982, Dommergues, 1987; Nair, 1988), has
encouraged several fidd trials in a number of places. As research shows, there
are 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 is needed.

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 nodulated roots.

Some data on the biomass yield of four woody species growing on Alfisols
in Ibadan, Nigeria, under different management systems, are provided in Table
9.1. Kass (1987) reported similar data from aley 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 hal yrl. Higher nitrogen contributions have been reported from other
field studies where the hedgerow species was L. leucocephala or Gliricidia
sepium (Yamoah et al., 1986a; Budelman, 1988). In a comparative study of the
effect of various pruning practices on L. leucocephala, G. sepium, and
Seshania grandiflora, Duguma et al., (1988) found that, for al three species,

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

Pruning yield
Species (t dry matter hayr-%)
Alchornea cordifolia 377
Dactyladenia (Acioa) barteri 2.07
Gliricidia sepium 5.18
Leucaena leucocephala 8.64
LSD (0.05) 152

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-*, respectively

Source: Kang et al. (1990).
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Table 9.2. Nutrient yield from five prunings of hedgerows of five woody species grown at
IITA, Nigeria (4 x 0.5 m spacing).

Nutrient yield (kg h-tyr-1)

Species N P K Ca Mg
Alchornea cordifolia 85 6 48 42 8
Dactyladenia (Acioa) barteri 411 4 20 14 5
Gliricidia sepium 169 n 149 66 17
Leucaena leucocephala 247 19 185 93 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-* yr-*, 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' 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 aley 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 Chapter 16) 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 vitro' digestibility 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 dow rate of decomposition of their leaves, could be

2 In biology, in vitro refers to processes that are allowed to occur, or are used for erosion control
and increasing soil organic matter (for further discussion on this topic, see Chapter 16).
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used for erosion control and increasing soil organic matter (for further
discussion on this topic, see Chapter 16).

9.2. Effect on soil properties and soil conservation

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

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 aley cropping was
higher in organic matter and nitrogen content than soil without trees. Y amoah
et al. (1986a) compared the effect of C. siamea, G. sepium, and F. macrophylla
in aley cropping trials, and found that soil organic matter and nutrient status
were maintained at higher levels with C. siamea (which, surprisingly, is not a
No-fixing species). Another set of reports from IITA by La (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 aley 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 dlight increase in soil pH and exchangeable bases during the
third and fourth years after the establishment of these hedgerows.

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 1ITA, Nigeria.

Treatment  Leucaena pH-H,O Org. C Exchangeable cations
(kg N ha') prunings (mg kgt (c mole kg%

K Ca Mg
0 removed 6.0 6.5 0.19 2.90 0.35
0 retained 6.0 10.7 0.28 345 0.50
80 retained 5.8 119 0.26 2.80 0.45
LSD (0.05) 0.2 14 0.05 0.55 0.11

Source: Kang et al. (1990).
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Table 9.4. Changes in soil nitrogen and organic carbon contents under different management
systems at 1ITA, Nigeria.

1982 1986
Treatment 05cm 510 cm 0-5cm 510 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 -4m 0.242 0.191 0.066 0.067
Gliricidia -2m 0.256 0.182 0.056 0.038
LSD (0.05) 0.01 0.01
Organic carbon (%)
Plow-till 170 112 0.42 0.28
No-till 2.50 141 108 0.52
Leucaena -4m 3.01 159 0.90 0.91
Leucaena- 2 m 2.35 110 0.71 0.65
Gliricidia -4m 2.26 153 0.63 0.60
Gliricidia- 2 m 2.38 147 0.62 0.61
LSD (0.05) 0.12 0.12

Source: Lai (1989).

and L. leucocephala - applied at arate of 5000 kg ha* dry matter. As shown in
Table 9.5, dl 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 aley 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 firgt 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-* yr-!, whereas
for the L. leucocephala and L. leucocephala + cassava plots, the estimated loss
was 515t ha' yr' and 2.89 t ha® yr*, respectively.
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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/ No. of Average Average % soil
mulch material observations at temperature at moisture over
15.00 h 5cm (°C) 05 cm
Unmulched soil 40 371 4.8
Leucaena leucocephala 40 34.2 (-2.9) 71 (+ 2.3)
Gliricidia sepium 40 32.5 (-4.6) 87 (+ 39
Flemingia macrophylla 40 30.5 (-6.6) 94 (+ 4.6)
LSD 120 184

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 aley cropping and no-till
systems at 1ITA, Nigeria

Infiltration rate at 120 min. Bulk density

(cm h-) (g cm®)
Cropping system year 1 year 3 year 5 year 1 year 3 year 4
Plow-till 24.2 23.2 214 136 151 142
No-till 18.0 124 5.0 1.30 147 162
Alley cropping
Leucaena 4 m 39.8 13.0 222 1.26 144 150
Leucaene 2 m 13.6 224 22.8 140 1.39 165
Gliricidia4 m 1838 188 16.8 1.30 135 157
Gliricidia2 m 138 21.0 19.61 133 145 155
LSD (0.1) 58 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
cropped plots.
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9.3. Effect on crop yidds

The criterion most widely used to assess the desirability of aley 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 aley 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 2t ha', as against 0.66 t ha-* without
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’. 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
0/.(1981) indicated that an application of 10t ha’ of fresh leucaena prunings
had the same effect on maize yield as the addition of 100 kg N ha-*, although
to obtain this amount of leucaena leaf material it was necessary to supplement
production from the hedgerows with externally-grown materials.

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

Treatment ' Year

1979 1980 19812 1982 1983 1984 + 1986
ON-R 104 0.48 0.61 0.26 0.69 0.66
ON+R 2.15 191 121 2.10 191 199 2.10
80N +R 2.40 3.26 189 291 3.24 367 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'; (-R) Leucaena prunings removed; (+ R) Leucaena prunings
retained. All plots received basal dressing of P, K, Mg and Zn
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™* was applied to the crop. In astudy
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 12t
ha' (without fertilizer) were obtained; the corresponding yields for maize
grown without L. leucocephala were 2.1 and 0.5 t ha'. However, the
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experimental details of this study, such as the quantity of fertilizer added and
length of experiment, are not clear.

Results from other aley cropping trials are less promising. For example, in
trials conducted on an infertile acid soil at Yurimaguas, Peru, the yields of al
crops studied in the experiment, apart from cowpea, were extremely low, and
the overall yield from aley cropped plots was equal to or less than that from the
control plots (see Table 9.8). Rice grain yields in rotations four and sx 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 crops in
the alleys, were detected at 11 months after hedgerow establishment, and that
competition increased with age of the hedgerow as measured by steadily
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 tree roots.

Other results suggest that aley 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
Y urimaguas, Peru.

Yield (kge ha"?) under cropping system!

Cycl e crop Cc It- Ne Fc Cc le N Fc
Gain? Dy matter

1. Mai ze 634a 390a 369a 1762b 2268b 4339a
2. Cowpea 778ab 526b 1064a 972ab 1972b 1791b 2597b 4766a
3. Rce 231a 211a 488a 393a 1138b 1160b 1723b 3718a
4. Rce 156¢ 205bc 386b 905a 929b 1151b 2121b 5027a
5. Cowpea 415a 367a 527a 352a 1398b 1353b 1404b 3143a
6. Rce 386b 382b 1557a 1054b 1037b 4897a

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 aley cropping; Nc = nonfertilized,
nonmulched control; Fc = fertilized, nonmulched control.

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).
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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
etal., 1989; ICRISAT, 1989; Rao et al., 1990). Similar observations have been
reported from semiarid areas in north-western Nigeria (Odigi et al., 1989) and
in 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 aley 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 aley
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 and land

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

System  Treatments Maize grain yield (t ha')
Perennial Spacing 1982 1983 1984 1985 1986 198
Species (m)

A Plow-till 41 4.9 36 4.3 27 23
No-till 4.0 41 4.0 5.0 24 2.7

B Leucaena 4 37 33 37 4X 21 2.0
Leucaena 2 44 36 38 42 17 25

C Gliricidia 4 3.9 39 36 45 26 22
Gliricidia 2 3X 32 33 4.8 16 2X

Mean 4.0 38 37 4.6 22 24

LSD (0.05) (0.01)

(i) Systems (9 0.27 0.22

(i) Treatments (T) 0.34 0.28

(i) Years (Y) 0.48 0.39

(iv) SxT 0.48 0.39

(v) TxY 0.83 0.68

Source: Lai (1989).
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Table 9.10. Mean grain yield of cowpea in a maize-cowpea rotation under alley cropping over a
six-year period a 11TA, Nigeria.

System  Treatments Cowpea grain yield (kg ha')
Perennial Spacing 1982 1983 1984 1985 1986 1987
species (m)

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 (9 120 9

(i) Treatments (T) 147 >

(iii) Years (Y) 208 1

(iv) SxT 208 171

(v) Txy 361 297

Source: Lai (1989).

occupied by the hedgerows (in shifting cultivation and alley cropping
respectively) were considered,® and 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 aleys were spaced 4 m apart, whereas the
lowest yields would be obtained from nine-year fallow treatments.

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 aley 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 aley cropping
than leucaena under such semiarid conditions. The importance of choosing
appropriate species for aley cropping is clear from the study.

% 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 al 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. Future directions

Many studies on aley 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 aley cropping cannot bejudged
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 management problems.

A key issueis ecological adaptability. Many research results suggest that aley
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 aley 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 aley cropping.
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Figure9.3. Schematic representation to show the benefits of nutrient cycling and erosion control in
an alley-cropping system.
Source: Kang and Wilson (1987).

Let us examine, for example, the quantity that could potentially be produced
from 1 ha, an areainwhich 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 sSix 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 2000m X 6 cuttings). If, on average, three percent
of this dry matter consists of nitrogen, the total nitrogen yield would be 135 kg
ha' yr-*, about half of which can be expected to be taken up by current season
Crops.

There are severa 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 m? per hectare, or 25 “b of 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 animal fodder,
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Figure 9.4. A generalized picture of crop (maize) yield with and without aley cropping in relation
to rainfall during cropping season in semiarid conditions.
Source: Nair(1990).

for example, rather than adding it to the soil, asis the casein 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 aley 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 Chapter 10).

An important point to remember is that under conditions where alley
cropping isappropriate 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, aley 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 aley cropping as compared with
no-alley-cropping situations (Kang et al., 1989, 1990). In extremely acidic sandy
soils, such asthosein the Peruvian Amazon basin (Szott et al., 1991 b; TropSoils,
1988), the success of aley 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 such circumstances.

Concurrent with all these efforts in enhancing the biological advantages of
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dley 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

target farmers, there are some features of dley cropping that counterbalance its

advantages and hinder its widespread adoption. These include:

« additional labor and skillsthat are required for hedgerow pruning and mulch
application.

* loss of cropping areato the hedgerows.

« difficulty in mechanizing agricultural operations.

 potentia for the hedgerow speciesto become aweed and/or an alternate host
for pests and pathogens, or harbor grain-eating birds.

* possihilities for increased termite activity, especialy under dry conditions.
Researchers and development agencies are currently addressing these

problems and some questions have dready been answered (e.g., see Chapters 21

and 22 for on-farm research and economic aspects, respectively). Extensive

efforts such asthe Alley Farming Network for Africa (AFNETA) are involved

in elaborate fidd testing of the technology under awide range of conditionswith

appropriate modifications. Even if, or when, the technology becomes wel

adopted, it is certain to take various forms depending on the biophysical and

socioeconomic conditions that are specific to each site.
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CHAPTER 10

Other agroforestry systems and practices

Agroforestry, in one form or another, is practiced in amost al ecologica
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 virtualy 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,
fudwood 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, there are severd others on which even qualitative descriptions are
lacking. Important examples of these systems and practices, which are not
covered in the previous chapters, will be considered in this chapter.

10.1 Treefodder and silvopastoral systems

As defined in Chapter 2, silvopastoral systems are land-use systems in which
trees or shrubs are combined with livestock and pasture production on the same
unit of land. Within this broad category, severa types of systems and practices
can be identified depending on the role of the tree/shrub (sometimes
collectively caled "trub") component. These include the following:
Intensively managed

» Cut-and-carry system(or protein bank): Thetrub speciesaregrownin block
configurations or along plot boundaries or other designated places; the
foliageislopped periodicaly and fed to animals that are kept in salls (Figure
10.2).

* Live-fence posts: The fodder trees are I€ft to grow to develop sufficient wood
so that they serve as fence posts around grazing units or other plots (Figure
10.2); the trees are lopped periodicaly for fodder and for poles and posts as
in the cut-and-carry system.

141



142 A groforestry systems and practices

Figure 10.1. The cut-and-carry system: harvesting Leucaena teucocephala for fodder and
fuelwood in Malawi.

Photo: ICRAF.

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

» Browsing: Foliage (especially tender twigs, stems, and leaves) and sometimes
fruits and pods of standing trubs are consumed.

» Grazing: Animalsgraze 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 grazing systems.

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 hereislimited to tropical
silvopastoral systems.

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
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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,
especialy in Malaysia (Embong, 1978; Ismail, 1984), under cashew plantations,
e.g., in Kenya (Goldson, 1981; Warui, 1981), and in forest plantations such as
Caribbean pinein Fiji (Bell, 1981) and Costa Rica (Somarribaand 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 fuelwood production

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 15 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 severa of these programs involved tree planting by farmers on
their own farms or communally- or publicly-owned lands, they are generally
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known as agroforestry or social forestry projects (for fuelwood production).*

A large number of tree species have been identified as fuelwood crops; see
Chapter 12 for the general characteristics of some of these species. Agroforestry
(or other forms of tree-planting) programs have been designed using a number
of these fuelwood species. Since the largest share of fuelwood demand is
associated with rural households, some observers (e.g., Gregerson et at., 1989)
believe the key to solving the fuelwood problem is encouraging farm families to
grow sufficient trees to meet their own requirements and to generate 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.” Many 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 pulpwood
rather 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 prime motive.

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 as neem

! Though there are conceptual differences among agroforestry, socia forestry, and community
forestry, these differences are seldom apparent or distinguishable in the development arena; see
the discusson in Chapter 2.

2 Admittedly this situation is partly because of the gender issues involved: men may not
congder firewood-shortage as a problem, but women do; in many areas, while men may not be
interested in planting firewood trees, women are; athough women are adso interested in cash-
generating species, they are more likely to be willing to invest their scarce timein planting firewood
pecies than men would be. Also, reports of rural people not viewing firewood shortages as a
problem may be due to the fact that few, if any, women were surveyed.
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(Azadirachta indica) and eucalyptus that have been extensively promoted in the

Sahel for morethan 20 yearsis till 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 fuelwood crises;

» although great potential exists for enhancing fuelwood production through
agroforestry (and social forestry) programs, in order for such initiativesto 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 provide fuelwood.

10.3. Intercropping under scattered or regularly planted trees

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 avariety of
locally-adapted multipurpose trees are widely scattered over farmlands; such
reports can be found in many agroforestry conference proceedings (e.g., Delas
Salas, 1979; MacDonald, 1982; Huxley, 1983; Gholz, 1987; Jarvis, 1991), as
well asin 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-old practices.

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 farming conditions.

% See more discussion on farmers tree planting preferences in Chapter 23.
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The gpecies 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,
extensive intercropping systems, especially scattered trees on farmlands.

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). Kesder (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 12

Acacia Senegal 12

Acacia tortilis 12

Adansonia digitata baobab 1234

Afzelia africana mahogany bean 4 +
Anogeissus leiocarpus 234 +
Balanites aegyptiaca desert date 123

Bombax costatum red flowered silk cotton 234

Borassus aethiopum fan palm/ronier 34 I
Ceiba pentandra slk cotton 4
Faidherbia albida winterthorn 123

Hyphaene thebaica dum palm/doum 123

Khaya senegalensis mahogany 34 +
Lannea acida raisinier 234

Parkia biglobosa locust bean/nere 234 +
Prosopis africana 234 +
Scelocarya birrea prunier 234
Tamarindus indica tamarind/tamarinier 1234 +
Vilellaria paradoxa shea butter/karite 234

* 1. northern Sahel zone (annual rainfall 150-350 mm);
2. southern Sahel zone (annual rainfall 350-600 mm);
3. northern Sudan zone (annual rainfall 600-900 mm);
4. southern Sudan zone (annual rainfall 900-1200 mm);

Source: Kesser (1992).



148  Agroforestry systems and practices

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, Kesser (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 of intercropping
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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 Kenyas Coast
Province: crop yields declined when tree densities increased.*

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-
Gangetic plain of India and Pakistan. Tree-to-tree spacing within rows is

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's personal
observation). Obviously, our knowledge about the mechanisms governing the special phenology
(which is of great advantage in agroforestry) of this tree is incomplete.
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Figure 10.5. Boundary planting of Grevillea robusta in Kenya
Photo: ICRAF.

usually more than 15 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 widespread practices.

10.4. Agroforestry for reclamation of problem soils

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 in the
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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 (especialy
fodder and fuelwood species) for reclamation of severely eroded and degraded
grazing lands is another often-recommended technology.

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 Y urimaguas, 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 a great
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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 and benefits.

10.5. Underexploited trees in indigenous agroforestry 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! in the Saharo-Sahel, 300 kg ha’ in the characteristic Sahel, and 600 kg
ha' in 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' roughly 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 125 and 5.0 kg fruit per adult daily).
However, it should be noted that fruits and other edible materials, are available
throughout the year.

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-I and C; the flour
produced from the dried fruits contains up to 48% protein and 2% vitamin B-I
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
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processing have wide implications for the nutritional standards and economic
well-being of alarge number of peoplein 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-zone agroforestry

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, perhaps first 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 thiswooded transition zone (Johns, 1985). Another approach isto
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., theinvasion 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
protected areas).

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 dl these projects, an important consideration is the inclusion
of useful indigenous trees in the system designs.

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

Agroforestry species

This section deals with plant species and their
productivity in agroforestry systems. Chapter 11
summarizes some of the common principles of plant
productivity. A discussion on the multipurpose tree
(MPT), the main scientific foundation of agroforestry,
follows in Chapter 12; brief descriptions of some 50
common MPTs in agroforestry are also included in this
chapter. Plant community interactions in agroforestry
combinations is the subject of the concluding chapter
of this section.



CHAPTER 11

Generd principles of plant productivity

In abiological sense, plant production can be viewed as a system of conversion
of solar energy into chemical energy that can be transported and stored. This
conversion occurs through the reaction known as photosynthesis. The general
principles underlying this process are fairly well understood. Since these
principles are so important in managing production systems and exploiting
their production potential, we will review them, in general, with an underlying
emphasis on how plant management can lead to improved exploitation of
photosynthesis. Readers are strongly advised to refer to basic text books on
plant physiology, several of which are available, for athorough understanding
or recapitulation of the subject.

11.1. Photosynthesis

Photosynthesis consists essentially of carbon "fixation" in the green tissues of
plants, in the presence of sunlight. The overall reaction can be written as:

C0, + 2H,0 - (CHzO) + H,0 + 0,

The photosynthetic apparatus of the plant is the chloroplast, which is a lens-
shaped organ with a 1-10 um width. It hastwo parts: the lamellae (membranes),
which are concentrated areas of photosynthetic pigments, and the stroma,
which mainly contains fluids and is less dense. Photosynthesis consists of two
reactions, the so-called light reaction (photophosphorylation) and the dark
reaction (CO2 fixation) (Figure 11.1). The light reaction occurs in lamellae and
consists of the oxidation of water and production of chemical energy in the
form of reduced nicotinamide adenine dinucleotide phosphate (NADPH), and
the phosphorylation of adenosine diphosphate (ADP) to adenosine
triphosphate (ATP). ATP is synonymous with energy in biological systems.
Both NADPH and ATP are needed for the conversion of carbon dioxide to
stable organic molecules, the process that occurs during the dark reaction.

The radiant energy available for photosynthesis comes from the sun. The
solar radiation that is received at the earth's surface, when that surface is
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H,0

ADP+Pi
NADP*

LIGHT ENZYMES

Photophosphorylation  CO, Fixation
(THE LIGHT REACTION) (THE DARK REACTION)

Figure 11.1. The light and dark reactions that make up photosynthesis. The energy flows from
light (irradiance) to high-energy intermediate compounds (ATP and NADPH) and then to long-
term energy in bonds connecting carbon atoms of organic molecules.

Source: Gardner et al. (1985).

perpendicular to the sun's rays, ranges from 14 to 17 ca cm? min-* on aclear
day. The visible spectrum of solar radiation (400 to 700 nm wavelengths)
corresponds to 44-50% of the total solar radiation entering the earth's
atmosphere. This visible spectrum, which plants use for photosynthesis, is
caled the photosynthetically active radiation (PAR). According to the
guantum theory, light travels in a stream of particles called photons, and the
energy present in one photon is called a quantum. Since PAR measurements are
usually based on photon flux density within the 400-700 nm wavelengths, they
are also caled photosynthetic photon flux density (PPFD). Its unit of
measurement is the Einstein (E) which is defined as one mole of photons; thus,
PAR is often listed as fiE (or, u mol) m-?s-*.

Before the 1960s, it was believed that the reduction of C0O, only proceeded
according to a pattern or pathway known as the Calvin Cycle (after M. Calvin).
In this process, C0O, combines with the pentose sugar ribulose diphosphate to
produce two molecules of 3-phosphoglyceric acid (3-PGA) and finally hexose.
Since the first product that can be measured after adding radioactive CO,
(**C0,) is a three-C molecule (3-PGA), this pathway is known as the C,
pathway, and species that fix carbon through this pathway are known as C;
plants.

In the 1960s Hatch and Slack presented convincing evidence that another
pathway for CO, fixation existed in some species. Here, C0O, combines with
phosphoenolpyruvate (PEP) to produce four-carbon compounds
(oxaloacetate, malate, and aspartate), which are then translocated to vascular
sheath cells where they are converted to pyruvate. Since the first detectable
product of photosynthesis in this pathway is a 4-C molecule, the pathway is
known as the C, pathway, and species with this pathway are known as C,
plants.

A third mechanism, known as the Crassulacean Acid Metabolism (CAM)
has also been found to occur in a number of species (e.g., pineapple). Here, the
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uptake of carbon dioxide occurs mainly in the dark when their stomata remain
open; the organic acids that are accumulated are then transformed to
carbohydrates and other products during the day when the light reaction
provides the necessary energy. There is little uptake of CO, during the day
because of stomatal closure. However, under favorable moisture conditions,
many CAM species change stomatal functions and follow a carboxylation
pathway similar to that of C; species.

The C; and C, pathways are the two major photosynthetic pathways. C;
species include many grasses such as wheat, oats, barley, rice, rye, and dicot
species such as legumes, cotton, tobacco, and potatoes, and almost all trees.
C; species include warm-season grasses such as maize, sorghum, and
sugarcane. The CAM plants are mostly succulent species adapted to arid
conditions where low transpiration is an adaptive mechanism. Only a few
agriculturally important plants have been classified as CAM species; these
include pineapple and Agave spp.

Table 11.1. Essential characteristics and comparison of plants with Cs, and C4, and CAM
pathways of photosynthesis.

c3 C4 CAM
cool season grass warm season grasses About 10 families
(wheat, oats, rye) (maize, sugarcane) (e.g.: pineapple,

dicots: legumes,
tobacco, potato

dicots:no major crops,
but some weeds

agave, opuntia)

Taxon. diversity

Very wide

Many grasses
No/very few trees

Very few species

Anatomy
Chloroplast Not in vase. sheath Present in vase, sheath
CO2 fixed: RuBP carboxylase PEP carboxylase in night; energy from
(enzyme) glycolysis
Habitat no pattern open, warm, saline open, warm, saline
Photorespiration  high low low
Light sat. point 65000 > 80000 like Cs
(lux)
Max P.S. 30 60 3
(mg dm ht)
Max. growth rate 1 4 0.02
(g dm?* dY)
WUE* 600 300 50
(g H.0 gCO,-")
CO, comp. point 50 5 2 (in dark)
(ppm)
Stomates:
day open open closed
night closed closed open

* Water use efficiency.
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Figure 11.2. General patterns of light-response curves for C3 and C,; plants. The light
compensation level is the irradiance level at which CO2 uptake due to photosynthesis is equal to
CO2 evolution due to respiration. The light saturation level is an irradiance level at which an
irradiance increase would not result in a significant increase in carbon exchange rate (CER).
Source: Adapted from Gardner et al. (1985).

Table 11.1 gives a comparison among Cs, C4, and CAM plants. One of the
main differences between the C; and C, plants is the increased photosynthetic
efficiency of the latter. This is because these (C,;) species have little or no
photorespiration (respiration in light); on the other hand, C; species do have
photorespiration, which results in C0O, evolution (loss) in light in these species
(see section 11.2 for an explanation of respiration).

In general, when the amount of available light (PAR) increases,
photosynthesis increases up to a certain level. Light compensation level is the
light levd at which CO, uptake equals CO, evolution from respiration; in
other words, when the carbon exchange rate (CER) equals zero. If the light level
continues to increase, CER increases until a point called the light saturation
level, after which an increase in light level does not result in a proportionate
increase in CER (Figure 11.2). The light saturation levels for most C4 plants
are comparatively higher than for C; plants; this means CO, uptake by C,4
plants continues to increase at light levels higher (or those closer to full sunlight)
than those for C; species. Additionally, C4 species use dimmer light better than
C; plants do. However, the efficiency of CO, uptake at low irradiance levels
generally is higher for C; plants than for C,; plants, because the energy
requirement for CO, reduction is higher in C4 plants.
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As temperature increases, the loss of carbon by photorespiration becomes
more important than the lower energetic requirements of CO2 reduction in C3
plants, and the quantum yield (moles of CO, taken up per Einstein absorbed)
decreases to values below those of C,; plants. Thus, the effectiveness of
generally higher photosynthetic capacities in C4 plantsis realized mainly under
optimal growth conditions in an open canopy (Tieszen, 1983).

11.2. Plant productivity

Plant productivity, i.e., the amount of growth that can be attained by a plant
within a given period of time, is a function of the net rate of photosynthesis
(Pn), which is the difference between gross photosynthesis (Pg) and respiration

(R):
PN = Pg - R.

Respiration involves the oxidation (or breakdown) of complex substances such
as sugars and fats. The general reaction is:

several
Cs }::m(c)gs:) 60: 27 S 6CO; + 6H:O + Energy

steps

Photosynthesis and respiration are, in many ways, similar but opposing
reactions. Respiration uses energy from photosynthesis. Photosynthesis results
in increased dry weight due to C0O, uptake, while respiration results in the
release of CO2, and therefore reduction of dry weight (Table 11.2). Both
processes are essential. The simple carbohydrates formed by photosynthesis are
transformed by respiration to the structural, storage, and metabolic substances
required for plant growth and development. Under optimal conditions,
respiration accounts for about a 33% loss or reduction of photosynthates.

In crop physiology, the concept of Leaf Area Index (LAI) is widely used in
growth analysis. LAI isthe ratio of the leaf area (one side only) of the plant to
the ground area. Productivity of crop canopies is usually expressed by theterm
Crop Growth Rate (CGR), which is dry matter accumulation per unit of land

Table 11.2. Smple comparison bewemn phatosynthess and respiration.

PHOTOSYNTHESS RESFIRATION

1. Only in green cells 1. In al active living cells

2. Only in light 2. At dl times

3. Uses H,0 and CO2 3. Uses products of photosynthesis

4. Releases O, 4. Releases H,0 and CO,

5. Solar energy is converted into chemical S. Energy is released by the breakdown of
energy; used to produce carbohydrates carbohydrates and proteins

6. Causes increase in weight 6. Causes decrease in weight
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areaper unit of time. Itisusually expressed asg nr? (land area) day'. Sinceleaf
surfaces are the primary photosynthetic organs, crop growth is also sometimes
expressed as net assimilation rate (NAR), which is the dry matter accumulation
per unit of leaf area per unit of time, usually expressed as g m-2 (leaf area) day .
The NAR is a measure of the average net CO, exchange rate per unit of leaf
area in the plant canopy; therefore NAR x LAl = CGR.

Various calculations, estimates, and projections of plant productivity have
been made for a number of settings. Loomis and Williams (1963) gave a
thoughtful analysis of the hypothetical maximum dry matter production rate.
Based on various assumptions, they estimated that the maximum CGR (or,
potential productivity) during the 100-day period from June 1st to September
8th in alocation in the United States was 77 g nr? day', amounting to 770 kg
ha' day-* , or 281 t dry matter ha® yr®. Actual measurement of short-term
CGR recorded for several crop species under ideal conditions came within 17-
54% of this figure (Gardner et al., 1985).

In agriculturally advanced areas, photosynthetic efficiencies (meaning the
efficiency of converting solar energy into photosynthates, in terms of
equivalent energy units) of only 2-2.5% are obtained. On a global basis,
efficiencies of less than 1% are very common (San Pietro, 1967). For high-
intensity, multiple cropping systems involving three crops per year and total
crop duration of up to 340 days per year, Nair et al. (1973) reported
photosynthetic efficiencies ranging from 1.7% to 2.38% in northern India
(29°N, 79°E, and 240 m altitude). Extremely high short-term productivities
have been reported from some natural grassland ecosystems. For example,
above-ground net primary productivity (ANPP) as high as 40 g nr? day-* (=
1461 ha yr-1), with values consistently > 20 g nr? day-, have been recorded
during the wet season from the Serengeti ecosystem of Tanzania; these are
higher than for any other managed or natural grasslands in the world (Sinclair
and Norton-Griffiths, 1979). In forestry systems, mean net primary
productivity values of 10-35 and 10-25 t ha' yr' have been reported for
tropical rain forest and tropical seasonal forest, respectively (Jordan, 1985).
These values, however, are influenced by a number of factors such as sampling
error, choice of sites, and species composition of the system; therefore, great
caution should be exercised in using these values of productivity as feasible
goals. Nevertheless, they give some indication of the potential that could be
achieved. Field measurements of such photosynthetic efficiency or productivity
figures are not yet available for agroforestry systems. Young's (1989)
calculations, presented in Chapter 16, give 201 dry matter per hectare per year
as a conservative estimate of productivity in humid lowland agroforestry
systems. Considering that roots constitute roughly 33% of total photosynthate,
201 ha* yr'! of above-ground dry matter would represent 301 ha* yr-* of total
dry matter production, a figure comparable to those of most high-input
agricultural systems. It seems reasonable to surmise that the productivity of
agroforestry systems is comparable to, if not better than, that of high-input
agricultural systems.
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However, such comparisons of total productivity have some limitations. In
practical terms, it is the economically useful fraction of total productivity that
is more meaningful than total productivity per se. Harvest Index is aterm that
has been used to denote this fraction:

Economic Productivity
Harvest Index = ———7 —————
Biological Productivity
A discussion on the usefulness of harvest index and other measures of
productivity of mixtures is included in Chapter 24 (section 24.1).

11.3. Manipulation of photosynthesis in agroforestry

Selection of species to be used in agroforestry must be based on cultural and
economic as well as environmental factors. However, some general principles
related to photosynthetic pathways will be useful when choosing species for
agroforestry systems. For example, under sound agronomic management in the
tropics and subtropics, C4 monoculture systems should be more productive
than C; monoculture systems (Monteith, 1978). This may be significant in
agroforestry systems where annual or seasonal canopy types (as in hedgerow
intercropping) can be found as well as the permanent overstory type. In the
annual or seasonal type, it is imperative to build up leaf area as quickly as
possible; C4 plants are the best candidates for this function. In conditions with
a permanent woody overstory, the options are limited. Most trees possess the
C; pathway; thus, the overstory will be Cs. If shading is significant, the
understory preference should be for C3 plants as they have a greater efficiency
of CO2 uptake at lower irradiance levels than C, plants. If, however, the
overstory is open, C, types could be used as understory species (Tieszen, 1983).
Photosynthetic pathways of different species will undoubtedly be an important
physiological consideration in the search for "new" species and screening of
local species for their agroforestry potential.

Another factor that affects photosynthetic rates is the C0, concentration in
the atmosphere. Atmospheric concentration of CO2 has increased from about
300 ppm (0.03%) inthe 1960sto about 340 ppm in the late 1980s, caused mainly
by burning of fossil fuels and, to some extent, burning of forests and other
biomass (Crutzen and Andreae, 1990). In general, when the CO2 concentration
increases, the photosynthetic rate is also expected to increase. However, the
major environmental concern that presently prevails with regard to the adverse
effect of an increase in atmospheric CO2 concentration is the possible increase
in global temperature (through absorption of infrared bands of light) and its
influence on global weather patterns. Changing climates promise to have a
great effect on plant productivity. In a practical sense, CO2 levels in the
atmosphere are not expected to fluctuate to the extent that they will have a
major influence on the productivity of agroforestry systems.
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Figure 11.3. Diagrammatic representation of general crop differences in response to shading and
soil fertility (Also see Figure 13.3).
Source: Cannell (1983).

The other major factors that affect photosynthetic rates are temperature and
the availability of moisture and nutrients. Although agroforestry combinations
can cause considerable modifications in the availability of these growth factors
(see Chapter 13), under practical (field) conditions, such fluctuations may not
be marked enough to cause significant effects on photosynthetic rates.
However, various plants react differently in their response to the interacting
effects of shade and nutrients, and possibly of shade and temperature. A
diagrammatic representation of the general response of some common groups
of crops to shading and soil fertility, as suggested by Cannell (1983), is given in
Figure 11.3. Screening crop varieties for their specific responses, and
understanding the mechnisms of the responses and manipulating them through
easy-to-adopt management practices will be challenging areas for future
research in agroforestry.

The major management options for manipulating photosynthesis of plant
communities in agroforestry systems, at present, are based on the manipulation
of the light (radiation) profile. In order for a plant community to use solar
radiation effectively, most of the radiation must be absorbed by green,
photosynthetic tissues. While the selection of species and their arrangement and
management determine the photosynthetic efficiency of the whole plant-
community, the angle, disposition, number, size, and arrangement of leaves are
important factors that determine the photosynthetic area and capacity of
individual plants. Multispecies plant communities, e.g., homegardens,
obviously have multiple strata of leaf canopies, and, hence, a much higher LAI
than in monospecific stands, which often translates to higher photosynthetic
rates. However, higher LAl need not necessarily lead to proportionately higher
photosynthetic rates. One of the major considerations in the development of
high-yielding varieties of cereals such as rice and wheat that led to the so-called
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green revolution was the development of varieties that possessed a canopy with
an optimum LAI with little or reduced shading of lower leaves by the upper
leaves.

Solar-energy interception by different components of a multi-layered
canopy with large vertical gaps between the constituent canopy units, and the
distribution of PAR within these units, are important factors that determine the
productivity of mixtures. In continuous-canopy crops such as cereals, light
interception and distribution are governed by the Beer-Lambert law:

lilo = e

PAR below the i layer of leaves
PAR above the canopy

where |]
lo

e natural log (2.71828)

k a constant (called the extinction coefficient) depending, to some
extent, on LAl and leaf characteristics

L = LAI

In practical terms, the equation means that the amount of radiation (PAR) that
is transmitted through a canopy is dependent upon the incident radiation and
leaf characteristics. Various modifications of this basic equation have been
suggested to describe light transmission patterns in discontinuous canopies such
as agroforestry mixtures (e.g., Jackson, 1983; Jackson and Palmer, 1979;
1981).

With respect to productivity considerations of agroforestry systems, it
should be possible to estimate the PAR intercepted by each component of the
systems at any given time, and to integrate this estimate to reflect the time they
occupy the space. Theoretically, the productivity of plants intercropped under
atree stand will be negligible if the tree canopy is able to intercept most of the
available light. However, many tree crops are inefficient in the interception of
radiant energy because they take many years to produce a full canopy.
Furthermore, the full canopy may <till be inefficient (due to biological or
management reasons) in light interception at given times during the year. This
is the rationale and cause for many intercropping successes in plantation-crop
combinations with plants such as coconut (Nair, 1979; 1983; see Chapter 8). It
may well bethat the biological efficiency of multistory agroforestry systems will
be greater by having trees with small, erect leaves (with low k values) as the
upper story, and plants with large horizontal leaves (with high k values) at the
ground level. Caution is needed here, however; as Jackson (1983) points out,
generalizations by analogy may often be misleading.

Itis, therefore, clear that understanding the way in which the components of
a mixed plant community share solar radiation is a critical factor in the
assessment and management of the productivity of agroforestry systems. The
curve of net photosynthesis saturates and levels off at about 25% full sunlight
for most C; plants (Figure 11.2); consequently, any leaf receiving more than
this level of radiation may not be making the full use of it. We could thus have
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a multistory plant configuration with leaves at the top receiving full sunlight,
and other leaf strata, at various distances below, receiving less than full
sunlight, but still operating at or near the peak photosynthetic rate.
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CHAPTER 12

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, or as plantswith other economic benefits. If we examine the history of the
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, horticultureis considered asapart of agriculture). Those species that
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 adifferent perspective into discussions
on plant typologies based on suitability for land-use systems. The most
important characteristic that determines the place of a speciesin 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 amultitude
of such speciesthat are not widely known or used in conventional agriculture and
forestry. Undoubtedly, one of the major opportunities in agroforestry lies in
making use of, or "exploiting the potential"! of these lesser-known and

! The word "exploitation” is often used, as Burley (1987) has stated, "in a pejorative sense to
indicate the utilization of a person or object for one's own sdfish ends. But, indeed, human use of
multipurpose trees and shrubs (MPTS) is usudly utilitarian; species that can provide diverse
benefits in various land-use sysems are selected and used. Theword 'potential’ istaken toindicate
the possble vaues of these benefits; their exploitation requires a knowledge of hitherto hidden
vaues."
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underexploited 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 cometo be known as "multipurposetrees’ (MPTs) or "multipurpose
trees and shrubs" (MPTS). (Henceforth, we will use the abbreviation MPT [or
MPTs as plural] to denote al 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 isincorrect, however, to assume that agroforestry species consist only of
MPTSs; 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 emphasis here.

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 native habitat.

Quite alot 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 Calliandra calothyrsus;

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

* The ICRAF Multipurpose Tree and Shrub Database (von Carlowitz et al.,
1991), a comprehensive compendium on the subject based on extensive field
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surveys, 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 characteristics
and 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 MPTSs that
have received research attention and are therefore more widely known than
others, as wdl 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), von Maydell
(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. Fodder trees

A large number of tropical trees and shrubs are traditionally known and used
for their fodder; for example: Panday (1982) reported several such species from
Nepal, and Singh (1982) from India. A state-of-the-art account of the "trub" (a
collective name for tree and shrub: see Chapter 10) species in Africais given by
Le Houerou (1980), who suggested that technologies based on permanent feed
supply from fodder trubs could transform pastoral production systems into
settled agropastoral systems. An extensive review by lbrahim (1981) presents
one of the most comprehensive treatments of factors affecting dry-matter yield,
palatability, nutritive value, and utilization of fodder trubs, including
recommendations for further research and development. Torres' (1983) review
of the subject includes extensive information on trub species, and their
productivity, and nutritive value under different conditions. He concluded that
protein supply was the main nutritive role of tropical trubs, but that the value
could be limited by low levels of intake due to animal preferences. Nevertheless,
the tropical trubs are very valuable because of their presence during dry seasons
when grasses may be lacking or in states of extremely low nutritive value.
Additionally, pod-producing trubs may become a very useful source of energy
and protein concentrate (Felker, 1980; Le Houerou, 1987). Silvopastoral
systems involving these fodder trees are discussed in Chapter 10 (section 10.1).

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 attention being 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 fodder species



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

SPECIES COUNTRY/ <YDM CP NDF ADF CF LGN DMD SOURCE*
LOCATION
Acacia mangium Indonesia 12.0 61.9 61.0 42.2 Blair era/., 1989
Acacia nilotica Ethiopia 85.0 136 31.6 225 53 Tanner et al., 1990
Acacia tortilis Ethiopia 89.4 130 324 24.2 438 — Tanner et al., 1990
Albizia lebek Thailand 221 44.2 — — Akkasaeng et al., 1989
Albizia (Samanea) saman Thailand o 22.8 52.7 . Akkasaeng et al, 1989
Artocarpus heterophyllus Sri Lanka 29.3 14.2 46.9 26.9 34 14 50.8 Rajaguru, 1989
Azadirachta indica Nepal 36 15.0 — 138 Bajracharya et al, 1989
Cajanus cajan Malaysia 90.0 21.7 — 30.2 Devendra, 1979
Cassia siamea Indonesia 124 45.6 435 253 Blair et al, 1989
Dalbergia sissoo Nepal 40 16.6 22.2 Bajracharya et al, 1989
Desmanthus variegata Philippines 53 14.6 . 195 Brewbaker, 1985
Erythrina poeppigiana Central America, — 320 - 44.0 Pezo et al, 1989
Erthyrina variegata Sri Lanka 18.6 25.7 50.6 391 4.8 0.9 52.5 Rajaguru, 1989
Faidherbia (Acacia) albida  Ethiopia 88.0 14.3 37.4 27.9 45 Tanner et al, 1990
Gliricidia septum Sri Lanka 19.9 27.6 36.1 27.8 53 21 61.5 Rajaguru, 1989
Grewia paniculata Malaysia 132 28.1 Devendra, 1979
Leucaena leucocephala Philippines 69 22.0 o . 183 Brewbaker, 1985
Paraserianthes (Albizia) Indonesia 24.0 37.0 i Rangkuti et al, 1989
falcataria
Prosopis cineraria India 139 17.8 Raghavani, 1989
Robinia pseudoacacia China 20.7 49.0 194 Zaichun, 1989
Seshania grandiflora Thailand 26.9 451 Akkasaeng et al, 1989
Seshania seshan Thailand 26.4 38.7 Akkasaeng et al, 1989
Terminalia arjuna Sri Lanka 40.7 10.0 51.1 489 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 (in vitro)

CP = Crude Protein

CF = Crude Fiber

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

SO =
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areincluded 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)? (e.g., Macklin and
Evans, 1990, on Seshania; 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 are found.

12.1.2. Fuelwood trees

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, especiadly 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 differ in
digestibility because one species may contain less lignin or a different type of lignin which will
always affect digestibility differently.

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

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

5; Theresultswill depend on several factors such asthe 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 different results.
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1980; 1983). In preparing these reports, special considerations were given to

plants that:

» have uses other than providing fuelwood;

» are easily established and require 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 toxic smoke.

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. Fruit trees

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
biologica 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
speciesthat 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 publications for 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). Some of
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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, rural populations derive asignificant part of their food and other basic
requirements from various indigenous trees and shrubs that are seldom "cult-
ivated." In addition to food, these species provide avariety of products such as
fiber, medicinal products, oils, and gums, which play acritical rolein meeting the
basic needs of local populations. Some examples of such indigenous multi-
purpose trees used as food sources in parts of Africaare givenin Table 12.4 on
p. 199(Nair, 1990). Many of these species occur naturally in forest environments
that are currently under pressure as the demand for agricultural land increases.

Furthermore, these species are often complementary to agricultural crops
and animal products. They may serve as emergency supplies in times of drought
and they are usually consumed at production points with only a fraction of the
products entering thelocal markets. Therefore, thevariety and val ue of products
that are derived from such trees are seldom appreciated, and, consequently, no
efforts have been made for their domestication, improvement, or exploitation.

Various publications from FA O and other sources list information about the
various indigenous food- and fruit-bearing trees and shrubs in different parts of
the tropics (e.g., FAO/SIDA, 1982; FAO,1983a; 1983b; 1984; 1986a; 1986h).
As discussed in Chapter 7, tropical homegardens and multistory tree gardens
contain alarge 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 mgjority of these species, however, are quite restricted in
their distribution and are virtually unknown outside their usual range. There
are also alarge number of emergency food plantsthat 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 agroforestry systems.

The U.S. National Academy of Sciences publication (NAS, 1975) and
Vietmeyer (1986) list several other underexploited species with promising val ue,
and some of these are multipurpose woody perennials that can be incorporated
into agroforestry systems. ICRAF's computerized MPT database contains
closeto 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 Zzbethinus), which are very
common in specific parts of the tropics, are not fully exploited despite their
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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 (especialy 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. Severa 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
(Vergaraand Nair, 1985), and Northeast Brazil (Johnson and Nair, 1984); the
arecanut palm (Areca catechu) in India and Southeast Asia (Bavappa €t 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 tropical agroforestry
development projects, and identified a total of 52 such species.

12.1.5. Improvement of MPTs. the ideotype concept

It has generally been accepted that the main scientific 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 Chapter 20).

Most of these efforts are directed towards identifying the species, varieties,
provenances or cultivars of MPTs that are most promising and appropriate for
agiven 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
al 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 anow classic paper (Donald, 1968), theterm
literally means "a form denoting an idea." In its broadest sense, an ideotype is
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abiological model which is expected to perform in a predictable manner within
adefined environment. Thus, an ideotype specifiesthe ideal attributes of a plant
for a particular purpose. The formulation of the ideotype is a practical step,
because it provides a clear, workable goal to which plant breeders can aspire.

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 such management

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

Design Neads

« Products and servicesrequired (given in order of importance): fodder, fuewood, food,
windbresks, poles and posts, shade

« General selectioncriterion: vigor

« Ancillary information required: nitrogen-fixing or not, chemica composition (fodder value)
of leaves and pods

Ideotype Description

* Sem: as straight as can be found in a population; multistem phenotypes acceptable but long
boles important

¢ Crown: fairly rounded, medium diameter (crown-bole ratio, 25:1 or less) with many branches
and positioned high up the stem; foliage medium to dense

« Roots: geotrophic angled rather than horizontally extending lateral roots

« Pods: large pods (on average 6010cm long and > 8mm wide) in large quantities

¢ Thorns: asfew and as smdl as can be found

* Response to management: prolific regrowth after pollarding and individua branch pruning;
religble coppicing response

« Deciduousness: low period of dry season lesflessness in comparison with the average tree of a
population

Discussion

When fodder is a priority, pod and lesf production is of foremost importance. Consequently,
selection of an appropriate ideotype should concentrate on tree attributes that support this. A
fairly rounded crown with alarger surface exposed to the light is likely to increase flowering
and fruit setting. A delayed leaf drop increases lesf fodder production for an extended period.
Prolific regrowth after pollarding of shoots with fewer and smdler thorns provides additional
and better digestible fodder for alonger period during the dry season. Straighter stems &t leest 4
m long favor the production of poles and posts of better quality. The opportunity to collect
fuelwood as a byproduct is increased by sdecting 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.

Source: Wood (1990); Burley and Wood (1991).
(Reprinted by permission of John Wiley & Sons, Inc.)
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practices as regular cutting and partial harvesting of trees, as in the management
of hedgerows and lopped fodder trees. This implies that structural,
physiological, phenological, and management characteristics should be
included in any description of the ideotype for a specified situation. An example
of a desired ideotype of Acacia tortilis for agroforestry in a semiarid
environment (Table 12.5), suggested by Burley and Wood (1991), illustrates the
complexities involved in conceptualizing ideotypes of MPTs for agroforestry.
Furthermore, as we have already seen, the interest in a particular MPT may lie
in severa of its attributes, and these may behave in quite different or even
opposing ways in relation to changes in desired products of the species, or even
sites. Table 12.6, adapted from von Carlowitz(1986) and Wood (1990), indicates
the interrelationships among tree attributes that may be evaluated in MPT
screening and selection trials for the service and productions expected of them.

Detailed accounts of MPT selection criteria and breeding strategies are
beyond the scope of this book. Readers are directed to specific reference
manuals, e.g., Burley and Wood (1991). Major MPT breeding programs
currently under way include those for species/genera such as Leucaena spp.,
Gliricidia sepium, Erythrina spp., Acacia mangium and Sesbania spp. (see
section 12.1.1). Additionally, Budelman (1991) has examined the desirable
characteristics of woody species that could be used as stakes to support yams
(Dioscorea spp.), an agroforestry practice that is very common in West Africa,
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 Africa and Southeast Asia.
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Table 12.6. Multipurpose tree characteristics and agroforestry systems.

Tree attributes

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

Site adaptability and ecological range
Phenotypic or ecomorphological
variability

Response to pruning and cutting
management practices

Possibility of nitrogen fixation

Relationship to performance in agroforestry systems
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 wind effects

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; soil nutritional aspects

Suitability for barriers or aley planting
Acceptability for fuel and various wood products

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

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

Important regardless of function; biomass
productivity, early establishment

Suitability for extreme sites or reclamation uses

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 the

massive breeding and improvement programs of preferred agricultural species
such as cereals, or forestry species such as eucalypts and pines. This is not
surprising given the complexity of the factors involved, the multiplicity of
species, and the relative newness of the concepts of agroforestry and the MPT.

Finally, in the context of the discussion on MPT improvement, it is
important to refer to the controversy that prevails in many countries about
exotic versus indigenous tree species. Despite the fact that a greater part of
agricultural production in these countries depends on introduced species such
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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, especialy little-known exatics, 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 and shrubs.

12.2. Herbaceous species

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 climatic and
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management conditions, and its adaptability to low-input systems are
important considerations. Predictions regarding 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.* Some
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 in agroforestry.
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Table 12.1. Selected attributes of tree species widely used in tropical and subtropical agroforestry systems.

Species

Acacia auriculiformis

A. mangium

>

nilotica
. polyacamha (A. catechu)
. saligna (A. cyanophylla)
Senegal

> > > »

seyal

A. tortilis

A. xanlhophloea
A Ibizia chinensis
A. lebbek

A. odoralissima

A. (Samanea =
Pithecellobium) saman

Alrnts acuminata

A. nepalensis

Azadirachta indica

Ecological Adaption

El/2, P3/4, alt, at, dt

El/2, P3/4, at, dt
El, P2/3, dt

El/2, P2/3, low dt
El, PI/2, dt, at, dt, st, wt
El/2, PI/2, dt

El/2, PI/2, dt

El/2, PI/2, at, dt
P1/2

El/2, P2/3

El/2, P2/4, at, alt, &
L2

El, P2/4, &

E2/3, P3/4, cool highlands
E2/3, P2/4, cool highlands

El/2, PI/3, dt
no N-fixation

Growth form and
characteristics 2

30m, poor coppicing

30m, coppices when young
10m, thorny, deciduous
25m, good coppicing, spines
10m, shrub, good coppicing
10m, thorny, deciduous
12m, long thorns

15m, thorny

20m, spiny

15m, deciduous

25m, fair coppicing

25m

40m, spreading crown

30m, good coppicing

30 m, coppices

15m, coppices

Major uses or functions

FW, Or, PW, SC, ST (T), WLR

FD, FW, PW, SB, SC, T

DS, FW, G, SC, T, WLR

FW, G

DS, FW, G, SC, WLR

FW, G, T, WLR

FW, SC, T, WLR

FW, Or
ST, T

> >» » » » » » > »

CT, FW, Or, SC

Or

>

A, CT, F,Or, ST, T

CT, FW, PW, SC, T

A, FW, GM, Or, PW, SC,
T, WLR

A, FW, GM, M, O, PC,
PW, SB, SC, ST, T, WLR

. DS, FW, G, SB, SC, T, WLR

Other remarks

excellent pulpwood, poor stem

form for timber

very fast growth
widespread in dry areas
good fodder

can become a weed
gum-arabic tree
important animal feed
more important in Africa
Africa, India

rapid growth

new growth toxic
Nepal, India for fodder

pods for human and
animal consumption

Central America

Nepal, India

vast variety of products



Table 12.1. page 2

Species

Balanites aegyptiaca

Bulyrospermum
paradoxum

Cajanus cajan
Calliandra calothyrsus
Cassia siamea
Casuarina spp. (C.
cunninghamiana, C.
equisetifolia, C. glauca)
Cedrela odorata
Cordia alliodora
Dalbergia sissoo

Diphysa  robinioides

Erythrina spp. (E.

berteroana, E. fusca = E.

glauca,
E. poeppigiana)

Faidherbia aibida
(Acacia albida)

Flemingia macrophylla
(F. congesia)

Gliricidia sepium

Ecological Adaption

El/2, PI/2, dt, no N-fixation!
E1.P2, no N-fixation!

El/3, P2/4, dt, &
El/2, P3/4, at, (dt)

El/2, P2/4, dt, at, dt
no N-fixation!

El/2, P2/4, dlt, at (ft), st,
actinorhiza) N-fixation

El/2, P3/4, (ft)

El/2, P4, no N-fixation
El/2, P2/4, at, (dt)

El, P3/4

EI/2 (3), P3/4, a

El/2, PI/2, dt, (ft)

El/2, P3/4, dt

El/2, P3/4, at, alt, dt, &

Growth form and
characteristics®
10m, coppices

15m, deciduous

5m, shrub, many insect pests
7m, shrub, strong coppicing

20m, also as shrub, strong
coppicing, strong root system

35m, fast growth

up to 40m
30m, deciduous, light canopy
30m, coppices, deciduous

10m, coppices

up to 25m, thorny, coppices

20m, thorny

shrub to 3m, coppices

20m, coppices, fast growth

Major uses or functions

A, CT,F, FW, M, O, PC, T

F, M, O

A, F, GM, SC

A, BF, FW, GM, Or, SC
A, CT, FW, SB, SC

CT, DS, FW, PW, SB, SC,
T, WLR

BF, CT, FW, T

CT, FW, Or, SF, ST, T

A, CT, FW, Or, SC, ST, T
A, FW, GM, ST

A, GM, Or, ST

A, CT, F, FW, GM, SF, T,

WLR

A, GM, SC

A, BF, CT, FW, GM, Or,
PC, SC, ST, T

Other remarks

dow early growth

Central Africa

short lived
high tannin content

pods and leaves toxic
to pigs

excellent charcoal

termite-resistant wood
termite-resistant wood
weeding for young plants

living fenceposts in
Central America

shade trees and live
supports and fenceposts

leafless in dry season

poor fodder

live supports and living
fenceposts;
widespread

sarads duapsas0fo43y 881



Table 12.1. page 3

Species

Gmelina arborea

Grevillea robusta

Grewia optiva

Hardwickia binala
Inga spp. (I. edulis, 1.
jinicuil, 1. vera)
Leucaena diversifolia
L. leucocephala

Melia azedarach

Mimosa scabrella

Moringa oleifera

Paraserianthes (Albizia)

falcataria
Parkia biglobosa
Parkia javanico

Parkinson aculeata

Pithecellobium dulce

Ecological Adaption

El/2, P2/4, at, at (dt)
no N-fixation

E 1/2/(3), P2/3,dt
no N-fixation

E2, P3/4, dt

El, PI/2, dt
no report on N-fixation

El/2, P2/4, &

E2/(3), P2/4, (alt), (at), dt
El, P2/4, (at)

El/2/(3), P2, dt

no N-fixation

El/3, P3/4

El/(2), P2/4, no N-fixation

E2, P3/4, dlt, at

El,P2/3,at, dt
E2, P3/4

El/2, P1/3, dt, &
N-fixation?

EI/2/(3), P2/3, dt

Growth form and
characteristics 2

30m, coppices, fast growth
deciduous

20m, fast growth

10m, coppices

30m, dow growth
20m, coppices, wide crown
20m, coppices, shrub or

tree, fast growth

20m, coppices, shrub or
tree, fast growth

30m, coppices, fast growth

12m, coppices
15m, coppices, open crown

40m, coppices, fast growth

20m, coppices, deciduous
40m, coppices

20m, coppices

20m, coppices, thorny

Major uses or functions *

A, BF, CT, FW, PW, T
BF, CT, FW, GM, Or, ST, T

A, CT, F, FW

A, DS, Fi, FW, SC
BF, CT, F, FW, ST, T
A, CT, FW, GM, PW, SC, T

A, CT, F, FW, GM, PW,
SC, ST, T

A, CT, FW, M, Or, PC, ST, T

FW, GM, Or, PW, ST
A, BF, F, FW, M, O, Or

CT, FW, PW, SF, WLR

A, CT, FW.M, ST, T
CT,M,Or, T

A, F, FW, Or, SC

A, BF, CT, F, FW, Or, ST

Other remarks

live supports and living
fenceposts; widespread
often in Taungya

can become a weed

light demanding

valued heavy wood

I. edulis often shade

tree for cacao in neotropics.

highlands, psyllid
resistant

not on acid soils, psyllid
damage, lowlands only

insecticide (leaves, fruit)
allelopathic substances ?

wind damage,
common in SE-Asia

high tannin in pods
common in SE-Asia

damaged by termites

wing and insect damage

o >0 @8 Ansalololby
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Species

Pongamia pinnata (=
Denis indicaj

Prosopis alba, P. chilensis

P. cineraria, P. juliflora,
P. pallida

Pterocarpus marsupium
Robinia pseudoacacia
Sesbania spp. (S bispinosa,
S grandiflora, S sesban)
Tamarindus indica

Terminalia calappa

Ziziphus spina-christi

Notes:

Ecological Adaption

El/2, P2/4, st, N-fixation?

EI/3, Pl.dt, st
El/2, P1/2, dt, dt, &

El/2, P2/3
E2/3, P2/3, dt

El/2, P2/3, dlt, at, ft, st

El, P2/3, dt, (st)
no N-fixation

El, P3, s, no N-fixation

El/2, PI, 2, dt

Growth form and
characteristics 2

8m, shrub, spreads
aggressively

15m, coppice, often shrubs

10m, coppice, often shrubs

30m, coppices well
20m, coppices, deciduous

5-10m, coppice, often shrubs,
fast growth, short lived

30m, coppices

20m, broad crown

20m, coppices, thorny

Major uses or functions

A, CT, F, FW, M, PC, SC, ST

A, CT,F,FW, Or, T

A, CT, DS, FW, GM, SC,
SF, T, WLR

A, FW, T

A, BF, CT, FW, Or, SB, SC, T
A, Fi, FW, GM, PW, Or, SC
A, BF, CT, F, FM, M, O,

Or, ST

A, CT, DS, F, Fw, Or, SC,
ST, T

A, CT, FW, SC, T

! Elevation zones: El = lowlands (<500m); E2 = mid elevations (500-1500m); E3 = highlands (> 1500m).
Precipitation groups (total annual rainfall): PI = <500mm; P2 = 500-1000mm; P3 = 1000-1500mm; P4 = >1500mm.
Tolerance to: alkaline soils = alt; acid soils = at; drought (>3 months) = dt; flooding = ft; salt = st; wind = wt. Limited tolerance to certain attributes is indicated by

brackets.

N2fixation: al spp. are documented N fixers except when noted otherwise.
2 All species are trees unless indicated otherwise.
3 A = animal feed; BF = bee forage; CT = construction/craft timber; DS = dune stabilization; F = food (human consumption); Fi = fiber; FW = fuelwood; G = gum;

GM = green manure; M

improvement; ST = shade tree (over plantation crops); T = timber and roundwood; WLR = wasteland reclamation.

Source: Nair and Muschler (forthcoming).

Other remarks

can become a weed

taxonomy discussed |

widely lopped for fodder,
can become a weed

lopped for fodder
young leaves high in tannins

tolerant of salt and
waterlogging

early growth is sow
leaves, fruit and bark
contain tannins

for extremely dry areas,
also as live fence

medicing; O = oil; Or = ornamental; PC = pest control; PW = pulpwood; SB = shelterbelts; SC = soil conservation; SF = soil fertility



Table 12.3.

Condensed crop profiles of some tropical and subtropical fruit and nut trees for agroforestry systems.

SPECIES ECOLOGY
Common Plant type Ecozone/ Climate Soil Tolerance Management Functions/ Common Other
Family Growth forms Distribution Uses agroforestry remarks
(English) systems/practices
and Scientific involving the
Names species
Areca pam Slender, erect Up to 900m; Mean temp. 16- Well-drained Does not Propagation by seeds; Seed as a masticatory; Cultivated as a sole  The crop is not
Palmae tropical palm mainly in S. 35°C; 1000-5000 laterite or tolerate poor planting one yr-old edible heart; leaves for crop or with other suitable for
or Betel palm to 25m; Asia tropical mm well- reddish soil, drainage and seedlings; 2.7m sq. thatch in some places; crops; usually marginal areas
Areca unbranched rainforest distributed fertile day- infertile soils planting; also in leaf sheath for hats, mixed up with and places with
catechu L. stem; apical zones rainfall loams and hedges; about 1300 containers; trunk for cacao and other long dry spells
crown of leaves  preferred aluvia loams plants/ha; bearing in  wood; seeds also used shade-tolerant
about 2.5m 5yrs, up to 60 yrs. in veterinary medicine perennials; also in
diameter responds well to home and tree
manuring gardens
Avocado Spreading tree Native to Up to 2000m in Deep well- Can tolerate Propagated by stem Fruit weighing up to Commonly grown Thick canopy
Lauraceae of 10-15m; mountainous tropics; 15-25°C drained soils; drought, but cuttings; square or 250g is edible; mainly with other fruit allows little light
Persea thick evergreen  Mexico; wide temp; rainfall up pH 5.0-8.0; not flood and hedge system of eaten raw; edible pulp trees in tree penetration to
americana foliage; broad distribution to 1500mm fertile soils frost planting; about 400 is buttery with 25-30% gardens/ ground so
Mill. leaves esp. tropical preferred trees/ha; starts oil; known as 'poor homesteads understorey
highlands bearing in 5 yrs; man's butter' foliage; is possible only in
usually no pruning agood mulch hedge pi.
Breadfruit Monoecious Native to Tree of hot humid  Wide range of  Does not grow  Propagated Mainly grown for edible  Usually grown with  Sometimes a
Moraceae tree up to 20m;  Polynesia; lowlands; 150- soi)s; prefers in shallow or vegetatively by root fruits produced al year  a large no. of other  staple food in
Arcarpus everwet areas; grown al over  250cm rain; deep, well- waterlogged cuttings; usually no round,700 Spp. in the Pacific Is.
altilis deciduous in hot humid 22-35°C drained soils soils seed setting; planted fruits/treelyr fruits homesteads; yams and the
Fosberg monsoon areas;  tropics, esp. in 8- 10m apart; grows very starchy; vegetable usually trailed on Seychelles
profuse foliage  Asia and the rapidly; bearsin 35 or cooked; biscuits also  trees; offers shade
Pacific yrs; needs little care made; timber useful for  for livestock and
farm uses crops like taro
Brazil nut A tall, large Grows mostly Wet hot tropical In the native Not known Seed-propagated; Fruits (swollen Can grow in assoc.  No research
Lecythidaceae  tree up to 40m;  in the wild forest of Amazon  habitat, the begins fruiting when hypocotyl) edible; an with several other data. But
Bertholietia straight trunk, form in (attempts to soil is acid, 10-15 yrs. old. Fruits  important nut of species. Can be a potentially very
excelsa short-stalked, Amazon introduce to W. fertile forest fal off naturally and commerce in the good overstorey promising for
Humb et. large leaves; forests, not Indies, SE Asia soils then collected. Edible  Amazonia region. species for coffee, AF as a fruit,
Bonpl. long-lived popular in not successful) portion is the swollen ~ Timber very valuable. cacao, etc. shade and
other areas hypocoty! inside a timber species.

thick, hard, woody,
shell



Table 12.3.

SPECIES

Common
Family
(English) and
Scientific
Names
Carob
Leguminosae
Ceraionia
(Fabaceae)
Stigua L.

Cashewnut

Anacardiaceae
Anacardium
occidentaie

Coconut palm

Palmae
Cocos
nucifera L.

Custard
Annonaceae
apple
(sweetsop or
sugar apple)
Annona
squamosa L

L
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Plant type
Growth forms

A dioecious
tree of medium
height 10-20m

Spreading
evergreen
tropical tree up
to 12m; old
tree canopies
up to 10m
diameter

Tree up to
30m; Erect,
unbranched
stem; crown of
long leaves
with slender
leaflets; apical
growth

Woody shrub
or small tree of
56m heigth

Ecozone/
Distribution

Cultivated
mainly in the
Mediterranean
areas

Widely
distributed in
tropics; Brazil,
India, East
Africa

Coastal areas
of the tropics;
Philippines,
India, Sri
Lanka,
Malaysia, etc.

Native to
tropical
America, but
now grown
throughout the
tropics, esp.
Southeast Asia

Cool dry
mediterranean
climate; 10-30°C;
low rainfall

Up to 1300m;
300-1500 mm
rainfal p.a.; dry
weather needed
for flowering and
fruiting

Mean temp. 27°C
+ 7°C. Well-
distributed
rainfall; > 2000
mm p.a.

Humid tropics of
low to medium
alt. altitudes;
20-30°C

ECOLOGY

Deep, fertile Can withstand

loams, pH drought, can

above 7.0 tolerate
salinity

Wide range of  Tolerates poor

soils; growsin  soils and areas

infertile and with dry

rocky areas, spells; does

pH 5.0-8.0 not tolerate
floods

Well-drained Tolerates

soils 2m salinity; does

depth; pH not tolerate

5.0-8.0; very prolonged

common in waterlogging

coastal sands

and loams

Deep fertile Can tolerate

well-drained drought

soil of pH

5.0-80

Management

Propagation by seed;
transplanted; first
bearing in about 12
years; produces about
12 t/halyr

Seed-propagation;
sown at stake; also
vegetative prop, by
layering or grafting;
about 10m" spacing;
usualy very little
aftercare; bearing in
7-10 yrs; up to 50 yrs
Propagation by
transplanting one yr.
old seedlings; about
175 palms/ha; square
or triangular
planting; bull bearing
from about 8 yrs and
continues up to 75
yrs; responds well to
manuring
Seed-propagated.
Fruiting start in 34
years; fruit-set can be
enhanced by hand
pollinations; fruits 7-
10cm in diameter.
Fruit very perishable

Functions/
Uses

Pods rich in sugar and
protein; flesh of fruit
edible; used in
confectionery; valuable
forage for animals;
produces useful gums,
bee forage
Highly-priced kernels
used in confections and
desserts; shell-oil has
severa industrial uses;
cashew apple is juicy
and edible, used for
winemaking; firewood

Edible ail from copra
(dried endosperm);
fruit; drink; leaves for
thath and weaving;
trunk for wood; many
minor products;
acclaimed as 'Tree of
Heaven'

The custard-like
granular pulp in which
the seeds are embedded
is edible; bark produced
tannin. Pulverized seed
has insecticidal
properties; Offers light
shade for understorey
species. About 10
tonnes fruit/ha/yr.

Common
agroforestry
systems/practices
involving the
species

Used widely in
silvopastoral
system in anti-
erosion hedges;
windbreaks

Cattle grazing
under cashew in
plantations; tree
gardens in small
holdings; aso in
homegardens; used
as a windbreak and
shelterbelt

Many types of
crop combination
holdings;
intercropping and
multistorey
cropping; also
grazing under
coconuts is
common in the
Pacific islands
Usually a plant of
the backyard where
grown mixed with
large number of
other spp.

Other remarks

Known also as
St. John's bread

A very
droughtresisiant
tree; non-
synchronized
flowering &
difficulty in
collecting nuts
are problems
Most widely
cultivated pam
alone or with
annual or
perennial crops;
numerous types
(dwarf and tall)
and cultivators

A very similar
fruit Annona
reticulata,
known as
bullock's heart,
isalso
sometimes
referred to as
custard apple.

w

o



Table 12.3. page 3
SPECIES ECOLOGY
Common Plant type Ecozone/ Climate Sail Tolerance Management Functions/ Common Other remarks
Family Growth forms Distribution Uses agroforestry
(English) and systems/practices
Scientific involving the
Names species
Date palm Tall pam, up Grown mainly Requires high Loam and Tolerant to Vegetative prop, by Edible fruit (20-100 Grown as an ft is said to have
Palmae to 30m; in the Arab temp. (26-45°C), sand of pH drought and basal axillary shoot kg/treelyr); sap for overstorey species about 800
Phoenix unbranched countries low humidity, above 6.0, st in root (suckers); many wine; leaves for thath; in oasis and other different ent
dactyl iferal. stem covered India, N. typical of the shallow, zone named cultivars based ~ weaving; trunk for arid regions; large uses!
with leaf Africa, Mexico  Middle East responds to N. on fruit quality; wood; many minor number of crops
remains; vegetations application female flowers are products; shelterbelts grown underneath
dioecious inflo. artificially pollinated and for sand dune
fixation
Doum palm Tall pam; up Mainly in Semi-arid to arid; Deep sand or Tolerant to Seed-propagated; Fruits are edible; edible  Grown in Also known as
Palmae to 15m; semideserts hot, dry climate pH above 6.0, drought and germination very heart; sap for wine; association with gingerbread
Hyphaene branched fan and deserts in up to 600m also grown on  salinity poor; transplanted; fruit for medicinal use; vegetables and pam
thebaica pam Africa atitude aluvia beds bearing in about 10 leaves voor weaving other crops, mainly
(L.) Martin years as an overstorey
species
Drum stick Small, Lowland Hot humid Well-drained; Does not Propagated by seed Tender fruites are Grown mixed with A useful species
Moringaceae branching tree, humid tropics lowlands (20- deep, fertile, tolerate water and stem-cutting; cooked as a vegetable; other species in about which
(Horseradish  up to 8m; of South and 35°C; 1500 mm soils; pH 5.0-  logging; bearing long (up to 60  tender leaves used as a home gardens; only very little is
tree) sparse canopy; SE Asia and well-distributed 7.0 loams and  tolerates dry cm) slender (1.5 cm spinach; leaves have used as a hedge known
Moringa small leaves the Pacific Is. rain; p.a.; up to sands; also of up to 4 diam.) fruits when 3 medicinal value in local plant/border plant
oleifera Lam. 600m) areas with months yrs. old stems weak; medicines and for light shade
rockey strong winds can
patches cause serious damage
Durian Medium to Lowlands of Humid tropical Deep, well- Tolerates Propagated by stem Fruit is famous, but Usually a Durian is a
Bombacaceae large tree up to  SE Asig; lowlands (above drained acid drought to cutting or grafting; also of controversial smallholder; famous fruit but
Durio 30m; fairly attempts to 150cm rain p.a.; fertile soils some extent; also be seeds but flavor; provides homegrown crop; is disliked by
zibethinus thick foliage; grow it in 25-40°Cp to loam or does not seeds lose viability important revenue to grown mixed with some; it is liked
Murr. fruit is a large other places of 800 m sands; pH < tolerate water soon; bearing starts village a useful tree of alarge no. of other  very much by
oviod to similar climate 5.0; rocky stagnation in 7 yrs.; needs very the backyard plants wild animals
spherical not successful soils also little care and mgmt. aso
capsule, up to suitable attention; fruit does
30cm. long; not mature until it

15cm diameter

falls from the tree




Table 12.3.

SPECIES

Common
Family
(English) and
Scientific
Names
Guarana
Sapindaceae
Paullinia
cupana L.

Guava

Myrtaceae
Psidium
guajava L.

Jackfruit
Moraceae
Artocarpus
heterophyllus
Lam.

Kola nut

Sterculiaceae
(Cola nut)
Cola nitida
(Vert.)
Schott &
Endl.
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Plant type
Growth forms

Perennial
woody vine,
but the
cultivated form
is a thick-
foliaged shrub

Shallow-rooted
large shrub or
small spreading
tree, 3-10m;
low-branching

A handsome
monoecious
evergreen tree
up to 20m; one
of the largest
cultivated fruits
(up to
30kg/fruit)

Several species
of kola trees;
C. nitida is 10-
15m high;
unbranched in
lower part;
large leaves

Ecozone
Distribution

Native to
Amazon basin;
not grown in
other areas

Widely
distributed in
the tropics
from sea level
to 1500m

Native to

tropical India;
grows in India,
Sri Lanka, but
also in SE Asia
and the Pacific

Mostly in
humid West
Africa; also in
West Indies,
India, Brazil

Warm humid
climates; up to
800m well-
distributed
rainfall

15-35°C; low
humidity; 500-
1500mm rain p.a.

Hot humid
tropical lowlands
up to 800m;
rainfall above
150cm p.a.

Warm humid
tropical climates
with > 150cm
rain p.a.
pronounced wet
and dry seasons;
up to 800m

ECOLOGY

Grows in
poor acid
latosols with
athick layer
of organic
matter

Uniform,
deep loam
preferred; pH
5.5-7.5; grows
in avariety of
soils

Deep, fairly
fertile loam
or sandy
loam; pH
5.0-7.0

Light,
welldrained,
fertile soils;
loam or
loamy clay;
pH 5.0-7.0

Little
tolerance to
long dry
periods as well
as Hoods

Tolerates
drought and
floods; but not
salinity

Tolerates
drought and
floods to some
extent

Tolerates
drought and
flood, but not
salinity

Management

Propagation by seeds
but seeds have very
short viability; also
propagated by stem
cuttings; usualy 5x5
m spacing; young
plant trailed on to
trellises; pruning done
regularly to produce
fruiting branches;
flowering in first yr.
Propageted by stem
cutting, rooting or
seeds; regular pruning
to shape the trees and
remove watershoots
and suckers; fruiting
in 2 yrs; up to 30 yrs.
Seed propagated, but
also by layering and
grafting; fruiting in
about 8 yrs, lasts up
to 60 yrs; needs very
little care.

Propagated by seed;
germination in 7-12
weeks; growth isin
flushes; fruiting in 7
yrs; fruiting up to 80
yrs; fruits harvested
by using knives at the
tip of long poles

Functions,
Uses

Seeds contain 4-6%
caffeine; guarana is a
preferred drink of dried
powdered seeds mixed
up with cassava flour
used for making pastes
and cakes

Guava fruits are eaten
raw or preserved; fruits
vary in size and flavor
rich in vitamin C;
average yield about 100
kg/tree p.a.; but up to
2000 kg

Fruit used as a dessert;
unripe fruit is a
vegetable; leaves are
eaten by goats; timber
is very valuable for
furniture and house
construction; branches
used for firewood;
musical instruments
Seeds used as stimulants
and beverages; average
yield 250 kg per tree but
much higher yields
reported; seeds contain
2% caffeine and some
essential oils

Common

agro forestry
systems/practices
involving the
species

Usually grown as
an agroforestry
species under the
shade of large
trees; common
with cacao and
coffee in
agroforestry
systems in Brazil

Grown with a large
number of other
spp. in the home-
gardens and tree
gardens; forms a
middle layer canopy
in multistoryed crop
Grown mixed with
other species in the
backyard; used for
penning cattle
underneath; good
for border

Interplanted with
fruit trees in the
young ages and
with other tree
species in the adult
stages

Other remarks

Guarana has
some medicinal
properties.
Research is now
being
undertaken by
Brazilian
institutions

In some places
(e.g. Fiji), it has
been declared as
a weed

Thick foliage
does not allow
much light to
understorey spp.

Fruit is
erroneously
caled 'nut'



Table 12.3.

SPECIES

Common
Family
(English) and
Scientific
Names
Litchi
Sapindaceae
Litchi
chmensis
Sonn. or
Nephelium
litchi
Lour.
Longan
Sapindaceae
Euphoria
longana Lam
Dimocarpus
longan Lour.
Macadamia
nut Proteaceae
Macadamia
integrifolia
Maiden et
Betche
Mango
Anacardiaceae
Mangifera
indica L,
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Plant type
Growth forms

Small to
medium tree,
10-20m high
dense canopy;
evergreen

Small to
medium tree;
10-20m high

Small to
medium tree;
10-15m

Medium to
large evergreen
tree to 20m
height

Ecozone/
Distribution

Sub-tropical to
tropical China,
northern

India;
1000-2000m

Mainly in
warm humid
parts of SE
Asia

Native to
Australia, but
mainly
cultivated in
Hawaii

Native to
India; very
popular in
India, but aso
in SE Asia,
Africa, and
tropical
America

Moderate climate
15-35°C; cool dy-
season for
fruiting; high
attitudes

Humid, lowland
tropics; well-
distributed rain
20-35°C; up to
1000m

Warm moderate
climate; 15-30°C;
occasional rains
with dry periods
in between

Wide range of
climate from
lowlands to
highlands; warm,
dry to hot humid

ECOLOGY

Deep, well-
drained
loams; pH
5.0-7.5

Deep, well-
drained fertile
loam or clay
loam; pH
5.5-7.0

Deep, well-
drained loam;
pH 55-7.5

Deep fertile
loam to
infertile, well-
drained sand
pH 5.0-8.0

Tolerates
drought and
occasional
floods; fails to
fruit in
lowland
tropics

Does not
tolerate
drought or
salinity; can
withstand
some flooding
Tolerates
drought and
occasional
floods

Tolerates
drought and
seasonal
foods

Management

Propagated
vegetatively, mainly
by air-layering; trees
come into bearing in
4-6 yrs.

Propagated by root
or stem cuting; comes
to fruiting in 68 yrs

Propagated by stem
cutting or grafting

Propagated by seed
or layering and
grafting; pruning for
shape and induce
flowering and
branches; full bearing
in about 8 yrs.;
bearing continues up
to 50 years and more;
severa culiivars and
hybrids

Functions/
Uses

The fruit is a nut; the
edible part is the aril
which surrounds the
nut; the aril is juicy;
eaten raw or preserved;
in China, the aril is also
dried to produce litchi
nuts

Fruit is very juicy

Fruits are the
macadamia nuts of
commerce; rich in
protein and fat; also
produces oils and
tannins

Fruits very delicious
dessert; immature fruits
in chutneys and pickles;
also ripe fruits as
preserves; branches for
farm construction;
timber as a firewood;
used in dyes

Common
agroforestry
systems/practices
involving the
species

Useful as a
windbreak, bee
forage; also grown
mixed with other
fruit trees

Grown with other
fruit trees and also
vegetables;
common in
homegardens

Can be grown with
other fruit trees;
good for bee
forage; also border
planting

Grows in
association with
other fruit trees in
the backyard; good
as a border/
shelterbelt species;
cattle penning in
the shade; animal
feed or forage

Other remarks

Also an
ornamental
plant

Not known
outside SE Asia

Also known as
Queensland nuts
or Australian
hazel nuts

Several forms
and types are
popular; used
extensively on
the landscape in
India, E. Africa



Table 12.3.

SPECIES

Common
Family
(English) and
Scientific
Names
Mangosteen
Guttiferae
Garcinia
Mangoslana
L.

Nectarine

Rosaceae
Prunus
persica (L.)
Batsch (var.)
nectarina

Nipa palm
Palmae
Nypa (Nipa)
fruiticans
Wurmb.
Oranges
Rutaceae
Citrus spp.
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Plant type
Growth forms

Slow-growing
glabrous,
evergreen
medium tree to
12m; compact
conical shape

Low to
medium sized
tree; very
similar to the
peach tree, but
having
pubescence

Suckering
monoecious
feathery palm
over to 10m
height

Low growing
tree with a
sparse canopy;
various species
and cultivars
having
different types
of forms and
fruits

Ecozone/
Distribution

SE Asia;
attempts to
introduce to
other countries
unsuccessful

Grows in
tropical
highlands and
sub-tropics

South and SE
Asiaand N
Australia,
tropical
rainforests
Very widely
cultivated al
over the
tropics,
especidly in
not-so-wet
areas

Hot, humid
lowland climate
with a well-
distributed
rainfall

Tropical highland
to subtropical
climate; 15-35°C;
low rainfall

Tropical
rainforests;
Lowlands; high
rainfall; brackish
tidal areas
Prefers warm dry
climate with mild
temperature (20-
30°C) and low
rainfall; wide
adaptability

ECOLOGY

Well-drained
fertile deep
soil, pH
below 6.0

Well-drained
deep sandy or
loamy soil
over clay; pH
5.0-7.0

Lowland,
marshy
brackish
areas; pH
above 7
Deep, fertile
loamy soils of
around
neutral pH

Can withstand
dry spells

Can withstand
drought, wind
and shade

Can withstand
salinity and
waterlogging

Can withstand
drought and,
to some
extent, wind,
but not floods

Management

Seed-propagated;
seeds have low
germination poor
viability; veg. prop.
not successful;
Requires shade when
young; bearing in 10-
15 yrs; up to 50 yrs;,
500-600 fruits/treel/yr
Developed either
from a seed or bud of
the peach as a
mutant; propagation
by graft or root
stock; starts bearing
in 2-3 years after
planting; pruning
required

Sometimes planted;
seed-propagated; very
little care and
management

Propagated by stem
cutting for budding
or grafting; pruning
is regular
management need;
first bearing in about
5 yrs after planting

Functions/
Uses

A preferred, delicious
fruit; fruits eaten fresh;
the shell of fruits is rich
in tannins, used for
leather tanning and
medicina purposes

Fruits is delicious, eaten
raw, yields about 20
t/halyr; used as a
shade tree

Edible fruits; sap for
sugar; 3 t sugar/halyr
leaves for thath and
weaving; shelterbelts;
wood for firewood
Edible fruits; juices,
preserves, marmalades,
etc.

Common
agroforestry
systems/practices
involving the
species

Usually grown with
other fruit trees
and homegardens

Grown with other
fruit trees used as a
shade tree and for
border planting

Used for anti-
erosion effects and
shelterbelts

Usually grown in
commercial sole
stands, but also in
mixed plant stands
of homegardens;
good for hedge
planting and as
windbreak

Other remarks

Tendency to
bear only in
alternate years;
difficult to
propagate; long
juvenile phase

Not very
popular in the
tropics

Very little
studied

Very well
studied and
commercially
cultivated,
several varieties
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SPECIES ECOLOGY
Common Plant type Ecozone/ Climate Sail Tolerance Management Functions/ Common Other remarks
Family Growth forms Distribution Uses agroforestry
(English) and systems/practices
Scientific involving the
Names species
Papaya A short-lived All over the Wide range of Well-drained Does not Seed propagated; Prefered delicious fruit;  Can be found in Commercial
Caricaceae perennial, 2- tropics; S. climate; up to deep fertile tolerate flood  transplanted; plants leaves and long petidles  amost dl production
Pawpaw 10m; Asia E. Africa, 2000m altitude; soil; pH 5.0- or usually dioecious, so  sometimes used for subsistence usually as sole
Carica unbranched Hawaii are for 20-40°C; low 7.0; loamy waterlogging usualy planted in mulch or compost agricultural crop
papaya L. erect, major altitude for texture and salinity more numbers and systems in
softwooded, producers papain prod. later thinned; association with
hollow stem flowering in 4-6 various crops,
with leaves at months; responds good for
the apex well to fertilizer and hedge/border
management planting
Pejibaye pam Monoecious All over Hot humid Deep, well- Can tolerate Propagated by seed Edible fruit (4 t dry Often grown with Also known as
(Peach feathery palm; Central and S.  lowlands, 200cm drained clays  dry spells, but  or suckers; seed- fruit/halyr); edible other fruit trees or Pupunha; widely
palm) slender stem; American rain p.a of medium not floods or propagated plants heart; trunk for wood; over coffee, cacao, cultivated in AF
Palmae up to 15m; lowlands up to fertility; pH sdlinity mature in 6-7 yrs; last  animal feed; shade over  guarana, etc. Also  mixes al over S.
Baciris gasipaes suckers profuse  1200m altitude below 7.0 for up to 70 yrs coffee, cacao, etc. good as windbreak ~ America
H.B.K. and border
syn. Guitielma planting
gasipaes
H.B.K.
Rambutan An evergreen Very common Hot, humid Deep, fertile Can tolerate Seed-propagated; but Edible fruit, eaten Often grown with Unknown in
Sapindaceae bushy tree up in the lowland lowlands; 200cm loams; pH dry spells and veg. propagation by fresh; also a bee forage  other fruit trees in regions outside
Nephelium to 15m tall; humid tropics well-distributed below 55 floods, but not marcots and budding  and ornamental (bright the homesteads; SE Asia
lappaceum fruits hairy, in of SE Asia rain p.a salinity possible; seedlings red, hairy fruit and good for border
L. pendent fruit in 56 yrs; 200- intact crown); timber planting and as a
clusters 400 fruits per treef/yr;  useful windbreak
tree lasts up to 60 yr.
Sago pam A flowering Rainforest Hot, humid, high Swamps, deep Tolerant to Propagated by Starch from trunk (300 Good for swampy Few cultivated
Palmae feathery palm swamps of SE rainfall, swampy loams and flooding, and suckers or tillers; kgltree, leaves for areas and for and managed
Metroxylon growing in Asia and the areas of tropical clays salinity, but transplanted; thatch windbreaks stands; starch
sagu Rottb. thick stands, Pacific rainforests not drought flowering in 10-15 exported
10-20m tall; yrs, after which the
stout erect palm dies; starch
trunk extraction from split

trunks just before
flowering
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Table 12.3.

SPECIES

Common
Family
(English) and
Scientific
Names

Sapota,
Sapotaceae
Sapodilla
Mani/kara
achras (L.)
van Royen
syn;
M. achras,
M. zapota
M. zapotilla
Achras
zapota
Shea butter
Sapotaceae
tree
Butyrosper-
mum
paradoxum
(Gaertn.f)
var. parkii
Tamarind
Leguminosae
Tamar'mdus
(Fabaceae)
Indica L.
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Plant type
Growth forms

Evergreen
bushy tree up
to 20m

A small-to-
medium-sized
tree, 7-13m;
deciduous

A large iree
over 20m tall
with light
canopy and
thick stem

Source: Nair(1984).

Ecozone/
Distribution

Native to

Mexico and C.
America; now

widely grown

in SE Asia also

Abundant in
Cent, and
West African
savannas

Native to dry
parts of
Africa; now
popular al
over Africa,
India

Hot tropical
lowlands of
varying rainfall

Dry, hot
equatorial
savannas; low
altitudes

Wide adaptability
grows well in dry
and wet climates,
mainly in low
altitudes

ECOLOGY

Fertile, deep,
uniform
loams; pH
below 7.0;
wide
variability

Dry lateritic
slopes; pH
above 6.0

Wide
adaptability;
pH about
neutral; deep,
infertile soils
preferred

Tolerates
drought, and,
to some extent
floods and
salinity

Tolerant to
drought, but
not to floods

Withstands
drought very
well

Management

Usually propagated
by seed; but also stem
cuttings and grafting;
fruiting in 34 yrs;
2500-4000
fruits/treelyr; latex
can be obtained by
tapping trunk once
every 2-3 yrs.

Usually propagated
by seed; transplanting
difficult; about 8m
spacing; starts
bearing in 12-15 yrs;
fruits fals naturally
and then is collected

Propagated by seed;
needs very little care;
starts bearing in
about 10 yrs; lasts for
several decades; fruits
are collected from
tree or alowed to fall

Functions/
Uses

Edible dessert fruit;
eaten raw when ripe;
latex from the stem
contains 20-40% gum,
which is raw material
for chewing gum; wood
is durable and good as
construction timber

Shea butter extracted
from the seed is used as
a cooking fat,
illuminant, medicinal
ointment; shea oil from
the nuts is used in
soaps, candles,
cosmetics

Fleshy mesocarp is
eaten fresh or preserved
in syrup; seeds eaten as
nuts; used as a
condiment and
flavoring; also produces
gums and tannins;
firewood; timber good
for furniture; foliage
and seeds are animal
feed

Common
agroforestry
systems/practices
involving the
species

Usually grown with
other fruit trees
and crops in the
homestead; can be
used for light
shade and border
planting

Grows in mixed
stands with other
species in the drier
margins of savanna
with pronounced
dry seasons

Grows as an
overstorey species
in many
agricultural lands;
light canopy and
nitrogen fixation
are advantageous

Other remarks

Very popular
fruit in Asia and
tropical America

Its cultivation is
not labor-
intensive

Grows wildly in
drier savannas
of Africa and all
over India

cre:
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Agroforestry species: the multipurpose trees 199

Table 12.4. Some examples of indigenous
Class Tree species

Main food Treculia africana
Parkia bigtobosa

Food supplement  Garcinia cola
Afzelia africana

Condiments Xylopia aethiopica
Monodora myristica

Leafy vegetable Pterocarpus
milbraedii
Pterocarpus
santalinoides
Pterocarpus soyauxii
Moringa oleifera
Canarium
schweinfurthii

Fats/oils Elaeis guineensis
Vitellaria paradoxa
fsyn. Butyrospermum

paradoxum)

Fruits Soondias  mombin
Vitex doniana

Jamg/jelly Chrysophyllum
albidum

Drinks Raphia hookerii

Masticatory Raphia nitida

Source: Nair (1990).

multipurpose trees used as food sources in Africa
Major uses

Edible fruit, kernels, fuel, pulp for paper industry
Edible seed, fodder, timber, fuel, fertility drug

Edible seed, chew sticks, snake repellent
Fermented leaf as vegetable

Tobacco substitute, timber, fud
Nutmeg substitute

Edible leaf, dye, camwood
Edible leaf, fodder, boundary line
Edible leaf, timber, religious purposes

Edible flowers and leaves
Edible leaves and fruits

Qil, wine, thatch, mulch
Kernel oil, edible fruit

Fruit, jam, jelly, fodder
Fruit, fuel, timber

Fruits, tools, religious purposes

Wine, mats, raffia, piassava

Chew sticks, fodder, fence



Table 12.7. General grouping of herbaceous crop;; suitable for agroforestry accordirg to their different ecological regions in the tropics"

LOWLANDS (UP TO 500m)

MEDIUM ELEVATION (500-1000m)

HIGHLANDS (above 1000m)

! Perhumid- 2 Semihumid-  *® Subarid- ! Perhumid- 2 Semihumid-  ® Subarid- ! Perhumid- 2 Semihumid-  * Subarid-
Subhumid Semiarid Perarid Subhumid Semiarid Perarid Subhumid Semiarid Perarid

Arrowroot Banana Cowpea Arrowroot Banana Cowpea Banana Banana Cowpea
Banana Cassava Finger millet Banana Cassava Finger millet Cardamon Cassava Finger millet
Cowpea Castor Groundnut Ginger Castor Groundnut Cowpea Castor Groundnut
Ginger Cowpea Mung bean Papaya Cowpea Mung bean Pyrethrum Cowpea Mung bean
Pineapple Finger millet Pearl millet Pineapple Finger millet Pearl millet Rice Finger millet Pearl millet
Rice Ginger Pigeon pea Rice Ginger Pigeon pea Yams Maize Pigeon pea
Soya bean Groundnut Sesame Soya bean Groundnut Sesame (Vegetables) Mung bean Sorghum
Taro Maize Sorghum Taro Maize Sorghum Pear| millet Sweet potato
Turmeric Mung bean Sweet potato  Turmeric Mung bean Sweet potato Pigeon pea (Vegetables)
Yams Pearl millet (Vegetables) Yams Pearl millet (Vegetables) Pineapple
(Vegetables) Pigeon pea (Vegetables) Pigeon pea Potato

Pineapple Pineapple Pyrethrum

Rice Rice Rice

Sesame Sesame Soya bean

Sorghum Sisd Sweet potato

Soya bean Sorghum Yams

Sweet potato Soya bean (Vegetables)

Taro Sweet potato

Turmeric Taro

Yams Turmeric

(Vegetables) Yams

(Vegetables)

! Perihumid - Subhumid: Aress with 0-4 dry months and more than 1000 mm rain per year

2 Semihumid - Semiarid: Areas with 58 dry months and 500-1000 mm rain per year

% Subarid - Perarid: Areas with more than 9 dry months and less than 500 mm rain per yeer
A month is considered 'dry’ when the potential evapotranspiration is more than the precipitation received during the month.
* Adapted from Nair (1980).
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APPENDIX TO CHAPTER 12

Short descriptions of Multipurpose Trees and Shrubs
(MPTs) commonly used in agroforestry systems

These descriptions include essential information on the taxonomy (such as
family/sub-family), ecology (distribution and ecological adaptation),
morphology (plant characteristics), silviculture (management), and main uses
of each species. Other relevant information is given under the subheading
"Comments". Photographs and/or drawings of some of the species are also
included.

The information has been collated from several sources, mentioned in
section 12.1.1, as well as from field experience, and is thus of a general or
average nature. For any species, deviations from these general characteristics
can be expected under diverse field conditions.

The botanical names of some of the species have changed recently. As much
as possible, the present, correct names and the synonyms are given using the
|CRAF database’ as the reference. However, some of these new names have not
become established, and the old names are still widely used and/or understood.
A typical exampleisthe relatively new name of Faidherbia albida for the species
that is well known as Acacia albida. There are such name changes in plant
families too: the family Leguminosae, an important family to which many
MPTs belong, is now correctly known as Fabaceae. Caesalpinioideae,
Mimosoideae, and Papilionoideae, the three sub-families of Leguminosae, are
now given the status of families as Caesal pinaceae, Fabaceae or Papilionaceae,
and Mimosaceae, respectively. Similarly, Palmaceae, or the pam family, is
now known as Arecaceae. Many of the species are known by a number of local
names in different places; because of the multiplicity of these local names, they
are not mentioned here.

! von Carlowitz, P.G., Wolf, G.V., and Kempermann, R.E.M. 1991. Multipurpose Tree and

Shrub Database: An Information and Decision Support System. ICRAF, Nairobi, Kenya & GTZ,
Eschborn, Germany.
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Acacia albida Dedl.
(See Faidherbia albida)

Acacia auriculiformis A. Cunn. ex Benth.
(Leguminosae; Mimosoideae)

Origin and distribution: Australia, Papua New Guinea; introduced to
Indonesia, Malaysia, India, Tanzania, Kenya, Nigeria, and other countries
with similar ecology.

Figure 12A.1. Acacia auriculiformis
Photo: National Academy of Sciendes, Washington, D.C.
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Ecology: Occurs in humid tropics (dtitudes up to 600 m, 750 mm minimum
annual rainfal) with 6-month dry seasons tolerated; adapted to a wide variety
of climates; tolerates poor soils and a pH range of 3-9.

Plant characteristics. To 30 m; spreading habit; N, fixing; propagated by
direct seeding or seedlings after seed pretreatment.

Main uses: Fuelwood and charcoa (up to 15 m® ha* yr; produced, caorific
value 4800 to 4900 kcd kg-l)z; pulpwood; ornamental; shade; land
rehabilitation, and soil conservation.

Comments. Requires weeding in early years, shade intolerant; poor coppicing
ability.

Acacia catechu (L.f.) Willd.
(Leguminosae; mimosoideae)

Originand distribution: Nativeto India, and parts of Southeast and East Asia.

Ecology: Occurs in the humid and subhumid tropics, as wdl as the subhumid
highlands in areas recelving 500-2000 mm annual rainfall at altitudes of 250-
1000 m on light, sandy to medium textured, loamy, well-drained soils with an
akaline to neutral pH.

Plant characteristics. Height ranges from 5-21 m with an average of 13 m;
erect, straight habit; single-stemmed; thorny; deciduous during the dry season;
can be propagated by natural regeneration, seedlings, root cuttings, coppice
from stumps, root suckers, and direct seeding.

Main uses. Fodder; tannin and dye; latex, resin and gum; edible nuts and seeds,
fuewood (charcoal); poles and posts; wood for house construction, pulp, and
timber.

Comments: Tolerates drought and shallow soils, but does not tolerate strongly
acidic soils; nodulates, probably N fixing; host for shellac insects.

Acacia mangium Willd.
(Leguminosae; Mimosoideae)

Origin and distribution: Australia and Papua New Guinea; introduced to
severd countries of Asia

Ecology: Occursin moist lowland tropics (1500-3000 mm annual rainfall 1000
mm, 100-800 m altitude) on acidic soils.

21 cdorie = 4184 joules
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Plant characteristics: To 30 m (15 m average) and 60 cm diameter; erect, stately
habit; propagated by seedlings or cuttings; fast growth; N, fixing; coppices
(only young trees); shade-intolerant.

Main uses. Timber (0.65 sp. gr.); fuelwood (4800-4900 kcal kg'); watershed
protection; firebreaks; ornamental; fodder; land rehabilitation.

Comments: Ability to prosper on a wide range of sites makes it popular for
reforestation; plantations quickly attain canopy closure, which is ideal for
combatting Imperata grass.

Figure 12A.2. Acacia mangium.
Photo: Winrock International.
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Acacia mearnsii De Willd.
(Leguminosae; Mimosoideae)

Origin and distribution: Australia; introduced to New Zealand, Indonesia,
India, Sri Lanka, South, Central and East Africa, and parts of Central
America.

Ecology: Occurs in moist subtropics at mid-elevations (800-1000 mm minimum
annual rainfall) on a wide range of soils.

Plant characteristics: To 25 m with an erect, slender habit and spreading crown
(open grown); N, fixing; coppices poorly; propagated by direct seeding,
seedlings; competes well with weeds.

Figure 12A3. Acacia mearnsi
Photo: Winrock International.
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Main uses: Fuelwood and charcoal (caorific value of 3500-4000 kcal kg-*, sp.
gr. 0.7-0.85, 10-25 m® ha* yr-* on 7-10 years rotation); green manure; tannin
(bark); soil erosion control; pul pwood.

Comments; Can become a weed.

Acacianilotica (L.) Willd. ex Del.
(Leguminosae; Mimosoideae)

Origin and distribution: Native to semiarid African tropics; introduced to
Indian sub-continent.

Ecology: Found in the dry tropics at low altitudes including areas of low and
unpredictable rainfall and high temperatures; prefers aluvia soils, but grows
well on heavy clay, as well as poor soils.

Plant characteristics: To 20 m, but usualy less; can be a shrub in very un-
favorable conditions; flat or umbrella-shaped crown; propagated by direct
seeding, seedlings, and root suckers; N, fixing; coppices.

Main uses: Fuelwood and charcoal (sp. gr. 0.67-0.68); wood istermite-resi stant
and is employed for a variety of farm uses; fodder (pods, leaves); tannin and
gum.

Comments. Extremely thorny; subject to wood borer attack; thrives under
irrigation; requires weeding in early establishment stages. Severa subspecies
have been reported.

Acacia Senegal (L.) Willd.
(Leguminosae; Mimosoideae)

Origin and distribution: Native to Africa (Senegd to Sudan), Pakistan, and
India; introduced to Egypt and Australia.

Ecology: Found in dry tropics (200-800 mm rainfall, 8-11 dry months/year) at
100-1700 m altitude; grows on poor soils, but waterlogging not tolerated.

Plant characteristics:. To 13 m, but shrubby habit is common; many
geographicd races; propagated by direct seeding, seedlings, competes well with
weeds; N, fixing; coppices.

Main uses: Fuelwood (up to 5 m® ha-* yr-Y); gum arabic; local construction

wood; food (seeds); fodder (pods, leaves); erosion control and soil
rehabilitation; dune stabilization.

Comments. Four varieties are recognized: Senegal, kerensis, rostrata, and
leiorachis; major component of agroforestry system in the Sudan.
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Acacia tortilis (Forsskal) Hayne
(Leguminosae; Mimosoideae)

Origin and distribution: Native to dryland Africa, Israel, and Arabig;
introduced to Indian sub-continent.

Ecology: Occurs in lowland dry tropics (100-1000 mm annua rainfal),
commonly on akaline soils.

Plant characteristics: To 15 m; often shrubby (ssp. tortilis); flat-topped or
umbrella-shaped; N, fixing; coppices; propagated by seeds or seedlings.
Main uses. Fuelwood and charcoal (4360 cal kg-'); wood for tools and hut
construction; fodder (pods, leaves); sand dune stabilization.

Comments: Long lateral roots can become anuisance in adjacent fields, roads,
or paths; very thorny; four distinct subspecies (tortilis, raddiana, spirocarpa,
and heteracantha) known in different ecologica zones; heat-tolerant.

Albiziafalcataria (L.) Fosberg
(seeParaserianthesfalcataria)

Albizia lebbeck (L.) Benth.
(Leguminosae; Mimosoideae)

Origin and distribution: Native to Indiaand Myanmar (Burma); introduced to
other parts of Asia, as wel as Africa, the Caribbean, and South America

Ecology: Widdy adapted to dry and moist tropics (500-2000 mm annua
rainfall), up to 1600 m altitude on a variety of soils (including saline).

Plant characteristics: To 30 m; spreading, umbrella-shaped crown; moderately
fast growth; propagated by seeds, seedlings, and root suckers; coppices;, N,
fixing.

Main uses: Fuewood (high calorific value: 5200 kca kg*; 5 m® ha' yr-
produced on 10-15 yesars rotation); fodder; furniture wood; erosion control.

Comments: Roots close to soil surface; easily damaged by wind; promising

species for silvopastoral systems; after establishment, biannual pollarding may
produce significant biomass.
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Figure 12A.4. Albizia lebbeck.
Photo: NAS, Washington, D.C.

Albizia saman (Jacg.) F. Mudl
(Leguminosae; Mimosoidese)

Synonym: Samanea saman (Jacq. Merr.)
Pithecellobium saman (Jacq. Benth)

Origin and distribution: Native to northern South America; introduced to other
parts of South America, and Central America, the Philippines, Fiji, and
Hawalii.

Ecology: Occurs in subhumid to wet lowland tropics (0-700 m, 600-2500 mm
annual rainfall) with less than 6 month dry seasons on variable soils.

Plant characteristics: To 40 m with a wide, spreading crown; fast growth; N,
fixing; coppices; light-demander; propagated by direct seeding, seedlings, and
cuttings.

Main uses: Fuelwood; food (pods); fodder (pods, leaves); timber; wood for
crafts; shade (coffee, cacao); green manure; ornamental.
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Comments: Fuelwood quality ispoor; thetree, because of itslarge crown, isnot
good for croplands but is used in grazing lands.

Alnus acuminata Kunth, ssp. acuminata
(Betulacese)

Synonym: A. jorullensis H.B.K. (also eight other synonyms).
Origin and distribution: Native to Central and South America.

Ecology: Cool tropical highlands (2000-3000 m) with 1000-3000 mm annual
rainfall on well-drained, fertile soils; neither drought- nor heat-tolerant.

Plant characteristics: To 25 m or more; N, fixing (if the appropriate N fixing
fungus exists); propagated by seed, seedlings, and root cuttings; coppices.
Main uses: Fuewood (10-15 m® ha* yr! in 20 yeer rotations); timber (sp. gr.
0.36); watershed protection; soil improvement; silvo-pastoral systems.

Comments: Competes poorly with weeds during establishment phase; pioneer
tree; good pasture found under trees.

Alnus nepalensis D. Don
(Betulaceae)

Originand distribution: Native to the Himalayas, China, and India; introduced
in Hawaii and Costa Rica (plantations).

Ecology: Found in cool tropical highlands (1000-3000 m) with 500-1250 mm
annud rainfall on a wide range of soils; can withstand imperfect drainage and
flooding but not waterlogging.

Plant characteristics: To 30 m (up to 2 min diameter); fast growing; N fixing;
propagated by seeds and seedlings; coppices if cut under proper conditions.

Main uses: Fuelwood (sp. gr. 0.32-0.37); wood for boxes, splints, and matches;
s0il erosion control; soil fertility improvement.

Comments: Availability of soil moisture is more limiting than soil type;
susceptible to wind damage; can become weed; tolerates 4-6 month dry
SEasoNSs; pioneer species.

Azadirachta indica Adr. Juss.
(Méeliacese)

Origin and distribution: South Asia; introduced to many parts of Africa

Ecology: Dryland, low atitude tropics (50-1500 m, 130-1150 mm rainfall), on
variable soils; does not tolerate waterlogging or salinity.
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Plant characteristics:. To 15 m; deep-rooted; evergreen except in periods of
extreme drought; coppices well, early growth from coppice is faster than
growth from seedlings; propagated by seeds, seedlings.

Main uses. Fuelwood (sp. gr. 0.68); construction wood and lumber; windbreak;
oil (seeds); shade; soil improvement (leaves, seed residue after oil extraction);
industrial chemicals; insect repellant and anti-pest properties (seeds, leaves).

Comments: Seeds quickly lose viability; can become a weed; tolerates long dry
periods; seedlings compete poorly with weeds.

Balanites aegyptiaca (L.) Del.
(Balanitaceae)

Figure12A.5. Balanitisaegyptiaca
Photo: NAS, Washington, D.C.

Origin and distribution: Widespread in the semiarid and arid tropical regions
throughout Africa; introduced to India and some Caribbean Islands.

Ecology: Lowland dry tropics (200-800 mm rainfall, up to 1500 m altitude in
East Africa) on variable soils (sands, clays, cracking clays, gravel, etc.).
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Plant characteristics: To 10 m with spherical crown; resistant to drought and
fire (degp tap root and thick bark); propagated by direct seeding (after pre-
treatment), seedlings, cuttings, and root suckers; coppices.

Main uses: Food (edible fruit, oil); fodder for came and goats (leaves); heavy
wood used for carving, saddlery, and agricultural implements; fudwood and
charcoa (sp. gr. 0.65); fruit and bark extracts kill fresh water snails (which act
as intermediary hosts for bilharzia) and water-fleas (the carrier of Guinea
worm); fish poisoning (fruit emulsion); fencing; soap substitute (roots, bark,
fruit, wood chips).

Comments: Early growth is dow; must be protected from herbivores during
early stages; fird fruit yields may be expected after 5-8 years; can attain an age
of more than 100 years; little studied.

Borassus aethiopum C. Martius
(Arecaceae or Pamae)

Origin and distribution: Native to Tropical Africa; introduced to India and
parts of Southeast Asia

Ecology: Found in the subhumid to semiarid tropics (500-1150 mm annual
rainfall) at altitudes of 0-600 m on medium, loamy to heavy, clayey, wdl-
drained soils; can withstand seasonal waterlogging and sdline soils.

Plant characteristics: To 20 m; single-stemmed, straight, erect habit; evergreen;
deep rooting; light-demanding; fire resistant; propagated by direct seeding and
seedlings.

Main uses: Fodder; edible leaves, fruits, and seeds; beverages from fruit pulp

and milk; oil; fuewood; poles and posts; timber for house construction;
medicine; fiber; packaging material; cosmetics.

Comments: Usudly found in areas with a high water table; wood is highly
resstant to termite.

Butyrospermum paradoxum (Gaertn. f.) Hepper

(Sapotaceae)

Synonym: Vitellaria paradoxa Gaertn. f.
Origin and distribution: Native to Central and Wes Africa

Ecology: Occurs in the subhumid and semiarid tropics in areas receiving 600-
1000 mm annua rainfal at atitudes of 0-300 m on well-drained, medium,

loamy soils.
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Plant characteristics: To about 11m; poor stem form with a spreading crown;
deep-rooted; deciduous in the dry season; propagated by direct seeding or
seedlings.

Main uses: Edible ail and fats; aromatic essence; medicine.

Comments: Light-demanding; fire and termite resistant; butter made from the
nuts is an important local commodity in many regions.

Cajanuscajan (L.) Millsp.
(Leguminosae; Papilionoideae)

Origin and distribution: Native to South Asia and West Africa; introduced to
many countries.

Ecology: Found in a broad spectrum of habitats (up to 3000 m, 400-2500 mm
annual rainfal) on awide range of soils.

Plant characteristics: To 6 m; shrubby; N, fixing; coppices when cut above
0.15 m; short-lived; propagated by direct seeding.

Main uses. Food (seeds); forage (pod, husks, foliage); fudwood (2 t ha" per
growing season); soil improvement.

Comments: Weeding required in the firg 4-6 weeks shade-intolerant;
susceptible to many insect pests as wel as rust and fungd diseases; tolerates
sdinity but not waterlogging; drought-tolerant; N, fixing bacteria inoculation
not necessary in most soils.

Calliandracal othyrsus Meissner
(Leguminosae; Mimosoidese)

Origin and distribution: Native to Central and South America; introduced in
Indonesia, the Philippines, parts of Africa, and the Caribbean.

Ecology: Occurs in moist tropics (2000-4000 mm annua rainfall, but can
withstand drought periods) at atitudes between 250-800 m on avariety of soils
(including infertile as wel as clay-type soils).

Plant characteristics: To 10 m; shrubby; N fixing; coppices, established by
direct seeding or seedlings.

Main uses: Fuelwood (5-20 m® ha-* yr'%); fodder (but high tannin may cause
low digegtibility); green manure; honey production.

Comments: Competes wel with weeds, poor seed production (in some
situations); insect pests attack flowers.
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Figure 12A.6. Calliandra calothyrsus
Photo: Winrock International

CassiasiamealLam.
(Leguminosae; Caesalpinioideae)

Origin and distribution: Native to Southeast Asia from Indonesiato Sri Lanka;
now widely introduced in African and American tropics.

Ecology: Found in lowlands (to 1700 m) in a wide range of climates from dry
to humid (500-1000 mm annual rainfall) with 4-5 month dry seasons on neutral
to acid, fairly rich soils with good drainage.
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Figure 12A.7. Cassia siamea as a hedgerow species for aley cropping in Kenya

Plant characteristics:. To 20 m; shrubby; evergreen except during extreme
drought; coppices; propagated by direct seeding, seedlings, and root suckers.

Main uses: Fuelwood (sp. gr. 0.6-0.8, 15 m® ha' yr! on a 10 year rotation);
poles, timber; windbreaks; reclamation of denuded lands; green manure;
fodder (only in some areas); ornamental; medicine (heartwood).

Comments: Young seedlings must be protected from livestock and wild
animals; pod toxic to pigs and possibly other nonruminants; not an N, fixer.

Casuarina cunninghamiana Mig.
(Casuarinaceae)

Origin and distribution: Native to Australia; introduced to Africa, Argentina,
the U.S., Israel, and China

Ecology: Occurs in the cool tropics and some subtropical areas (600-1100 mm
annual rainfall) on acidic soils at elevations up to 800m.

Plant characteristics:. To 35 m; N, fixing with profuse nodulation; propagated
by seedlings and root suckers; extensive, shallow roots.

Main uses. Fuelwood (sp. gr. 0.7); shade; river bank stabilization; windbreak.
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Comments: Can become a weed especially along canals and watercourses (e.g.,
Florida); not adaptable to calcareous soils; susceptible to browsing damage.

Casuarina equisetifolia Forst. & Forst.
(Casuarinaceae)

Origin and distribution: Native to Australia; introduced to India, Pakistan,
East, Central and West Africa, West Indies, subtropical U.S., the Caribbean,
and Central America.

Ecology: Native to warm tropical coastal areas as well as semiarid regions (O-
600 m, 1000-5000 mm annual rainfall) usually on sandy soils.

Plant characteristicss. To 35 m; N; fixing (through association with
actinomycetes); propagated by seedlings; coppices (only in some ideotypes).

Main uses: Fuelwood and charcoal (sp. gr. 1.0, one of the best in the world);
windbreak; timber for post wood; erosion control; dune stabilization.

Comments: Can withstand partial waterlogging; when seeds are planted outside
their natural range, the soil should be inoculated with crushed nodules; can
lower water table; 75-200 t ha yield on a rotation of 7-10 years with a 2 m
spacing between plants; salt-tolerant and wind-resistant; adaptable to
moderately poor soils.

Figure 12A.8. Casuarina equisetifolia
Photo: NAS, Washington, D.C.
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Casuarinaglauca Sieb. ex Sprengedl
(Casuarinaceae)

Origin and distribution: Australia; introduced to U.S. (Florida) and India.

Ecology: Found in warm temperate to subtropica regions (900-1150 mm
annua rainfal) in coastal areas on heavy clay soils.

Plant characteristics: To 20 m; evergreen; N, fixing with prolific nodulation;
drought-resistant; propagated by seedlings, root cuttings.

Main uses: Fudwood and charcoal (sp. gr. 0.98); fencing; smdl sea-water
pilings, windbreaks in coastal areas; shade.

Comments: Produces root suckers; can become a weed (e.g., Florida); sdt-
tolerant; dense canopy and dowly decomposing litter inhibit understory plant
growth.

Cedrelaodor atal.
(Mdliacese)

Origin and distribution: Native to Central and South America; introduced to
the Caribbean, and parts of Africaand Asia

Ecology: Occurs in the humid tropics (1000-3700 mm annual rainfal) at
altitudes of 0-1900 m on medium, loamy to heavy, clayey, well-drained, deep
soils with an acid to neutral pH; light-demanding and drought hardy.

Plant characteristics: Height ranges from 12-40 m with an average of about 25
m; erect, sSngle-stemmed, straight habit; evergreen; spreading canopy; shalow
lateral roots;, sometimes forms buttresses; can be propagated by direct sowing
and seedlings.

Main uses: Timber for furniture and house construction; turnery; apiculture;
fuelwood.

Comments: Susceptible to insect damage; harvested wood is resistant to
termites; tolerates seasonally waterlogged sites.

Celba pentandra (L.) Gaertn.
(Bombacacese)

Origin and distribution: Found pantropicaly; origin believed to be Centra
America

Ecology: Found in the humid and subhumid tropics (750-2500 mm annual
rainfal) at atitudes of 0-1600 m on light, sandy to medium, loamy, wdll-
drained soils with a neutral pH.
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Plant characteristics. Height to 60 m with an average of 30 m; single-stemmed
with an open canopy; buttressed; thorny; deciduous during the dry season;
propagated by seedlings and cuttings.

Main uses. Fiber or cotton from seed capsules; edible leaves, fodder; matches;
fuelwood; apiculture; timber; medicine; cosmetics.

Comments: Susceptible to wind damage; light-demanding; moderately drought
resistant; fast growth (up to 1.2 m yr?* for first 10 years); pioneer species.

Cordia alliodora (Ruiz Lopez et Pavon) Cham.
(Boraginaceae)

Origin and distribution: Native to Central America.

Figure L2A.9. Cordia alliodora as a shade tree over coffeein Cogta Rica.
Photo: R.G. Muschler.
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Ecology: Occursin moist tropical lowlands and midlands (up to 0-800 m, 1500-
2000 mm annual rainfall) on deep, well-drained, medium-textured soils.

Plant characteristicss To 30 m; deciduous; light canopy (coffee, cacao
intercropped in Costa Rica); large superficia, spreading roots (deep when il
conditions are favorable); wind-resistant and shade-intolerant; propagated by
direct seeding, seedlings, and root suckers; coppices.

Main uses. Timber; poles, shade tree for crops (cacao, coffee); soil
improvement; fuelwood (sp. gr. 0.29-0.70); food (fruits); ornamental.

Comments: Pioneer species;, permits understory crops, attacked by canker-
causing rust disease on poor Stes;, low seed viability (1-2 months only);
slviculture wel developed; wood is resistant to decay and termites.

Dalbergiasissoo Roxb. ex DC
(Leguminosae; Papilionoideae)

Origin and distribution: Native to the Himalayan foothills (India, Pakistan,
and Nepal).

Ecology: Occurs in the warm tropics on semiarid to arid sites (500-4000 mm
annual rainfall) and neutral to acid soils with good drainage that are seasondly
inundated.

Plant characteristics: To 30 m; deciduous, N, fixing; light-demanding;
coppices, frogt-resistant and drought hardy; propagated by direct seeding,
seedlings, stump sprouts, root suckers, and branch cuttings.

Main uses: Saw timber (carpentry, furniture, roundwood); fuelwood (sp. gr.
0.83, 5-8 m* ha* yr); fodder; soil erosion control; ornamental.

Comments: Termites attack young plants; seedlings do not compete wel with
weeds (weeding for 2-3 years required); browsed heavily by wild animals.

Delonix elata (L.) Gamble
(Leguminosae, Caesalpinioideae)

Distribution: East Africa, Middle East, India

Ecology: Occurs in the semiarid tropics in areas recaiving 175-780 mm annual
rainfal at atitudes of 0-1800 m on light, sandy to medium, loamy, well-
drained, shadlow soils with a neutral pH.

Plant characteristics: Erect, straight habit; single or multi-stemmed; 5-9 min
height; deciduous during the dry season; deep rooted; propagated by seedlings,
cuttings, root suckers and direct sowing.

Main uses. Fodder; fuelwood; green-leaf manure; apiculture.
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Comments. Tolerates salinity, salt spray, and constant wind; fire resistant;
seeds and fruits susceptible to insect damage.

Erythrina poeppigiana (Walp.) Cook
(Leguminosae; Papilionoideae)

Origin and distribution: South America from Costa Ricato Bolivia; introduced
to West Indies, Africa

Ecology: Found in dry to subhumid tropics (1500-4000 mm annual rainfall, up
to 6 month dry seasons) at medium altitudes to highlands, often along streams
and swamps.

Plant characteristics. To 40 m; fast growth; N, fixing; coppices; propagated by
direct seeding, seedlings, and cuttings.

Figure 12A.10. Erythrina poeppigiana as a shade tree over coffee in Costa Rica.
Photo: R.G. Muschler.
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Main uses: Shade tree for coffee, cacao, and livestock; support plant for betel,
pepper, vanilla, and grape vines; live fences (cuttings easily root); ornamental;
soil fertility improvement; fodder; green manure (8-12 t ha" yr* produced).

Comments. Planted in Latin America as shade for coffee, and to increase grass
production beneath trees through improved soil fertility; other species in genus
are proven MPTs with excellent agroforestry potential.

Faidherbia albida Del. A. Chev.
(Leguminosae; Mimosoideae)
Synonym: Acacia albida Del.
Origin and distribution: Africa and Israel.

Ecology: Found in arid and semiarid regions (400-900 mm annual rainfall) at
altitudes of 100-2500 m on variable soils, but loamy and sandy types preferred.

Plant characteristics: To 20 m with wide, spreading crown; leaves shed during
rainy season and retained during the dry season (West Africa), however, site to
site variability of this phenology is high; propagated by direct seeding (after
scarification), seedlings, root suckers; coppices well; N, fixing.

Figure 12A.11. Faidherbia albida (syn. Acacia albida) intercropped with agricultural crops in
Malawi.
Photo: ICRAF.
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Main uses: Forage (pods, foliage); shade; fencing (cut thorny branches);
tannin; medicine.

Comments: Sow early growth; considerable stand variability; soil fertility
improvement with 5-76% increases in crop yields under trees reported; highly
variable characteristics and population densities.

Flemingia macrophylla (Willd.) Merr.
(Leguminosae; Papilionoideae)

Synonym: F. congesta Roxb. ex Ait.f.

Origin and distribution: Native to Southeast Asia introduced to parts of
Africa

Ecology: Found at low to medium altitudes on sites with 1000-2000 mm annual
rainfall (including up to 4 month dry seasons) on a wide range of soils.

Plant characteristics: To 3 m; shrub growth habit; deep-rooted; N, fixing;
tolerant of light shade; coppices, propagated by direct seeding or seedlings.
Main uses: Support for climbing plants; soil erosion control (in contour
hedgerows); green manure; cover crop; dye; traditional medicine.

Comments: After becoming established (3-4 months) the plant can out-
compete many wead species;, weeding during the first 2 months necessary.

Gliricidia sepium (Jacq.) Walp.
(Leguminosae; Papilionoideae)

Origin and distribution: Native to Central America; extensvely introduced to
West Indies, Africa, and Southeast and South Asia

Ecology: Growsin dry to humid tropics (600-3000 mm annual rainfall) at 500-
1600 m on moaist to dry, and even sdine soils.

Plant characteristics: To 10 m; smdl tree; fast growth; N, fixing; coppices,
propagated by direct seeding, seedlings, and cuttings.

Main uses. Shade for cacao, coffee, vanilla, and tea; green manure; fodder
(mainly for cattle); honey production; fuelwood; live fences, wood for
furniture and tool handles; ornamental; aley cropping.

Comments: In Puerto Rico, leaves attacked by mites which encourages termite
attack and causes legf fdl; roots, bark, and seeds can be poisonous.
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Figure12A. 12. Gliricidia sepium, the "mother of cacao.”
Photo: Winrock International.

Gmelina arborea Roxb.
(Verbenaceze)

Origin and distribution: Native to India, Sri Lanka, Myanmar (Burma), and
much of Southeast Asia and Southern China; introduced to Brazil and many
parts of Africa

Ecology: Found in the humid lowlands (0-1200 m; 750-4500 mm annual
rainfall) on sites with 6-7 month dry seasons on a wide range of soils (acid to
neutral, but no waterlogging).

Plant characteristicss To 30 m; fast growth; deciduous; light-demanding;
coppices; deep-rooted; propagated by direct seeding, seedlings, cuttings, and
stump sprouts.

Main uses: Fuelwood (18-32 m*® ha' yr- in 5-8 year rotations, sp. gr. 0.40-
0.57); timber; pulpwood; light poles; honey; cattle fodder (fruit and leaves).
Comments: Often established in plantations among crops (the taungya system);

plantations rapidly shade out competing species, substantial provenance
variation.
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G revillea robust a A. Cunn. ex R. Br.
(Proteaceae)

Origin and distribution: Native to Australia; introduced to many parts of East,
Central, and southern Africa, India, Hawaii, and Jamaica.

Ecology: Found in humid to subhumid climates (400-1500 m annual rainfall
with up to 6-8 month dry seasons) from sea level to 2300 m on a wide range of
soils, but deep soils preferred.

Plant characteristics: To 20 m; fast growth; deep-rooted; pollards well but does
not coppice well; propagated by direct seeding or seedlings.

Main uses: Shade tree for coffee and tea; fuelwood (sp. gr. 0.57, 217 m® ha
from 14-year old plantation); timber; poles; mulch; shade; ornamental; honey
production.

Comments. Low seed viability unless refrigerated; can become a weed due to
vigorous natural regeneration from seed; does not tolerate waterlogging.

Figure 12A.13. Grevillea robusta on agricultural fields in Rwanda.

Grewia optiva J.R. Drummond ex Burret
(Tiliaceae)

Origin and distribution: Native to Indian sub-continent.
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Ecology: Found in highland subhumid regions with bimodal, monsoonal
rainfall (1700-2200 mm annually) at altitudes of 450-1300 m on medium, loamy
to heavy, clayey, well-drained soils with a neutral to alkaline pH.

Plant characteristics: Erect, straight habit; single to multi-stemmed with a
dense canopy; deep rooting; height ranges from 7-10 m; regenerated by
seedlings, coppice from stumps, and direct seeding.

Main uses: Edible pods and fruits; fodder; furniture; wood for construction;
fiber; charcoal.

Comments: Light-demanding; drought sensitive; intolerant of fire and strongly
acidic soils; susceptible to browsing damage; moderately frost resistant;
tolerates strongly alkaline soils.

Figure 12A.14. Flowering and fruiting branches of Grewia optiva.
Photo: NAS, Washington, D.C.
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Inga veraWilld. ssp. vera
(Leguminosae; Papilionoideae)

Origin and distribution: Native to the Caribbean Islands.

Ecology: Occurs in the lowland humid tropics but appears to have some
drought tolerance (1000 mm minimum annual rainfall) on many soil types
including limestone soils.

Plant characteristicss To 20 m with a wide, spreading crown; fast growth;
propagated by direct seeding and seedlings; coppices.

Main uses. Shade for coffee, cacao; fuelwood (sp. gr. 0.57); wood for
furniture, light construction, and general carpentry; shade; honey production.

Comments: Little studied; fruits enclosed in a sugary, edible pulp; other species
in this genus have great agroforestry potential (e.g., /. edulis and /. jinicuil).

Figure 12 A. 15. Inga vera
Photo: Winrock International.

Leucaena diversifolia (Schidl.) Benth.
(Mimosoideae; Leguminosae)

Origin and distribution: Native to Central America.

Ecology: Occurs in highland dry to subhumid tropics (1000-2000 m, 500-600
mm minimum annual rainfall) sometimes on acidic soils (depending on
provenance).
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Plant characteristics: To 18 m (shrubby varieties also known); deep-rooted; N,
fixing; coppices, propagated by direct seeding, seedlings, and sometimes
cuttings.

Main uses. Fuelwood (sp. gr. 0.4-0.55); fodder; contour hedgerows; green
manure; pulpwood.

Comments. Growth and yield are better than Leucaena leucocephala at high
altitudes; Fusarium rot on stem and branches can be lethal to seedlings; appears
able to tolerate psyllid which has decimated populations of L. leucocephala.

Leucaena leucocephala (Lam.) De Wit
(Leguminosae; Mimosoideae)

Origin and distribution: Native to Central America and Mexico; introduced to
much of South and Southeast Asia, Africa, South America, and the Caribbean.

Ecology: Occurs in lowland dry to humid tropics (below 500 m, 600-1700 mm
annual rainfall) on neutral to alkaline soils but not waterlogged sites.

Plant characteristics:. To 18 m; (shrubby and arboreal varieties known); N,
fixing; deep-rooted; coppices; propagated by direct seeding, seedlings, and
sometimes cuttings.

Figure 12A. 16. Leucaena leucocephala
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Main uses. Fuelwood (sp. gr. 0.55, 24-100 m® ha' yr'); nurse tree; fodder;
small construction wood and pul pwood; some food use (pods, seeds, leaves);
energy plantations; aley cropping.

Comments. Extensively studied; fodder may be toxic if fed to animals by itself
over long periods.

Melia azedarach L.
(Méeliaceae)

Origin and distribution: Native to Indian sub-continent; introduced to the
Middle East, West Indies, southern U.S., Mexico, Argentina, Brazil, and parts
of West and East Africa and Southeast Asia.

Figure 12A.17. Melia azedarach
Photo: NAS, Washington, D.C.
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Ecology: Occursin low to midlands (up to 2000 m) on sites with 600-1000 mm
of annual rainfall on variable soils.

Plant characteristicss To 30 m; fast growth; short-lived (i.e., 20-30 years);
coppices; shade-intolerant; propagated by root suckers, direct seeding, and
seedlings.

Main uses: Fuelwood (sp. gr. 0.66); wood for furniture, plywood, and boxes;
insecticide (leaves, dried fruit); fodder (leaves for goats); ornamental.

Comments: Susceptible to wind damage; drought-tolerant.

Mimosa scabrella Benth.
(Leguminosae; Mimosoidese)

Figure 12A.18. Mimosa scabrella as a shade tree over coffee in Costa Rica
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Origin and distribution: Native to southeastern Brazil; recent trials in southern
Europe, Africa, Central and South America, Mexico, and the Caribbean.

Ecology: Grows at mid-elevations in the cool tropics as well as subtropical
regions (prefers annual rainfall > 1000 mm) on a wide range of well-drained
soils.

Plant characteristics: To 12 m; thornless; slender habit; fast-growth; shrubby
varieties also known; N, fixing; coppices; propagated by direct seeding,
seedlings.

Main uses. Fuelwood; pulpwood; ornamental; green manure; shade for coffee.
Comments: Little studied; reportedly flourishes at 2400 m in Guatemala.

Moringa oleifera Lam.
(Moringaceae)

Figure 12A. 19. Moringa oleifera
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Origin and distribution: Native to India and Arabia; now pantropical.

Ecology: Occurs in the lowland tropics (0 to 750 m, 760-2250 mm annual
rainfall) on well-drained, deep soils (pH 5-7 preferred).

Plant characteristics: To 12 m; fast growth; open crown; coppices; propagated
by direct seeding, cuttings.

Main uses. Food (pods when young, leaves, roots, flowers); fuelwood; fodder
(leaves); honey production; medicine (bark, roots, leaves); water purification
(seeds); soap (seeds); industrial lubricant.

Comments:. Competes well with weeds (allelopathic effects suggested);
waterlogging not tolerated.

Parasehanthes fakataria (L.) Nielson
(Leguminosae; Mimosoidese)
Synonym: Albizia fakataria (L.) Fosberg.

Origin and distribution: Native to South and Southeast Asia, and Pacific
islands.

Figure 12A.20. An intercropping experiment involving Paraserianthes fakataria with pineapple
and elephant grass (Pennisetum sp.) in Java, Indonesia
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Ecology: Found in moist tropics without dry seasons (1000-4500 mm annual
rainfall) at 800-1500 m on well-drained soils.

Plant characteristics: To 45 m; umbrella-shaped crown when grown in the
open; fast growth (15 m in 3 years); propagated by seeds (after scarification)
and seedlings;, N, fixing; coppices.

Main uses: Pulpwood (soft wood with 0.33 sp. gr.); moldings, boxes, soil
improvement; fuelwood (but quality is poor).

Comments. Subject to wind damage; can aggravate soil erosion; yields 39-50
m® ha* yr! of wood on a 10-year rotation cycle; competes well with weeds.

Parkia biglobosa (Jacg.) L.I. Br. ex G.Don
(Leguminosae; Mimosoidese)
Origin and distribution: Native to West Africa

Ecology: Occurs in semiarid to subhumid lowlands (0-300 m; 400-1500 mm
annud rainfal) on acid soils.

Plant characteristics: To 20 m; deciduous; dense, spreading crown; N, fixing;
coppices, propagated by direct seeding, seedlings.

Main uses: Timber (sp. gr., 0.58-0.64); fuelwood; condiment (crushed,
fermented pods); fodder (pods, but high tannin); fish poison (fruit husks and
bark); medicinal; shade.

Comments: Little studied; drought-tolerant (3-7 month dry season).

Parkia javanica (Lam.) Merr.

(Leguminosae; Mimosoidese)
Origin and distribution: Native to India, Southeast Asia introduced
throughout tropics.

Ecology: Found in the lowland humid tropics (1000 mm average annual
rainfall) a elevations of 500-700 m on a wide range of sails.

Plant characteristics: To 40 m with an umbrella-shaped crown; N, fixing;
coppices, propagated by direct seeding, seedlings.

Main uses: Timber; ornamental; loca medicine (seeds).
Comments: Little studied.
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Parkinsonia aculeata L.
(Leguminosae; Caesalpinoideae)

Origin and distribution: Native to southwestern U.S., through Mexico and
Central America to South America; introduced to Hawaii, South Africa, East
Africa, India, Jamaica, and Isragl.

Ecology: Grows in widdy disparate climates, from dry to humid tropics (200-
1000 mm annual rainfall) and in the subtropics a altitudes below 1300 m on
various soils.

Plant characteristics: To 20 m with a spreading habit; drought-tolerant; fast
growth; coppices; propagated by root suckers, cuttings, direct seeding, and
seedlings.

Main uses: Fuelwood; fodder (leaves, pods); food (pods); ornamental; erosion
control; live fences.

Comments: Not an N, fixer; seedlings respond to fertilizers;, can become a
weed (e.g., in Argentina); young plants may be damaged by termites; intolerant
of waterlogged sails.

Pithecellobium dulce (Roxb.) Benth.
(Leguminosae; Mimaosoideae)
Origin and distribution: Native to Central and South America; introduced to
the Philippines, India, East Africa, Hawaii, and Jamaica.

Ecology: Found in awide range of climates, from dry to humid tropics (450-
1650 mm annual rainfall) including highlands (up to 1800 m) on variable sails.

Plant characteristics: To 20 m; fast growth; poor form; N, fixing; coppices,
drought-tolerant; propagated by direct seeding, seedlings.

Main uses: Fuelwood (but smokes considerably); wood for construction, posts,
and boxes; shade; live fences, ornamental; food (pods and seeds); fodder (pods
and leaves); tannin; honey production.

Comments: Susceptible to leaf spot diseases and a number of defoliating and
boring insects; prone to wind damage; readily outgrows weeds.

Pongamia pinnata (L.) Pierre
(Leguminosae; Papilionoideae)
Synonym: Derrisindica (Lam.) Bennet.

Origin and distribution: Native to South and Southeast Asig; introduced to the
Philippines, Australia, and subtropical U.S.
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Ecology: Occurs in mesic tropics (0-1000 m, 500-2500 mm annual rainfall) on
sandy and rocky soils.

Plant characteristics: To 8 m; aggressive, spreading roots; propagated by direct
seeding, seedlings, cuttings, and root suckers.

Main uses: Fuelwood; fodder; oil (seeds); pest control (leaves); shade; medicine
(leaves, flowers, bark, and sap); bark fiber for rope; erosion control.

Comments: Little studied; tolerates saline soils; grows to full height in 5 years;
spread through root suckers can lead to weed problem.

Prosopis alba/chilensis "complex"
(Leguminosae; Mimosoidese)
(Includes P. alba Griesb., P. chilensis (Mol.) Stuntz, P. flexuosa and P. nigra).

Origin and distribution: Native to Argentina, Paraguay, Chile, and southern
Peru.

Figure 12A.21. Prosopis alba
Photo: Winrock International.
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Ecology: Occurs in the dry tropics (up to 2900 m, 100-500 mm annual rainfall)
on variable soils.

Plant characteristics: To 15 m; shrubby habit; N, fixer; coppices; frost-
intolerant; propagated by direct seeding, seedlings, and cuttings.

Main uses: Fuelwood; occasional use as timber; fodder (pods); food (pods);
ornamental; flour from ground pods.

Comments. Seeds need to be inoculated with Prosopis spp. rhizobia; good
ability to compete with weeds; tolerates saline soils; thorny and thornless
varieties are known. Taxonomy of these species is not clear.

Prosopiscineraria(L.) Druce
(Leguminosae; Mimosoideae)

Origin and distribution: Native to India; introduced to West Asia and the
Middle East.

Ecology: Occurs in dry lowland tropics (75-850 mm rainfall, 6-8 month dry
period) on well-drained, light to heavy soils.

Plant characteristics: To 9 m with a spreading habit; thorny; N, fixing; deep-
rooted; coppices; propagated by root suckers, seeds, and seedlings; light-
demander.

Figure 12A.22. Camels browsing Prosopis cineraria on agricultural fields in Rajasthan, India
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Main uses. Fuelwood and charcoal (2.9 m® ha-! yr'); fodder; wood for posts,
tool handles; green manure; afforestation.

Comments:. May become a weed in sub-humid environments; little studied,;
some populations display high genetic variability; tolerates saline soils, high
alkalinity (pH 9.8), and seasonal waterlogging.

Prosopis juliflora (Sw.) DC.
(Leguminosae; Mimosoideae)

Origin and distribution: Native to southwestern U.S., Central America, and
parts of South America; introduced to many arid zones of the world (e.g.,
Africa, Asia, and India).

Ecology: Found in dry lowlands (0-1500 m, 150-750 mm annual rainfall) on a
variety of soils, but deep soils preferred.

Plant characteristics: To 10 m; fast growth; thorny; deciduous; coppices; deep-
rooted; light-demander; propagated by direct seeding (after mechanical
scarification), seedlings, cuttings, and root suckers.

Main uses: Fuelwood and charcoal (3-9 m® ha yr'); wood for fenceposts and
light carpentry; honey production; fodder (pods); food (pods).

Comments: Can become an aggressive weed; competes well with weeds.

Figure 12A.23. A live fence of Prosopisjuliflora in Tamil Nadu, India
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Prosopispallida (Humb. et Bonpl. ex Willd.) Kunth
(Leguminosae; Mimosoideae)

Origin and distribution: Native to the drier parts of Peru, Colombia, and
Ecuador; introduced to Puerto Rico, Hawaii, India, and Australia

Ecology: Found in arid lowlands (0-300 m, 250-1250 mm annual rainfall) on
variable soils (light to heavy).

Plant characteristics: To 20 m with a shrubby habit; fast growth; shallow-
rooted; coppices; propagated by direct seeding, seedlings.

Main uses: Fudwood and charcoal (sp. gr. 0.85, 7 m* ha' yr! on 10 year
rotation); fodder (leaves and pods); food (pods); afforestation.

Comments: Proneto wind damage; in new sites the seeds should be inoculated
with Prosopis spp. rhizobia; a thornless Hawaiian variety is known; genetic
variability appears to be high; can become a weed; tolerant of sdine soils.

Robinia pseudoacacia L.
(Leguminosae; Papilionoideae)

Origin and distribution: Native to northeastern U.S.; introduced to European
temperate and Mediterranean regions, as wel as India, and Thailand.

Ecology: Growsin temperate and highland tropical regions (1500-2500 m, 300-
1000 mm annual rainfall) on variable soils.

Plant characteristics: To 25 m; fast growth; deciduous, thorns on young
branches; N, fixing; shadlow root system; coppices;, propagated by root
suckers, direct seeding, seedlings, cuttings, and stump sprouts; drought-hardy
(2-6 months).

Main uses: Fuelwood (sp. gr. 0.68, 4-10 m® ha* yr-%); erosion control; nurse
tree; posts; fodder (but high tannins, especidly in young leaves, and lectin
proteins can interfere with livestock digestion); windbreak; ornamental; honey
production.

Comments: Little studied; aggressive colonizer; no tap root; tolerates dightly
sdine soils; improved seed available.

Samanea saman (Jacg.) Merr.
(Leguminosae; Mimosoidese)
(See Albizia saman (Jacq.) (F-Muell.)
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Sesbania grandiflora (L.) Poir.
(Leguminosae; Papilionoideae)

Origin and distribution: Native to South and Southeast Asia; introduced to the
Caribbean, Central and South America, Australia, and parts of Africa

Ecology: Occurs in the moist lowland tropics (1000 mm annual rainfall, 0-800
m altitude) on variable soils. Tolerates periodic flooding.

Figure 12A.24. Sesbania grandiflora.
Photo: Winrock International.
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Plant characteristics. To 10 m; fast growth; N, fixing; coppices (in some
cases); propagated by direct seeding, seedlings, and cuttings.

Main uses: Fuelwood (sp. gr. 0.42, 20-25 m* ha* yr'): fodder (pods, leaves);
food (young leaves, pods, flowers); green manure; nurse crop; reforestation;
gum and tannin (bark); pulpwood.

Comments: Complementary to many agricultura systems; fudwood quality is
poor; susceptible to beetle attacks; short-lived.

Sesbania sesban (L.) Merr.
(Leguminosae; Papilionoideae)

Origin and distribution:; Native to Egypt; widdy introduced in tropical Africa
and Asa

Ecology: Native to subhumid tropics (300-1200 m, 350-1000 mm annual
rainfal) on variable soils.

Plant characteristics. To 6 m; fast growing; N, fixing; coppices; propagated by
direct seeding and seedlings.

Main uses. Fuewood; food (leaves); fodder (leaves and young branches);
wood; fibre; green manure; ornamental; erosion control; windbreak.

Comments: Open crown and sender habit permits understory crops; 30t ha*
yr'* fuewood yidd reported; tolerant of dightly saline and waterlogged soils;
short-lived; wood is very soft.

Tamahndus indica L.
(Leguminosae; Caesalpinoideae)

Origin and distribution: Native to India and semiarid tropica Africa;
introduced to the Caribbean, Latin America, and Australia.

Ecology: Growsin lowland dry and monsoonal tropics (400-1500 mm annual
rainfal) on well-drained, deep soils (pH 5.5).

Plant characteristics: To 30m with a wide crown; evergreen; deep tap root;
propagated by direct seeding (after hard seed coat is nicked), seedlings, or
cuttings, coppices.

Main uses. Food and seasoning (pod juice and pulp, leaves, and flowers);
fodder (leaves and seeds); fuewood and charcoa (sp. gr. 0.93); firebreak;
ornamental; shade; medicine (fruit, leaves, flower, bark); tannin (ash and
bark).

Comments: Early growth is dow; fruits ripen wel only in areas with extended
dry seasons; superior production from vegetative propagation rather than seeds
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reported; production starts at 8-12 years and continues for up to 200 years;
normally found associated with the Baobab tree (Adansonia digitatd) in Africa;
waterlogging not tolerated; tolerant of dlightly saline soils; drought-tolerant;
wood is easy to polish and termite-resistant; not an N, fixer.

N
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Figure 12A.25. Fruits of Tamerindus indica.
Photo: NAS, Washington, D.C.
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Tremaorientalis (L.) Blume
(Ulmaceae)

Origin and distribution: Native to India; introduced to East Africa and
Southeast and East Asia.

Ecology: Occurs in the subhumid tropics (1000-2000 mm annual rainfall) at
altitudes of 300-2500 m on medium, loamy, well-drained soils with a neutral to
alkaline pH.

Plant characteristics: Erect, straight habit; single- to multi-stemmed; open
canopy with a spreading crown; 9-16 m in height; evergreen; deep rooting.

Main uses. Fodder; fuelwood; poles and posts; charcoal; wood for house
construction; fiber; tannin; and dye.

Comments: Coppices, wind resistant; leaves decompose slowly; frost-hardy;
susceptible to strongly acidic soils; nodulates, probably N, fixing.

Ziziphus mauritiana Lam.
(Rhamnaceae)
Origin and distribution: Native to South Asia; now found in East and West
Africa, and the Middle East.

Figure 12A..26. Ziziphus mauritiana in Rajasthan, India
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Ecology: Usudly occurs in the semiarid tropics in regions receiving 250-500
mm annual rainfall at dtitudes of 0-1500 m on light, sandy to medium, loamy,
well-drained, moderately saline soils with a neutral to akaline pH.

Plant characteristics: Single ssemmed; poor stem form; thorny; 2-12 m in
height; deciduous during the dry season; deep rooted; propagated by seedlings,
root suckers, and direct sowing.

Main uses. Edible fruits; live fences, fodder; sericulture; host for shellac

insects; apiculture; fuewood; poles and posts;, wood for construction;
charcod; fruits and bark for medicine; and tannin.

Comments: Commonly used for windbreaks; coppices, susceptibleto browsing
damage; drought hardy.

Ziziphus nummularia (Burm. f.) Wight et Arn.
(Rhamnaceae)

Origin and distribution: Native to the Indian sub-continent.

Ecology: Found inthe semiarid tropics aswdl asthe highland subhumid tropics
in areas receiving 200-500 mm annual rainfall at altitudes of 0-500 m on light,
sandy to medium, loamy, well-drained soils with a neutral pH.

Plant characteristics: Thorny; multi-semmed; to about 3 m in height;
deciduous in dry season; propagated by seedlings and root suckers.

Main uses. Edible fruits, fodder; fudwood; posts and poles; live fences,
charcoal; tannin.

Comments: Coppices; wood susceptible to termite damage; can become aweed;
ussful in dune fixation; drought hardy; tolerates constant wind exposure.



CHAPTER 13

Component interactions'

It has been repeatedly emphasized in agroforestry literature that the success of
agroforestry relies heavily on the exploitation of component interactions. We
have sen that these interactions, both ecologica and economic, figure
prominently even in the definition of agroforestry (Chapter 2). Although a
multitude of studies, primarily in the agronomic and ecologica literature,
prove the importance of interspecific and intraspecific interactions, our
knowledge of their underlying mechanisms is limited (Newman, 1983). The
main reason for this deficiency is that only very few studies have been designed
and carried out for exploring the theoretical and experimental aspects of these
interactions (Tilman, 1990). Moreover, the complexity and lifespan of
agroforestry systems make investigations of mechanisms and processes
extremdy difficult. Without knowledge about mechanisms, however, it is
impossible to generdize and extrapolate results from one study to smilar
conditions elsewhere. In short, component interactions represent another
critical aspect of agroforestry; its importance has been frequently recognized,
but knowledge about it is rather limited.

Component interactions refer to the influence of one component of a sysem
on the performance of the other components as well as the system as awhole.
Historically, different groups of scientists have described these interactions
differently. For example, in the ecologicad literature, the types of interactionsin
two-species populations have often been described on the basis of net effect of
interactions, by such terms as commensalistic (positive, " +", effect on species
one and no observable effect, "0", on species two), amensalistic ( -, 0),
monopolistic, predatory or parasitic ( +, —), and inhibitory ( —, —) (Hart,
1974; Trenbath, 1976; Pianka, 1988). To these, synergistic (+, +) could be
added as an interaction where the net effects are positive for both species. These
concepts of observable net effects can aso be expressed by terms such as
complementary, supplementary, and competitive, as depicted in Figure 13.1;
they are usad to describe economic interactions as well.

! Contributed by Reinhold G. Muschler, Agroforestry Program, Department of Forestry,
University of Florida, Gainesville.
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| Complementary l Supplementary 1 Competitive
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Figure 13.1. Nature of common types of biological interactions in agroforestry systems.

Agronomists and, of late, agroforestry researchers, have used the terms
"below-ground" and "above-ground" as adjectives to describe interactions
(mostly competitive) between components for growth factors absorbed through
roots (nutrients and water), and those absorbed/intercepted through leaves
(mainly radiant energy) (Singh et al.,, 1989; Monteith et al., 1991; Ong et al.,
1991;). Partitioning the interactions into above- and below-ground groups
provides a sound basis for studying the processes involved as well as suggesting
improved management options for components and systems. However, the net
effects of interactions, which are the ultimate research goals due to their
practical significance, often cannot be separated into above- and below-ground
effects. For example, in agroforestry systems involving animal components, it
is meaningless to separate the net effects into above- and below-ground
segments. Therefore, it is appropriate to consider these interactions based on
their net results as positive (beneficial or production-enhancing) and negative
(harmful or production-decreasing). These positive or negative effects can be
direct or indirect. For example, with respect to the herbaceous component,
direct effects may result from the physical presence of the woody component in
the system, which causes microclimate amelioration or nutrient additions via
litter fall and root decay. Indirect effects may result from management
practices connected with or necessitated by the presence of woody perennials,
e.g., weeding, pruning, irrigation, or fertilization.

Since the woody perennials (trees) are important components of all
agroforestry systems, these interactions can be referred to, for practical
purposes, as tree-crop interactions and tree-animal interactions. From an
academic point of view, these interactions can be said to represent processes at
the tree-crop interface (TCI) (Huxley, 1985) and the tree-animal interface
(TAI). Therefore, in the discussions that follow, component interactions are
treated as positive (beneficial) and negative (harmful) interactions that occur at
the tree-crop and tree-animal interfaces. The major types of positive and
negative interactions are listed in Table 13.1. The balance between these
positive and negative effects determines the overall effect of the interactions on
a given agroforestry combination; an understanding of where and how
interactions occur indicates possible system-modification domains that can be
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Table 13.1. The major positive and negative effects at the tree-crop interface (TCI) and the
tree-animal interface (TAI).

At the TCI At the TAI
Positive - shading trees (stress reduction) - shading
- biomass contributions - manure deposition

- water conservation
- s0il conservation

Negative - light competition - phytotoxins
- nutrient competition - browsing damage
- water competition - trampling
- allelopathy - disease / pest hosts (?)

addressed through management activities. The main types of positive and
negative interactions in agroforestry systems are discussed in the following
sections. It needs to be emphasized, however, that such a separation of the
interactions is arbitrary, because the processes are interdependant, and the
manifestation of their effects will be influenced to a great extent by the
environmental conditions.

13.1. Positive (production-enhancing) interactions

This section deals with not only the beneficial effects of one component on
another, but also the manipulation of negative effects to minimize their
influence on the productivity of the overall system.

13.1.1. At the tree-crop interface

The major types of positive or complementary interactions at the tree-crop
interface (TCl) are those relating to microclimate amelioration and nutrient
balance. Interactions involving nutrient relations in agroforestry systems are
discussed elsewhere in this book (Section 1V); therefore, discussions here will be
limited to the other magjor factor, microclimate amelioration.

In agroforestry systems, microclimate amelioration involving soil moisture
and soil temperature relations results primarily from the use of trees for shade,
or as live supports, live fences, or windbreaks and shelterbelts. The provision of
shade causes a net effect of complex interactions, which extend far beyond the
mere reduction of heat and light (Willey, 1975). Temperature, humidity, and
movement of air, as well as temperature and moisture of the soil, directly affect
photosynthesis, transpiration, and the energy balance of associated crops
(Rosenberg et al., 1983), the net effect of which may translate into increased
yields. The innumerable practices that traditional farmers have developed to
attain this goal attest to the importance attributed to microclimate management
(Wilken, 1972; Stigter, 1988; Reifsnyder and Darnhofer, 1989).
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In genera, shading causes a reduction of temperature and temperature
fluctuations as wel as the vapor pressure deficit® (VPD) under tropical
conditions. For example, comparing shaded versus open-grown coffee
plantations in Mexico, Barradas and Fanjul (1986) found that, in a coffee
plantation under the shade of Ingajinicuil (205 trees/ha; average tree height: 14
m), the average maximum temperature was 5.4°C lower and the minimum
temperature 1.5°C higher, and that both VPD and Piche evaporation were
substantially reduced as compared to open-grown coffee. The smaller
temperature fluctuations under shade were attributed to reduced radiation load
on the coffee plants during the day and to reduced heat loss during the night.
The lower VPD was probably caused by ahigher water input through the trees
transpiration stream in combination with the lower temperatures. Similar
results, indicating a buffering effect of the trees on the microclimate beneath
them, were also reported for acombination of coconut and cacao in India(Nair
and Balakrishnan, 1977) and for an dley cropping system of millet and
Leucaena in India (Corlett et al., 1989). A reduction of VPD will cause a
corresponding reduction in transpiration and, hence, less likelihood of water
sress for the shaded crop (Willey, 1975; Rosenberg et al., 1983). This could be
epecidly beneficial during short periods of drought and may result in
production increases, as in the case of increased tea yidds under shade in
Tanzania during the dry season (Willey, 1975). Similarly, Neumann and
Pietrowicz (1989) reported that bean plants associated with Grevillea robusta
trees in Rwanda showed no sgns of wilting in hot afternoons, whereas those
grown on a fidd without trees did.

The presence of trees may have both positive and negative overall effects
on the water budget of the soil and the crops growing in between or beneath
them. Examining the water content of the top 0.1 m of soil on a farm in
Turrialba, Costa Rica, Brongtein (1984) found a higher moisture content
under Erythrina poeppigiana than in open fields or under Cordia alliodora
during the dry season. The light transmission through the canopy of the
Erythrina was only 40%, while Cordia was legfless at that time. Therefore, the
higher soil moisture under Erythrina may have been partly due to lower
evaporative water losses as a function of lower soil temperatures. Properties
of different litter layers may have also affected evaporation. Generdly, a
mulch or litter layer under shade trees may be seen as a one-way barrier to
moisture flow, dnce it increases the infiltration of rain water while
smultaneoudy reducing evaporation from soil (Wilken, 1972; Muller-
Samann, 1986). However, in some situations, especially in semiarid regions,
the transpiration of the shade trees may actually increase water gtress to the
associated crops. Soil temperature will generally be affected in the same
manner as air temperature i.e., shading tends to exert a buffering effect on
temperature fluctuations and extremes.

2 VPD (vapor pressure deficit) = SVP - PVP, where SVP = saturation vapor pressure; PVP
= partial vapor pressure. In Smple words, VPD represents the "drying power" of the air.
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Another potentially positive interaction in agroforestry systems is related to
weeds. The effect of shade is more severe for light-demanding plants than for
shade-tolerant plants; this could be an avenue to suppress some light-
demanding weeds. A reduction of weeds due to the presence of trees has been
reported from many ecological zones. For example, in alley-cropping systems
in Nigeria, Yamoah et al. (1986) found that weed yield was positively
correlated with available radiation. Cassia siamea was reported to control
weeds better than Gliricidia sepium or Flemingia macrophylla. This was
attributed to the greater shade under Cassia. Similarly, Jama et al. (1991)
attributed weed reduction under closely spaced Leucaena alleys in Kenya to
shading. In an alley-cropping trial in Costa Rica, Rippin (1991) reported a
reduction of weed biomass of over 50% in alleys of Erythrina poeppigiana and
Gliricidia sepium as compared with nonalley-cropped plots, athough the
mechanism involved was not clearly established. Szott et al. (1991) reported
that weed suppression by prunings in aley cropping was related to mulch
quality (see Chapter 16 for a discussion on mulch quality): slowly
decomposing mulches such as Inga suppressed weeds more effectively than
mulches that decomposed more rapidly.

Apart from shading, weed suppression is also determined by factors such
as land-use history, weather, mulch quality (see Chapter 16) and crop
competitiveness. For example, Szott et al. (1991) reported from studies on acid
soils of the Peruvian Amazon that weed suppression was achieved in 3.5 to 4.5
years in most "managed fallow" treatments, i.e., the growing of monospecific
stands of acid-tolerant leguminous stoloniferous species such as Centrosema
macrocarpum and Pueraria phaseoloides as well as leguminous trees and
shrubs such as Cajanus cajan, Desmodium ovalifolium, and Inga edulis on
abandoned shifting cultivation lands (Figure 13.2). It is important to note that
weed suppression was achieved earlier in the plots with stoloniferous species.
Although the mechanism of weed suppression or weed elimination is not
evident in these weed-reduction studies, they clearly indicate the possibility of
using agroforestry techniques in situations where weed control is a serious
land-use problem, asin the vast areas of tropical humid lowlands infested with
obnoxious weeds such as Imperata cylindrica.

13.1.2. At the tree-animal interface

The positive interactions at the TAI can affect overall system productivity in
various ways. First, and most obviously, some part of the autotrophic
production that is of no direct use to the farmer (such as weeds or tree fodder)
can be transformed into animal biomass with high nutritional and monetary
value. Secondly, the productivity of the individual system components can be
increased, e.g., through the transfer of manure as a fertilizer source. As with
some herbaceous crop plants, animals in the tropics generally benefit from the
shade provided by trees. To reduce heat stress, which is one of the main
constraints to animal production in the tropics, animals (particularly high-
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Figure 13.2. Changes in weed biomass with time after planting of different managed fallow
treatments. Weed biomass includes grasses, sedges, and broad-leaved herbaceous plants. Fallow
treatments are: Centrosema macrocarpum (CM), Stylosanthes guianensis (SG), Inga edulis (IE),
Cajanus cajan (CC), Pueraria phaseoloides (PP), Desmodium ovalifolium (DO), and natural
secondary vegetation (BF).
Source: Szott et al. (1991).
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grade, nonindigenous animals) tend to seek shade; this tendency may
significantly reduce the time spent grazing in the open. Consequently,
depending on the degree of climatic stress, the breed and the type of animal,
and the quantity and quality of available pasture, total feed intake may be
reduced (Payne, 1990). However, except in extreme situations, this may be
balanced by the reduced energy expenditure of the animal for
thermoregulation, which may be the main reason that animals in shade
generally show higher feed conversion and ultimately higher weight gain or
milk production (Campbell and Lasley, 1985; Payne, 1990). Furthermore,
shade may have a beneficial effect on animal reproduction (Campbell and
Lasley, 1985). In Malaysia, the shade of rubber trees reduced air temperature
by 1-5°C which, in turn, contributed to a more favorable environment for
sheep and poultry production (Ani et al., 1985; Ismail, 1986). Additionally,
good quality feed is essentia for higher milk yield; if the feed is high in fiber
and low in energy, which is the case in most tropical environments, milk
production will suffer considerably (Campbell and Lasley, 1985). Despite the
high variability in the nutritive value of shrub and tree fodder as livestock feed
(see Table 12.2), they are very valuable especiadly in extensive systems
involving small ruminants in arid and semiarid regions. In humid regions,
leguminous fodder (particularly tree fodder) appears to be the most promising
protein supplement (Devendra, 1990). In summary, it is evident that shade and
high quality fodder are important requirements for better productivity and
higher reproduction of animals in the tropics; both can be provided through
the inclusion of trees into agricultural systems.

Studies of positive effects of animals on associated trees are scarce. Two
processes, however, appear to be significant. First, animals gathered under
shade trees may naturally fertilize the trees through their manure. Second, they
may alleviate the competition, e.g., of grass, to which the tree is exposed.
Grazing sheep under rubber trees in Malaysia provided an indirect benefit for
the trees due to control of weeds, and a direct benefit through manure
additions (Ismail, 1986). Similar results were reported by Majid et al. (1989);
they found that 15 months of grazing sheep in a rubber plantation increased
soil fertility and decreased weed competition, thereby resulting in larger
diameter growth of the trees. The slight compaction of the soil due to
trampling and treading was not sufficiently pronounced to affect tree growth.
Clearly, further studies are needed on the positive links between plant and
animal components in agroforestry systems.

13.2. Negative (production-decreasing) interactions

Because all members of a plant community utilize the same reserves of growth
resources such as light, nutrients, water, and CO,, negative interactions,
often through competition, are likely to occur in every plant association
(Etherington, 1975; Grime, 1979; Newman, 1983). This competition can be
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separated into that caused by direct interference (real competition), and that
caused by exploitation of shared resources which is mediated by other plants
or shared predators (apparent competition) (Cannell, 1990). Let us examine
the nature of such negative competitions occurring in agroforestry systems.

13.2.1. At the tree-crop interface

The major yield decreasing effects at the TCI arise from competition for light,
water, and nutrients, as well as from interactions via allelopathy.

Competition for light

Investigations on light interception and competition in agroforestry systems
are generally scarce. An additional problem is the difficulty to compare the
available results because of the differences in methodologies used in the
investigations. However, some insights originate from the few available
studies, including some on intercropping of herbaceous species . Shading was
found to be more important than below-ground competition in an
intercropping study with pearl millet and groundnut in India (Willey and
Reddy, 1981). Similarly, Verinumbe and Okali (1985) showed that competition
for light was a more critical factor than root competition for intercropped
maize between teak trees (Tectona grandis) in Nigeria. In another Nigerian
study, Kang et al. (1981) attributed low yields from maize rows adjacent to
Leucaena hedgerows to shade. Neumann and Pietrowicz (1989), who studied
competition in an agroforestry combination of Grevillea robusta, maize, and
beans in Rwanda, reported that the shade cast by Grevillea appeared more
important than other effects of the trees.

While the availability of light may be the most limiting factor in many
situations, particularly those with relatively fertile soils and adequate water
availability, the relative importance of light will decrease in semiarid
conditions as well as on sites with low fertility soils. Since crops differ in their
responses to poor nutrition, competition for light or water may either be
reduced or amplified by a shortage of nutrients (Cannell, 1983). A good
example of such an interaction between light and nutrients is in the case of
cacao as depicted in Figure 13.3 (Alvim, 1977). While pod production of cacao
is maximum under conditions of high soil fertility and low shade, plants under
nutrient stress yield more under shade than in the open; hence the importance
of shade trees under low soil-fertility conditions. Generally, the shade
tolerance of crop plants depends on the photosynthetic pathway (Chapter 11)
and the product to be harvested. In comparison to leaf-yielding plants, fruit-
and seed-yielding crops tend to be relatively shade-intolerant and should
therefore be grown in open spaces where possible (Cannell, 1983) (see Figure
11.3). Thus, crops such as coffee, cacao, vanilla, and black pepper, which are
traditionally grown under partial tree shade, can be expected to exhibit
depressed yields as the intensity of shade increases unless they are subjected
to nutrient or water stress.
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Figure 13.3. Interacting effects of shade and il fertility on the yidd of cacao (Also see Figure
11.3).
Source: Alvim (1977).

Competition for nutrients

There are innumerable studies indicating how competition for nutrients can
reduce crop yields. In most cases, the yield of the agricultural crop is the
criterion by which the merit of an agroforestry system is assessed; yield
depressions of this component therefore receive more attention than those of
the associated tree species. Furthermore, since the crop is usually the smaller
component (when compared individually), its root system will usualy be
confined to soil horizons that are also available to the roots of the trees; but
the trees can exploit soil volume beyond reach of the crop. Therefore, the
effects of nutrient competition will probably be more severe for the crop
components. The theories and mechanisms of plant competition for nutrients
have been reviewed by several workers, e.g., Tilman (1990). However, direct
evidence as to where, and how severely, nutrient competition occurs is limited
due to the difficulties of separating nutrient competition from competition for
light, water, and from alelochemical interactions (Young, 1989).
Additionally, soil and root studies are generally more difficult to conduct than
above-ground studies.

Competition for water
With the exception of areas with well-distributed rainfall, or azonal sites with
a continuous supply of below-ground water, water competition is likely to
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occur in most agroforestry systems at some period of time; this period may be
as short as a dry spell of one or two weeks. The effect of these events depends
on the severity of the drought and the drought tolerance of the plants. It also
depends on the degree of competition for other resources, especialy nutrients.

In alley-cropping trials of Leucaena with cowpea, castor, and sorghum
under semiarid conditions in India, competition for water appeared more
important than shading effects (Singh et al., 1989). Corlett et al. (1989), again
in a semiarid study from India, reported similar results for an aley cropping
mixture of Leucaena and millet. Establishment of a root barrier (0.5 m depth)
next to the Leucaena hedges practically eliminated the yield reduction of the
adjacent millet. Examining soil moisture effects of 3.5 year-old Eucalyptus
tereticornis on mustard and wheat yields next to the tree line in semiarid India,
Malik and Sharma (1990) reported reductions of over 30% for the crops
growing at a distance of less than 10 m from the tree line. Thus, despite the
use of drought-adapted plants, water competition is likely to play a major role
in the productivity of agroforestry systems, especialy in dry areas.

Allelopathy

Allelopathy refers to the inhibition of growth of one plant by chemical
compounds that are released into the soil from neighboring plants. A large
number of studies have been undertaken in recent years on such allelopathic
interactions between plants. Allelopathic properties have been reported for
many species, especialy trees (Table 13.2). Although allelochemicals are
reported to be present in practically al plant tissues, including leaves, flowers,
fruits, stems, roots, rhizomes, and seeds, information on the nature of active
chemicals and their mode of action is lacking. The effects of these chemicals
on other plants are known to be dependent principally upon the concentration
as well as the combination in which one or more of these substances is released
into the environment (Putnam and Tang, 1986). There are several difficulties
associated with rigorous research in allelopathy (Williamson, 1990). However,
more studies are needed on these aspects in agroforestry. Given the present
stage of agroforestry research, the priority should be to screen the commonly

Table 13.2. Some examples of agroforestry-tree species reported to have allelopathic effects.

Tree species Effect on Reference
Alnus nepalensis Glycine max Bhatt and Todaria, 1990
Casuarina equisetifolia cowpea, sorghum, sunflower  Suresh and Rai, 1987
Eucalyptus tereticornis cowpea, sorghum, sunflower  Suresh and Rai, 1987
potato Basu et al., 1987
Gliricida sepium maize/rice seedlings Akobundu, 1986
tropical grasses Alan and Barrantes, 1988
Grevillea robusta Grevillea seedlings Webb et al., 1967
Leucaena leucocephala maize/rice seedlings Akobundu, 1986

cowpea, sorghum, sunflower  Suresh and Rai, 1987
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used plants in agroforestry systems for their allelopathic interactions, because
it may be infeasible to explore the details of the mechanisms involved in each
case.

Microclimatic modification for pests/diseases

The effect of plant associations on pest and disease incidence is a potentidly
important but rather unexplored area. Bacterid and fungd diseases may
increase in shaded, more humid environments (Huxley and Greenland, 1989).
For example, the incidence of Phytophthora palmivora on cacao increases
greatly under conditions of heavy shading (Alvim, 1977). The main reasons for
this are probably greater relative humidity and decreased wind, both of which
tend to favor fungd growth. This situation is likely to apply to other crop
plants susceptible to Phytophthora. However, reduced temperature and
humidity fluctuations under shade can aso have a suppressing effect on pests
and diseases. For example, these conditions tend to reduce the spread of
witches broom disease (Crinipellisperniciosa) on cacao (Lass, 1985). It seems,
then, that the balance between positive and negative effects will have to be
assesed for each particular situation.

13.2.2. At the tree-animal interface

The most important negative interactions between animals and plants can be
classfied as direct effects. Low quality of, or toxic components within, tree
fodder can adversdy affect livestock production. Conversely, mechanica
damage of trees or deterioration of soil properties, e.g., through compaction,
can have a negative impact on the woody perennial component. While tree
fodder holds great promise, particularly as a dry-season supplement in
semiarid areas, its vaue should not be overestimated. Many species contain
secondary compounds that reduce the feed value. The presence of high leves
of phenaolic compounds (tannins) or strong odors found in the leaves of species
such as Cassia siamea and Gliricidia sepium may reduce palatability or
acceptability of the fodder. In addition, digestibility can be low and the leaves
may contain toxins or toxic concentrations of certain micronutrients (Ivory,
1990). The most widdy discussed problem is probably that of the toxic
compound mimosine found in Leucaena fodder. Other particularly harmful
compounds include cyanogenic glucosdes in Acacia species, or robitin in
Robinia (Ivory, 1990). Some examples of deleterious characteristics of shrub
and tree fodder are summarized in Table 13.3.

In certain cases, atoxic or deterrent compound can be extracted and used
for pest control, such as azadirachtin in the neem tree (Azadirachta indica).
Neam leaves, neem oil, and neem "cake" as well as awater extract of crushed
seeds, provide a chegp and effective means of pest control (Ahmed and
Grainge, 1986, NAS, 1992).
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Table 13.3. Toxic or irritant compounds in selected tree fodder species.

Species/Feed Compound

Acacia Cyanoglucosides, Fluoracetate, Tannins
Banana leaves Tannins

Cassava leaves HCN

Calliandra calothyrsus Tannins

Gliricidia sepium Tannins

Leucaena spp. Mimosine (esp. young leaves, stems and seeds)
Prosopis spp. Tannins

Source: Adapted from Devendra (1990) and Lowry (1990).

13.3. Component management

The magnitude of interactive effects between trees and other components of
agroforestry systems depends on the characteristics of the species, their
planting density, and spatial arrangement and management of the trees.
Manipulating densities and arrangements is probably the most powerful
method for capitalizing on beneficial effects of trees while reducing negative
ones. However, in some cases, for example, when trees are used as supports
for crop plants, the planting density of the trees is determined by the planting
density of the crops. Therefore, in these cases, choosing a wider plant spacing
for trees with larger crowns may not be a valid option; under such conditions,
knowledge of the light transmission characteristics of the tree crowns and of
the options for tree management will become important.

Several characteristics could be identified as desirable attributes for trees in
agroforestry systems; but often it is not possible to choose trees with al these
characteristics, either because other plants are already established, or because
production or protection goals favor the choice of other species (see the
discussion on tree ideotype concept in Chapter 12; section 12.1.6). Whenever
a tree species with all the desired characteristics is not available (which is most
likely to be the case), tree crowns and roots can be manipulated through
management operations, mainly by pruning and thinning. Other common
management operations such as fertilization, application of mulch and
manure, cut-and-carry fodder systems, and confinement or rotation of the
animals can also be employed. The different manipulations can be grouped as
growth-enhancing or growth-reducing according to their effect on the targeted
component (Table 13.4).

The goals of management practices should be to increase the production of
the desired products and to decrease growth and, hence, competition of
undesired components. In many cases, one cultural treatment will accomplish
both goals simultaneously, e.g., in the case of pruning trees in alley cropping
and applying the biomass to the soil. While the removal of parts, or al of the
crown will obviously reduce the tree's competitive ability, it will automatically
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Table 13.4. Summary of different management options to manipulate the growth of
components in agroforestry systems.

Management options to achieve

(1) Increased growth (2) Decreased growth
- Microclimate amelioration - Pruning

- Fertilization - Pollarding

- Application of mulch/manure - Root pruning

- lrrigation - Trenching

- Sail tillage - Excessive shading
- Adapted species - Herbicides

- Supplemental feeding - Grazing/browsing

increase the growth of the associated intercrop by providing green manure and
by allowing more light to penetrate to the crop. Below-ground competition
may also be reduced as a result of pruning-induced root die-back (Cannell,
1983). These observations also apply to pruning or pollarding operations on
trees grown for shade or as live supports, such as legumes of the genera
Erythrina, Inga, or Gliricidia. Species such as Erythrina berteroana, which
have large thick leaves and high rates of biomass production when grown as
a shade tree, will require more intensive pruning than trees with a less dense
canopy such as Gliricidia sepium (Muschler, 1991). Under conditions of severe
below-ground competition, root pruning operations or trenching may
eliminate, or at least strongly reduce, the negative effects of the trees on the
intercrop. In an aley cropping system with Leucaena leucocephala in a
semiarid area of India, Singh et al. (1989) demonstrated that the construction
of a root barrier completely eliminated any yield reduction of cowpea, castor,
and sorghum grown in the 10 m-wide alleys. Similar results were obtained in
an dley cropping system with Cassia siamea and Leucaena leucocephala in
Togo, where the roots were cut biweekly to plowing depth; the growth of
maize plants close to the hedgerows was less reduced than in treatments
without root cutting (Schroth, 1989). However, these operations tend to be
extremely labor- and cost-intensive and therefore may only be acceptable in
unique settings.

Component interactions are a fertile area for scientific study, as well as a
potentially valuable tool for system management. It is inevitable that
increasing attention will have to be given to this topic in future agroforestry
research efforts.
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SECTION FOUR

Soil productivity and protection

The role and potential of agroforestry in sall
productivity and protection is the theme of the five
chapters in this section. After broad overviews of
tropical soils (Chapter 14) and the effect of trees and
shrubs on soils (Chapter 15), the major processes and
mechanisms of soil productivity and protection are
examined in some detail in the following three
chapters: nutrient cycling, organic matter relations,
and litter quality are covered in Chapter 16, nitrogen
fixation in Chapter 17, and soil conservation in
Chapter 18.



CHAPTER 14

Tropica soils

One of the most widely acclaimed advantages of agroforestry is its potential for
conserving the soil and maintaining its fertility and productivity. This is
particularly relevant in the tropics where the soils are, in general, inherently
poor and less productive (than in the temperate zones). It is therefore only
natural that soil productivity aspects of agroforestry became one of the first
areas of thrust in scientific agroforestry. For example, the first international
consultative scientific meeting organized by ICRAF was on soil research
(Mongi and Huxley, 1979). Several other comprehensive reviews have since
been published on this topic (Nair, 1984; Young, 1989), and soil-related
investigations still continue to form a major part of scientific studies in
agroforestry.

Soils vary widely in their nature and properties. The type of soil on which a
study is conducted is a major factor that influences the results. Understanding
the nature and properties of soils is therefore important not only to the soil
scientists but also to others; and, these properties are often described for
definite groups of soils. A general understanding of the soil classification
schemeis, thus, essential for the study of soil aspects of agroforestry. However,
in spite of the tremendous advances that have been made in the fied of soil
science, there is till no universally accepted soil classification scheme. As
Sanchez (1976) aptly put it, this creates a Tower-of-Babel situation in
communications even among soil scientists from different parts of the world.
Before discussing the soil productivity aspects of agroforestry, it is therefore
important that the common terminologies used in describing soils are explained
at least briefly here. Readers are advised to refer to a "standard" textbook in
soils, e.g., Sanchez (1976) and Brady (1990), for a proper understanding of the
fundamentals of the nature and properties of soils.

14.1. Soil classification: the U.S. soil taxonomy and the FAO legend

Earlier soil classification systems were based on the "zonality" concept that the
soil's properties are determined by the climate, vegetation, topography, parent
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Table 14.1. Soil characteristics and classification according to The U.S. Soil Taxonomy System

and FAO.

Soil
Taxonomy

Oxisols

Ultisols

Inceptisols:

Aquepts

Tropepts

Andisols

Entisols:

Fluvents

Psamments

Lithic groups

Alfisols

Histosols

Spodosols

Mollisols

Vertisols

Aridisols

FAO
Ferralsols and

Plinthisols

Acrisols, Dystric,
Nitosols and Alisols

Various:

Gleysols

Cambisols

Andosols

Various:

Fluvisols

Arenosols and
Regosols

Leptosols
Luvisols, Eutric,
Nitosols, Planosols
and Lixisols

Histosols

Podzols

Chernozems

Vertisols

Solonchak and
Solonetz

Source: Szott et al. (1991).

Description

Deep, highly weathered, acid, low base status soils.
Excellent structure and good drainage. No significant
increases in clay with depth

Similar to Oxisols except for a clay increase with depth.
Similar chemical limitations. Textures from sandy to
clayey

Young soils with A-B-C horizon development. Fertility
highly variable

Poorly drained moderate to high fertility

Well-drained Inceptisols (Dystropepts = acid, infertile;
Eutropepts = high base status)

Volcanic soils, moderate to high fertility, P fixation by
allophane

Young soils without A-B-C horizon development;
generally high fertility except for sandy soils

Alluvia soils usualy of high fertility

Sandy, acid, infertile soils

Shallow soils

Higher base status than Ultisols, but similar otherwise.
Includes the more fertile tropical red soils. Dominant
soil of west African subhumid tropics and savannas
Organic soils (> 20% organic matter). Peat soils
Sandy surface horizon underlain with a horizon
composed of organic and amorphous C, Fe, and Al
compounds. Acid and infertile

Black fertile soils derived from calcareous materials
Dark heavy clay soils that shrink and crack when dry.
Moderately high base status

Main limitation is moisture availability
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material, and age. Thus there were "zonal" soils (the characteristics of which
are determined primarily by the climate in which they have developed),
"azonal" soils (those without horizon differentiation) and "intrazonal” soils
(which in spite of climate and vegetation had a predominant influence of some
local characteristics). It soon became evident that this genetic base of soil
classification described the soils as what they should be in a given climate, and
it was inadequate to describe the soils according to what they are. Thisled to the
development of a completely new U.S. Soil Taxonomy in the 1960s and the
1970s (Soil Survey Staff, 1975; Buol et al., 1973). This classification scheme,
based on quantitative criteria, makes it a relevant system for management
interpretations. It is now widely used in many countries all over the world, and
it will be used in this book. The important characteristics of the major types of
soils according to this classification are given in Table 14.1.

The other commonly used soil classification scheme is the so-called FAO
classification. The United Nations Food and Agriculture Organization (FAO),
in association with the U.N. Educational, Scientific, and Cultural Organization
(UNESCO) prepared a comprehensive Soil Map of the World with a common
legend that correlates all units of the various soil maps in the world and a
worldwideinventory of soil resources (FAO/UNESCO, 1974, FAO, 1986). The
definitions are based on diagnostic horizons and quantifiable criteria similar to
those of the U.S. system, but the nomenclature has been drawn from a number
of national systems. Because of the international character of the FAO legend,
it iswidely used in many countries. An approximate correlation of the U.S. Sail
Taxonomy with the FAO legend is also given in Table 14.1.

The French, Brazilian, and Belgian systems of soil classification have also
been developed, and are used in the countries as indicated by the names, as well
as in other countries where these countries have mgjor influence (e.g., the
Francophone countries of West Africa follow the French [ORSTOM] system).
The ORSTOM system also has a strong genetic bias very similar to the zonality
concept of earlier American and Russian pedologists; but this system recognizes
a much wider range of soils in the tropics than in the U.S. Soil Taxonomy.
Readers may refer to a relevant soil science textbook (e.g., Sanchez, 1976) for
correlations among these different systems.

14.2. Tropical soils

Table 14.2 shows the distribution of the major soil groups in the three tropical
continents (Africa, Americas, and Asia), based on Sanchez (1976) and Szott et
al. (1991). In brief, al eleven soil orders are found in the tropics. The highly
weathered and leached acid infertile soils (Oxisols and Ultisols) that dominate
the humid tropics constitute more than 40% of the tropical soils. Soils of
moderate to high fertility (Alfisols, Vertisols, Mollisols, Andisols) constitute
about 23%. Dry sands and shallow soils (Psamments, Entisols) and light-
colored, base-rich acidic groups (Aridisols) account for about 17% of the
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Table 14.2. Geographic distribution of soil orders in the tropics, based on the dominant soil in
FAO maps at ascaleof 1 : 5 million.

Soils Tropical Tropical Tropical Total
America Africa Asia and Pacific
Area % Area % Area % Area %
Oxisols 502 33.6 316 27.6 15 14 833 22.7
Ultisols 320 21.4 135 11.8 294 28.4 749 20.4
Entisols 124 8.3 282 24.7 168 16.2 574 15.7
Inceptisols 204 13.7 156 13.7 172 16.6 532 145
Andisols 31 2.1 1 0.1 n 11 43 12
Alfisols 183 12.3 198 17.3 178 17.4 559 15.2
Vertisols 20 13 46 4.0 97 9.3 163 4.4
Aridisols 30 2.0 1 0.1 56 5.4 87 2.4
Mollisols 65 4.4 0 0 9 0.9 74 2.0
Histosols 4 0.2 5 0.4 27 2.6 36 1.0
Spodosols 10 0.7 3 0.3 7 0.7 20 0.5
Total 1493 100.0 1143 100.0 1034 100.0 3670 100.0

Note Area in million ha.
Source: Szott at at. (1991).

tropical soils, and the remainder consist of various other soil groups.

The main soil-related constraints to plant production in these major soil
groups of the tropics are summarized in Table 14.3. In genera terms, Oxisols,
Ultisols, and other highly weathered and leached soils have low exchangeable
base contents, low nutrient reserves, high aluminum toxicity, low phosphorus
availability, and high to medium acidity. These soils are called the Low Activity
Clay (LAC) soils, indicating that their exchange complex is dominated by clay
minerals with low cation exchange capacity (CEC), such asthe 11 layer silicates
of the kaolin group, and are therefore usually infertile. Ultisols can have larger
problems with aluminum toxicity, whereas Oxisols are apt to be low in
potassium, calcium, and magnesium; these soils also have high phosphorus
fixation and hence low phosphorus availability. Spodosols and Psamments
(sandy soils) are especialy low in nitrogen, phosphorus, and bases. Although
moisture availability is the most limiting factor to plant production in the dry
(subhumid, semiarid, and arid) areas, low nutrient reserves could also be an
equally serious problem (Felker et al., 1980; Szott et al., 1991).

It should be noted here that these generalizations for the major soil orders
are only broad indications; awide range in soil properties exist among soils of
any given order. Furthermore, local conditions and management practices can
have a significant effect on the soil's physical, chemical, and biological
properties.

It also needs to be noted that there are several myths and misconceptions
about tropical soils, their nature and productivity. For example, in many
scientific and technical publications, tropical soils are described as or
considered to be, universally infertile, and often incapable of sustained



Table 14.3. Main chemical soil constraints in five agroecological regions of the tropics.

Soil constraint Humid Acid Semiarid Tropical Tropical
tropics savannas tropics steeplands wetlands

million ha and (%)

Low nutrient reserves 929 (64) 287 (55) 166 (16) 279 (26) 193 (16)
Aluminium toxicity 808 (56) 26! (50) 132 (13) 269 (29) 23 (4)
Acidity without Al toxicity 257 (18) 264 (50) 298 (29) 177 (16) 164 (29)
High P fixation by Fe oxides 537 (37) 166 (32) 94 (9) 221 (20) 0 (0)
Low CEC 165 (11) 19 (4) 63 (6) 2 (v) 2 ()
Calcareous reaction 6 0) 0 (0) 80 (8) 60 (6) 6 1
High soil organic matter 29 ) 0 (0) 0 (0) —_ 0) 40 (@)
Salinity 8 ) 0 0) 20 (2) — 0) 38 (7
High P fixation by allophane 13 ) 2 0) 5 0) 26 2 0 )
Alkalinity 5 (0) 0 0) 12 (1) — 0) 33 )
Total area 1444 (100) 525  (100) 1012 (100) 1086  (100) 571  (100)

Source: Sanchez and Logan (1992).

TOTAL

803
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1160
1018
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66
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4637
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(32)
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agricultural production. But such conjectures are not supported by scientific
evidence. The Soil Science Society of America recently published a book (La
and Sanchez, 1992) in which leading soil scientists of the world discuss these
widdy-held notions about tropical soils. They argue that severa of the myths
and misconceptions about tropical soils are based on inadequate information
on principal soils of the region, interaction between soils and prevaent climate,
soil physicd and minerdogica properties, soil chemica and nutritiona
characteristics, and soil microorganisms and their effect on soil productivity.
The main conclusions of this significant publication are:

» soils of the tropics are very diverse, their diversity being at least as large as
that of the temperate zone;

» while it is true that rates of organic matter decomposition are higher and
thereforeit is more difficult to maintain organic matter levelsin the tropical
as compared to temperate soils, there is no difference in quality and
effectiveness of humus in tropical and temperate soils;

* it is true that the soils of the tropics are generaly poor in their fertility
compared with temperate soils; however, the chemica processes involved in
maintenance of the soil's fertility and chemistry are the same regardless of
latitude; what is different is their management, because of different climate,
crop species, and socioeconomic conditions found in the tropics;

» avast majority of tropical soils are characterized by aweak structure prone
to daking, crusting, compaction, and a rapid loss of infiltration capacity;
such weakly formed structural units dake readily under the impact of high-
density rains, so that accelerated erosion is a severe hazard on most tropical
soils with undulating to doping terrain;

o factors such as rainfal pattern, rainfal intensities, potentia
evapotranspiration, waterlogging, temperature, and wind should be
carefully considered while assessing soil productivity in the tropics;

* a ddicate balance exigts within the soil/plant continuum in the tropics;
management practices that must include efficient use of fertilizers must be
developed to sustain the productivity of this continuum; and

* many soils in the tropics do not contain sufficient indigenous rhizobia
populations to meet symbiotic No-fixation by leguminous crops.

Readers are strongly advised to refer to the various chaptersin this Soil Science

Society of America publication (La and Sanchez, 1992) for detailed discussions

on these different topics.
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CHAPTER 15

Effects of trees on soils

It is now widely believed that agroforestry holds considerable potential as a
mgjor land-management aternative for conserving soil as wel as maintaining
soil fertility and productivity in the tropics. This beief 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:

» fromtimeimmemorid, farmers have known that they will get agood crop by
planting in forest clearings;

» goils that develop under natural woodland and forest are known to be well
structured, with good moisture-holding capacity and high organic matter
content;

 unlike agricultural systems, aforest ecosysemisardatively closed sysemin
terms of nutrient transfer, storage, and cycling;

» theability of treesto restore sail fertility isillustrated by experiences in many
developing countries, which indicate that the best way to recLdm degraded
land is through afforestation or a Smilar type of tree-based land-use;

» the converson 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

* themicroste enrichment qualities of trees such asFaidherbia (Acacia) albida
in West Africaand Prosopiscinerariain India have long been recognized in
many traditional farming systems.

These observations have led to a number of studies examining the role of
trees in soil productivity and protection, especidly 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 practicd means of s0il conservation. Severd invegtigations have been
carried out on the soil fertility aspects of some tree-based systems, especialy
dley 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
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Soil productivity and protection

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
Nature of processes
INPUT

(Augment additions
to soil)

OUTPUT
(Reduce losses
from soil)

TURN-OVER

'CATALYTIC"
(Indirect
influences)

ADVERSE EFFECTS

Processes/Avenues

Biomass production (litter and
root decay)

Nitrogen fixation

Effect on rainfall (quantity and
distribution)

Protection against water and

wind erosion

Nutrient retrieval/cycling/
release

Physical

Chemical

Microclimatic

Biological

1. Competition for moisture and nutrients
2. Production of growth-inhibiting

3. Loss of nutrients through tree harvest
4. Possible adverse effect on soil erosion

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

Main effect on soil
Improvement or maintenance of
organic matter

N-enhancement

Influence on nutrient addition
through rain/dust

Reduce loss of soil and nutrients

Uptake from deeper layers and
deposition on surface

Withholding nutrients that can
be lost by leaching

Timing of nutrient release
Improvement of soil properties

Moderating efffect on acidity,
salinity and alkalinity

Ameliorative effect on extreme
conditions

Effect on soil microorganisms;
improvement of litter quality
through species diversity
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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 Y oung
(1989), is presented as Figure 15.1. The following outline of the effects of trees
on soils is based largely on Young's review.

Control of
erosion

Atmospheric ,,"* %

input R

Nitrogin
fixation

oxidation

3, ' Litter cover
4 qnq' ’ o ..,__ ‘_‘ %.’ A i 'y
R A % P TSEE T R i e
Soil physical '+ 47 Nutrient gk bk Tk
properties recycling Litter decay
Root residues NPK
CNPK Ca Mg T USTToS
o easeed

Nutrient uptake

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

15.1. Beneficia effects

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 that of
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Nye and Greenland (1960). One