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Preface 

This book consolidates the descriptive results of a pantropical project called 
Agroforestry Systems Inventory (AFSI), undertaken by the International 
Council for Research in Agroforestry (ICRAF) from 1982 to 1987. Since 
agroforestry was a relatively new term when the project was initiated, the 
main objective was to increase the understanding of and provide a state-of
the-art information base on existijig agroforestry systems. Therefore, the 
project was designed to systematically collect, collate, synthesize, and dissem
inate information on existing agroforestry systems in developing countries. 
One of the major results of the project, descriptions of existing agroforestry 
systems, was published as a series of articles in Agro1/*restrv Systems. These 
system descriptions form the bulk of this book. Other products of the project
include a microcomputer database on agroforestry systems, practices and 
components, and voluminous unpublished reports and records. 

Perhaps the title of the book is misleading in that the book does not include 
or cover al/ existing agroforestry systems in the tropics and geographical
regions in the tropics. Additionally, some of the systems described are outside 
the tropical boundaries of 23.5 N and S latitudes. For the purpose of this 
book, the word tropics is used in a sensegeneral to also include subtropical 
developing countries that have agro-ecological and socio-economic character
istics and land-use problems similar to of thethose countries within the 
geographical limits of the tropical belt. In this vast geographical area, mixed 
land-use systems in which "trees" are intentionally grown in intimate associa
tion with crops and/or animals are so many that it would be impossible to 
include detailed descriptions of all of them in a book like this. In spite of this 
seemingly large number, there are enough structural and functional similarities 
among these systems that it is probably unnecessary to include descriptions of 
all the innumerable systems in order to portray the nature of their complexi
ties, diversities, and characteristics. Therefore, the basic consideration of this
 
book was 
 to i;iclude examples of systems from as many geographical and 
ecological regions as possible. 

However, there are a few notable inadequacies. For example, the site
specific agrofcrestry systems existing in the Middle East and China are not 
included because the AFSI project could not collect information from these 
regions. Also, agroforestry systems from the American tropics are not ade
quately covered either. However, this deficiency is somewhat rectified bs, a 
recent publication titled Sisiemas Agrojorestales produced jointly by OTS 
and CATIE, 1986. The inclusion of a report of the 'dehesa' systems from 
Spain (Chapter 26) under Part 4 may appear out of context. The dehesa 
is a popular agrosikopastoral system in some North-African countries 
and a better description of it could not be obtained. The systems and the 



x 

related studies described in the. chapter have relevance to such systems
practised in Africa and other places. While several other descriptions of 
agroforestry systems have been published in Agroforestr' Systens and else
where, only those that have been published as AFSI outputs are included in 
this book. 

!n spite of these inadequacies and drawbacks, the book presents the 
diversity and complexity of tropical agroforestry systems. The descriptions
and their analyses show their potentials on the one hand, and the obvious 
gaps in our understanding of' these systems on the other. This points out the 
need to undertake systematic research efforts to fill these voids and improve
the functioning of these low-input traditional systems that provide sustenance 
to millions of poorer sections of people in many developing countries of the 
world. 

Several people contributed to the production of this book. The various 
authors who contributed the system descriptions have been identified by name 
in the respective chapters. Chapters 1, 2, and 36 have been adapted from 
ICRAF sources other thani AFSI; the sources of these as well as all other 
chapters have been duly acknowledged. Many project staff and consultants 
provided the inputs in collection, compilation, synthesis, and evaluation of the 
data; but two of them deserve special mention: Eric C. M. Fernandes, the 
project research assistant from to and A.1982 1985, Peter Oduol, who 
succeeded Mr. Fernandes. The entire manuscript of the book was word
processed most efficiently and expeditiously by Mrs. Thecla Lohay of ICRAF,
 
and copy-edited by Mrs. Caroline Agola, Nairobi. Mrs. Lohay also superbly

co-ordinated 
 the fast movement of manuscripts between the copy-editor in 
Nairobi, the scientific editor in Gainesville, Florida, and the publisher in
Dordrecht, the Netherlands. Last, but by no means least, a note of special

thanks 
 to Dr. Bjorn Lundgren, Director-General, ICRAF for his splendid

support and perseverance throughout the entire term of the AFSI project and
 
ihe publication of this book.
 

The AFSI project was partially funded during 1982 
 to 1985 by the United 
States Agency for International Development (USAID) through an ICRAF-
USAID Co-operative Agreement of 1982. 

Gainesville, Florida, USA P.K.R. Nair 
September 1988 
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Introduction
 



1. The history of agroforestry*
 

K.F.S. KING 
Director Bureau of Progranun, Policy and Evahation, United Nations Development Programme 
(UNDP),I UN Pla:a, New York 10017, USA 

Throughout the world, at one period or another in its history, it has been 
the practice to cultivate tree species and agricultural crops in intimate com
bination. The examples are numerous. It was the general custom in Europe, 
at least until the Middle Ages, to clear-fell derelict forest, burn the slash, 
cultivate food crops for varying periods on the cleared areas, and plant or 
sow tree species bcfore, along with, or after the sowing of the agricultural 
crop. This "farming system" is, of course, no longer popular in Europe. But 
it was still widely followed in Finland up to the end of the last century, and 
was being practised in a few areas in Germany as late as the 1920s (King 
1968). 

In tropical America, many societies have traditionally simulated forest 
conditions in their farms in order to obtain the 'eneficial effects of forest 
structures. Farmers in Central America, for example, have long imitated the 
structure and species diversity of tropical forests by planting a variety of crops 
with different growth habits. Plots of no more than one-tenth of a hectare 
contained, on average, two dozen different species of plants each with a 
different form, together corresponding to the layered configuration of mixed 
tropical fbrests: coconut or papaya with a lower layer of bananas or citrus, a 
shrub layer of coffee or cacao, tall and low annuals such as maize, and finally 
a spleading ground cover of plants such as squash (Wilken 1977). 

In Asia, the Hanunoo of the Philippines practised a complex and somewhat 
sophisticated type of shifting cultivation. In clearing the forest for agricultural 
use, they deliberately left certain selected trees which, by the end of the 
rice-growing season, would "provide a partial canopy of new foliage" to 
prevent excessive exposure to the sun "at a time when moisture is more 
important than sunlight for the maturing grain". Nor was this all. Trees were 
an indispensable part of the Hanunoo farming system and were either planted 
or conserved from the original forests to provide food, medicines, construction 
wood and cosmetics, in addition to their protective services (Conklin 1957). 

The situation was little different in Africa. In southern Nigeria, yams, 
maize, pumpkins and beans were typically grown together under a cover of 

* Adapted from the chapter by the author in Agroforestrv: a decade of derelopment, edited by 
H.A. Steppler and P.K.R. Nair (ICRAF, Nairobi, 1987). 

Agroforestry Systesrn 
1 1989.Khme,cr Academic Publi,,hers. Printed in theNetherlands. 

P.K.R. Nair led.), in OteTropics. 3 II. 
)ordrccht 
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scattered trees (Forde 1937). In Zambia, in addition to the main crop in the 
homestead, there were traditionally numerous subsidiary crops that were 
grown in a mixture with tree species (British Government 19381. Indeed, the 
Yoruba of western Nigeria, who have long practised an intensive system of 
mixed herbaceous, shrub and tree cropping, explain that the system is a means 
of conserving human epergy by making full use of the limited space labori
ously won from the dense forest. They compare the method to a multistoreyed
building in a congested area in which expansion must perforce be vertical 
rather than horizontal. They also claim that it is an inexpensive means of 
combating erosiun and leaching, and of' maintaining soil fertility (Ojo 1966).
As they picturesquely described it, "the plants eat and drink, as it were, not 
from one table, but from many tables under the same sky" (Henry 1949).

These examples indicate the wide geographical coverage of the system and 
its early origins. What is more important, perhaps, they clearly point to the 
fact that the earliest practitioners of what has now become known as 
agroforestry* perceived food production as the system's raison d'&?tre. Trees 
were an integral part of' a farming system. They were kept on established 
farmland to support agriculture. The ultimate objective was not tree produc
tion but food production. 

By the end of the nineteenth century, however, the establishment of forest 
plantations had become the dominar" objective wherever agroforestry was 
being utilized as a system of land managemeL.. This change of emphasis was 
not, at first, deliberate. It began fortuitously enough in a far-flung outpost of 
the British Empire. In 1806, U Pan Hie, Karen in the Tonzea forests of 
Thararrawaddy D'vision in Burma, established plantation of teak througha 
the use of what he called the "laungya" methodt and presented it to Sir 
Dietrich Brandis. Brandis is alleged to have prophesied that "this, if the 
people can ever be brought to do it, is likely to become the most efficient way 
of planting teak"- (Blanford 1958). 

The taungya system spread to other parts of Burma, Schlich recording in 
1867 that he had been shown a tatngya teak plantation in its second year in 
the Kabaung forests of the Taungoo Division. 

From these beginnings, the practice became more and mote widespread. It 
was introduced into South Afriza as early as 1887 (Hailey 1957) and was 
taken from Burma to the Chittagong area in India in 1890 and to Bengal in 
1896 (Raghavan 1960). 

* One of the first definitions of agroforestry reads as follows: "Agroforestry is a sustainable land 
management system which increases the yield land, production of cropsof the combines the 
(including tree crops) and ibrest plants and/or animals simultaneously or sequentially on the same 
unit of land, and applies management practices that are compatible with the cultural practices of
the local population" (King and Chandler 1978; Bene et al. 1977). (See the following chapter for 
a discussion on the definition of agroforestry.) 
t Taungya is a Burmese word which literally means hill cultivation (taung - hill. ya - cultivation). 
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It must not be imagined that, once introduced, the system was practised 
continuously in India. It was abandoned both in Bengal and in the Chit
tagong, and was not resumed until !908 and 1912, respectively. In the second 
decade of the twentieth century, however, the system became more and more 
popular with foresters as a relatively inexpensive method of establishing 
forests, and as Shebbeare (1932) puts it, it "became a full and rising flood". 
In i920 it was adopted in Travanzore (now Kerala), in 1923 in the United 
tProvince (now Uttar Pradesh), and i,1925 in the Central Provinces (now 
Madhya Pradesh) (Raghavan 1960). 

This period also saw its wider dispersal in Africa, and today it is practised 
in varying degrees in all the tropical regions of the world.* Teak is, of course, 
not the only forest species which is being established by the use of this 
agroforestry method. Indeed, the evidence suggests that if the system is 
utilized for the sole purpose of establishing forest plantations, that is only 
until the first closure of !.he forest canopy is attained, then it may be used in 
,he establishment of forest plantations of most species. 

It caniot be overemphasized, however, that for more than a hundred years, 
in the period 1850 to the mid-1970s, little or no thought appears to have been 
given, in the practice of the system, to the farm, to the farmer, and to his 
agriculturv, outputs. The system was designed and implemented solely .o;the 
forester. Indeed, some have asserted that in many parts of the world local 
farmers were exploited in pursuit of the goal o!" establishing cheap forest 
plantations (King 1968). Be that as it may, it was often stated that the 
socio-econornic conditions that were necessary for the successful initiation of 
the system were land hunger and unemployment. It was sometimes said that 
another essential prerequisite was a standard of living which was low enough 
to border on poverty. 

It is perhaps not surprising that nowhere in the relatively extensive literature 
which relates to this period are the positive soil-conservation aspects of the 
system mentioned, let alone emphasized. As the sole purpose of the exercise 
was to establish forests (which it was thought protected soils by their very 
existence), and as it was the undoubted policy of most forestry administrations 

* The terms used to describe the system vary enormously. In German-speaking countries it is 
called haumhf'lhlwirtschalti brandwirtschaft,or waldAldhau. Infrancophone countries it is referred 
to as cultures syhicoh, etagricole combites,culture intercalaires, n thode sylo agricole, sYtne 
sYlho-hanahjer, plantation sur culture, etc. The Dutch name is Bosakkerhoui'. In Puerto Rico it is 
cal;'d the parcelero system, and in Brazil consorciacao. The name in Libya is tahmil, in the 
Philippines kaingining, in Malaya ladang, in Kenya the shamba system, in Jamaica agricultural 
contr,t.'tors" systiem in Sri Lanka chena and in Tanzania the licensed cultiator syvstem. In India it 
is %ariouslydescribed as dhya,.jhoontng,kturi,punam, taila, and tuckle. In the greatest number 
of countries in the world it is called taungya. In 1968, King (1968) suggested that the genetic term 
"'agrisilviculture" be generally employed. From 1977, when the deliberations for establishinig the 
International Council for Research in Agroforestry began, the term agroforestry began to become 
popular. 
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to remove the farmer from the forest estate as soon as possible, the problemsof man-induced soil erosion did not loom large in the thought processes of
those tropical foresters who were involved with the system.

In order to fully appreciatc the implications of this state of affairs, fourfactors must be clearly understood. First, it was considered that the forest 
estate should be inviolable. Secondly, it was perceived that the threat to theforest estate came mainly from peasants, particularly those who practisedshifting cultivation. Thirdly, it was recognized that in many instances it wouldbe advantageous to replace derelict or low.-yielding natural forests with forestplantations. And fourthly, it had been demonstrated that the establishment offorest plantations was a costly business, especially because of their longgestation period, i.e., the long delays before returns were obtained from the 
initial investment. 

So the ruling philosophy was establish forestto plantations wheneverpossible through the utilization of available unemployed or landless labourers.These labourers, in return for the forestry ta3ks which they were called uponto undertake, would be ailowed to cultivate land between the rows of theforest-tree seedlings and bewould permitted to retain their agricultural
produce. This is, of course, a simplification of a system which varied from
country to country znd from locality to locality. Nevertheless, it is a fair
representation of its bare bones. 

As a result of these preoccupations with the forests and the forest estate, theresearch which was undertaken was designed to ensure that little or nodamage occurred to the forest-tree species; that the rates of growth of theforest-tree species were not unduly inhibited by competition from the agricu!tural crop; that the optimum time and sequence of planting of either the tree or agricultural crop be ascertained in order to ensure the survival and rapid
growth of' the tree crop; that forest species that were capable of withstanding

competition from agricultural species be identified; and that the optimumplanting-out espacements thefor subsequent growth tree beof the crop 

ascertained.
 

In short, the research which was conducted was undertaken for forestry byforesters who, it arpeavs, never envisaged the system as being capable ofmaking a significant contribution to agricultural development, and indeed ofbecoming ,a land-management system (as opposed to a narrow forestry
system) in its o~n right.

It would appear at first glance that a quite disparate set of factorscontributed to the now general acceptance of agroforestry as a system of Ia..management that is applicable both in the farm and in the forest. Amongthese factors were re-assessment of the development policies of the WorldBank by its President, Robert McNamara; a re-examination by the Food andAgriculture §rganization of the United Nations cf its policies pertaining toforestry; the establishment by the International Development Research Centre 
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(IDRC) of a project for the identification of tropical forestry research priorities; 
a re-awakening of interest in both intercropping and farming systems; the 
deteriorating food situation in many areas of the developing world; the 
increasing spread of ecological degradation; and the energy crisis. 

At the beginning of the 1970s, serious doubts were being expressed about 
the relevance of current development policies and approaches. In particular,
there was concern that the basic needs of the poorest of the poor, especially
perhaps the rural poor, were neither being considered nor adequately ad
dressed. McNamara (1973) had stated the problem quite clearly: 

Of the two billion persons living in our developing member countries, nearly
two-thirds, or some 1.3 billion, are members of farm families, and of these 
are some 900 million whose annual incomes a,'erage 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 futures. Disease and death visit 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 participate in it. He cannot afford 
to pay for the irrigation, the pesticide, the fertiliser, or perhaps for the land 
itself, on which his title may be vulnerable and his tenancy uncertain. 

It was against this backdrop of concern for the rural poor that the World 
Bank actively considered the possibility of supporting nationally oriented 
forestry programmes. As a result, it formulated a new Forestry Sector Policy 
paper which is still being Used as the basis for much (f its lending in the forestry 
sub-sector. Indeed, its social forestry programme, which has expanded consid
erably over the last decade or so, not only contains many elements of 
agroforestry but is designed to assist the peasant and the ordinary farmer to 
increase food production and to conserve the environment as much as it helps
the traditional forest services to produce and convert wood (see. for example, 
Spears 1987). 

It is perhaps not unnatural that, on the appointment in 1974 of a new 
Assistant Director-General with responsibility for forestry, FAO made a 
serious assessment of the forestry projects which it was helping to implement
in the developing countries, and of the policies which ithad advised the Third 
World to follow. It soon became clear that although there had been notable 
successes there also had been conspicuous areas of failure. As Westoby (1978) 
so aptly expressed it: 

Because nearly all the forest and forest industry development which has 
taken place in the underdeveloped world over the last decades has been 
externally oriented ... the basic forest products needs of the peoples of the 
underdeveloped world are further from being satisfied than ever .... 
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Just because the principal preoccupation of the forest services in the 
underdeveloped world has been to help promote this miscalled forest and 
forest industry development, the much more important role which forestry
couid play in supporting agriculture and raising rural welfare has been 
either badly neglected or completely ignored. 

FAO therefore redirected its ti,. -t and assistance in the direction of the 
rural poor. Its new policies, while not ibandoning the traditional areas of 
forestry development, emphasized the importance of forestry for rural devel
opment, the benefits which could accrue to both the farmer and the nation if 
greater attention was paid to the beneficial eflects of trees and forests on 
food and agricultur:1l production, and advised land managers in the tropics
to -eschew the false dichotomy between agriculture and forestry" (King
1979). They also stressed the necessity of devising systems which would 
provide food and fuel and yet conserve the environment. 

As a result of this change in policy. FAO prepared a seminal paper
"Forestry for Rural Development" (FAO 1976) and, with funding from the
Swedish International Development Authority (SIDA), organized a series of
seminars and workshops on the subject in all the tropical regions of the
world, and formulated and implemented a number of' rural forestry projects
throughout the developing world. In ihese projects, as with the World 
Bank's social forestry projects, agroforestry plays a pivotal role (Spears
1987). FAO also utilized the Eighth World Forestry Congress, which was
held in Jakarta, Indonesia, in 1978, to focus the attention of the world's 
leading foresters on the important topic of agroforestry. The central theme 
of the Congress was "Forests for People", and special section was devoteda 

to "Forestry for Rural Communities".
 

To these two strands of forest policy reforms, which evo!ved indepen
dently in an international agency in of the
funding and one specialized
agencies of the United Nations, was added a Canadian initiative which, 
some affirm, might transform tropical land use in the coming years.

In July 1975 the International Development Research Centre commis
sioned John Bene to undertake a study to: 

1. Identify significant gaps in world forestry research and training;
2. Assess the interdependence between forestry and agriculture in low-income 

tropical countries and propose iesearch leading to the optimization of land 
use; 

3. Formulate forestry research programmes which promise to yield results of 
considerable economic and social impact on developing countries;

4. Recommend institutional arrangements to carry out such research effec
tively and expeditiously, and 

5. Prepare a plan of action to obtain international donor support. 



9 

Although the initial assignment stressed the identification of research prior
ities 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 ord,r to optimize tropical land 
use (Bene et al. 1977). In short, there was a shift in emphasis from forestry to 
broader land-use concepts because the latter were perceived as being of both 
more immediate and long-term relevance. 

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

It is clear that the tremendous possibilities of production systems involving 
some combination of trees with agricultural crops are widely recognized, 
and that research aimed at developing the potential of such systems is 
planned or exists in a number of scattered areas. Equally evident is the 
inadequacy of the present effort forestto improve the lot of the tropical 

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 a comprehensive programme 
leading to better land-use in the tropics. 

It was apparent that, despite the growing awareness of the need for factual 
information on which agroforestry systems might be effectively based, very little 
research was being undertaken. The research that was being conducted was 
haphazard, unplanned and unco-ordinated. The IDRC Project Report there
fore recommended the establishment of an internationally financed organiza
tion, now known as the International Council for Research in Agroforestry 
(ICRAF), which would support, plan and co-ordinate, on a world-wide basis, 
re arch in combined land-management systems of agriculture and forestry. 
This proposal was generally well received by international and bilateral 
agencies and, subsequently, ICRAF was established in 1977. Thus agroforestry 

an old practice was institutionalized for the first time. 
At the same time as these hectic institution-building activities were being

undertaken, there was renewed and heightened interest in the concepts of 
intercropping and integrated farming systems. It was being demonstrated, for 
example, that intercropping may have several advantages over sole cropping. 
Preliminary results from research that was being conducted in different parts 
of the world had indicated that in intercropping systems more effective use was 
made of the natural resources of sunlight, land and water; that intercrop
ping systems might exercise beneficial effects on pest and disease problems; 
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that there were advantages in growing legumes and non-legumes in mixture; 
and !hat, as a result of all this, higher yields were being obtained per area even 
when multi-cropping systems were compared to sole cropping systems. And it 
became obvious then that although a great deal of experimentation was being
carried out in the general field of intercropping, there were many gaps in our 
knowledge. In particular, it was felt that there was need for a more scientific 
approach to intercropping research, and it was suggested that there should be 
greater concentration on crop physiology, agronomy, yield stability, nitrogen
fixation by legumes, and plant protection. Concurrently, the International 
Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, was extending its 
work on farming systems to include agroforestry, and many research organiza
tions had begun serious work on, for example. the integration of animals with 
plantation tree crops such as rubber, and the intercropping of coconuts (Nair 
1979). 

This congruence of men and of concepts and of institutional change provided
the material and the basis for the development of agroforestry since then. 
Although many individuals and institutions have made valuable contributions 
to the understanding and expansion of the concept of agroforestry since the 
1970s, it is perhaps true to assert that ICRAF has played the leading role in 
collecting information, conducting rcsearch, disseminating research results,
pioneering new approaches and systems, and in general, by the presentation of 
hard fatcts, in attempting to reduce the doubts still held by a few sceptics.

Today, agroforestry is taught as a part of forestry and agriculture degree 
courses in many universities in both the developing and developed world, and 
specific degrees in agroforestry are already offered in a few. Today, instead of 
agroforestry being merely the handmaiden of forestry, the system is being more 
and more utilized as an agriculturalsystem, particularly for small-scale farmers. 
Today, the potential of agroforestry for soil conservation isgenerally accepted.
Indeed, agrolorestry is fast becoming recognized as a system which is capable
of yielding both wood and food and at the same time of conserving and 
rehabilitating ecosystems. 
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2. Agroforestry defined
 

P.K.R. NAIR
 

As described in the previous chapter, agroforestry (AF) is a relatively new 
name for a set of old practices. The word and concept attained some 
acceptability in international land-use parlance after encountering more than 
its share of' difficulty and time lag before becoming accepted among the 
community of experts both as a word and a concept. Undoubtedly a lot of 
ambiguity and confusion as to "what is AFT' existed in the minds of even 
those people who were supposed to be knowledgeable about AF in the late 
1970s and early 1980s. Perhaps as a manifestation of this, most of the writings 
on agroforestry during this period contained at least one definition and often 
some imaginative and fascinating elucidations of the concept of agroforestry. 
The situation was reviewed in an editorial, appropriately titled "What is 
agroforestry", in the inaugural issue of Agro/restr1, Systenis (Vol. I, No. 1, 
pp. 7 12, 1982). A random selection of the definitions of agroforestry pro
posed by various individuals was included in this editorial, and these are 
reproduced below with permission: 

I. 	Agroforestry is a land-use system that involves socially and ecologically 
acceptable integration of trees with agricultural crops and/or animals, 
sinultaneously or sequentially, so as to get increased total productivity of 
plant and animal in a sustainable manner from a unit of farmland, 
especially under conditions of low levels of technology inputs and mar
ginal lands (P.K.R. Nair, ICRAF). 

2. 	Agrolorestry is a sustainable land-management system which increases the 
overall yield of the !and, combines the production of crops (including tree 
crops) and forest plants and/or animals simultaneously or sequentially, on 
the same unit of land, and applies management practices that are compat
ible with the cultural practices of the local population (K.F.S. King and 
M.T. Chandler, ICRAF). 

3. 	Agrof'orestry is a form of land use that successfully satisfies the needs of 
the crop farmer, forester and/or stock farmer (K.G. Mafura, Lesotho). 

4. 	 Agroforestry is any land-use system that: 

Provides f'uel as well as tree/shrub products (or the environmental 
benefits that may accrue from growing trees/shrubs); 
involves multiple mixed or zonal cropping, with or without animal 
production, in which woody perennials are grown for more than one 

I K H ,%.iir ld i, N\ r,,k,ret' rNS.-loeni it) tie I ropics 13 IX 
i19S9, Khvcr A;.lderu, I shithcr,.it d~.,.ehit Prinicd in the Nteh'rliands. 



14 

purpose together with herbaceous crops or grasses. Through these 
combinations agroforestry aims to: 

Maximize use of radiant energy, minimize losses of plant nutrients in 
the system, as weil as optimize water-use efficiency and minimize 
run-off and soil loss. Thus it retains any benefits in these respects 
that may be conferred by woody perennials compared with conven
tional agricultural crops, and so maximizes total output of benefits 
from the land whilst conserving and improving it (P.A. Huxley, 
ICRAF). 

5. Agroforestry is not any one system, but a principle common to many 
potential and existing systems which: 

- Display ecological and economical durability by virtue of their biological
architecture including short-cycle plants, long-cycle plants and animals, 
Warrant social acceptability by breaking up long-term ecological cycles
in a sequence of easy-to-understand daily and seasonal activities, 
moulded upon local tradition but conceived so as to increase efficiency; 

- Aim at complete use oflll inorganic resources in all available niches for 
useful plants and animals, as long as recycling of these resources is 
maximized: 
Diminish risks for the individual farmer by means of a wide variety of 
useful plant and animal species enlarging the range of products, provid
ing a self-protecting system and enhancing the quality of the daily
environment (R.A.A. Oldeman, The Netherlands). 

6. Agroforestry is a land use system (a) in which woody perennials and 
herbaccous crops are grown together in mixtures, zonally and/or sequen
tially, with or without animals, and (b) which provides greater benefits for 
the land use than agriculture or forestry alone, including ofone or more 
the following: sustained soil fertility, soil conservation, increased yield,
diminished risk of crop failure, ease of management, pest and disease 
control. and/or greater fulfilment of the socio-economic needs of the local 
population (Melvin G.R. Cannell, United Kingdom).

7. Agroforestry is the growing of trees in combination or in sequence with 
agricultural crops and/or pastures on small holdings or large estates. It is 
not synonymous with community forestry but is often an appropriate 
means of implementing a community forestry project (Laurence Roche, 
United Kingdom). 

8. Agroforestry: 

I. The art, and eventually, the science of combining herbaceous crops
and/or animals with trees on the same unit of land in order to optimize
multi-purpose production and put it on a sustainable yield footing. 
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2. A scientific paradigm whichnew has arisen to fill the gap created by 
the time honoured separation of agriculture and forestry. 

3. Any hybrid land-use system spawned by the unbridled interaction of 
agriculture, forestry and allied disciplines (J.B. Raintree, ICRAF). 

9. 	 Agroforestry systems are comprised of tree and non-tree components 
grown in close association. Their objective is the maximization of the 
long-term yield of desired products. Yield is generally drawn from both 
tree and non-tree components, directly or indirectly via grazing animals, 
although on occasions one component, generally the tree, may be included 
only to improve the performance of the other. The essential feature of 
these systems is the close interaction, competitive or complementary, 
between the tree and the non-tree components. The contrasts between the 
components in their physical dimensions, their life span and their physio
logical responses provide additional complexity which sets these associa
tions aside from the general concerns of either forestry or agronomy (D.J. 
Connor, Australia). 

10. 	 Agroforestry is a enterprise since has practisednot new it been under 
different conditions and in diverse locations for more than a century. The 
system originated with the Burmese hill-farming experience using teak as 
the forest crop. Since then, the system, though called by different names, 
has spread throughout Asia, and to Africa and Latin America. The basic 
conditions that favour its adoption are those of unemployment and 
shortage of farmlands. However, over the last two decades during which 
critical political decisions have had to be made under severe socio-eco
nomic climate, agroforestry has become increasingly popular, not merely 
as a regeneration technique but increasingly as a comprehensive rural 
development programme. The tremendous employment opportunities gen
erated as well as the social infrastructures and multiple effects thereof 
have enhanced the popularity of the scheme. The real increase in the 
quantity and variety of foodstuffs due to agroforestry in addition to its 
role in soil rehabilitation and in conjunction with other land-use agents 
are now widely recognized. The potentialities of agroforestry compel a 
land-use management which eschews the false dichotomy of -- riculture 
and forestry which conserves the ecosystem, and which at one and the 
same time provides food and wood. Therefore, there is an urgent need for 
a new cadre of forest managers not only trained in multiple production 
systems but also fully aware of the significant role of the pertinent 
socio-economic inputs. The future of agroforestry is intimately related to 
the development of appropriate expertise and implementation techniques 
(S. 	 Kolade Adeyoju, Nigeria). 

i. 	 The term "agroforestry" covers a variety of land-use systems combin
ing forestry with agriculture or range management on the same land. 
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Agroforestry aims at solving problems of rural development, predomi
nantly in the tropics, by:
 

- Increasing and improving the yields of food production;
 
- Safeguarding local energy supply;
 
-- Production of timber and a variety of other raw materials for the
 

farmer's subsistence, for industrial use and - if applicable - exports; 
- Protection and improvement of the production potential of a given site 

and environment; increasing the human-ecological carrying capacity; 
Safeguarding sustainability through appropriate intensification of land 
use; 

- Improving social and economic conditions in rural areas by creation of 
jobs and income and reduction of risks; 

- Development of land-use systems which make optimal use of modern 
technologies and traditional local experience and which are compatible 
with the cultural and social life of the people concerned (H.-J. von 
Maydell, FRG). 

12. Agroforestry denotes systems of land management which involve the use 
of trees and shrubs in combination with agricultural food or fodder crops 
and livestock and are designed to promote output of usable products, and 
to maintain or improve the productivity of the soil. 

In its narrow sense, agroforestry refers to systems in which trees and 
agricultural crops including pastures and range species are grown simulta
neously, in relay, or sequentially on the same piece of land and used for 
a range of purposes. 

In its wider sense, agroforestry develops the concept of using trees as a 
component of the overall management of land resources to meet the needs 
of the people for food, fuel, shelter and income. The systems used need to 
be socially, culturally and economically acceptable, to maximize total 
output at given inputs levels, and to minimize damage to the total 
environment. 

In agroforestry, all trees and shrubs are regarded as crops and their 
mananagement varies according to their main uses and the needs of the 
associated plants and animals. For the traditional agriculturalist, agro
forestry corrects a long-time neglect of trees as soil improvers, soil 
protectors, producers of fodder, food, fuel wood, timber and other useful 
products. For the forester, agroforestry corrects a long-time lack of 
intimate concern for the welfare of rural people as distinct from guarding 
and managing forest resources "for the benefit of society". 

Agroforestry in its applied aspects is a set of management techniques 
combining elements of agronomy, animal production and silviculture with 
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those arising from the interaction of plant and animal species of different 
sizes, growth patterns and requirements. 

Agroforestry is a complex applied science requiring knowledge of the 
environment, agriculture, forestry and people. Although much is known 
about the components individually, relatively little is known about the 
interactions between them apart from largely empirical observations. 
Hence, existing knowledge needs to be examined afresh and new knowl
edge sought on the interactions between the components. Agroforestry 
thus provides an important additional dimension to the scientific ap
proach to natural resources management (R.B. Contant, ISNAR). 

In summarizing the above definitions, B. Lundgren of ICRAF stated that: 

There is a frequent mixing up of definition, aims and potentials of agro
forestry. It is, for example, rather presumptious to define agroforestry as a 
successful form of land use which achieves increased production and 
ecological stability, etc. We may indeed aim for this, and in many ecological 
and socio-economic settings agroforestry approaches have a higher potential 
to achieve this 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 fail just like any 
other form of land use may fai!, it wil! still be inand agroforestry the 
objective sense of the word. 

A strictly scientific definition of agroforestry should stress two character
istics common to all forms of agroforestry and separate them from other 
forms of land use, namely: 

The deliher'-te growing of woody perennials the same unit of land ason 

agricultural crops and/or animals, either in 
some form of spatial mixture 
or in sequence; 
There must be a sni/icant interaction (positive and/or negative) between 
the woody and non-woody components of the system, either ecological 
and/or economical. 

When promoting agroforestry one should then stress the potential of it to 
achieve certain aims, not only by making theoretical and qualitative re
marks about the benefits of trees, but also, and more importantly, by 
providing quantitative information. 

These ideas of B. Lundgren were later refined through "in-house" discus
sions in ICRAF, and the following definition was suggested: 
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Agroforestry is a collective name for land-use systems and technologies
where woody perennials (trees, shrubs, palms, bamboos, etc.) are deliber
ately used on the same land-management units as agricultural crops and/or
animals, in some form of spatial arrangement or temporal sequence. In
agroforestry systems there are both eco!ogical and economical interactions 
between the different components (Lundgren and Raintree 1982). 

This definition inplies that: 

I. AF normally involves two or more species of plants (or plants and 
animals), at least one of which is a woody perennial; 

2. An AF system always has two or more outputs;
3. The cycle of an AF system is always more than one year; and 
4. Even the most simple AF system is more complex, ecologically (struc

turally and functionally) and economically, than a monocropping system. 

Although this definition may not be "perfect" in all respects, it became 
increasingly used in the publications from ICRAF and dius achieved wide 
acceptability.

In the meanwhile, the surge of enthusiasm for defining AF has subsided. 
The concepts and principles of AF have been well elucidated in several 
publications from ICRAF and other organizations, and, equally importantly,
its limitations also have been more and more appreciated. Thus, agroforestry
is no longer a "new" term. It is widely accepted as an approach to land use 
involving deliberate admixture of trees with crops and/or animals. 
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3. ICRAF's Agroforestry Systems Inventory project 

P.K.R. NAIR 

In order to increase understanding about existing agroforestry systems in the 
tropics and subtropics, ICRAF undertook an inventory of AF systems.
Known as the Agroforestry Systems Inventory (AFSI), the project was in 
operation for five years from September 1982, with partial f- ancial assistance 
from the US Agency for International Development (USAID). 

Rationale and purpose 

The rationale For undertaking the inventory was that although agroforestry 
was said to be one of the oldest land-use systems in the world, the information 
base on these systems had been very unsatisfactory. For example, a survey on
"agroforestry" undertaken as a pre-establishment activity before ICRAF was 
formally established focuSed only on "agri-silviculture" in general and 
taungya in particular. Some regional and international conferences organized
in 	 the late 1970s and early 1980s brought together substantial amounts of 
information on existing agroforestry systems. Notable among these were: 

I. The Workshop on Agroforestry Systems in Latin America, CATIE, Turri
alba, March 1979 (de las Salas 1979); 

2. The International Conference on International Co-operation in Agro
forestry, ICRAF, Nairobi, July 1979 (Chandler and Spurgeon 1979); 

3.The Kenya National Seminar on Agroforestry, ICRAF, Nairobi, Novem
ber 1980 (Buck 1981); 

4. 	The Workshop on Agroforestry in the African Humid Tropics, IITA, 
fbadan, Nigeria, April 1981 (MacDonald 1982); and 

5. The Workshop on Agroforestry in the Pacific, Suva, Fiji, March 1982 
(Schirmer 1982). 

(See Nair 1987b for details of other workshops, seminars and conferences 
organized by ICRAF.) 

Nevertheless, most of this information had been limited to descriptive and 
qualitative accounts. The accounts were not collected or organized according 
to any uniform framework and format, so that it was not possible to compare,
collate, synthesize and evaluate them uniformly. It was not known whether 
they had reached their maximum operating potential, whether they were 
disappearing as a result of increasing population pressure or other factors, or 

P.K.R. Nair (cd.).Agroforestr) Systems in theTropics. 21-38. 
( 1989. Kluer Academic Publishers. Dordrecht - Pt,tied in the Netherlands. 
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if they could be improved and extended to other situations. In order toaddress these issues and provide ideas for innovations which could make thesesystems more productive and more protective of the environment, as well asmake the localized systems more widely adoptable, a b:.sic knowledge of theexisting agroforestry systems presented in a uniform format was required.
The inventory was also critic .l to the success of the majority of ICRAF'sother programnes in that it w, intended to fulfil one of the three overallobjectives of ICRAF's work, namely, the development of a problem-oriented

interdisciplinary capacity and methodology to assess constraints in land-usesystems and to identify agroforestry potentials in these systems.
Thus the purpose of the AE-ST project was to systematically collect data onimportant and promising agroforestry systems throughout the developing

world in order to bring relevant information on these systems together forevaluation and dissemination. It was also envisaged that, based upon thisinformation, research and development priorities would be identified andsystems register and data bank established to record and update global
a 

statistics and trends in agrofirestry. 

Objectives and methods 

In order to accomplish this task, the objectives of the inventory were set as: 
I. To assemble and catalogue information on the functioning of different 

agroforestry systems around the world;
2. To evaluate this information in order to identify the weaknesses

constraints of the systems, 
and 

as well as their potential for improvement and 
wider applicability;

3. To identify research topics for overcoming the constraints and improving 
the systems:

4. To establish an agroforestry-systems register and data bank to record and
update global statistics on trends in agroforestry; and,

5. To disseminate as much quantitative and descriptive information as possible on world-wide agroforestry practices for the use of researchers and 
development workers. 

The method of the inventory consisted of: 
1. Data collection through the collective efforts of ICRAF and a group of

qualified Regional Co-ordinators (one in each of the seven designated
geographical regions)* and other individual and institutional contacts
well as 

as
through field visits, mail survey, literature search, etc.; 

* The geographic regions were: the Pacific, Southeast Asia, South Asia, Mediterranean and the
Middle East, East and Central Africa, western and southern Africa, and the American tropics. 
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2. Evaluation of the primary data and step-by-step synthesis of the data into 
a more homogenous format, and eventual computerization and storage of 
the data; and 

3. 	Pe:iodic publication of salient results of the inventory. 

The major inventory instruments were the following: 

I. An AFSI questionnaire (primary data collection format) was finalized in 
the first Project Planning Meeting held in Nairobi, in December 1982, 
attended by all the then-identified Regional Co-ordinators, a data evalua
tion consuitant and ICRAF staff. This formed the basic survey instru
ment, and it was distributed world-wide. It is given as Appendix 3.1 to 
this chapter. 

2. The primary data obtained for different systems were quite variable in 
quality and content depending on the diversity of the conditions in which 
the systems exist, the extent of the system's development and therefore data 
av;,ilability, and above all, the various types of personnel involved in data 
gathering. In order to narrow down these differences and make the data 
sheets more homogeneous, a secondary data format was devised, and the 
primary data, after initial evaluation, were transferred to this secondary 
format. A copy of the secondary format is attached as Appendix 3.2. 

3. A computer program (data base) for storing system data (system register). 
This was developed and made operational in mid-1985. 

4. 	 A format for system descriptions for journal publication of prominent and 
promising AF systems (since 1984). 

The project was widely publicized through individual contacts and announce
ments in various international journals. 

Salient outputs and results 

The major documented results of the inventory are the various publications by 
the project staff and the computerized Agroforestry Systems Register. The 
publications include the AF System Description Series and other miscella
neous papers. The former consist of a series of concise descriptions of 
prominent and promising AF systems that exist in various parts of the wor:i, 
authored by experienced experts from the respective regions, and published 
serially in Agroforestrv S'stems since early 1984. These system descriptions 
!rnrm the major part of this book (Parts 3, 4 and 5). The miscellaneous 
publications include various conference papers, book chapters and journal 
articles (Nair 1987a), and their salient contents have been included in Parts 2 
and 6 of this book. 
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The AF Systems Register consists of a computerized database, built up after
repeated evaluation of the inventory data on systems (Oduol et al. 1988). It 
contains data entries on over 150 systems from various geographical and 
ecological regions, and each entry consists of information (as much as is 
available) on the general background and eco!ogical aspects, components and 
their management, socio-economic aspects, and an assessment of the system's
merits, weaknesses and research needs. The register aliows easy retrieval of the
information on any of these aspects. Some examples of the system data files 
in the AF Systems Register and lists of woody and herbaceous species
identified as components of different agroforeatry systems are included as 
Appendices to this book (pp. 619-659). 
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Appendix 3.1 

ICRAF'S GLOBAL INVENTORY OF AGROFORESTRY SYSTEMS 

Data Collection Guidelines 

1. General considerations on data collection 

I. The scope of the exercise is to have a reconaissance, state-of-the-art, 
description of the existing agroforestry systems around the world. The data 
collection has, therefore, to be organized to fulfill this objective.

2. It is expected that professionals at various levels will be involved in the 
data collection exercise. But it is important that the surveyors have a 
reasonably acceptable level oi' understanding of the concepts and practices
of land use systems in gcneral and agroforestry in particular.

3. A definition of agroforestry that can be used for the purpose of data
collection is: "Agroforestry is a collective name for land use systems in 
which woody perennials are deiberately grown in the same piece of land as 
agricultural crops and/or animals, either in some form of spatial arrange
ments or in sequence. In agroforestry systems, the woody component
interacts ecologically and economically with the crop and/or animal com
ponents. Such interactions will take many different forms, both positive
and negative, and they need not remain stable over time. 

The aim and rationale of most agroforestry systems are to optimize the 
positive interactions in order to obtain a higher total, a more diversified 
and/or a more sustainable production from the available resources than is
possible with other forms of land use under prevailiing ecological, techno
logical and socio-economic conditions." 

The underlying principles and concepts of agroforestry rather than a 
definition per se should be the main consideration. Thus, a general criterion 
could be that any multiple land use system, in which woody perennials
constitute one of the discernible components by performing a clearly
distinguishable function can be considered agroforestry for the purpose of
this project. Here again, it is up to the technical discretion of the individu
als who collect the data to set the limits and criteria to decide which of the 
practices can be included in this project. 
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4. 	The enclosed data collection format provides a general framework for the 
survey. It consists of three parts: the first one is intended to assemble general 
description of the area and other background information that are relevant 
to a description of dominant "agroforestry" systems and practices: the 
second deals with describing tile structure, performance, dynamics, socio
economics and other operational features of the identified systems and 
practices in as much detail as possible with emphasis on quantitative data; 
and the third part aims at an analysis of the system in terms of its merits, 
constraints, weaknesses, extrapolabiiity, potentials for improvements, re
search needs, etc. However, since the type of information to be gathered and 
the nature of questions to be addressed to accomplish the task will vary 
depending upon a number of local factors, the surveyors are free to deviate 
from the format as deemed necessary. The questionnaire may be considered 
as a purely explanatory guide to prepare an account of the system/practice 
that is being described. 

5. The data collection format may appear to be rather exhaustive, and it may 
not be possible to get answers, especially in quantitative terms, to all 
questions that are posed. However, answers to all points may not be 
necessary to prepare an overview of the system. 

6. 	 A flexible procedure may be adopted also for classifying the systems. Several 
criteria could be used, for example: the role or function of woody perennials 
in such systems, proportion of land used by the woody components, type 
of output, level of management, temporal and spatial admixture pattern of 
components, etc. But the lack of a unified classification system should not 
be a major problem in the early dat collection phase, and the strategy 
Thould be to collect all possible information on all types of agroforestry 
systems and practices that 	 orare currently being practised tried. 

7. 	 The size of the basic data collection unit is yet another issue to be considered, 
if not resolved. Since the project's objective is to collect a comprehensive 
account of the systems, rather than aiming at in-depth studies or farm-to
farm surveys on any particular system or sub-system, it can be contended 
that the basic unit should be broad enough to substantiate the prevalence 
of the practice over a reasonable extent of area. Moreover, the boundaries 
of the system will also vary depending upon the question that is being 
addressed. For example, for the general description of the background 
information, the boundary will be the whole locality or area where the 
system is practised. On the other hand, for answering specific questions
relating to an operational unit, the boundaries will refer to those of the farm 
or the field that constitutes such a basic unit. Again, the prudence and 
discretion of the persons who collect the data will be the major decisive 
factors in this respect. 

8. 	The purpose of system descriptions is not necessarily to compare one 
system with another. Therefore the approach should be to give physical 
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and quantitative data (to the extent possible) than to engage in compara
tive narrations. 

I. Data collection format 

Part I 

Background information 

This refers to a locality or sub-region where agroforestry-type land use 
systems and practices are known to exist. A general account of the location 
may be given on the following aspects with a view to concentrating on 
agroforestry systems/practices and describing them in more detail as outlined 
in the later sections. 

1.1. Description of the area/region 

1.1. 1. Geographic 
Country 
Province 
District/Location 
Altitude 
Latitude(s) 
Longitude(s) 
Other description 

1.1.2. 
1.1.2.1. 

1.1.2.2. 
1.1.2.3. 

Biophysical environment 
Climatic (rainfall pattern, temperature regimes, other distinct climatic 
features). 
Edaphic factors (soil types, topographic patterns). 
Ecology (climax vegetation, distinct ecological features). 

1.2. Land use sstetns 
(Give general but brief descriptions of the major land use 
the locality.) 

systems of 

1.2.1. 	 Agriculture (general situation, major crops, cropping systems, live
stock production system). 

1.2.2. 	 Forestry (natural forests, plantation forestry, social forestry, farm 
forestry). 

1.2.3. 	 Commercial production systems 
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1.2.4. 	 Integrated production systems 

1.3. 	 Agroforestry-type sYstems/practices 
Give brief and general account of the currenty practised land use 
systems and practices that have relevance to agroforestry; detailed 
description of the systems to be given in later sections. 

- Shifting cultivation 
-Taungya
 

- Farm forestry
 
Smallholder plantation crop production systems
 

-Tree integration on farmiands
 
- Silvopastoral
 
- Shelterbelts
 
- Others
 

Part H 

System 	description 

This part may be completed separately for each of the major identified 
agroforestry-type land use system/practice within each locality/subregion. 

NAME: (Give an abstract or descriptive name of the system/practice.) 

2. 1. 	 Additional baseline data 

2.1.1. 	 Environment (agro-ecological zone, special soil/climate/topography 
conditions/other distinct features). 

2.1.2. 	 Socio-economic characteristics 

Size of the management unit (range as well as mean) 
-Approximate area and number of people involved in/supported by 

the system/practice
 
- Land tenure system
 
- Demographic factors
 

Population density, land pressure (number of people or families per 
unit of cultivable land), migration patterns, sex ratio, etc. 

- General level of farming/development activities 
-Marketing facilities (excellent/good/fair/poor) 
- Credit facilities (excellent/good/fair/poor) 
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-Roads 	 and other .nfrastructure (remoteness of the area) (excellent/ 
good/fair/poor)
 

- Cooperatives (excellent/good/fair/poor)
 
-Other special socio-economic features, if any
 

2.2. 	 Structure of the sstem 
(This will essentially refer to the basic (representative) agroforestry 
unit -- a farm or a field.) 

2.2.1. 	 Biological components of the system
2.2.1.1. 	 Crops (species, varieties, their management aspects, number of crops 

per year, cropping pattern/rotation/mixture). 
2.2.1.2. 	 Trees and other woody perennials (species, varieties, products, tree 

management, average life cycle of the tree as well as its production 
cycle within years/seasons). 

2.2.1.3. 	 Other plant species (including weeds) that are dominant or have a 
useful function. 

2.2.1.4. 	 Animals (type and role, number per farm/fami'y, feeding pattern) 

2.2.2. 	 Arrangements of components 

-in time Idescribe with the example of a farm/field
 
in spaced
 

--(number of components, admixture pattern)
 

2.2.3. 	 Interactions (in time, or space) 

-	 Nature of interactions 

e.g. -direct (fodder trees for cattle) 
-cyclic (crop residues for cattle)
 
-competitive (crops vs trees)
 
- others
 

- Easil 	 recognizable interaction effects 

2.3. 	 System functioning 

2.3.1. 	 Resource input and utilization 
2.3.1.1. 	 Quantity 

-	 Give a general account of the resources (land, labour, capital (?)
and others) that are used  their nature, quantity, utilization aspects
with respect to time witLin a year/seasons, etc. 
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2.3.1.2. 	 Pattern
 
-Availability and supply pattern, bottlenecks, etc.
 

2.3.1.3. 	 Sources of inputs 
-	 Source of seeds, fertilizers, etc., inputs from outside the system (e.g. 

seeds, fertilizer, animals), price data of inputs and source of infor
mation, power sources (animals/mechanical tractor). 

2.3.2. 	 Production 
2.3.2.1. 	 Quantity 

(quantities on the basis of average farm of given size) 
-Agricultural commodities, fodder and other feeds for cattle, fuel

wood (firewood/charcoal), poles, timber, honey, etc. 
2.3.2.2. 	 Pattern 

- Seasonality, variability (season-to-season/year-to-year), efficiency of 
production (input-output relationships for the scarcest resource?), 
production for home consumption versus market economy (export). 

2.3.3. 	 Protective and service aspects of the system 
Specify any effects on: 
- Soil improvement, soil productivity, soil conservation, micro

climate amelioration (windbreak/shelterbelt, shade, fencing, hydro
logical cycle/catchment area effect, other recognizable effects on 
farm/area basis). 

2.3.4. 	 Socio-economic description 
-Capital peaks/availability, labour peaks/availability, cash-flow (in

put/output), family labour utilization pattern (male/fernale), im
pact of technological inputs (improved seeds, fertilizers, etc.), 
special note on the specific type of land use practices adopted by 
women, relations between specific ethnic groups and particular 
agroforestry practices. 

2.3.5. 	 Overall performance assessment 
At this stage, a comparative assessment may be made of the function
ing of the particular system in relation to other land use systems of the 
locality in terms of the production and protective/service role(s). It will 
be of particular significance to see what would be the condition of the 
management unit without the agroforestry component (which would 
be possible by comparison with similar units without agroforestry). 

2.4. 	 S;'slem di'namwis 

2.4.1. 	 Rate of growth/shrinkage 
Indicate the expansion/shrinkage of the system over time in terms of 
the area covered, and the reason for that. 
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2.4.2. 	 Degradation of the system 
- Case-history of the breakdown; main causal factors (erosion prob

lem, soil fertility problem, weed infestation, overgrazing/desertifica
tion, others). 

2.4.3. 	 Improvement of the system 
- Significant innovations for improvement of the system over the past 

few years. 

2.4.4. 	 System sustainability
 
Productivity pattern over time
 

-Impact of technological inputs on productivity
 
Rate of change of land's capability to sustain production at a 
certain level 
Effect of the rate of production on one component on that of other 
component(s). 

2.4.5. 	 Special features of the system 
Highlight any outstanding features of the system/practice (e.g. 
specific management aspects that can cause reduction of inputs, 
association of particular ethnic groups/races with a system, notable 
success stories, etc. 

- Indicate special aspects of the 3ystem/practice that warrant detailed 
follow-up study. 

2.4.6. 	 Data/information base 
- Past/present/future research on the system/practice, information 

sources on the system/practice, institutions and resource persons or 
relevance to system, etc. 

Part III 

EJ'aluationof the system 

Based on the information gathered thus far, a preliminary evaluation of the 
system could be attempted. 

3.1. Merits of the s'stem 
Conspicuous advantages of the system in its productive and/or protective 
functions. Give comparative figures if available. 

Indicate the value of the system in the specific socio-economic and 
ecological situations where it is currently practised. 
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3.2. 	 Weaknesses
 
What are the salient points of weakness
 

- Climatic
 
- Ecological
 
- Biological
 
- Socio-economic
 
- Managerial
 
- Socio-political
 

What effect does each of these have on the system's performance. 

3.3. 	 Constraints
 
What are the major constraints in the operation of the system
 

- Inherent weaknesses mentioned above 
- Input constraints
 
- Infrastructural problems including markets, roads, etc.
 

3.4. 	Potentials 
Reasonable expectations on potential accomplishment under different 
levels of input, ecological constraints, etc. 

Potentials of non-monetary inputs (timely sowing, appropriate man
agement system, judicious plant combinations, etc.).

Potentials for improvement in the performance of the system.
Potentials for manipulating the system/components to solve specific

problems and meet particular needs such as soil conservation, food 
production, silvopastoral production, etc. 

3.5. 	 ExtrapohbilityV 
What is the extrapolability rating of the system if it were to be tried in
other areas with similar/dissimilar conditions, and what will be the degree
of success under each? 

What aspects of the system needs to be: modified to make it widely 
extrapolable? 

3.6. 	 Research needs 
Indicate the general areas of research at the system and the component
levels in order to refine the system to make it more productive, protective, 
widely adoptable and efficient. 
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Appendix 3.2 

AFSI DATA COLLECTION: SECONDARY FORMAT 

')DUNUMIII:R ] NAMI 01- SYSIEM 

AISI RI(ilitN ALITI I: I MEAN ANNUAL TEMPERATURE NATURAL VEGFIATION TYPE 
S Auser No dataS i Assij Rainforest

"j"dicrniii Tropical seasonalforestS'h' A, S I-tPpsr Lower: (Month) Savanna
 
-. peano,.Thorn
..... 
 scrubioodlandAir,,Xrts Grasslind 

Stmi-descrt
I L.\NiIIRMt Upper: (Month) DesertNo dia Temp dc-cduouswoodland
Steepl) dlopong Coniferou% wi'idland 

tfidiaritcl) sloping Montane 
,Gentl, sloping: S-,anp 

(t)N'IRYI )nposi onal flat 
S5.iiip: 	 GINERALIZED CLIMATE. 

Nodata: 
,,umid tropics (Af. Aoi) POPULATION IENSITY. 
Subhumid tropics lAw. Aw, (i. Cw2)Semi-arid (1Bshi. Ilsk)
 
Arid (1.1i, Dik)
 

R(I(ION lumid subtropics ('fa) LANI) AVAILABILITY:
 
SOIL (LASS. Mediterranean (Cs. 11hs) No dta
 
No sdata Temperite maritime {C0h) Abundant
 
Latis ls CIol or cold(1). F) Adequate 
V:'rtsois: Limited 
(a.lnsoirphic ofl, Scaroe 
I)esert sss None
 

RI-, Satine or ilaline soils
 
6c)s. alluvial or peat

Shallovisr insmatur 
 KOPPEN CLIMATE. 
Tesmperate types 	 No data COOPERATIVES 

IHumidtropics. permanent No data 
IHumid trops., nonsoon Fr, Iunt 

Subhumid tropics. one ies Present 
sI II 	 Subhunid tropics, tIos uet Abi-rtl 

Semi-arid,hot 
SIL. NAME Semi-arid. ,arm Io cold 

ArWshot 
Arid, narm to cold INFRASTRUCTURE: 
Ilumid suhr & Montane humid No data 
Temperatemaritime Excellent 

I A III Iigh subhumid. sinenet Fair
 
RAINFAIL REGIME Iligh subhumid, two wet Gsod
 

us-s 	 No dIia Mediterranean subtr montane Poor
 
Unmodal highsun Temp con. tr subtr montane
 
Unln odal, lo un
 

I Intorni 	 MARKETING FACILITIES: 
Ni- dala 
F cellent 
Fair 

I (INt I)F Good 
I F'MEAN ANNUAL RAINFALL. Poor 

ILo'cr 

Upper CREDIr FACILITIES: 
No data 
Excellent 
Good 

Fair 
Poor 

Alt) ) IIONAI INI ORMA[ION 

_ _ _ _ _ 
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LANI) USF 
No data 

KI' WORlDS. 
P) lechnuues jf keyoiirds (cont). LAND TENURE:No datM MAJOR INPUTS:I 

RotatIlnal 
Shifting (ullisathon 
Fallo. System 
Iey S)stnlt 

P1) 
P D 
P l) 
P I) 

Greenmanuring ith trees 
Mulching with trees 
Multipurps Iretres 
1atrg)a 

Freehold 
enatncy 

Communal 
Stale 

Forest fallow 

IRushfallow 
D 

PI) 
Pimanel c)rser crop, 
Planted bunds 

S;isanna losP 
Gras falio 
Unn.nagcd fallo 
Managed fal!lo 

It 
I) 

P D 
P1I) 

Inipiored fallow 
Forestgarder 
Mixed garden 
Ilonte garden 

LANI) OPERATION 
No dal:, 
Land holders 
Ilured labour 

Planed fallow PD frec gatden 
(iraing sysmenn 

Natural %rgratnon 
P I) 
P I) 

Agrosilculture 
Agrosdlsepastorahism MARKIT ORIENTAFION: 

Managed planted scg 
Rangelands 
Pastures 

P I) 
P I) 
P I) 

SuhoPaioorasrm 
Aquasilsicullure 
Apiculture with Itres 

No data 
Sahststence 
Subsistencesubsid comm 

Ilonteutead 
Pet) 
P I 

Alley cropping 
Other 

(ommercial suhid subsit 
Con.nmercial 

o.rrograing D I) 
Ranching 
Nomadisni 
Ertensise 
Intnit. 

Plannation 
Shrubcrops 

P ) 
PI) 
Pt) 
P 1) 
P I) 
P I 

SIZE KEYWORIDS 
No data 
Garden ield 
Smallholding 

LSIIOUR INTENSITY: 
No data 
Ifigh 
lediutt 

Low 
Tie"crips P I) Smallfarm 
Field crops 
Snialllouling 
EIsttle 

P D 
P I) 
P 1) 

Largefarm 
Estate 
Ranch 

INPUT INTENSITY: 
No data 

Iorestry 
Plantinaon 

P1D 
P I) 

Other. I ligh 
Medium 

Iarni P I) Low 
Natural P1 D 

Fieldcropping 
Raimfed 
Irrigated 

Complrc cropping 
Mixed 

P I) 
P I) 
PD 
PD 
P1I) 

SIZE MANAGEMENT UNIT: 
Lioer. CAPITAL IN [ENSITY: 

No data 
Iligh 
Medium 

MAJOR OUTPUTS: 

Intrcrropping 
Othr: 

P1) 
P I) 

Iow 

Upper: 
M ECIIANIZA lION: 

TECIINIQIUES AF KEYWORDS: 
Nii data 
(oscr Itres 
ShadeIrie Mean: 

Nirdata 
line and spade 
Ploughand animals 
Plough and tractort 

Windhreaks 
Soil consration trees STATUS 
Land reclanation Irees 
lise fences 
isc slakes 

I:ueluiood t'es lots 
Fodder Ires 

AREA (X'CUPIEI): 

No data 
Research trial 
Aid delopnut 
Comnicrual deirlhopoernt 
Established esoled 

ADDITIONAL INFORMATION: 
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COMPONENF TYPES: PLANT COMPONENT PRODUCTS: ADDITIONAL INFORMATION: 
No ala No data 
Natural "ood %egehltlon F Iarts used: 
Forestr. speces F Roots A 
Tree or shrub crops 
Na.rturalherb seg 
]lproed herb.cious seg 

A F 
A 

Stems 
Woody parts 
Leaes 

A [: 
F 

A F1 
Field crops A Flouers A F 

Perennral, A Fruits A IF 
Setro-perennials A Seeds A F 
Scasrnal A Bark F 

l.eist,,k 
(ir-eed A 

Saplatex 
Other: 

A F 

/cro gracd A 
Wirot blod),ed A 
('old hlooded A Types of food: 

Fruits A F 
Nuts F 
Flower vegetables A F 
Green vegetables A F 

MAIN AGR() NAMES TERMS: 
Root segetables 
Spices 

A 
A F 

Herbs 
Starch 

A F 
A F_ 

Oils. fats A F 
Other: 

Types of food: 
Leasesstems A F 
|:ruers A F 

MAIN I ORESTRY NAMES;TERMS: 	 Fruits seeds A F 
Rots A 
Bee forage A F 
Bark F 
Other: 

Wood products: 
Fuel.(od F 
Poles 1:
 

PILANTII UNCIIONS: 	 Timber F 
No dala A F Pulp F 
[l,c tnce A F Building F 
Anlii-s A F: Fences F 
Sod collscr.ltil A 1: Other: 
[DUrc fixitin A 1F 

Windbreak A F 
N ilaAlium A : Other Proucts: 
Mulching A 1: Waxes A F 
Atiral dc A F Eggoils A F 
('rop sbde A F Tannins A F 
Ilotie sh,.Ic A F Dyes A F 
(ireen nure A 1: Gums A 1: 
Crop support A 1Fibres A F 
Ritual A F: Drugs (narcolic) A F 
Other: Medicines A F 

Des.erages 
A F 
Latex A F 
Insect repellent A F 
Other. 

ANNUAl. FUNCTIONS:
 
No data nor applicable ANIMAL PRODUCTS:
 
Po',,er No dalanot applicable
Fransport Milk Iloney Other: 
Ritual Eggs I)own 
)ther: Meat Ilides 

Wool Manure 



36 

ARRANGEMENT 

Woody Hlerb 

Dominant feature: 


Time 

Space 


In time, 

No data 

Coincident 

Rotation 
Overlapping 

Concomitant 

Interpilated 

In horizontal space 

Not applicable 

No data 

Mixed, dense 

Mixed, sparse 

Row/Inter.row 

Strip 
Block 

Boundary 


In vertical space: 
Not applicable 
No data 
One laer 
ruo layers 
Three layers 
More than three layers 

OF COMPONENTS: 

Woody woody 
Dominant feature: 

Time 
Space 


In time: 

No data 

Coincideiit 

Rotation 

Overlapping 

Concomitant 
Interpolated 

In horizontal space: 
Not applicable 
No data 
Mixed, dense 
Mixed, sparse 

Row/Inter.row 
Strip 
Block 
Boundary 

In vertical space: 
Not applicable 
No data 
One layer 
Two layers 
Three layers 
More than three !.iyers 

ADDITIONAL INFORMATION: 

Herb herb 

Dominant feature 


Time 

Space 


In line: 

No data 

Coincident 
Rotation 

Overlapping 

Concomitant 

Interpolated 


In horizontal space 
Not applicable 
No data 
Mixed. dense 
Mixed, sparse
 
RirwInter.row 

Strip 

Block 
Boundary 

In vertical space 
Not applicabe 
No data 
One layer 
Two layers 
Three layers 
More than three layers 

Woody Animal
 
Dominant feature:
 

Time
 
Space
 

In time
 
No data
 
Coincident
 
Rotation
 
Overlapping
 
Concomitant
 
Interpolated
 

Location of woody specie: 
Inside animal management unit 
On boundary of animal management unit 
Outside animal management unit 

Animal feedmethod: 
Grating 
Browsing 
Grazing!Browsing 

Zero grazing 

In horizontal space: 
Not applicable 
No data 
Mixed, dense 
Mixed, sparse 
Row/Inter.row 

Strip
 
Block
 

In vertical space: 
Not applicable 
No data 
One layer 
Two layers 
Three layers 
More than three layers 
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0 mrnn 
mmO 

,< ¢3 

;-,m, 

m 

CODE NUMBER CODE NUMBER 
FRUITS FRUITS 
NUTS VEGETABLES 
VEGETABLES FLOWERS 
FLOWERS 0 OILS/FATS 
OILS/FATS STARCH 
STARCH SPICES 
SPICES SEEDS 

SEEDS HERBS 0 
HERBS LEAVES 0 
LATEX PODS/SEEDS/FRUIT 
LEAVES 0 SHOOTS 
POI)S SEEDS/FRUIT 0m FLOWERS 
SIOOTS ROOTS 
FLOWERS BEE FORAGE 
ROOTS 
BEE FORAGE 

ESSENTIAL OILS 
DYES 

0
0 

BARK FIBRES 
FUELWOOD DRUGS 
POLES 0 BEVERAGES 

TIMBER 0 SOIL CONSERVATION 
PULP DUNE FIXATION 0 
BUILI)ING MATERIAL N. FIXATION 
FENCING MULCHING 
WAXES GREEN MANURE 
ESSENTIAL OILS ANTI-PEST 
FANNING 0 RITUALS 
I-)ES 
GUMS 
FIBRES I 

DRUGS 

BEVERAGES 
WINDBREAK 0Z 
SOIL CONSERVATION 
DUNE FIXATION 
DUNE FIXATION 
LI\'L FENCES 
N. FIXATION 
MULCIIING 
ANIMAL SIHADE 
CROP SIIADE m 
HOMESTEAD SHADE 
GREEN MANURE 
ANTI-PEST 
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>EVALUATION: z 

m CONSTRAINTS: 

POTENTIAL:
CODE NUMBER 

MEAT 
MILK 0 
HONEY U Research needs: 
EGGS 
HIDES 0 
DOWN 
MANURE 
 rn Merits: 
POWER 
TRANSPORT 
GRAZING 
ZERO GRAZING 
BROWSING Extrapolatability: 
ZERO BROWSING 

M 
rrl
 

0 Land Use Problems: 
No data 
Steep slopes 

rn Waterlogging 

Infertile soils 
Low/poor water holding capacity of soils 
Drought
 
Disease 
Pests 
Frost
 
Sand dune encroachment 

SYSTEM HISTORY/BACKGROUND 

Additional Information 

Contacts: 



4. Classification of agroforestry systems* 

P.K.R. NAIR 

1. Introduction 

In order to evaluate the existing agroforestry systems and develop action plans 
for their improvement, it is necessary to classify these systems and thus 
provide a practical and realistic framework. 

Most of the earlier attempts to classify AF (Comoe and Budowski 1979; 
Grainger 1980; Huxley 1983; King 1979; Torres 1983; Vergara 1981) were 
part of an exercise in concept development rather than an aid in evaluating 
and analysing existing AF systems. Now a substantial body of information 
has been gathered on the structural and functional complexities of several of 
such existing systems through ICRAF's global inventory of AF systems. 
Therefore we arc better equipped than ever before to classify AF systems on 
the one hand, and are experiencing a greater need for classification(s) on the 
other. 

2. Purpose and criteria of classification 

Most of the existing information concerning AF systems is descriptive. The 
descriptions and data can be assembled in several ways to facilitate their 
storage, retrieval and, to some extent, comparison. However, such an as
semblage of data is only an essential first step in developing a practical 
and realistic framework for analysis of systems and development of AF. 
The purpose of classification should be to provide such a framework. 
But, depending on the focus and emphasis of such strategies and action 
plans, the structure of the framework will vary. Any classification scheme 
should: 

- Include a logical way of grouping the major factors on which production of 
the system will depend; 

- Indcate how the system is managed (pointing out possibilities for manage
ment interventions to improve the system's efficiency); 

- Offer flexibility in re-grouping the information; and 
- Be easily understood and readily handled (practical). 

* Adapted from Nair, P.K.R. 1985. Classification of agroforestry systems. Agroforestry Systems 

3: 97 128. 

P.K.R. Nair led.), Agrofiorestro Systemrsin the Tropics. 39 52. 
c 1989. Kluser Academic Puhlishers. Dordrecht - Printed in the Netherlands. 
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The complexities of these requirements suggest athat single classification 
scheme cannot satisfactorily accommodate all of them. A series of classifica
tions will he needed, and each one has to be based on a definite criterion to 
serve a different purpose. The most commonly used criteria so far have been
spatial and temporal arrangement of components, relative importance and 
role of components, production aims/outputs from the system, and social and 
economi f'eatures. While some of the classification schemes have been based 
on only one of these criteria (for example, role of components (King 1979);
temporal arrangement of compo',ents (Vergara 1981 )), some others have tried 
to integrate several of these crito :;a in hierarchical schemes in rather simple 
ways (Torres 1983) or more complex ones (Combe and Budowski 1979;
Wiersum 1980). An assessment of the various criteria to be used in classifying
AF indicates that they refer to the system's structure, function (output),
socio-economic nature, or ecological (environmental) spread. These character
istics also denot, the most common purposes to be served in classification 
schemes. Therefore most AF systems can be categorized according to the 
following sets of criteria: 

Structural basis refers to the composition of the components, including
spatial admixture of' the woody component, vertical stratification of the 
component mix and temporal arrangement of the different components;
Functionalbasis refers to the major function or role of the system, mainly
of the woody components (these can be productive, e.g., production of 
food, fodder, fuclwood, and so on, or protective, e.g., windbreak, shelter
belt, soil conservation, and so on).
Socio-economic basis refers to the ievel of inputs of management (low
input, high input) or intensity or scale of' management and commercial 
goals (subsistence, commercial, intermediate); 
Ecohgical basis refers to the environmental condition and ecological
suitability of systems, on the assumption that certain types of systems can 
be :::s're appropriate for certain ecological conditions: there can be a set of 
AF systems for arid and semi-arid lands, tropical highlands, lowland humid 
tropics, and so on. 

These broad bases of classification of AF systems are by no means 
independent or mutually exclusive. Indeed it is obvious that they have to be 
interrelated because the structural and functional bases relate to the woody
components in the system whereas the socio-economic and ecological stratifi
cation refers to the organization of the systems according to certain defined 
conditions (socio-econoinic or ecological). And in any defined socie-economic 
or ecol!,gical situation, the systems should still have a specific structure 
(composition and arrangement of components) and function/role. Thus the
complexity of AF classification can considerably be reduced if the structural 



Tahle 4.!. Major approaches to classification of agroforestr) systems and practices. 

Categorization of systems 
(based on their structure and functions) 

Structure 

(nature and arrangement of components, 

especially woody ones) 

Nature of components 

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

Silvopastoral 
(pasture/animals and 
trees) 

Agrosilvopastoral 
(crops. pasture/animals. 
and trees) 

Others 


(multirauipose tree lots, 
apiculture with trees, 
aquaculture with trees. 
etc.) 

Arrangement of components 

In space (spatial) 
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 

Function 
(role and/or output 
of components, 

especially woody ones) 

Productirefunction 
Food 

Fodder 


Fuelwood 
Other woods 

Other products 

Protectivefunction 

Shelterbelt 
Soil conservation 

Moisture conservation 
Soil improvement 

Shade 
(for crop, animal, 
and man)
 

Grouping of systems
 
(according to their spread and management)
 

Agro-ecological 
environmental 
adaptability 

Systems in/for 
Lowland humid tropics 
Highland humid tropics 


(above 1,200 m a.s.l., 


e.g..
Andes, India,
 
Malaysia) 

Lowland subhumid 
tropics

(e.g.,
savanna zone 


of Africa, Cerrado 

of South America) 

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

Socio-economic and 
management level 

Based on lerel of 
technology input 
Low input (marginal) 

Medium input
 

High input 

Based on cost/benefit 
relations 
Commercial
 

Intermediate 

Subsistence 
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and functional aspects are taken as the primary considerations in categoriza
tion of the systems and socio-economic and agro-ecological/environmental (as
well as any other such physical or social) factors taken more as a basis forstratifying or grouping the systems for definite purposes than for classifying
them. These approaches to classification of AF systims are summarized in 
Table 4. 1. 

3. Structural basis for classification 

The structure of the system can be defined in terms of its components
(constituents) and the expected role or function of each (manifested in termsof outputs). It is not only the nature (type) of components that is important, 
but also their arrangement. 

3. 1. Based on the nature of components 

In AF land-use systems there are three basic sets of elements or componentsthat are managed by man, namely, the tree ( = woody perennial), the herb
(agricultural crops including pasture species) and the animal. In order for aland-use system to be designated as an AF system, it should always have the
first one, i.e., the woody perennial. In most AF systems, the second one (theherbaceous species) is also involved, the notable exceptions could be apicul
ture with trees and aquaculture (pisciculture) with trees. The third set ofcomponents (animals) is present in some AF systems. This leads to a simple
classification of AF systems as given below and depicted in Fig. 4.1. 

Agrisilvicultural crops and trees including shrubs/vines/and trees
 
Silvopastoral pasture/animals and trees
 
Agrosilvopastoral crops, pasture/animals and
- trees. 

There are also a few other systems, such as multipurpose woodlots (that
interact economically and ecologically with other land-use production compo
nents and hence CIll under the purview of AF definition), apiculture with trees
and aquasilviculture. In the absence of a better term to encompass these forms 
of AF, they can be grouped together under "others".
 

This categorization 
 of AF systcms into three major types is so fundamental
that any one of these can conveniently be used as a prefix to other terms
emanating from other classification efforts in order to explicitly express thebasic composition of constituents of any such system. For example, there anbe an agrisilvicultural system for food production in lowlandthe humid
tropics at a subsistence level of production, a commercial silvopastoral system 
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evolution of the word "agroforestry" some people held the view that the 



44 

proper usage of the term (from the linguistic point of view) should be
agriforestry and not agroforestry (Stewart 1981). But the word agroforestry
has become so firmly implanted that it would now be very confusing if
another word were to be popularized for the sam, concept. After all, one can
lind several other usages in technical languages that may not strictly satisfy the 
niceties of conventional linguistic usage. 

3.2. Based on the arrangetent of components 

The arrangement of components refers to plant components of the system.
Even in AF systems involving animals, the management of such animals 

aaccording to definite plan, such as, say, a rotational grazing scheme, is in
consideration more of the plants than of the animals. Such plant arrangements
in multispecies combinations can involve the dimensions of space and time.

Spatial arrangements of plants in AF mixtures can result in dense mixed
stands (as in homegardens) or in sparse mixed stands (as in most systems of 
trees in pastures). Moreover, the species (or species mixes) can be in zones or
strips of varying widths. There can be several forms of such zones varying
from microzonal arrangements (such as alternate rows) to macrozonal ones. A
commonly mentioned example of the zonal pattern is hedgerow intercropping
(alley cropping) (Ssekabembe 1985; Wilson and Kang 1981). An extreme form
of zonal planting is the boundary phnting of trees on edges of plots and fields
for a variety of purposes and outputs (fruits, fodder, fuelwood, fencing and
protection, soil conservation/windbreak, and so on). It is also important tonote that extreme forms of macrozonal arrangements can lead to sole crop
ning systems; but the interactive association of different components can be
used as the criterion to decide the limits between zonal AF and sole crop
(component) plots. 

Temporal arrangements of plants in AF can also take ,arious forms. An

extreme example is the conventional shifting cultivation cycles involving 2-4
 
years of cropping and more than 15 years of fallow cycle, when a selected
woody species or mixtures of species could be planted. Similarly, some
silvopastoral systems may involve grass leys in rotation, with the same species
of grass remaining on the land for several years. These temporal arrangements
of components in AF have been described by terms such as coincident,
concomitant, overlapping which(of the extreme case is relay cropping)
separate, interpolated, and so on (Huxley 1983; Kronick 1984). 

4. Functional classification of agroforestry systems 

Two fundamental attributes of all AF systems are production and sustainabil
ity. This implies that AF systems have a productive function (producing one 
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or more products, usually "basic needs") as well as a service role (of 
protecting and maintaining the production systems). 

Raintree (1984) argues that any land-use system, regardless of its degree of 
commercialization, can be described and evaluated in terms of the outputs of 
relevant basic needs such as food, energy, shelter, raw materials, cash, and -o 
on. This is the strategy which underlines the basic-needs approach within the 
methodology for AF diagnosis and design development by ICRAF (Raintree 
1987). According to this approach, the service roles of woody perennials are 
also taken as factors contributing to the production of one or more of these 
basic needs. For example, soil conservation affected by appropriate AF 
practices can be expressed in terms o, its contribution to augmenting the 
sustainability of crop production; amelioration of microclimate through well
designed arrangements of trees and crops (e.g. shelterbelts) can be evaluated 
in terms of its effects on crop yields, etc. 

However, this emphasis on production of outputs places undue emphasis on 
this attribute at the cost, if not exclusion, of the oter important attribute, 
namely, stustainability. Although production is a very important consideration 
in AF, it is the sustainability aspect that makes it different from other 
approaches to land use. Moreover all AF systems will be producing more than 
one basic-need output (largely because of the multipurpose nature of the 
associated woody perennial component). Therefore, all AF systems ',ave both 
the productive and protective roles, though to varying degi'ees. Depending on 
the relative dominance of the particular role, the system can be termed 
productive or protective. 

Therefore it is inadequate to choose the production of a particular basic
need output as the sole criterion for classifying AF systems. However, 
production of an output, or for that matter any such other aspect, may be 
chosen as the basis for undertaking an evaluation of available AF options 
with a view to selecting the most appropriate ones to fulfil the stated objective. 

5. Ecological and socio-economic grouping of agroforestry systems 

5.I. Ecological grouping 

Several enumerations of AF practices have been presented from various 
geographical regions to a large number of seminars, workshops, etc., during 
the late 1970s and early 1980s, as mentioned in Chapter 3. Notable among 
them are the group discussions held at CATIE, Turrialba, Costa Rica (de las 
Salas 1979) ICRAF, Nairobi (Buck 1981; Chandler and Spurgeon 1979; 
Hoekstra and Kuguru M982; Huxley 1983; Nair 1987b) and IITA, lbadan 
(McDonald 1982). There have also been several compilations on specific 
systems, as well as country/region overviews, such as (he Acacia alh/a system 
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in West Africa (Felker 1978), the Prosopis cinerar~a system in western India
(Mann and Saxena 1980), and reviews of AF in francophone Africa (FAO
1981a) and the Indian sub-continent (FAO 1981b). Also, several otherreports have been published (Lundgren and Raintree 1982; Nair 1983b;
1983c, 1985a). The AF System Description Series in Agro/4restri' Sistems,
which is a major output from ICRAF's AF Systems Inventory Project (Nair
1987a) and forms Parts 3, 4 and 5 of this book, is the most recent and 
concerted effort in describing the existing AF systems.

Most of this AF systems documentation pertains to specific ecological
situations from different geographical regions. It is thus easy to find several
descriptions of AF systems in, say, the highland sub-humid tropics (or the
tropical highlands, as they are popularly known): for example, the Chagga
system on Mount Kilimanjaro in Tanzania (Fernandes eI al. 1984), hill
farming in western Nepal ( Fonzen and Oberholzer 1984), multipurpose tree
integration in the highlands of Rwanda (Neumann 1983), casuarina andcoffee systems in Papua New Guinea (Bourke 1984). Similarly, a large
number of system descriptions can found variousbe for other ecologicalregions. Recommendations on AF technologies have also been suggested for
specific agro-ecological regions (for example, for hilly regions of Rwanda 
(Nair 19 83a), and for sloping areas (Young 1984).

Descriptions of existing systems, as well as recommendations of potential
AF technologies for specific agro-ecological zones, include mixture
various forms of AF (in terms of the 

a of 
nature as well as arrangement of

components). Thus there can be agrisilvicultural, silvopastoral or agro
silvopastoral systems in any of the ecological regions. For example, Young
(1984) analysed the AF potential for sloping lands using the primary data
collected by ICRAF's AF Systems Inventory Project and others for eight
systems in sloping lands in various parts of the world, and showed thatall the three basic categories of AF (agrisilvicultural, silvopastoral and

agrosilvopastoral) 
 can be seen in this particular land form. Similarly, Nair
(1985b) examined the AF options in the context 
 of land clearing in the
humid tropics. Thus most AF categories can be found in all agro-ecological
 
zones.
 

In summary, agro-ecological zonation alone cannot be taken 
as a satisfac
tory basis for classilication of AF systems. Several AF systems and practices
(existing as well as potential) are relevant to any major agro-ecological zone;depending on specialthe conditions of any zone, the emphasis of the
system/practice will also vary. For example, in the tropical highlands, one ofthe main considerations would be the protective role (soil-conservation po
tential) of AF, whereas in sparsely-populated semi-arid savannas, silvopas
toral systems for production of livestock (and fuelwood) would be of 
priority consideration. 
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5.2. Socio-economic grouping 

Socio-economic criteria such as scale of production and level of technology 
input and nanagemeat have also been used as criteria for classifying AF 
systems. Lundgren (1982) thus groups systems into commercial, intermediate 
and subsistence systems. 

The term commercial is used where the production oi the output, usually a 
single commodity, for sale is the major aim or the system: scale of operations 
is often medium to large and land ownership may be government, corporate 
or private; labour is normally paid or otherwise contracted. Examples include 
commercial production of agricultural plantation crops such as rubber, oil 
palm and coconut, with permanent underplantings of food crops, other crops, 
or pasture/animals; commercial production of shade-tolerating plantation 
crops like coffee, tea, and cacao undec overstorey shade trees; rotational 
timber/food crops systems in which a short phase of food-crop production is 
used as a silvicultural method to ensure establishment of the timber species 
(various forms of taungVa): commercial grazing and ranching under large
scale timber and pulp plantations; etc. 

"Intermediate" AF systems are those that are intermediate between com
mercial and subsistence scales of production and management: production of 
perennial cash crops and subsistence crops undertaken on medium-to-small
sized finrms where the cash crops cater for the cash needs, and the food crops 
meet the faiily's food needs. Usually farmers who either own the land, or 
have long-term t.,ancy rights to land, reside and work themselves on the 
land, supplemented by paid temporary labour. The main distinguishing fea
tures of the intermediate system from those of the comm "rcial system, at one 
end, and the subsistence system, on the other, are holding size and level of 
economic prosperity. Several AF systems in many parts of the world becan 
grouped as intermediate systems, especially those based on plantation crops 
such as coffee, cacao and coconut. Similarly, there are several intermediate AF 
systems based on a large number of fruit trees, especially in the Asia-Pacific 
region (Nair 1985a), and short-rotation timber species such as Albizia Jl
catariain the Philippines (Pollisco 1979) and Indonesia (Nair 1985b). 

Subsistence AF systems are those where the use of land is directed toward 
satisfying basic needs and is managed mostly by the owner/occupant and his 
family. sash crops, including sale of surplus production of commodities, may 
well be a part of these systems but are only supplementary. Most of the AF 
systems practised in various parts of the developing countries come under the 
subsistence category. All forms of traditional shifting cultivation found 
throughout the tropics are the most widespread example. However, not all the 
forms of subsistence AF systems are as "undesirable" or resource ., pleting as 
traditional shifting cultivation. For example, the integrat. , multi-species 
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homegarden system found in almost all thickly populated areas is a "progres
sive" AF system (Wicrsum 1980; Michon et al. 1986). Similarly, several
commendable systems of a subsistence nature can bc found in many other
regions; for example, in Latin America (Wilken 1977), arid West Africa (von
Maydell 1979, 1987; Le Hourou 1987), humid West Africa (Getahun et al. 
1982) and India (ICAR 1979). 

Grouping of AF systems according to these socio-economic and manage
ment criteria is yet another way of stratifyir, g the systems for a purpose
oriented action plan. Such an approach will be useful in development efforts,
for example. However, there are some drawbacks if these criteria are accepted 
as the primary basis for classifying the systems. First, the criteria for defining
the various classes are not easily quari titiable; the standards set for such a
differentiation will reflect the general socio-econoniic situation of the locality.
What is considered as "subsistence" level in one set of situations may well fall
under "intermediate" higher category in another setor even a of situations.
Moreover. these class boundaries wvill also change with time. A good example
is the gunr,-arabic production systems of the Sudan. It used to be a flourishing
"intermediate" system consisting of a planned rotation of Acac/ senegal for 
gum production for years.7 12 Acacia sencgal also provided fodder andfirewood and improved soil fertility (Seif-el-Din 1981). But with the advent of
artificial su~bstitutes for guml arabic, the Acacia senegal - millet system has 
now degenerated into a subsistence system.

Therefore these socio-economic factors that are likely to change with time
and management conditions cannot be rigidly adopted as a satisfactory basis
for an objective chlssification scheme, but they can be employed as a basis for
grouping the :;ysteais for a defined objective or action plan. 

6. A framework fir classification of agroforestry systems 

The foregoing an.:alysis reveals the following: 

- The commonly used criteria for classifying AF systems and practices are: 

Structure of the system (nature and arrangement of components);

Function of the system (role 
 and output of components);
 
Agro-ecological 
 zones where the system exists or is adoptable; and
Socio-economic scales and management levels of the system. 

- Each of these criteria has merits and applicability in specific situations, but 
they have limitations also so that no single classification scheme can be
accepted as a universally applicable one. Therefore, classification of AF 
systems will have to be purpose-oriented. 



49 

-- The complexity of the problem can be reduced if the structural and 
functional aspects of the system are taken as the criteria for categorizing the 
systems and agro-ecological and socio-economic aspects as the basis for 
grouping them. 
Since there are only three basic sets of components that are managed by 
man in all agroforestry systems (woody perennials, herbaceous plants and 
animals), a logical first step to classifying AF is based on the nature of these 
components, namely: 

" Agrisilvicultural
 
" Silvopastoral, and
 
" Agrosilvopastoral
 

(There are also a few other specialized systems.) 

Having done such a preliminary categorization, the systems can subse
quently be grouped according to any of the purpose-oriented criteria 

T hh' 4.2. Framework for a purpose-oriented classification of agroforestry systems.* 

First step Subsequent step(s) 

Classilication based on Criteria Major areas of application
 
Ihe natu r of components
 

Agrisilvicultural Arrangement of Research on plant 
components 	 management for optimizing

Silvopastoral ;nteractions 
In time
 

Agrosilvopastoral
 

In space 

Other (specify) Function/role Development projects for
 
of components exploiting agroforestry
 

potential 
Productive 

-- Protective 
(service) 

Agro-ecological 	 Land-use planning, 
zones and other regional development 
specified land 
forms 

Socio-economic 	 R & D programmes, 
aspects 	 socio-economic analysis

of agroforestry potential, 
resource-utilization plan 

* See Table 4.1 for major approaches in classificat..n. 
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mentioned above. Each of the resulting groups can have any one of the 
above three categories as a prefix, for example: 

" 	Silvopastoral system for cattle production in tropical savannas; 
* 	Agrisiivicultural system for soil conservation and food production in 

tropical highlands. 

A framework Ior classification of AF systems based on these considerations is 
given in Table 4.2. 

At first, the systems can be designated according to the nature of the 
components, and then, for each category, information can be given on the 
other major characteristics that can be used as the criteria for grouping them 
subsequently for any specified purpose. This appears to be a logical, simple, 
pragmatic and purposc-orientcd approach to classification of AF systems, and 
this approach has been adopted for grouping the existing systems, as discussed 
in 	the following chapter. 
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5. Agroforestry systems, practices and technologies 

P.K.R. NAIR 

The words "system", "sub-system", "practice" and "technology" are very 
commonly used in AF literature. In systems-analysis language, a s'stel refers 
to a group of physical components, i.e., an assemblage of objects, connected 
or related in such a manner as to form and/or act as an entire unit (Arnold 
and de Wit 1976; de Wit and Goudrian 1974). In land-use terms, a system 
refers to a type of land use specific to an area and described according to its 
bio-technical and socio-economic aspects: for example, an agricultural system 
or a forestry systems denotes a type of agriculture or forestry land use of the 
locality, described in terms of its main components, level of management, 
nature of output, and so on. The broad terms used to describe specific systems 
are usually clear enough to portray the basic nature of the systems: for 
example, rice production systems, subsistence agricultural systems, plantation
crop systems, mixed cropping systems, maize-wheat rotation system, livestock 
production system, commercial timber production system, and so on. And, of 
course, each one of these has various sub-divisions and forms too. 

These common land-use systems of agriculture and forestry are, however, 
mostly oriented to the production of a specific commodity (or groups of 
similiar commodities) so that, in land-use literature, commodity orientation 
has evoi. :d as the first consideration of the system nomenclature. The 
complex and multiple output nature of AF puts some restrictions on demarca
tion of specific systems in this way. Instead, the term agroforestry system as 
used in the AF literature corresponds to specific or generalized AF land 
utilization types (Young 1984), the basis for defining and demarcating the 
various such systems being not only biological or technical, but also economic 
or social. In itmore sociological context, Raintree (1987) explains the concept 
of land-management systems for the "diagnostic and design (D&D)" purpose 
as that part of the man-environment complex or "human ecosystem" where 
the organizing influence of the manager (the man) is felt most clearly and 
directly; in other words, a relevant decision-making unit within a local human 
ecosystem. Obviously this is a variable-scale concept because the extent of the 
decision-making unit can vary from the family farm to broader geographical 
units. It can therefore be surmised that from the point of view of distinguish
ing and classifying AF systems, an AF system can be considered as a type of 
AF land use th it is specific to a locality and described according to its 
biological composition and arrangement, level of technical management, or 
socio-economic features. 

P.K R. N l {cd. I. Agrt lrciry S,,icmsin .:- 53 62.I ropics. 

I 19 9. Khme r Academic Vuhlihcrs. I)ordrecht Printed in theNetherhnds. 
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Talh 5.1. Some examples of prominent agroforestry systems and practices in the tropics and 

Ss I I IMS 

Major s sietis Siib-isstellls pilcuiccs 

A(iRISILVI(t I.It RA. inipromed 'fallhiu (in 
SN'St iMS 	 shilling 'ullisathii 

irca') 


hietaii ilga '5)sletiH 

ltee gardens 

Iledgcros ilecroripping 
Ialley crippiu ) 

Mullipurp .is treesand 
shruhs tin farmlands 

Crop comttbination lh 
plauntation crops 

AF:ficlusiod production 

Shclterhelts, utindbreals. %oil 
ciuu1sersatiin hedges 

SILVOPASTIORAL 	 Protein hank 
SYSTEIMS 	 (cui-and-ca~r) fodder 

producton) 

Living fence tif fodder trees 
and hedges 


trees and shruhs tin p tures 

AGROSILVOPASIORAL Woody hcdgc for hrossc. 
SYSTIEMS mulch, green manure, soil 

consersation. etc 

limlegardens inoing a 

large nunher (if hethaceous 
and -sod)platts with 

or ssithiut animals 

OTHIER S 'H]EMS 	 Agro-silio-liher) 

i aquaforestry) 

Various forms of shifting 

cultivation 

Apiculture with trees 

South Pacilic 

e.g taro suh C'ellailt 
and An1iurphulut tree) 

Insolving fruit trees 

Mainly fullit nit trees 
It g. C 'Iina rri. Pimnirith. 
lfartingtlo. I ,tnd-ni, 
,4rtiiiarptu. lti'ei 

lantation croips and otler 
mlhlpiris trees. c g 
Caiointdl and olffee in 
the highlands iofINti. 

also (hmhta and 
/.,uu'uI a wth cacao 

Mulipurpo e fuclusood 

trees around sctlCnients 

C'iuuriniu'digsdoitn in the 
lughlands as shhcrlt,hs 

and soil improser 

Rare 

(cLastontal 

(attic under coconuts. 

pines and luluhlu. 

d,'glunpt 

Vatious firms. (aCttuaina 

iguhn widely used to 

prtoide mtulch and 

ctnipost 

Sescral types if 

homcgardcns and kitchen 
gardens 


Common 

Common 

hXAMPIIS FOR I)iIFRINT 

Sioth-clsAia 

Forest tillages if Ihailand; 
%ariousfruit trees and 
plntation crops useda% 
"fallh" pcscsin 
Iudonesta 

Widely practised forest 
lIlages of lhailand is an 

unprit ed flormt 
I)ominated hy fruit trees 

Lxtcnsise usc if Sethaniu, 
grunhIlloru. I.cui a'na 
Iciuiiuiephala and 
Calliandra ialhuhi,.,u 

)ominated by fruit trees; 
also -,acis "Iu'utrn.t. 
cropping system, Indonesia 

Planttion crops + fruit 
trees. sniallhokler systems 
of crop citmhinations with 
plantation crops; 

plantation crops hilt 
spice tree, 

SeLeral examples in 

dilfercnt ecolotgical
 
rcgions
 

terracestabilitation in
 
steep slolpes
 

Very comnton, especially
 
in highlands
 

Luic4cna. Calliandra. etc. 
used extensively 

(iraziu, under coconuts 

and ot .!r plantations 

Variou,, forms 

Wry common; Java 

honiegardens often quoted 
as good examples; involving 

several fruit trees 

Silviculture in mangrove 

areas; trees on bunds of 

ftsh-hreeding ponds 
e.g. swiddcn farming 

Common 
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sub-tropics. 

(iIOG(RAPIIIC REGIONS 

South Asia 	 Middle Fast and East and Central West Africa American tropics 
Mediterranean Africa 

Imlprocslent to Improvements to Aist hartrii. Several forms 
shilling Cuhisatlon; shifting cultivation. 4nthonontha rnacro
e".era'lapproaches. 
 Cg. gunt gardens of ;,h la,. Gi'cidia
 

c V. i the north-
 the Sudan sipium, etc.. tried 
c.isterli paris of as 'fallow' species
India 

Seseral liorlts. The 'shamba' system Several forms Several forms 
wi eral lamlteS 

111ll . ecological 	 "theDIe)hca system; e.g., "Paraivo wood.
rcgion, 	 'Pare arhorcS lot" of ParaguaySe.ril .sperin ental The corridor system Experimental systems Experimental
ipprot'hs. c g , of Zaire on alley cropping 

onnsers tion flruing sith Iucaena and
 
in Sri l.anka 
 other isoody peren. 

nial speciesSetCril ioriiis hith in 	 t ie oasis s)st:m Vatiin forms; .4,aliia alhida-baswd Various forms in allloss-and highland,. crop combinations the Chagga system fiod production ecological regions 
c g . hill f.mrnngII i ith he(arob tree; i-f lantanian high- systems in dry
Nepal. Ahelrpi-hascd the tDehcsas tem; land-; !fie Nyabisindu areas Buti ro.sp,rntun
 
s i It
sleili he tlry Irrigated s)stcrls. ssieum of Rsanda + Pardasystems;

paris ot I i 
 oilie trees , cereals "Parc arhorie"

Integrited produtlon 	 Irrigated s)stems. Integrated production; Plantation crop mix- Plantation crop mix
* sitsnas ii sniall. 	 olive Ircesf cereals shade trecs in ciom- tures; production 	 lures; shade trees
Isliiigs. shids, tree, mcrcial plantations smallholder systems in commercial 

in planttions. mixed s)stemts in plantations; mixed
ilher Lrtp mixiture, tie highlands in smallholdings;
iticlulIng s iritIs 

6pice trees; babassu 
tree pice,

Vartoas o rnis icluding Various forms Common 
palm-based systems

in the Several forms in the
stoic rts t tcml dry regions 	 dry regions
liresiry 

I sc of (stnItrtii spp Iree spices fir The Nyabisindu Various forms Live fences, wind
i, shelcerlhlt,. erosion control system of Rwanda breaks especially
,:crta indhreaks 

in highlands 

.lutilpurpos. fodder Very common Very common Very common 
tes tn or aroiund 
ttril.ds especially 
11 highlatds 

Sedwhinia.Ltphorhl.si Very common in all Very common inSI :i9tt, etc. cintoiin ecological regisins the highlands

Sceral tree species Very cosmon in the the .Atatia-dominated Cattle under oil palm; Common in humid


titng used .er. dry regions; the system 'A tiCe arid cattle and sheep 
 as well as dry
'idely 	 I)ehesa )stem parts of Kenya. under coconut regions. e.g., 

Somalia and Flthipia under plantation 

crops in Brazil 

Varous 1,rns, especially 	 Common; sanasts of Very common Especially in hilly
in htialands the shamha system regions 

(ontmton in all ecolo. 	 the oasis s)stem Various forms (the Compound farms Very common in the
gicat regionis usually Chagga honegar of humid low- thickly populated
itUsitkling fruit trees dens; the Nyahisindu 	 lands areas 

system) 

Occasional 

Very common; Very common Very common in Very common in all
various names the lowlands ecological regions

(onmmon Common Common Common 

http:Ltphorhl.si
http:ttril.ds


Table 5.2. Major agroforestry practices. 

Agroforestry Brief description Major groups of *Main types of Primar, role of Agro-ecological

practice (of arrangement components component 
 woody component adaptability 

of components) (w = woody interactions Prt = protective 
h = herbaccous in space(s) Prd = productive 
f= fodder for grazing time (t) 

a = animals) 

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

I. Improved fallow Woody species planted w: fast-growing t: sequential Prt: soil fertility In shifting cultivation 
and left to grow preferably leguminous (in rotational Prd: wood products areas 
during the -fallow h: common agricultural cycles) 
phase" crops 

2. Taungya Combined stand of w. usually plantation s: concomitant Prd: additional In all ecological regions
woody and agricultural forestry spp. t: sequential income from (%%here taungya is 
species during early h: common agricultural (in rotational agricultural crops: practised): several 
stages of establishment crops cycles) also management improvemcnts possible
of plantations care for plantation 

species 
3. Alley cropping Woody species in hedges: w: fast-growing. s:zonal (strip) Prt: soil improvement. Sub-humid to humid 

(hedgerow agricultural species in leguminous. that t: concomitant and or soil areas with high human
intercropping) alleys in between coppice vigorously to intermittent conservation population pressure 

hedges; microzonal or h: common agricultural Prd: additional and fragile (productive
strip arrangement crops products from but easily degradable) 

hedges soils
 
4. Multilayer tree Multispecies. multilayer. w: different woody s:mixed dense Prd: various types of Areas with fertile soils. 

gardens dense plant associations components of varying t: coincident outputs good availability of 
with no organized form and growth habits Prt: soil conservation labour, and high
planting arrangements h: usually absent: shade and protection: human population 

tolerant ones efficient nutrient pressure 
sometimes present cycling 



5. Multipurpose 
trees on crop 
lands 

6. Plantation crop 
combinations 

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 

2. Mixtures of plantation 
crops in alternate or 
other regular 
arrangement 

3. Shade trees for 
plantation crops: shade 
trees scattered 

4. Intercropping with 

w: multipurpose trees 
and other fruit trees 

h7 common agricultural 
crops 

w: plantation crops 
like coffee, cacao, 
coconut. etc.. fruit 
trees (esp. in I): 
fuelwood fodder spp. 
esp. in 3. 

h: usually present in 4. 
and to some extent 
in I shade-tolerant 
species 

s: mixed sparse 
t: interpolated 

s: mixed dense 
( 1. 2, 4) or 
mixed sparse 
(3) 

t: 
1. Interpolated 
2. Coincident or 

overlapping 
3. Coincident 

4. Intermittent 
or concomitant 

Prd: production of 
various tree 
products 

Prt: fencing, social 
values. plot 
demarcation 

Prd: production ef 
a large number of 
products 

Prt: soil surface 
protection; shade 
and windbreak 

In all ecological regions 
esp. in subsistence 
farring: also 
commonly integrated 
with animals 

In humid lowlands or 
tropical humid, 
sub-humid highlands 
(depending on the 
adaptability of the 
plantation crops 
cencerned); usually 
in smallholder 
subsistence system 

7. Homegardens 
agricultural crops 

Intimate. multistorey 
combination of various 
trees and crops around 
homesteads 

w: fruit trees 
predominate; also 
other woody species; 
vines. etc. 

s: mixed dense 
t: coincident to 

interpolated 
h: shade-tolerant 

Prd: 

Prt: 

production of 
various products 
soil surface 
protection 

In all ecological regions, 
especially in areas 
high population 
density 

8. Trees in soil 
conservation 
and reclamation 

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

w: multipurpose and/or 
fruit trees 

h: common agricultural 

species 

s: 
t: 

crops 
zonal (stip) 
intermittent 

Prt: 
Prd: 

soil conservation 
various tree 
products 

In sloping areas. 
especially in highlands, 
reclamation of 
degraded, acid, alkalisoils, and randdune 

stabilization 



Tahh, 5.2. (continued) 

Agroforestry 
practice 

Brief description 
(of arrangement 

of components) 

Major groups of 
components 

(w = woody 
h = herbaceous 

f= fodder for grazing 

Main types of 
component 

interactions 

in space(s) 

time (t) 

Primary role of 
woody component 

Prt protective 
Prd productive 

Agro-ecological 
adaptability 

9. Shelterbelts 

and windbreaks, 
live hedges 

Trees around 
farmlands plots 

a = animals) 

w: combination of 
tall-growing 

spreading types 
h: agricultural crops of 

s: 

t: 

zonal (strip 
boundary) 

coincident. 

interpolated 

Prt: 

Prd: 

snelterbelts 
windbreak: 

usually 

firewood 

fencing 
In wind-prone areas 

10. Fuelwood 

production 

Interplanting firewood 

species on or around 
agricultural lands 

w: 

h: 

the locality 
firewood species 

agricultural crops of 
the locality 

s: zonal (strip 

boundary) 
t: coincident 

Prd: 

Prt: 

firewood 

fencing: 

In all ecological regions 

shelterbelts: 
boundary 
demarcation 

B . Silvopastoral systems (trees + pasture and or animals) 

I1. Trees on 

rangeland 
pastures 

or 

Trees scattere-d irregularly 

or arranged according 
to some systematic 
pattern 

w: 

f: 
a: 

multipurpose: usually 
of fodder value 
present 
pres.-nt 

S: 

t: 

mixed sparse 

coincident 
Prd: 

Prt: 

trees as fodder 

shade; 
environmental 
protection 

Extensive grazing areas 

12. Protein banks Production of 
protein-rich tree fodder 
on farm rangelands for 
cut-and-carry fodder 

production 

w: 

h: 
f: 

leguminous fodder 
trees 

present 
present 

s: 
t: 

zonal 
coincident or 
interpolated 

Prd: 
Prt: 

fodder production 
soil and 

environmental 
protection 

Usually in areas with 
high man: land ratio 

depending on 
arrangement 



13. Plantation 
crops with 
pastures and 
animals 

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

w: 
f: 
a: 

plantation crops 
present 
present 

s: 

t: 

mixed sparse 

intermittent 

Prt: shade and 
protection to 
fodder and 

animals 

In areas with less 
pressure on plantation 
crop lands 

C. Agrosilvopastoral systems (tree + crops + pasture/animals) 

Prd: (plantation 
products) 

crop 

14. Homegardens 
involving 
animals 

15. Multipurpose 
woody hedgerows 

Intimate. multistorey 
combination of various 
trees and crops, and 
animals, around 

homesteads 
Woody hedges for 

browse, mulch, green 
manure, soil 
cLnservation, etc. 

w: fruit trees 
predominate; also 
other woody species 

a: present 

w: fast-growing and 
coppicing fodder 
shrubs and trees 

h: (similar to alley 
cropping and soil 
conservation) 

s: 
t: 

s: 

t: 

mixed dense 
interpolated 
coincident 

zonal (strip 
or boundary) 

intermittent 

to coincident 

Prd: 
Prt: 

Prt: 
Prd: 

various products 
soil surface 
protection: organic 
recycling 

soil conservation 
various products, 
mainly fodder 

In all ecologica, regions 
with high density of 
human population 

Humid to subhumid 
areas with hilly and 
sloping terrain 

D. Others 

16. Apiculture 
with trees 

17. Aquaforestry 

Trees for honey 
production 

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

w: honey producing trees 
(other components 

may be present) 

w: trees and shrubs 

preferred by fish 
(other components 

may be present) 

s: boundary, 
mixed, sparse 

(or any other) 
t: (variable) 
s: boundary 

planting 
t: coincident to 

intermittent 

Prd: 
Prt: 

Prd: 

Prt: 

honey production 
location-specific 

fish production 

bund stabilization 
around fish ponds 

Depending on the 
feasibility of apiculture 

Lowlands 



Table .2. (continued)
 

Agroforestry 
 Brief description Major groups ofpractice *Main types of Primary role of(of arrangement Agro-ecologicalcomponents component
of components) 

woody component adaptability(w = woody interactions Prt = protective
h = herbaceous in space(s) Prd = productive
f= fodder for grazing time (t) 

a = animals) 
18. Multipurpose For various purposes w: multipurpose species: s: zonal or mixed Prt:woodlots various protective Various(wood. fodder, soil special location-specific t: separate or Prd: variousprotection, soil species (other overlapping

reclamation, etc.) components may be 
present)
 

* Temporal arrangements of components in agroforestry systems 

Coincident 
Concomitant 

Intermittent 
Overlapping 

Separate 
Interpolated 

Woody species Non-woody component 
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The major field examples of agroforestry systems from different geographi
cal regions, grouped together according to the framework proposed for 
classification in Chapter 4, are presented as Table 5.1. 

More detailed information on the different types of systems 1n various 
ecological regions, and the common woody species involved in each, is given 
as Appendix I to Chapter 6. 

The other commonly used expression in AF literature is sub-system. Seman
tically it indicates a lower-order hierarchy of the system. A system can well be 
conceived to be composed of various sub-systems, or compartments, each with 
definable boundaries, though seldom existing independently; it is in thls way 
that the term is used i, a physical sense in systems-analysis language. But in 
AF literature the sub-system refers to a part of the system with a more 
restricted role, content and complexity than the system itself. Depending on 
the criteria used for defining or designating the system (biological, socio-eco
nomic, and so on), the types of sub-systems can also vary. For example, an 
agrisilvicultural system can have several types of sub-systems according to the 
type and arrangement of its constituent components. But another way of 
looking at it is based on the system's output, that is, to cousider a system as 
being composed of several sub-systems, each producing a defined "basic need" 
as its major output, so that there can be a food sub-system, an energy
sub-system, a shelter sub-system, a cash sub-system, and so on (Raintree 
1987). 

An agroforestry practice usually denotes a specific land management opera
tion of an agroforestry nature on a farm or other management unit, and 
consists usually of arrangements of AF components. Several such practices 
will be involved in the constitution and maintenance of an AF system.
Commonly these practices include the arrangements of components in space
and time vis-6-ris the major function of the tree component. Moreover, 
although several AF systems have been recorded from different parts of the 
world, the distinctive AF practices that constitute these systems in various 
eco-regions are only a few. Alley cropping (hedgerow intercropping),
boundary planting of trees, trees and shrubs as shelterbelts and windbreaks, 
use of woody perennials in soil conservation, tree gardens, woodlots on 
agricultural lands, etc. are commonly found AF practices in most AF systems. 
These most commonly found AF practices and their essential characteristics 
are listed in Table 5.2. Any of these practices becomes an AF system when it 
is developed or spread to such an extent in a specific area as to form a definite 
land-utilization type in that area. 

One essential point to note here is that an AF practice can exist even in a 
non-agroforestry land-use system. An example is the practice of growing rows 
of Seshania grandifloraon the bunds of rice paddies in Java, Indonesia. This 
woody species is harvested for its leaves as green manure, its flowers are eaten 
as a vegetable, it provides firewood and it adds to the fertility of the soil 
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underneath through fixationbiological of atmospheric nitrogen. Thus th
woody species interacts ecologically and economically with the crop (rice)
production system; in other words, it is an AF practice in an agricultural 
production system. 

Hierarchically, the system, the sub-system and the practice form different 
levels of organization of the components, i.e., a system consists of several 
sub-systems and each sub-system consists of several practices. Depending on 
the degree of' "evoluiion" and the level of physical spread, these terms also 
represent different extents which theyto are adopted in a given locality, a 
system being widely practised to form a land-utilization type of the locality, a 
practice being a management operation involving the components within a 
system, and a sub-system falling in between. However, the words are used 
rather promiscuously, and even synonymously, in common AF usage, so that 
it becomes ditlicult to differentiate them from one another. 

Another term that is commonly used in all land-use systems, including
agroforestry, is "technology", and it is usually used in combination with a 
particular production system or land-use system as the prefix; thus, agricul
tural technology, wood-production technology, agroforestry technology, and 
so on. The word or sutlix "technology" in this sense indicates an innovation 
or improvement, usually throu Ii scientific intervention, that can be applied
with advantage in the management of the system or practice concerned. The 
inputs that are used for developing such technologies can sometimes be the 
most significant aspects, and these are called input technologies; e.g., im
proved varieties of plants, agrochemicals, and so on. Most of the promising 
agroforestry technologies are also known by the same names as AF practices
(Table 5.2), because whatever little scientific interventions that have been 
made were for improving existing AF practices rather than devising totally 
new ones. Thus, boundary planting of multipurpose trees, which is an existing
agroforestry practice in some regions, can be proposed, with appropriate
modifications, as a potentially adoptable new technology for other areas. 
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6. Ecological spread of major agroforestry systems* 

P.K.R. NAIR 

1.Ecological zones of agroforestry significance in the tropics and subtropics 

The major physical parameters that determine the ecology of a location in the 
tropics are rainfall (quantity and distribution) and temperature. Altitude also 
is important because of its influence not only on temperature, but also on land 
relief characteristics. The FAO Agro-Ecological Zones Inventory divides the 
tropics into "warm", "moderately cool", "cool" and "cold" zones depending 
on the climatic (mainly temperature) regime during the "growing period". 
These growing periods refer to a few selected agricultural crops that are 
seasonal and therefore do not necessarily reflect the growing periods of 
perennial species (although it can be argued that the agricultural growing 
period also represents the peak growing seasons of the perennial species in 
rr. it cases). 

From the agroforestry point of view, the major ecological regions recog
nized in the FAO State of Food and Agriculture Reports (SOFA) are more 
relevant: these are temperate, mediterranean, arid and semi-arid, subhumid 
tropical (lowland), humid tropical (!owJ-:d') and highland. These classes, 
except the first (and possibly the second), cover the tropical and subtropical 
lands where agroforestry sys.tems of the types that are discussed in this book 
exist or have a potential. These major ecological regions of the tropics and 
subtropics are shown in Fig. 6.1, and their main characteristics (mainly 
adapted from Young 1986), are summarized in Table 6.1. 

2. Agroforestry systems in lowland humid and subhumid tropics 

Characterized by hot, humid climates for all or most of the year, and an 
evergreen or semi-evergreen vegetation, the lowland humid and subhumid 
tropical region (but usually referred to as humid tropics) is by far the most 
important ecological region in terms of the total human population it sup
ports, and area and diversity of agroforestry and other land-use systems. 
Because of the climatic conditions that favour rapid growth of a large number 
of plant species, various types of agroforestry plant associations can be found 

* Based on Nair, P.K.R. (1987). Agroforestry systems in major ecological zones of the tropics 
and subtropics. ICRAF Working Paper No. 47. ICRAF, Nairobi. 

[K.R.Nairled.). Agroforestry Systems in theTropics. 63-84, 
( 1989.Kluwer .' IdemicPublishers, Dordrecht - Printed in the Netherlands. 
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Table 6.I. Main characteristics of the major ecological regions of agroforestr.' 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 problem, 

Major agroforestry 
emphasis 

Adapted from Young (1986) 

Humid uhhurnid lowlands 

Hot. humid for all or most of the 

year. rainfall > 1000 mm: 

sometimes one or more 

extended dry periods per year: 

Koeppen 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; abo.t 35% of tropical land 

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

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

Improvei 'allows. soil fertility 
improvement and conservation, 
food production 

in consultption with A. Young, 

Dry regions (semi-arid and arid) 

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

Savannas with low or medium-high trees 
and bushes (Aw): thorn scrub and 
steppe grasslands (BS), Ve.tisols, 
Alfisols (Luvisols, Nitosols) v.,'Fntisols 

Savanna and sub-Saharan zones of Africa. 
Cerrado of South America, semi-arid 
and arid pa.'ts 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 rair, all). 
soil fertility decline caused by 
over-cultivation, over-grazing, 
degradation of deciduous woodland, 
fuelwood;fodder shortage 

Fuelwoodifodder 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 
-erralsols) 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 tropical 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, f ,dder/fuel production. 
watershed management, ecosystem 
stabilization and protection of rare species 
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in areas with high human population densities. Various forms of homegar
dens, plantation-crop combinations, and niultilayer tree gardens are common 
in such regions. In areas with a low population density, such as the low selvas 
of Latin America, trees on rangelands and pastures, other silvopastoral 
systems, improved fallow in shifting cultivation areas, multipurpose tree 
woodlots, etc. are the common AF systems. Examples of AF systems in the 
humid tropical lowlands about which ICRAF has data in the computerized 
AFSI database are included in Appendix 6.1. 

The lowland humid tropics also include areas under natural rain forests. In 
such areas, cutting of rain forest at rates much faster than natural or managed 
regeneration is a common problem. This causes shortening of fallow periods
in shifting-cultivation cycles and resultant loss of soil productivity and acceler
ated soil erosion. The potential of appropriate agroforestry systems to combat 
these problems needs to be exploited in future land-use strategies in this zone. 

3. Agroforestry systems in semi-arid and arid tropics 

Extending over the savanna and Sudano-Sahelian zone of Africa, the cerrado 
of South America and large areas of the Indian subcontinent, the semi-arid 
and arid tropics are characterized by one or two wet seasons (Koeppen 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 also depend on the human 
population pressure; homegardens and multilayer tree gardens are common in 
the wetter areas with high population pressure. But generally speaking, the 
most predominant AF systems in this zone are: 

- Various forms of silvopastoral systems, 
- Windbreaks and shelterbelts, and 
- Multipurpose trees on crop lands, notably Acacia albida-based systems in 

Africa and Prosopis.basedagrisilvicultural systems in the Indian sub-conti
nent (see Appendix 6.1). 

Fueiwood shortage is a major problem in most parts of the semi-arid and 
arid tropics. Agroforestry potentials in fuelwood production well docuare 
mented (e.g., Nair 1987). Similarly, desertification and fodder shortage, which 
are the other major ecological problems in this zone, could be tackled to some 
extent through the agroforestry approach. 

4. Agroforestry systems in tropical highlands 

Approximately 20% of the tropical lands are at elevations from 900 to 1,800 
in, in about half of the Andean highlands of Central and South America, parts 
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of Venezuela and Brazil, the mountain regions of the Caribbean, many parts 
of East and Central Africa, the highlands of Cameroon, same parts of the 
Deccan Plateau of India and some parts of the south-east Asia mainland. The 
altitude exceeds 1,800 m in about 3% of the tropical area in the Andes, the 
Ethiopian and Kenyan highlands, northern Burma and parts of PNG. In the 
subtropical regions, the most imporiant highlands are in the Himalayan 
region. 

The areas in these highland tropics with significant agroforestry potential 
are humid or subhumid; those with dry climates have very low potential. 
Land-use problems in the highlands are similar to those in humid or dry 
lowlands, depending on the climate, with the addition that sloping lands and 
steel) terrain make soil erosion a major concern. Moreover, the 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), and 
this affects the growth of certain lowland tropical specics. 

The main AF systems in the tropical highlands are: 

Production systems involving plantation crops such as coffee and tea in 
commercial as well as smallholder systems; 
Use of woody perennials in soil conservation and so I-fertility maintenance; 
Improved fallows; and 

- Silvopastoral combinations (see Appendix 6.1). 

5. Agro-ecological analysis of existing agroforestry systems 

The existence of an AF system/practice in a particular area is determined not 
only by environmental and agro-ecological factors, but also by socio-eco
nomic considerations. In different areas with identical agroclimatic conditions, 
factors such as human population pressure, availability of labour and other 
production resources, proximity and accessibility to market sources, etc., are 
the main determinants of the types and forms of agroforcstry sysimrs. Even in 
the case of systems that are widespread in most ecological and geographical 
regions, such as shifting cultivation and taungya, these systems have very 
many variants that are specific to certain defined situations. As a general rule, 
it can be said that while the ecological factors determine the major type of AF 
system in a given locality, the complexity of the system and the degree of 
intensity of its management increase in direct proportion to the population 
intensity and land productivity of the area. A typical example is the spread of 
multispecies, multistoreyed homegarden systems. Though found mostly in 
humid lowlands, homegardens are common in pockets of high population 
density in other ecological regions also. Analysing the structural and func
tional aspects of ten selected homegarden systems from different ecological 
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regions, Fernandes and Nair (1986) found that although the average size of
each homegarden unit is less than 0.5 ha, the units are composed of a large
number of woody and herbaccous species carefully structured to form 3-5
vertical canony strata and each component having a specific place as well as 
function in the multispecies complex.

There are some functional aspects of specific AF practices that are empha
sized or necessitatcd in specific agro-ecological situations. For example, the
functional emphasis of AF systems in sloping lands is erosion control and soil
conservation; in wind-prone areas, woody species are successfully used as
shelterbelts and windbreaks; the emphasis is on fuelwood production in areas
with fuelwood shortage; there are also specific agroforestry approaches for the
reclamation of degraded lands and other waste lands (such as highly eroded
lands, areas with high levels of salinity/alkalinity, etc.).

The ecological potential of an area is undoubtedly the prime factor that
de.:i,Lc the adoption and spread of specific AF systems in different parts of
the world. The preponderance of homegardens and other multispecies mixes in
fertile lowlands and high potential areas at onc end of the ecological scale and
extensive silvopastoralism at the other end, with various systems in between,
gives a spectrum of agro-ecological adaptability and spread of various AF 
systems. This is schematically presented in Fig. 6.2. 

Figure 6.2 represents a very rough approximation of the general pkttern of
the major agroforestry systems in different ecological regions. It does not
include all AF systems, nor does it fully portray the relative spread (in terms 
of areas involved) or the level of management of the various systems. A
further step in this direction is to indicate the major known areas ofconcentration of important agroforestry systems in the tropics and subtropics,
i.e., something like a "map of the agroforestry situation in the tropics and 
subtropics". This is attempted in Fig. 6.3. 

The "map" represents areas with a relative abundance of specified agro
forestry systems, but does not identify localized systems or systems whose
 
presence is relatively less significant in an 
area. For example, as mentioned 
earlier, "multipurpose trees on farmlands" can be found in almost all ecolog
ical and geographical regions. But there are only a few such systems that make
them distinctly unique agroforestry systems. Examples include the arid-zone 
systems involving Acacia alhida (Miehe 1986; Po.3chen 1986) and Prosopis
(Shankarnarayan et al. 1987). Thus, only some such "multipurpose trees on
farmlands" systems have been studied and/or described in some detail, and
thus gone into ICRAF's AFSI data records. The mention of the existence of 
any of these systems in Fig. 6.3, therefore, is mainly an indication that
AFSI records are available on it. Indeed, innumerable location-specific agro
forestry systems and practices do exist all over the tropics and subtropics and 
many of them are important in various ways. But, often many of them are not
important enough in the overall economy and land-use pattern of the area 
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where they exist to merit special mention on such a highly condensed and 
abstract global map.

This "map" (Fig. 6.3) is an improvement over Fig. 6.2 in that geographicalspread of the systems is shown in relation to the ecological conditions
in different places. One significant feature that emerges from this is that,irrespective of the socio-cultural differences in different geographical regions,the major types of agrolorestry systems are structurally similar in areas withidentical ecological characteristics. The level of intensity at which these
different systems are managed will, obviously, be different in various 
situations. 
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Appendix 6.1 

MAJOR AGROFORESTRY SYSTEMS AND 

Systemipractice 

I. Humid'sub-huzid lowlands 

I. 1.,4grisiliculturalsystenms 
I. 	 Improved "'fallow" 


(in shifting 

cultivation 


areas) 

2. 	 Hedgerow inter-

cropping (alley
cropping) 

Major output/ 

function 

Food and wood 

production: 

soil-fertility 


improvement 

Production of 
food and firewood, 
soil-fertility 
improvement and 
soil conservation 

PRACTICES IN DIFFERENT 

TROPICS AND SUBTROPICS* 
Country/region Socio-economic 

scale of 
production 

Indonesia Subsistence 

Nigeria Subsistence 

Also being 

tried in many 

other places 


S.E. Asia Subsistence 
(experimental) 


Nigeria e ntcaolr 

Now 	being tried 

in very many 

places, mostly
 
on experimental
 
basis
 

ECOLOGICAL ZONES OF THE 

Major woody species Remarks 

involved 

Aleurites molucana
 
Ervthrina spp.
 
Srvrax spp.
 

Acioa harteri 

Anthonotha 
macrophylla 

Gliricidiasepium 
Various fruit "Forest villages 

trees also being of Thailand";
tried Boonkird et al. 

1984 (Ch.14) 

Allen 1985 (Ch.18)
Calliandra 
callohyrsus
 

Leucaena
lcucocephala and 

several other 
species
 



3. Multispecies Production of Nigeria Subsistence Daniehia olireri 
mixes 
(tree gardens) 

food. fodder and 
wood products for 

Gliricidia sepium 
Parkia 

home consumption 
and sale for cash 

clappertoniana 
Pterocarpus 

africana 

Pacific Subsistence Inocarpusedulis 
islands Morus niera 

Spoidias du!ce 

India Subsistence Areca caiechu 
Sri Lanka Intermediate Artocarpu5 spp. 

Cocos nucfera 
Mangifera indica 

Zv:ygiunm 
aromaticum 

Paragwy Subsistence, Melia a-edarach 
Intermediate Leucaena 

leucocephala 

S.E. Asia Subsistence Albi-ia falcataria 
Intermediate Artocarpus spp. 

Banibusa spp. 
Cinnanomum 

aromaicum 
Durio zibethinus 
Nephelium 

lappacium 

"'Compound gardens 
of Nigeria": 
Okafor and 
Fernandes 1987 
(Ch. 25) 

-Homestead 
agroforestry 
in Kerala, 
India". Nair 

and Sreedharan 
1986 (Ch. 10) 

"Multistoreyed 
garden system 
of Sumatra"; 
Michon et al. 
1986 (Ch. 16) 



Svstempractice 

4. 	 Multipurpose 
trees,shrubs on 
farmlands 

5. Crop combinations 

with plantation 


crops 

Major output 

function 

Production of 
food. fuelwood. 
other wood 

products: 
sustainability 
of production: 
soil conservation 

Country region 

Brazil 

India 

Kenya 

S.E. Asia 

Socio-economic 

scale of 

production 

Intermediate 

Subsistence 


Subsistence
 
Intermediate 


Subsistence 

Subsistence 
Intermediate 

Commercial 

Major woody species 
involved 

Cassiaexcelsa 
L. leucocephala
 
Minio.sa scabrella
 

Derris indica 
Enihlica officinalis 
.1faringaoeifra 

Tainarindusindica 
Anacardium 

occidentale 
Ceiba pentandra 
Mangifera indica 
.Afanilkaraachras 
Acacia niangiumn 
Ariocarpus spp. 

Durio :ihethinus 
Gliricidia sepium 
Sesbania grandiflora 

Plantation crops 
involved
 

Anacardium 
occidentale 

Caniwasnensis 
Cocos nucifera 
Cqfea arahica 
Elaeis guineensis 
Hacea brasiliensis 
Pipernigrum 
Theobronia cacao 

Remarks 

Jambulingam and 
Fernandes 1986 
(Ch. 9) 

Nair 	 :nd 
Sreedharan 1986 

(Ch. 	 10) 

Leuscbner and 
Khalique 1987(Ch.13)
 

http:Minio.sa


(i) Integrated Production of 
production of plantation crops 
, iantation for sale (cash) 
crops and 
other crops 

Production of 
subsidiary (food) 
crops: 
sustainabi!ity 

(ii) Mixtures of 
plantation 
crops 

Brazil Commercial to 
subsistence 

Bertholleia 
excelsa 

Copernicia 

Alvim and Nair 
1986 (Ch. 30) 

prunifera Johnson and Nair 
Cordia alliodora 1984 (Ch. 28) 
Inga spp. 
Orhignva spp. May et o 1985 

(iii) Shade trees for 
commercial 
plotation 
crops 

Costa Pica Commercial to 
subsistence 

Samanea saman 

Cordia alliodora 
Ervthrinapoeppigir'na 
Gliricidiasepium 
Inga spp. 

(Ch. 29) 

India 
Sri Lanka 

Subsistence to 
commercial 

Albizia spp 
Cassiaspp. 

Liyanage et al. 
1984 (Ch. II) 

Ervthrina spp. 
Grerillea robusta 

S.E. Asia Commercial to Varous fruit trees 
subsistence 

West Indies Subsistence Inga rera 
Intermediate Various spice trees 



System/practice Major output,, 

function 

Country/region Socio-economic 

scale of 

Major woody species 

involved 

Remarks 

production 

Western Samoa SubsistPncL Ervthrina rariegata 

Gliricidia sepium 

6. AF for fuelwood 
production 
(interplanting 

Production of 

fuelwood;
production of 

India Subsistence 
Leucaena leucocephala 
Albizia spp. 

Cassiasiamea 

Nair (1987) 

firewood species 
on or around 

other products 
like food, poles, 

Casuarinaspp. 
Derris indica 

field/farms) fodder Emblica o~icinalis Jambulingam and 
Fernandes 1986 

Fencing, shade, 
shelterbelts, etc. 

Indonesia Subsistence Albizia falcataria 
Calliandra 

(Ch. 9) 

calloth 'rsus 
Sesbania grandiflora 

7. Shelterbelts. 
windbreaks, soil-
conservation 

hedges 

Protective roles 
(shelterbelt 

windbreak, etc.)
Soil conservation; 

India Subsistence 
Intermediate 

Trema orientalis 
Casuarina 

equiseifolia 

- " 
Production of 
food, fuelwood 

Indonesia 
and other 
parts of 

Subsistence 
Intermediate 

Gliricidia sepiurn 
Leucaena leucocephala 
Sesbania grandiflora 

S.E. Asia 



1.2. Sih'opasrural systems (humnidisubhumnid lowlands) 

1. Protein bank, 
multipurpose 
trees on or 

Pioduction of 
fodder/livestock 
and food crops 

India 
Nepal 
Sri Lanka 

Mostly 
subsistence 

Artocarpus spp. 
Anogeissus latifolia 
Bombax malabaricum 

around Cordia dichotoma 
farmlands Dalhergia janbolana 

Samanea spp. 
Zizvphus jujuba 

2. Living fences of 
fodder trees and 
shrubs 

Service 
function (fences); 
production of 

Costa Rica 

Ethiopia Subsistence 

Diphvsa rohinoides 
Gliricidia sepium 
Erythrina abyssinica 

tree products 
S.E. Asia Subsistence Sesbania grandiffora 

3. Tiees and shrubs 
on pastures 

Production of 
pasture 

Brazil Mostly 
subsistence 

Acacia spp. 
Anacardium occidentale 

Johnson and 
Nair 1984 

livestock 

wood. 
and Cedrela odorata 

Cordia alliodora 
(Ch. 28) 

Costa Rica Subsistence 
Various palms 
Enterolobium Escalante 1985 

ciclocarpum (Ch. 31) 
Ervthrina 

poepy:ciana 
Samanea spp. 

India Subsistence to Derris indica 
intermediate Emblica officinalis 

Psidium guajata 
Tanarindus indica 



System/practice Major output/ 

function 

1.3. Agrosih'opastoral systems (most ecological zones) 

I. Homegardens: 
tree-crop-
livtwstock mix 

around hom estead 
(these dense 

associations are 
found in almost 
all ecological 
regions and 
countries; only 
some examples 

are given, 

2. 	 Woody hedgerows 
for browse, 
mulch, green 
manure and soil 
conservation 

Production of 
food/fodder 
fuelwood. etc. 
for hom e 
consumption. 
and, sometimes, 
for sale (cash) 

Production of 
food/fodder/ 
fuelwood; 
soil conservation 

2. (DrY) semi-arid and arid regions 

2.1. Agrisilticulturalsystems 

I. Multipurpose Same as in 
trees and shrubs lowlands 

on farmlands 

Country/region 

South and 
S.E. Asia 

Nigeria 

Latin 
American 
countries 

Tanzania 
(highlands) 

Indian sub-
continent 

S.E. 	Asia 

Brazil Subsistence 

Socio-economic 

scale of 

production 

Subsistence to 
intermediate 

Mostly 
subsistence 

Mostly 
subsistence 

Subsistence to 
intermediate 

Mostly 
subsistence 

Major woody species 

involved 

Erythrina spp. 
Leucaena 


leucocephala 
Sesbania spp. 

Caesalpiniafertea 
Prosopis]ulifoa 

Zizyphus joa:eiro 

Remarks 

"Kandyan gardens 
of Sri Lanka"; 
Jacob and Alles 
1987 ( nd 12) 

"Chagga 
homegardens"; 
Fernandes et al. 

1984 (Ch. 12) 
"Homestead 

agroforestry 
in Bangladesh"; 
Leuschner 
and 	Khalique 

1987 (Ch. 13) 



In many places. 
strips of trees 
are planted along 

the edges o f 
contour terraces 

Central 
African 
Republic 

Suhsistence Adansonia digitata 
Balanites aegtptiaca 
Borassus aehwpiur 

India 

Keny2 

Sudan and 
Sahelian 

Subsistence 

Subsistence 

Subsistence 

Cajanus cajan 

Derris indica 
Prosopis cineraria 

Tanarindus indica 

Acacia spp. 

Balanites 
aegjptiaca 

Cajanus cajan 
Acacia albida 

countries 

2. AF fuelwood 

production 

Fuelwood 

Tanzania 

Chile 

Subsistcnce 

Subsistence 

Acacia spp. 

Combretum spp. 
Prosopis tamarugo 

India Subsistence Albizia lebbek 

Sahel Subsistence 

Cassiasiamea 
Prosopis spp. 

Acacia albida 

A. se egal 
A. tortiis 

von Maydell 
1987: 
Le Hourou 
1 9 8 7
 

Shankarnarayan 

et al. 1987 
(Ch. 8) 

Poschen 1986 
(Ch. 23) 

Miehe 1986 
(Ch. 22) 

00O 



System/practice Major output/ Country/region Socio-economic Major woody species Remarks 
00 
oo 

function scale of involved 
production 

3. Shelterbelts 

and wind-
breaks 

Protection of India 
agricultural Pakistan 
fields from 

winds; 

production ofPihelhunduefuelwood 

Subsistence, 
Intermediate 

Azadiracha indica 
Ca/anuscajan 
Cassia sianwa 
Eucalyptus spp. 
Pithecellobium dulce 
Populus spp. 

Shankarnarayan 

et al. 1987 
(Ch. 8) 

2.2. Silopastoral svstents (drj,regions) 
I. Protein bank Same as in other 

regions 
India Subsistence Acacia nilotica 

Ailanthus excelsa 
Jambulingam 

and Fernandes 
Opuntia ficus 1986 (Ch. 9) 
Prosopis spp. 

2. Living fences Same as in other 

regions 
East Africa Subsistence 

Rhus sinuata 
Acacia spp. 

Commiphora 

africana 
Euphorbia tirucalli 

3. Trees and shrubs 
on pa ures 

Same as in other 
regions 

India Subsistence 
Zizyphus mucronata 
Acacia spp. 
Prosopis spp. 

Tamarindus indica 
Middle East 

and 
Mediterranean 

Commercial Acacia spp. 
Ceratoniasiliqua 
Haloxylon spp. 
Prosopis cineraria 
Tamarix aphylla 



3. Tropical highlands 

3. 1. Agrisih,'icultural .tsterns 

1. Multipurpose Food production; India 
trees and shrubs soil conservation 
on farmlands 

Kenya 

Nepal 

Paraguay 

Tanzania 

2. Crop combinations Brazil 
with plantation 
crops 

Costa Rica 

India 
Sri Lanka 
Kenya 
Papua New 

Guinea 
Rwanda 
Tanzania 

Subsistence 

Subsistence 

Subsistence 

Subsistence 

Subsistence 

Subsistence 
Intermediate 

Subsistence. 

Intermediate 


Subsistence 


Subsistence 
Subsistence. 
Intermediate 
Subsistence 
Subsistence 

Alhi:ia spp. 
Bauhinia rariegata 
Dalbergia sissoo 
Ceiha pentandra 
Eriobotryajaponica 
Grecillea rohusta 
Bauhinia spp. 
Erithrinaspp. 
Ficus spp. 
Litsea polintha 
Melia azedarach 

Alhizia spp. 

Cordia africana 
Croton macrostachys 
Trema guineensis 
Alnus acuminata 
Enterolobiumn 

contorsiliquum 

Ervthrina relutina 
Alnus acuminata 
Ervthrina poeppigiana 
Inga spp. 
Albizia spp. 
Grejillea robusia 
Ge'illea rohusta 
Casuarina olt'godon 

Alhizia spp. 
Cordia africana 

Grevillea robusta 
Trema guineensis 

"Hill farming 
in Nepal** 
Fonzen and 
Oberholzer 
1984 (Ch. 7) 

"'Gigante woodlots-; 
Evans and Rombold
 
1984 (Ch. 27)
 

Bourke 1984 
(Ch. 17) 

0 



System/practice Major output/ 

function 

3. AF fuelwood (Same as lowlands) 
production Nepal 

4. Shelterbelts-

windbreaks, soil
 
censervation: hedges
 

3.2. Silopastoral systen.'" (tropical highlands) 
I. Protein Bank Production of 

fodder/animals 
and fuelwood: 
soil conservation 

2. Living fences Service roles 

3. Trees and shrubs Fodder/animal 
on 	pastures production; 

food production 

Country/region 

India 

(same as in lowlands) 

Indian sub-

continent 

Morus alba 
Costa Rica 

Ethiopia 

East Africa 

Brazil 

Costa Rica 

Indian sub-
continent 

Socio-economic Major woody species Remarks 
scale of involved 
production 

Subsistence Albi-ia stipulata 
Bauhinia spp. 

Grewiia spp. 

Mostly Albizia stipulata 
subsistence Bauhinia spp. 

Ficus spp. 
Grewia oppositifolia 

Commercial to Gliricidia sepium 

subsistence 
Commercial to Ert'thrina 

subsistence abyssinica 

Commercial to DorYalis caifra 
subsistence 

Euphorbia tirucalli 
lboza multiflora 

Mostly Desmanthus rarigatus 
subsistence Desmodium discolor 

Mostly Alnus acuminata 
subsistence 

Mostly Albizia stipulata 
subsistence Alnus nepalensis 

Grewia spp. 
Robinia pseudoacacia 
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7. Use of multipurpose trees in hill farming systems in 
western Nepal* 

PETER F. FONZEN AND ERICH OBERHOLZER 2 

'inuu ~at,'r.ehed ,lo SA TA, Box 113, Kathmandu, Nepal;Prmect (G77/IIELVETAS) P.O.2NA DEL, Swj.'. Fe'eral histitute o Tec'hnology 8092 Zurich. Svitzerland 

Abstract. A large number of multipurpose trees and shrubs are deliberately
retained or incorporated on farms in the subsistence farming systems on the 
steep slopes in parts of Nepal. Woody perennials are maintained in contour 
strips across the slopes and around the fields. The contribution of these trees 
is the production of fodder and firewood and their protective function in 
reducing the erosion hazards and thereby making crop production possible on 
steep slopes where profitable cropping would otherwise be extremely difficult. 
Based on a case study in two villages of the Western Development Region, 
this paper presents some data on basic farm-management aspects, production
of crops and other components of the system. The performance of the system 
is assessed and its merits and weaknesses highlighted. 

Although the hill-farming system extends over a wide area and accounts for 
a large proportion of Nepal's population, it has not received any research 
attention nor benefited from any scientific innovations. The possibilities for 
improvement in terms of component technologies as well as farming systems, 
including the incorporation of local medicinal plants, are indicated. 

I. Introduction 

Nepal, located on the southern slopes of the Himalayas, extends from the 
Gangetic plain in the south and occupies one-third of the entire length of the 
Himalayan range. The country has a rectangular shape, approximately 830 
km long (east-west) and 200 km broad (north-south), and has a total land 
area of 147,141 km2. Within this short distance are remarkable altitudinal 
variations ranging from a mere 150 m a.s.l. in the southern foothills to well 
over 8,000 m a.s.l. at the northern crest line. The heavy rairfall of a 
monsoon-type climate clearly differentiates the forested east Himalayan region 
ftrm the relatively dry western part. More than 15 million people of different 
etlinic origins live in this Hindu kingdom. 

Nepal is divided into five administrative units or Development Regions, 
namely, Far Western, Mid Western, Western, Central and Eastern Region. 

* Originally published in AgrohrestrY Systems 2: 187-197 (1984). 

P.A.R. Nair (ed.). Agrohfrestry System%in the Tropics. 87-98. 
( 1989. Klucr Academic Publishers. Dordrecht - Printed in the Netherlands. 
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This paper is based oi a survey of existing agroforestry systems in the hills 
of the Western Development Region. However, among the different Devel
opment Regions, there are many similarities in terms of land-use patterns
and socio-economic characteristics, the site-specific variations being brought
about by local factors such as aspect of slope (north- or south-facing),
foothill (deep soil) vs. hilltop (shallow, poor soil), altitude, etc. Therefore the 
systems/practices described here can be taken as fair!y representative for over 
50% of Nepal. 

2. General description of the area 

The Western Region extends from the Terai lowland (150 m) to the Hi
malayas (Annapurna, Dhaulagiri -- 8,172 m). The system described here is
found in the 500-2,500 m altitude range. The climate is warm to temperate
with heavy monsoon rains between June and September when 80-90% of 
the annual rainfall is received. The total quantity of rain varies widely
depending on altitude and topography, and ranges from 1,000 to 2,000 mm 
per annum in areas of about 1,000 m altitude. 

The soils, developed from a complex jumble of phyllites, schists, quartz
ites, granites and limestones, are generally poor for agriculture. They are 
severely weathered, contain only little organic matter and have a very low 
capacity to retain moisture and nutrients. In addition, they are prone to 
serious erosion hazards if not managed carefully: an annual soil loss of more 
than 12 t ha ' equivalent to 0.8 mm of the topsoil, has been estimated 
(Tinau Watershed Project 1980). 

Climax vegetation also varies according to altitude and topography: in the
lower sites (less than 1,000 m) mixed, evergreen broad-leaved forests of the 
Shorea robusta-type prevail; at higher elevations, broad-leaved or pure conif
erous forests are found with Pinus roxburghii as the predominant species.
Figure 7.1 shows the relationship between altitude, ecology and land-use 
patterns. In general, the steeper the slopes the greater the proportion of
forest preserved; the higher the rainfall the greater the agricultural activity.
Data on land-use patterns for Palpa District of Western Region are as 
follows: 

- Irrigated (bari) land -6.2% 
- Non-irrigated (khe) land- 26.0%
 
- Grassland - 3.2%
 
- Forest - 37.7%
 
- Scrub and bush - 24.4%
 
- Other forms of land use - 2.5%. 
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ig. 7.1. Interrelationships between altitude, mean annual temperature and land-use limits in 
Western Development Region. Nepal. 

An eye-catching characteristic of the foothills and gentle slopes is the 
terraces dug with great difficulty by the farming families. Slopes too steep for 
terraces show a dense network of tree strips with sloping fields in between. 

Communal grazing land is also found on land of low productivity but close 
to villages. Very steep slopes, hilltops and areas away from settlements are 
covered with forest, most of which has been badly denuded. Figure 7.2 gives 
a general view of the landscape. 

Despite these relatively inhospitable conditions, the area is densely popu
hted, with more than 100 persons per km2 and an annual population growth
rate of more than 2.5%. Ninety-three percent of the people have to make their 
livelihood from agriculture and related activities. 

The agroforestry practices that are commonly found in the area are the use 
of shrubs for live fences around farmlands, pasture (grazing) in forest areas 
and the use of strips of multipurpose trees and shrubs around sloping fields 
(those with 40-70% slope). This practice of incorporating multipurpose trees 
and shrubs is the subject of further description in this paper. The data 
presented here are based on a case study conducted by E. Oberholzer in two 
representative villages in Palpa District. 
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3. Structure of the system 
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Tabh 7.1. Perennial plants in contour strips on farmlands Western Nepal in order of prevalence. 

Local name Itolanical name Type Main use 

Kutmero Litsea poliv'antha Tree Fodder, fuel (timber)
 
l)abdabc (iaruga pinrnata Tree 
 Fodder, fuel (timber)
 
Kcraa (banana) Allusa spp. 
 Tree Fruit, mulch
 
IBerulo Fiuis tr'hruta Shrub Fodder
 
('hilaunc Schma 'allichii Tree Fodder, fuel, timber
 
Kanyu Fiecus seonitor hata Tree Fodder, fuel
 
Assuro eldhaotha Shrub
Iaosah'a Live fence, erosion control
 
Sal Shorea rohusta Tree Timber, fodder, fuel
 
(idari Protnni spp. Small tree Fodder
 
Itadahar Artloarpus lakolc/ha Tree Fodder, fruit, fuel
 
flans Dendro'a/ainues strictus Tree Fodder, fuel, timber
 

Itrundinariaspp. Tree Fodder, fuel, timber
 
Baniru.sa spp. Tree Fodder, fuel, timber
 

Forso Greiwja spp. Tree Fodder, fuel
 
Thotne Ficus hispih 
 Tree Fodder, fuel 
IHilaune Alewgsa/hLia Tree Fodder, fuel
 
Khirro ll'righta anlid.-senter'a Small tree Live fence
 
Mayel Prrus pa.lha Small tree Fuel, limber, live fence
 
Koiralo Ii, uhinia narrgafa Tree Fodder, fuel, fruit
 
Aap (nimngo) Alangira ie/dira 
 Tree Fruit, fuel 
Boklinlho Rhus juranica Tree Fodder, fuel
 
Itelaunti (amba) 
 !sihlin gljlara Tree Fruit, fuel
 
Arhlu 'riuspersica Tree Fodder, fuel
 
Rohini Alallous phillippinen.sis Tree Fodder, fuel
 
Sirrial Sahnalia nra/r/arica Tree Fuel, timber, spice
 
Kaulo Afa/hihs gamh/i Tree Fodder, fuel
 
l)halai (asrlorop "dira Tree Fodder, fuel, timber
 
Gadlo ('allicarpa Grheorea Tree Fodder, fuel
 
Kiloa Tino.spwora ahharica Small tree Fuel
 
Dalchini Cislsrainonrnr spp. Tree Spice, fuel
 
Anghero Parett ire/oa Small tree Fuel
 
Pairgyo 'rurrs 'erastoides Tree Fodder. fuel, timber
 
Amilo BI'rchenia loribunrh Tree Fruit, fuel
 
Khramari Gnelia arnorea Small tree Fodder, fuel
 
Kimhu Atorus a//na Tree Fodder, fruit, fuel
 
IBakaino Melia a:e/arach Tree Fuel, foddrr
 
Kabro Fitrus h'or 
 Tree Fodder. fuel 
Darim I'rva grartutm Tree Fodder, fuel 
(iajyo itrh,lia reftrsa Tree Fodder, fuel 
Arnarr Antidesnra diandrun: Shrub Fuel 
Jarrun sy:ig.iunr spp. Tree Fodder, fuel 
L.ankuri Fraxinus f/orihunda Tree Fuel, timber 
Ankhatarvc a 'IMhila ,onnaroiehs Tree Fodder, fuel
 
(Chuletro Bra.sailipsis haina Tree Fodder, fuel
 
Naspati P'srsserotiira 
 Tree Fruit, fodder, fuel 
Blarahmas Nerinr ohrumo Small Tree Fuel, sacrificial value 
Itharlo tiauhinia ahii Tree Fodder, fuel 
Klrari ('eltis australi" Tree Fodder, fuel, timber 
Aaru hakhadaa Pruus doirestica Tree Fruit, fuel 
BIalayo Rhus su,'cedarea Tree Fodder, fuel 
'lnaledo Ervthri rariegafa Tree Fodder, fuel 

Chiuri hosiat but nra'ea Tree Fodder, fruit 
Nemaro Ficrus roxurghii Tree Fodder, fuel 
Bohori Zi:iphus jujuba Tree Fodder, fruit 
Kalfal Morr.s ifneia Small tree Fruit, fuel 

http:Baniru.sa


________ 
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In addition to these trees and shrubs, public (communal/governnent)
forests and grassland in the vicinity provide 30% of the fodder requirements 
and 70% of the firewood needs c the villagers. 

3.3. Animals 

Table 7.2 indicates the average number of livestock per household. 

Tahhe 7.2. Average number of livestock per household. 

Animals No Jses* 

Cows 1.4 Mlanure, milk, re!igious needs 
Oxen 1.; )rauuht, manure 
She-buffaloes 1 3 Milk, manure 
-le-buffaloes 0. 1 Draught, tintre,mn meat 

Goats 2.6 Meat, manure
 
Pigs 1.6 
 Meat
 
Poultry 5.X 
 EgL s, meat 

* In addition to these uses, the animals are also sold in times of 
financa' need. 

3.4. Arrangement of componentIx 

The cropping systems are different in the non-irrigated (bart) and irrigated
(khe) hinds. The cultivation on the sloping hart land is very labour intensive. 
Maize is the most common summer crop, and it is grown as a soie crop or in 
mixed/relay cropping sequences. On the irrigated (khet) lands, one crop of rice 
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lands in Western Nepal. 
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Fig. 7.4. Photograph showing the arravgement of multipurpose tree strips. 

is cultivated as a sole crop. After the harvest of rice, khei is fallow for the rest 
of the year. Figure 7.3 shows the cropping pattern and cropping intensity of 
the bari lands of the Tinau Watershed Project area. 

Trees and shrubs are grown usually in strips 1.5--6 r wide along the
boundaries of the fields, and the strips are spaced 25-30 inapart. Thus there 
are about 400 running metres of tree strips of varying width per hectare, 
covering roughly 10% of the land area (Fig. 7.4). 

3.5. Interactionsbetiteen components 

The intimate association between the components of the system resulis in 
interactions, both positive and negative, in both space and time. The direct 
interactions involve those between tree strips and field crops (soil conserva
tion, shading by trees on adjacent rows of crops), fodder trees and animals,
cattle (manure) and crops, etc. One of the nmain competitive interactions is the 
use of grass for thatching ar.d for cattle feed. I hen there are cyclic interactions 
involving the use of crop residues for soil protection and fertility build-up. But 
the most signIficant interaction effect between trt.es and crops in the system is
that the whole system of farming on these hills with slopes up to 40% works 
only due to the existence of contour strips of trees and shrubs. Thiese not only
protect the soil fiom erosion, but also provide much-needed fodder, firewood 
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and fence posts and 'Kr types of farm timber. The farmers are very aware 
and anpreciative of ti,,:se positive interaction effects of the woody perennial
strips so that they reconcile to the negative interaction effects (shading and 
consequently lower yields of crops near the trees, damage io young crops by
dripping of large drops of rain from the overhanging trees, etc.). 

4. System functioning and dynamics 

4.1. Socio-econotnic aspects 

Some of the basic farm management data are given below. 

Average number of members 

per farm household: 


Land available per household 

- Private agricultural land: crops 
gass 

- Private tree strips 
-- Common grazing land 
- Forests (communal, governmental) 

Yearly labour input per household 

- For agriculture 
-- For animals 
- For water and firewood collection, 

food preparation (unknown but 
steadily incireasing), estimate 

Manure produced by stall-fed animals 

No chemical fertilizer 

No other external inputs 

6.4 (2-10), of which 
2.8 below 15 years 

0.60 ha 
0.15 ha 
0.09 ha 
0.15 ha 
0.55 ha 

900 man days 

450 man days 
150 man days 

300 man days 

Equivalent of 35 kg N ha
yr' distributed in fields 

Usually all farm production isfor home consumption only. Market facilities 
are poor; the quality of the produce is also poor compared to that of the
products from tIL, terai flatlands. Therefore, there is only a little sale of 
produce in nearby towns. 



95 

Usually all able-bodied persons work on the household farm, especially at 
times of peak labour requirement such as the sowing season. Moreover, it is 
also a common practice for the neighbouring families to give mutual help in 
farm operations. All work requiring hard physical labour is done by men. 
During winter, when there are practically no agricultural operations on the 
farm, there is considerable unemployment when some men look for off-the
farm jobs. 

About 10% of the households earn money from non-farming occupations 
such as carpentry, tailoring, handicrafts, etc. 

4.2. Production 

Agricultural crops 

The average yields of agricultural crops on the sloping bari land are: 

- Maize 899 kg/ha
 
- Wheat 637 kg/ha
 
- Millet 206 kg/ha
 
- Rapeseed 186 kg/ha
 

At an average of 6.4 members per family, these figures amount to an annual 
average ol 90.9 kg of cereal grain produced per capita. The average consump
tion of cereals per capita is 130 kg/yr-', thus there is a deficit of about 40 kg 
cereal grain per capita annually. This deficit is covered mainly by rice 
produced in the plains and foothills, which is purchased by cash obtained 
fior the sale of animals or accrued by way of wages when the farmer works 
elsewhere as a paid worker. 

Fodder 

Table 7.3 indicates the fodder supply and demand position in the two villages 
of the study area. The table indicates that the total production is less than the 
total demand. The deficit is met mainly by collecting fodder from distant 
areas. But it is also common for the animals to be underfed during the dry 
season. 

Fireiood 

Each family farm has about 300 running metres of tree strips with 300-400 
trees in them. According to the farmers interviewed, these trees provide 
firewood for the family for about four months of the year. This figure is 
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Table 7.3. Annual production and demand for fodder in the two villages of the study area. 

Village I Village 2 

Tons % of Tons %of 
TDN* total TDN total 

demand demand 

Production 

Agricultural by-products
 
- wheat
 
- maize 
 28.8 14 13.2 7
 
- millet
 
- other I
 
Privately owned trees
 

(coijtour strips) 85.9 41 101.6 58
Private grassland 3.0 I 4.2 2
 
Forests (government, communal) 49.6 23 
 43.6 25 
Common 	grazing land 5.7 3 6.3 4
 

Total 
 173.0 82 168.9 96 
Total demand 211.4 100 176.7 100
 
Total deficit 38.4 18 7. 1 
 4 

Source: Pandey 1982. 

Basis of calculations 

BLU - Big Livestock Unit of 300-400 kg liveweight
 
I cattle - 0.80645 BLU
 
I buffalo -- 0.86666 BLU
 
I goat/sheep - 0.06 BLU
 
For Nepal, an annual fodder demand of 2 
 t dry matter/BLU equivalent to I t
 

TDN/BLU is estimated.
 
*TDN = total digestible nutrients.
 

reasonable if we assume a mean annual consumption of 0.7 m' of firewood 
per head, and an average extraction rate of 18.9 m3 ha-' yr'. For the rest 
of the year, firewood is collected from the public forests around. However,
since the growth rate in the public forests is very low (about 3 m3 ha- ' 
yr- ), these public forests are subjected to rapid degradation and over
exploitation, as can be seen from their depleted appearance all over the 
cotntry. 

Other farm products 

The few poles and timber needed to build and maintain houses and for other 
farm uses are easily obtained from the trees on the contour strips. Some 
10% of the families keep honey bees in log hives producing small amounts 
of honey and wax, which are used for household consumption only. 
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4.3. Systemn dynancs 

From the foregoing description, it is evident that this is a purely subsistence 
system in which practically no improvement has been made over the past
several decades. It is likely to break down fast because of pressures of 
population increase and a myriad of consequent problems -- such as fragmen
tation of holdings, extending farming to marginal areas and forests, causing 
more soil erosion and greater firewood shortage, overgrazing of pastures,
decline in soil fertility and crop-production level, and so on. In short, the 
weight of all these factors is destroying the very basis of the improvement in 
land use. Even now, many people from the hills are -nigrating to the terai 
flatlands where new land suitable for agriculture is still available. However, 
even this option will soon be unavailable. 

4.4. Overall perforinance assessment 

This low-input integrated production system has been functioning for quite 
some time, though at low production levels, primarily because of the existence 
of the horizontal contour strips of trees. The greatest contribution of these 
trees is their protective function in reducing the erosion hazards and thereby
making crop production possible on those steep slopes where farming would 
otherwise be impossible without having extremely expensive terraces and other 
physical measures of soil conservation. However, it has to be emphasized that 
these tree strips cannot often stop the erosion completely but only reduce the 
magnitude of erosion and/or improve the efficacy of the physical soil-conser
vation devices. 

The rinfall distribution pattern is so unsatisfactory that much of the total 
annual rainfall, which is reasonably high in several places, is received in a 
short span of time from July to September. This not only aggravatc soil 
erosion, but also diminishes crop growth drastically during eight months of 
the year. 

The hill farming system is a thoroughly neglected system. Although it 
extends over quite a large area and accounts for the sustenance of a large
proportion of Nepal's population, it has not been the subject of any scientific 
research attention worth mentioning. As a result, the system has continued 
without any positive change or technological innovations for the past several 
decades, and the poor farmers continue to become poorer and poorer as the 
population increases. 

The important element of the system that can be extrapolated to other areas 
with similar problems is the use of multipurpose trees on such steep areas for 
erosion control and production of multiple outputs. Areas that are rated as 
unsuitable for crop production because of erosion problems will increasingly 
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be brought under the plough to cope with increasing population pressure, andthen systems like this could serve as field examples where the concept ofintegrated agroforestry systems have been translated into practice. 

5. Improvement possibilities 

Two sets of possibilities can be visualized for the improvement of this system.First, improvement through component technologies, and secondly, innova
tions in farming systems. 

5.1. Component technologies 

A significant sign of improvement that has become evident in the recent past isthat young, literate farmers  the majority of the older farmers are illiterate have begun to be interested in better inputs such as improved crop varieties,improved breeds of cvttle, better fruit trees and vegetables for marketing, use of
fertilizers, etc., and these efforts have shown substantial improvement possibilities. Several arms of the extension machinery of His Majesty's Government ofNepal are now working in the area. These include agricultural development
offices, livestock and veterinary offices, forest offices, and an agricultural
development bank that gives credit facilities on favourable terms. 

5.2. Iproed tarinttg s. tiens 

Elements of improved farming systems will include use of more fruit trees andthe incorporation of a variety of multipurpose trees in the contour tree strips.Agriculture also has a good potential in the area. Intercropping of medicinalplants with the tree species also seems to offer a viable possibility, especially in areas that are very unsuitable for food-crop production. The special reportMedicinal Plants of Nepal commissioned by the Food and Agriculture Organization of the United Nations (Malla 1982) gives a good account of the
medicinal plants, their uses, availability and potential role in farming systems
and community forestry programmes. Some of these medicinal 
 plants havealready been mentioned as components of the farming systems of the study area 
(Table 7.1). 
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8. Agroforestry in the arid zones of India* 

K.A. SHANKARNARAYAN, L.N. HARSH AND S. KATHJU 
(intiral Arid Zone Research Institute (CARI), Jodhpur 342003, Rajashfan, India 

.-lhstract. The arid regions of India cover 300,000 km2 and are spread over six 
States, mostly in the north-western parts of the country. In spite of the hostile 
environmental conditions several types of indigenous agroforestry are being 
practised in this region. The Central Arid Zone Research Institute (CAZRI) 
has made considerable progress in improving these indigenous practices and 
also in developing new land-use technologies, some of which involve agro
f retry approaches. Notable among these are sand-dune stabilization, shelter
bell plantations, tree-planting techniques in diflicult land forms, silvopastoral 
and agrisilvicultural systems, introduction and improvement of fruit trees and 
other indigenous trees. Some of these technologies are adopted on a large scale 
oy farmers in the arid zone of India and have attracted attention in other arid 
parts of the world. This paper is a summary of the results of these agroforestry 
initiatives of CAZRI. 

I. Introduction 

The arid and semi-arid lands are characterized by hostile environmental 
conditions such as low and erratic rainfall, intense solar radiation and high 
wind velocity. During most of the year, the evapotranspiration far exceeds 
precipitation. The productivity potential of the land is also usually low. The 
soils are immature, structureless and very coarse in texture with low water
holding capacity and poor nutrient status. Under such agroclimatic condi
tions, crop production is a gamble if not impossible. Therefore, people in the 
arid parts of India depend mainly on livestock production for their suste
nance. Howevcr, growing agricultural cropb unJer tree crops is also an age-old 
tradition in this region. This paper describes these traditional practices and 
outlines the efforts that are being made to improve them. 

* Originally published in Agrqf/ires'ry' Sstems 5: 69 88 (1987). 

P K R Nir icd , AgrIore,,r, S, tin, in the Iropic, 99 1210. 
i I). m r Acidei c ihlithr, IDordrechtKlui, Pb Printed in the Netherlands. 
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2. General description of the arid regions 

2. I. Geographical hcation 

The arid regions of India cover 317,090 km 2 and lie between 24 and 29 Nlatitude and 70 and 76 E longitude. The region is spread over six States,namely, Rajasthan Gujarat, Punjab, Haryana, Maharashtra, Karnataka andAndhra Pradesh, the north-western part of the country constituting almost90% of the total arid zone area ( Fig. 8. 1). In Rajasthan State, II out of a totalof 26 districts are affected by aridity: these are Ganganagar, Bikaner,
Jaisalmer, Barmer, Jodhpur and Churu, and most parts of Nagaur (96%),Jalore (88%), Jhunjhunu (69%), Sikar (65%), and Pali (48%). Thus Rajasthan State alone accounts for 60% of the arid zone of India (Table 8.1).
The paper focuses on this region. 

A .-
HOT COLD 

".. . - !.. 
1 11111Semi arid Semi arid.
 

0 200 400 600 800_' KILOMETRES 

I 
A'" +4 ...B. E ". € " 

'I' 
i "€ 

.i*..-' 

"1 . .q , 

. . 
,l 

,, . 

' 
' *"m 

" 
..

BHUTAN 
" 

I --
/ 
, ,. 

" 
F/ 
" 

' 
" 

- "S '"'iO""' 'i U - .- I?. 
e-

-. 

240 '. Lw . "i. 

/ 0 F 
B/ A Y

4R4BIAN I , B E N IS A L 

SEA 

INDIn =0 ("'ANDAMAN S E A 

0 
7r2 

° 
712 - E. ND. T r C E B~ 

Fig. 8.. The arid and semi-arid zones of India. 



101 

Table S.I. Distribution of arid areas in the different States of India. 

State Area (kin2) % total land area of the State 

Rajasthan 196,150 61 
Gujarat 62,180 19.6 
Punjab and lHaryana 27,350 9 
Maharashtra 1,290 0.4 
Karnataka 8.570 3.0 
Andhra Pradesh 21,550 7.0 

Total 317,090 11.8 (of India) 

2.2. Biophysical environmenti 

The predominant land form in western Rajasthan is a sand- and alluvia-cov
cred peneplain, in which rock outcrops appear at a few places. Abichandani 
and Roy (1966) divided the Rajasthan Desert into four physiographic regions: 
(i) the dune and sand-sheet deposits, (ii) a comparatively dune-free area with 
rocky outcrops in Barmer, Jaisahner and Bikaner Districts, (iii) the rocky 
outcrops in Jalore, Siwana, Nagour, Jodhpur, Phalodi and Bikaner, and (iv) 
the central Luni and Jawai basin comprising all alluvial deposits of past river 
streams. The sand cover of the Thar Desert extends for 640 km from 
north-west to south-east with an average extent of 300 km from west to east. 
It has a well defined boundary in the east marked by the Aravalli Range. 

Climate 

An analysis of the isohyet map of the arid regions of north-western India 
indicates that the mean annual rainfall varies from 100 mm in the north-west 
to 450 mm in the eastern parts of the Rajasthan desert. Over 90% of the total 
annual rainfall occurs between June and September. The mean maximum 
temperature during the summer is 40 C, the highest recorded temperature 
being close to 50 C. The mean winter temperature varies from 14"C to 16"'C, 
the lowest being around 4 C. The lowest temperature recorded is -4.4"C. The 
potential evapotranspiration during summer is 7-9 mm/day; during the mon
soon it is 5.3- 6.4 rm/day and in the winter 1.8-2.9 mm/day. A high wind 
velocity is characteristic during summer and the monsoon season throughout 
the north-western arid zone. The wind speeds are lowest during the post-mon
soon period. 

Soils 

In western Rajasthan (arid region), dunes are a dominant formation with 58% 
cover (Fig. 8.2). The concentration of these dunes varies fiom place to place 
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Table 8.2. Extent of sand dunes in western Rajasthan, India. 

Extent of sand dunes Area (sq kin) % of total area 

No dunes 85,659.81 41.50
020% of area affecled 18,902.85 8.9020 40% of area affected 39,782.25 18.6040 80% of area affected 34,322.11 14.70

60 80% of area afected 10,164.91 4.8080 100% of area afected 24,856.60 11.50 

Total 213,688.53 100.00 

(Table 8.2). The dunes are mostly the parabolic type, but longitudinal,transverse and barchan types also occur. They are extremely sandy with1.8-4.5% clay, 0.4-1.4% silt, 63.7-87.3% fine sand and 11.3-30.3% coarsesand. They are very poor in organic matter (0.04-0.12%), and have a low tomedium phosphorus content (0.5-0.1%). The nitrogen content is low, rangingbetween 0.02 and 0.07% and the CaO content is in the range of 1.0-1.5%. Theinfiltration rate is very high, ranging from 7 to 15 cm/hour. In the completeabsence of aggregation of any type, the soils are highly erodible (Dhir 1984).Gupta (1968) observed that in most of the aeolian sands the depth of sanddeposits decreased from the west to the east. 

Vegetation 

The vegetation of the hot arid zone is very sparse and consists of scatteredthorny trees, shrubs and grasses, classified as tropical thorn forests 

Fig. 8.2. Sand dunes are a dominant land form (58% of area) in western parts of Rajasthan State.(Photo: CAZRI.) 

http:0.04-0.12
http:213,688.53
http:24,856.60
http:10,164.91
http:34,322.11
http:39,782.25
http:18,902.85
http:85,659.81
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(Champion and Seth 1968). Satyanarayan (1963) classified the vegetation of the 
arid zone into five types on the basis of land forms: 

Mixed .veromorphic thorn forest. These are 
hills, mainly (i) Acacia senegal and Anogeissus pemhla and (ii) Euphorbia 
caduciolia.The comm on trees and shrubs are 

l. the plant communities on the 

Wrqhtia tinctoria, Dichrostach vs 
cinerarila,Ala1'tnuse' iginatus. ('ordia garal' Aloringa concanensis, Euphorbia 
cmalhia, Conniphora wic, hii, Grewia tena.\" and Biark'ria prionitis. 

2. Mixed.'eromnrphicwoodlamd. This occurs on sandy soils with kankarpan 
at varying depths. The common tree species are Salrador'aoh'oides, Prosopis 
cinleraria, Acacia nilolica var. indica, Capparis h'cithia, Zizjl'phus nummularia 
and L'ptadenia tl.vrotvclnica. 

3. Dwarf'i-shruh dhsert. The plant communities of this formation are 
found mainly on flood plains and river beds. The common species are Sahadora 
persica, Taniarix dioica and ,-Acacia nilotica. Other associated species are A erta 
persica, Leptad nia p1vroecnica, Ziz vphus nunmularia and the grasses 
Cenchrus spp. and De smo.ltachl'a hinnata. 

4. Psarniophytic.wrul cegetation. The plant communities of this formation 
occur on aeolian deposits or stabilized sand dunes where the soils are very deep. 
The common plant species are ('alligonum polgonoides, Acacia./aquienmontii, 
Crotahriaburhia. ('alotropis procera and Aer'a persica. The common grass 
species are Lasiaras shwdics,Cenchrus spp. and Panicutn turcgidm. The size and 
concentration of the dunes markedly alfect the composition of the associated 
plant communities. In the areas with high-to-medium-sized dunes, the common 
species are (allikonim polrgonoitdes and Panicum turgidan, while in stabilized 
sand dLnes the conmion species are Prosopis cineraria, Sahcadora oloides, 
('apparis decitha, Ziz vphus nuihninlaria and Tecoiella unduata. 

5. Succulent and halophvtic p/ant comnunit v.This is found on low-lying and 
saline areas generally known as "Rann". The common halophytes are Haloxy'
lon salicorniculn, Steada.1fructicosa and Salsola.oetida. 

2.3. Land-utve sYstems 

Forest corer. About 10.2% of Rajasthan State is under forest (34,913 kiM2), but 
in western Rajasthan only 1.5-1.8% of the land is covered by forest (Table 8.3). 

Agriculture 

A study of the pattern of land use in the arid districts for the period 
1951,/52 -1973/74 revealed that the net sown area increased by 54.11 % in the 
20 years from 1951. Barren, cultivable and uncultivable wastelands, perma
nent pastures and fallow land declined by 23.75% during this period. There 
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Table 8.3. Land utilization in the arid zones of India. 

Land-use category Area % of total 
(million hectares) arid zone area 

I. Forest (.58 	 1.88 
2. 	Not available for cultivation
 

(area put to non-agricultural
 
uses: barren and uncultivable
 
lands) 6.70 23.85 

3. Other uncultivated land excluding
 
Ellow land, permanent p:astures
 
and grazing lands + land under
 
tree crops and groves +
 
cultivable waste) 5.42 19.30 

4. 	 Fallow lands (current tallow
 
+ others) 
 3.3 11.72

5. Net area sown 12.2 43.25 

Total reported for hind utilization 28.1 

Total geographic area (of arid zone) 31.7 

was 	 a significani decline in the grazing !ands because marginal lands were 
brought under cultivation. Because of the adverse weather and soil conditions,
only one crop issown a year. "Bajra" (pearl millet, Penniselum glaucttm),
cluster bean (CY(tulopsi'S tetragonoha), mung bean ( Vigna mungo) and moth 
bean (1.acontijolius) are the common crops. 

The growing of annual crops on such lands is not an economically viable 
activity. It has been estimated that the net return per hectare of agricultural
land employing family labour ranges between Rs 70 and Rs 150 with an 
average of Rs 108 (I US S = Rs 8 in 1979). After accounting for the family
labour employed in ctultivation at Rs 5 per man-day, the net annual returns 
per hectare to land and enterprise ranged from Rs 55 to Rs 15 and the average
worked out at Rs 18 (Gupta and Mohan 1979). Complete crop failures are 
also common. 

Thus, cultivatioi, of agricultural crops as the only land-use activity is 
uneconomical and extremely risky. Therefore most of the desert farmers raise 
livestock as a subsidiary occupation and allow shrubs and trees to grow in the 
cultivated tract as a means of covering the risk and uncertainty of crop 
production. 

Traditional agrforestry 

As already mentioned, the growing of trees and shrubs in the crop field is an 
age-old practice. A recent survey has identified seven types of agroforestry 
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Table 8.4. Traditional agroforestry systenis in tie arid zone of Rajasthan. 

Zone Tree/shrubs with agricultural crops 

Jinsahmcr-IPu cal-C ir h Z :iphus nummularia ("lhordi") grown with agri"ulItural crops. 
(bclow. i5(0 inin isolitc) The I'raowpi.N cii'raria("khej ri")trees are \'crv few. 

lBitrner-Osian-1ikincr belt Crops grown in association with P. 'ineraria and Z. 

Jtothipur-Nagaur-Sliekliaati Crops mainly grown inassociation with I'. cit,raria and a 
belt limited number of /. nmmularia plants are available. 

Nawgalarli- )ikar Mainly P. 'incrariadoninates in agricultural fields but a few 
il/nthus .celvo are also in agricultural fields. 

Pali The dominating tree species are ..aciahtilotica var. cutressi
./rmisand .A.nilotic'a radioai'. Both the "kharif'"var. 
(sumIinier inonsooni) and "rab i' (winter) crops are grown 
with these trees. 

Arid and semi-arid areas Prosopis cinwraria doniinates bit Acacia h'tucophlovu is also 
bordering eastern Ajiier present. Soie crops are growni iI association with these 

species. 
Jilore District Inthis tract Sahaidort lwrri o aid S. oh'oides dominate; crops 

are grown with these trees. 

Sourc': Malhotra 1984. 

practices in Rajasthan (Malhotra 1984): these are summarized in Table 8.4. 
Fig. 8.3 shows the spread of "khejri" (Prosopis cineraria) trees on the 
agricultural lands, one of the common systems. 

Fig. 8.3. "Khcjri" (Prosopis cineraria)trees oinagricultural fields, a very common sight in 
western Rajasthan. (Photo: P.K.R. Nair, ICRAF.) 
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3. Rece. t studies on improvements to traditional agroforestry 

The objective of introducing t;ree species in agricultural fields is not only to 
cover the risk of crop failure but also to meet demands for fuel, fodder and
timber. Trees also enhance soil fertility. But systematic attempts to identify
appropriate agroforestry ,ystems for different localities and to improve them
for higher productivity and better economic returns had seldom been made
until tile early 19 70s. Therecore, research on andagroforestry silvopastoral
systems was initiated at the Central Arid Zone Research Institute (CAZRI),
Jodhpur. india in the e,rly seventies. The most important results of these
efforts are summarized below. Details are reported in the Institute's Annual
Reports and other publications, especially in a recent compendium 
(Shankarnarayan 1984). 

3. I. Sih'opastoral studies 

A comprehensive account of the scope of silvopastoral management in thearid region was given by Muthana and Shankarnarayan (1978). Silvopastoralstudies were undertaken at the Regional Research Station of CAZRI at Pali,
Jodhpur in 1970 and involved treatments comprising four tree species, namely,
Acacia torlilis, A:adirachta indica, Alhi:hi lehek and Holoptelha inatgrif lia.
Four different grasses, namely, Cenchrits ciliaris, C. seligerus, Dichantihiwn
annulawtnn and Pannicum anlidotale were introduced between these tree spe
cies. Trees without grasses were used as a control.
 

The results revealed no significapt differences in 
grass production under
different trees. The mean dry forage yield in D. annulatuim was 2,800 kg/ha,
followed by C. ciliaris (2,510 kg/ha) and P. antidotale (2,160 kg/ha).

Intercropping with grasses had no effect on tree growth. The maximum tree
height (2.16 m) was recorded for Azadirachta indica, followed by Acacia 
tortilis. 

Another trial at CAZRI consisted of treatments with three levels of N (0,
20, 40 kg/ha) and two levels of PO. (0, 20 kg/ha) and combinations of them 
on silvopastoral systems of Prosopis cineraria, Acacia tortilis and Albizia

lebbek, along with five grasses, namely, Chrvsopogon .ii/hus, Cenchrus ciliaris

(cv Mo/po, and 3108), Sehinma nurcosum and Cenchrus seligerus. Fe-tilizer
application improved grass production, but trees did not affect it. The
maximum recorded dry-forage yield was in C. fulhus with 40 kg N/ha (5,200
kg/ha) as compared to the control (1,200 kg/ha). No significant effect of 
fertilizer was observed in the other three grasses.

In addition to these studies, some more work was done by Ahuja et aL
(1978) and Sharma et al. (1980). But information on interaction between
raised pasture and tree seedlings in the early establishment phase under a 
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silvopastoral combination was lacking. 	In another study reported by Muthana 
et al. (1985), it was observed that growth of Acacia tortilis was suppressed 
during the first three yeais when the tree seedlings were raised with Cenchrus 
spp. After the third year the plants achieved a better growth rate indicating 
that the plants had, by then, developed a deeper root system and made the 
optimum use oi" the soil moisture. In 	addition to height, the collar diameter 
(CD), diameter at breast height (DBH) and clear bole length were also 
recorded. Although trees had no significant effect on grass production, CD 
and DBH of Acacia tortilis were depressed when grown with grasses, whereas 
clear bole length increased (Tables 8.5 and 8.6). This suggested that in the 
early stages when there was competition with grasses the main shoot of the 

Tohh'aS5. Mean annual height increment (cm) of Acacia tortilis secdlings when planted with and 
without grass ((C,,nchru ci,'iaris). 

Treatments 1978 1979 1980 1981 1982 1983 1984 

S, G, 32.4 56.2 67.2 74.1 62.0 74.4 23.1
 
S, (-" 14.6 60.1 67.3 95.0 68.9 
 69.2 19.2 
S1 G, 60.7 129.5 114.6 43.5 66.3 34.8 15.2
 
S, G, 31.3 198.3 108.4 58.2 54.4 48.4 23.1
 

SEni for years + 10.895 Where S, = 10 x 5 in spacing of tree 
F test I.S.* 	 S, = 10 x 10 m spacing of tree 
CD al 5% 31.028 G, = trees without grass 
SFm for treatments +8.236 G, = trees with grass 
F test IH.S.* 
CI) at 5% 23.455 
I.S. = highly significant 

Source: Muthana et al 1985. 

Tabh, S.6. Growth parameters of seven-year old A. tortilisgrown with and without 
grass (C viliaris).* 

Treatments CD 	 DBH CB 
(em) 

S. G,, 	 16.0 I1.1 107.7 

S, G, 13.8 9.5 96.7 
S, G, 10.8 7.4 115.3 
S, G, 11.4 8.5 115.9 

Difference between treatments 
S, (i and +5.2 +3.7 -7.6 
S, Go 
S, G, and S, G = -- 2.4 1.0 - 19.2 

* See Table 8.5 for experimentat details. 

Source: MLithana et al. 1985. 
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Tahk 8. 7. Economics of the silvopastoral systems with A. tortiis seven years after establishment. 

*Treatments Fuel Grass Revenue (Rs) 
yield
*(q/ha) 

yield
*(q/ha) Fuelwood Grass Total 

S1 G 0 
S, Go, 
St G1 
S, G, 
Grass only 

60 
32 
50 
28 

55.8 
52.9 
46.0 

3,000 
1,600 

2,500 
1,400 

-

-

-

1,395 
1,323 
1,150 

3,000 
1,600 
3,895 
2,793 
1,150 

* See Table 8.5 for details 

q = quintal (l100 kg) 
IUSS = approx. Rs 12 (April 1986) 

Source: Muthana ot al. 1985. 

tree grew straight to get the maximum solar radiation. The economic analy
sis of this system revealed that a combination of trees with grasses wouldyield better returns in comparison with separate plots of trees and grasses 
(Table 8.7). 

3.2. Agrisi/viculturalSlud' 

Muthana and Arora (1977) studied the effect of Holoptelia integrifolia on 
crops of mung bean and cluster bean ("guar") under different treatments:
(a) crops grown between rows of unlopped eight-year-old trees; (b) crops
grown under lopped trees, and (c) control (crops without trees). Under
unlopped trees, the grain yield was low which indicated that shade had anegative effect on grain yield (Table 8.8). Thus, lopping not only provided
fodder for cattle but also enabled Lhe crops to give higher grain yields. Intraditional land-use systems, it is a common practice to frequently harvest 
the foliage of Prosopis cinerariaand Zizyphus nummularia for fodder as well 
as higher grain yield. 

Tib/h 8.8. Grain yield (kg/ha) under lopped and unlopped eight-year-old Holoptilia integriflia. 

Species Unlopped tree Lopped tree Crop without trees 

Mung 201.75 252.06 246.21 
(Vigna nuingo) 

"Guar" (C onlop.iv 93.90 244.14 253.14 
letragonoohba) 

http:onlop.iv
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In another study initiated in 1983, six-month-old seedlings of Acacia albida 
and Prosopis cineraria were planted at 5 x 5 m, 5 x 10 m and 10 x 10 m 
distances; pearl millet, cluster bean and mung bean were planted in between 
the rows of trees. Pearl millet was discontinued after the first year. 

Thhle 8.9. Growth of different tree species under different spacings (1983 1985). 

Treatments Height (cm) Height 
increment in 

1981 1984 1985 3 years (cm) 

T,G, 38 46 53 15 
T, G, 43 48 59 16 
T, G1 45 52 58 13 
T, G, 78 170 206 128 
T2 G, 66 146 178 112 
T2 G 85 139 174 892 


T,= Prosopis ci'eraria 
T1 = Acacia albida 
G, = 5 x 5 m spacing 
G,=5 x 10 in spacing 

Growth of P. cineraria was very slow; seedlings grew only 13-16 cm in 
height in the first three years. In comparison, the growth of A. albida was 
much faster; during the three-year period, it attained a height of 89--128 cm. 
In P. cineraria the height of the seedlings was comparable in all the treat
ments, but in A. albida, growth was fastest in plants spaced at 5 x 5 m. At 
wider spacings the tree growth was comparatively slow (Table 8.9). The 
results of grain production for three consecutive years revealed that P. 
cineraria did not interfere with grain production of mung and cluster bean 

Table 8.10. Grain yield of mung and "guar" under different tree species (1983-1985). 

Treatments Mung (q*/ha) "Guar" (q/ha) 

1983 1984 1985 1983 1984 1985 

T, G, 
T, G, 
T,G, 
T, G, 
1, G, 
' G3 

Control 
Crops without trees 

7.85 
8.68 
7.44 
8.08 
7.92 
7.08 

6.40 

8.50 
7.90 
6.08 
9.30 
7.51 
6.70 

7.30 

0.68 
1.11 

0.75 
0.81 
0.74 
0.61 

1.06 

3.60 
3.70 
5.45 
3.32 
0.34 
5.08 

3.20 

7.15 
6.53 
5.14 
6.11 
6.34 
5.37 

6.41 

1.16 
1.34 
1.28 
6.65 
1.28 
0.76 

0.95 

* q = quintal (100 kg) 
Details of treatments are given in Table 8.9. 
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a4'. ' ' 

Fig. 8.4. The development of the root system of Acacia allida in Rajasthan: the tap root growsvertically downwards. At about 25 cm below the soil surface. about a dozen laterals emerge and 
grow horizontally up to about 5.5 m. (Photo: CAZRI.) 

under different spacing treatments. However, during the third year "guar"
yield was adversely affected when it was grown with A. albit. In the closer 
tree spacing the yield was reduced drastically; in wider tree spacing, the
"guar'- grain yield was 1,280 kg/ha, while in closer spacings it was down to
650 kg/ha (5 x 5 m) and 760 kg/ha (5 x 10 m) (Table 8.10). The yield
reduction in closer spacings may perhaps be due to competition for moisture.
This was further substantiated by studying the root systems of A. albida and 
A. cineraria.
 

In A. alhida, the main (tap) root grew, 
 without laterals, vr;.Iically down
wards. At about 25 cm depth, about a dozen later.-E emerged and grew
horizontally up to 5.5 rn (Fig. 8.4). In the case of P. cineraria, the tap root 
grew downwards up to 45 cm and then bifurcated into two roots, each of
which grew vertically downwardS up to 1.7 m depth. This horizontal spread of
A. alhiht roots in the subsoil enabled the tree to utilize the moisture ;nd
nutrients more efliciently and thus grow faster. 

At the same time, it is likely that the better growth of A. albida trees would
have caused greater competition (with crops) for the limited supply of 
moisture and a consequent reduction in crops yield.

These and other agrisilvicultural experiments and their results are described
in detail in two recent reviews by Mann and Daulay (1981) and
Shankarnarayan (1984). Figure 8.5 shows an experimental plot of an agrisilvi
cultural combination on the Institute farm. 
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tFi .8 ..i.G.rain legumies under Itardivickia hinata,one of the experimental (agrisilviculture) plots 
on CAZR[ WPhoto: CAZRI.)fLarn. 


3.3. 1,1'cct of/"rees on inicrocliniate 

Ramakrishna and Sastri ( 1977) Studied tie effect of seven-year-old A. tortilis 
trees onltie miicroclimnate of the cluster bean crop. The relative humidity under 
the tree canopy during the active cropping period of "guar" was 7% higher 
than that in the plot of crop Without trees. The air and soil temperatures were 
also lower tnder tie tree canopy. The sub-surface (0.5 cm depth) temperature 
tnder the tree canopy was lowered by 10--16 C, while at 30 cm depth the 
temperature was lowered by 4 5 C. 

3.4. E./.]i,ctof trees on soil 

Trees improve tie physical and fertility conditions of the soil. The extent of 
this improvement is dependent upon the type oftree and various other factors. 
In general, in the arid and seni-arid lands, soil-fertility improvement is a slow 
process. in P. cineraria plantations, the silt and clay content of the soil 
increase(] up to a depth of 120 cm, whereas in tie open field devoid of trees 
changes in soil physical conditions were confined t,.a depth of 90 cmn (Singh 
and Lal 1969). Such improvements in soil physical conditions resulted in the 
maintenance of higher soil moisture beneath this tree (Aggarwal et al. 1976; 
Gupta and Saxena 1978). 
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Beneath P. ci'raria, the pH of the soil was 8.0 as against 8.2 in the open.
Similarly, electrical conductivity under this tree was 0.01 mlmhos/cm while it 
was 0.22 In mhos,:cn under P. .uliI'ora and 0.26 In mhos,'cm in the open.
The 	reduced pHt beneath this tree is belieed to be due to the higher organic 

solublc andmatter content and Ca lower CaCO, content. Similarly, tinder 
this tree there was considerable enhancement of the soil N content, mainly
due to higher leat' litter accumulation (Ahuja 0ta. 1978). Substantial enrich
ment of P and K in the surftace layers has also been recorded, though the 
differences were only marginal at lower depths. The content of micronutri
ents such Zn. MIn andas ('u was higher both at the surface and lower
depths, while Fe was increased only in the surface layer beneath P. cincraria. 
Because of' its (Jeep root system, this tree may not cause any competition
with undersown crops f'or soil moisture and nutrients and can thus result in 
better growth of th: companion crop plant. Such improved growth of the 
understorey specie, 	 also increases the C under thisorganic and N tree. 
Beneath other trees like P. iul/Iora, A1.senegal, A. h'hhek and T. unhulata,
there were only marginal changes in the organic content C and N (Aggarwal 
and Lahiri 1971). 

Thus, maintenance of favourable soil moisture and improvement in the 
soil physical and f'ertility conditions by P. cim'raria makes this tree suitable 
for agrisilVicultural 	 and silvopastoral systems. Further lopping of the tree
just bef'ore the cropping season eliminates the adverse effects of shadin.3 on 
the understorey crop. 

4. Other agroforestry approaches to arid-land management 

CAZRI has also been invoived in developing various other land-management

approaches to arid-zone development, and 
 some of these include agro
forestry components. The noiable 
ones are briefly discussed below. 

4.1. lSan-dune stabilization 

As mentioned earlier. 58% of the arid zone of western Rajasthan is covered 
by drifting or semi-established sand dunes of up to 100 m in height (see Fig.
8.2). These sand dunes are generally devoid of vegetation. Due to the high
velocity of prevailing winds, sand drifts from the dunes and engulfs the 
nearby agricultural 	 fields, canals, wells, railway lines, highways, buildings,
etc., and thus causes serious problems. The technique of afforestation for
stabilizing sand dunes was developed in CAZRI as early as the 1960 (Bhi
maya et al. 1961 Kaul 1968). It consists of: 
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(i) protection against biotic interference; 
(ii) treating the affected dunes by fixing micro-windbreaks in parallel strips or 

chessboard design using loca!ly available shrubs, starting from the crest 
down to the heel of the dunes. The common locally available bushes are 
Zilyphus nummuhria, Crotoh/ria burhia and Laptadenia pjerotechnica; 

(iii) afforestation of such treated dunes by direct seeding and planting. 

The direct seeding of grass species (Lasiurus sindicus, Cenchrus ciliaris and 
Sacharummi/aja) and creepers (Citrulus colos)nthis) is carried out in lines 2-5 
Il apart on the leeward side of micro-windbreaks. Then nursery-raised 
seedlings are planted at the onset of' the monsoon. The tree species suited for 
s-nd-dune stabilization are Acacia tortilis, Prosopis julIora, P. citeraria, 
Acacia nuhica, A. senegal, Dichrostach vs glomarata, Colopltosperinum mopane 
and 'a/1/i,'onun polyvgonooks. 

For seni-stabilized or stabilized dunes, some other species are also suitable. 
These are Acacia salicina, Eucal.iptus cama/dhdensis, E. terminalis, E. 
meht'ophloia. E. coolahaiha, flardwickia /inata, Cassia siamea, AIhizia lehhek, 
1. anIara, 'Ccotela tainhata, Azadirachta iu/ica and floloptelia integrfblia. 

Characteristics of some of' these and other arid-zone tree species are given in 
Table 8.11. 

Figture 8.6 shows a plot where sand-dune stabilization with Acacia lortilis 
has been in progress for II years, and Table 8.12 gives the fuelwood yield 
froin this A. tor/tils plot. 

T_ O e 

.+.

•* O..lt. 

Fig. .6.Saud-dune stabilization by a f elwood plantation of Acacia tortiis.(Photo: P.K.R. Nair, 
ICRAF.) 



Table 8.11. Characteristics of some arid-zone tree species. 

Tree species Time of collection No. of seeds 10 gm Pre-treatment, if any % germination 
A af-ia tortilis Nov. Feb. 195 50% cone. sulph. acid 90-95 

30 min. in summer and 
,4.seti'gaI Aug. Sept. 86 40 min. in winterSoaking in water for 24 h.4. wwura 70-75Ma:. -April 659 50% conc. sulph. acid 15.A. jacquitnontii min. 60 

ijt 
Mar.-April 126 H, SO4

40 min. in 50% 
1.143 30 min. in 50% H..4. cater/lu 

415 
SO 4 80Dec. Feb. 24 h soaked in water.4. nilotica 90May-June 79 60 min. in 50/o H SOProsopis cineraria May-June 231

P.juli/lora 
202 

15 min. in 50% H, SO 4 90Apr.-Nov.
.4zadirachaindict -50June-July 27
Tetonella unthuata 75April-June 800
Da,'hergia .,'isO, 50April 256
Ilardwitckia hinata 70June-July 56 

60Dichroistachosinwans Dec-Jan. 
Colophospjrnyn ntopatt Dec.--Jan. 

453 15 min. in 50% H, SO 4 9525
Leu'aena leucLephala Nov.-Dec. 85 

15 min. in 50%Alhizia lebbek Dec. Aug. 
425 H, SO 4 95118 -

Parkinsonia aculeata Feb.-July 160 
75 

45 min. in 50% H, SO 4 80 
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Table 8.12 Fuetwood production of Acaia tortilis in arid ZoICS under different spacings. 

Pla n -to-plant spacing 
(m) 

Fuelwood yield (t/ha) 
Green ("et) 

i 12 years 
Dry 

6 x 6 57.7 39.2 
4.5 x 45 61.0 44.4 
3.0 *. 3 76.4 55.6 

4.2. T'ev esthlishment in sh/allowi soils 

Some experiments on planting tree seedlings in shallow soils (22.5 cm depth) 
overlying hard calcareous pans had also been conducted ( Bhimaya and Kaul 
1960). Seedlings of Al/hizio l'hhek, EF allptus camhaldhi/nsis and Casuarina 
eqtiisct,/olia when planted in 30-cm diameter and 60-cr-deep pits had the 
highest survival rate, but their growth remained stunted. 1ut 60-cm-diameter 
and 90-cm-deep pits (perforating much of the hard pan) led to seedlings with 
100 per cent survival and in ich better growth. Thus. in shallow soils, 
transplanting in deep pits wits fottnd to be a better technique for raising 
plantations (Kaul and Gyanchand 1966). The tree species suitable for such 
establishment are Acacia fortilis, Prosopis i/llIora, P. tamaruigo, ('assia 
.Siamea, Alhizia c/hck, A. amarta, ,l:adiracha indica, Ailanths e.v'elsa, 
Itoloptelia inh'gri/01ia. E. cama/du/cnsis, E. mehn/oph/oia, E. coolahah, Zizy
pltis nummonhria. Dichrostachys glomerata, Dalhergia sissoo and ttardiickia 
/1/, lIa. 

It was also reported that in seni-rocky areas in the foothills, where the soil 
is shallow, 6(1 cmi ' pits that are half filled and combined with a crescent-shaped 
ridge across the slope gave the best performance in terms of survival rate and 
Lrowth of seedlings. Some species recommended for such areas are Acacia 
tor'iis. Pro.opisjl/i/ora, Acacia senegal, Butea mIOnoSpJrmla and Anogeissus 
roti i(bifO/ia. 

3 3Wherevcr soil deposition exists, pits of 45 cm or 60 cm are dug out and are 
half filled before planting the seedlings. The other half of the dug-out soil is 
used for making a crescent-shaped ridge 15 20 cm high across the local slope 
to collect the run-ofT rain water. 

There are also extensive areas with highly saline soils; they have hardly any 
vegetative cover except some salt butshes and a little sparse tree growth on 
hummocky areas. Afforestation of such areas is only possible by ripping open 
the hard pan to a depth of a metre Using a tractor and following it with cross 
harrowing. After this operation, ridges metre wide at the base and oneone 
metre high are constructed. Planting is done in the pits the crest of theon 
ridges so that the salt can be leached down from the ridges to lower depths to 
provide better soil conditions and rooting depth for the transplants. Tree 
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establishment techniques For alkali soils (pl1 10) have also been developed
at the Central Soil Salinity Research Institute, Karnal, India (Yardav 
1981). 

4.3. Silterbeli plantation 

Shelterbelts arc wide strips of trees, shrubs and grasses planted in rows raised 
at right angles to the wind direction to deflect air currents, reduce wind 
velocity and give general protection to roads, canals and agricultural fields.
Woody stems, branches and thick foliage help reduce wind hazards (Kaul 
1959). 

Experimental shelterbelts of Acacia nilotica and Da/hergia sissoo were
established over 102 km in square blocks at the Central Mechanized Farm,
Suratgarh in Bikaner District, Rajasthan. Soil working consisted of digging
ditches with a triangular cross-section, i.e. 45 cm wide and deep. Planting pits-
of 3(1 cm were dug, staggered on either side of the ditches. Additionally, three 
shelterbelts of 300 metre length having three rows in each belt at 150 metres 
apart were esahlishedl to study the effectiveness of the tree species in arresting
the sand movement and the growth of crops on the windward and leeward 
sides (Gupta CI ll.1984). 

l)alv observations of wind speed in summer and the monsoon period were
recorded at different distances (211, 51-1 and 101-1) on the leeward side of the
shelterbelts. The data are given it Tables 8.13 and 14. Reduction in wind 
speed was greater inl the monsoon period (July-September) than the summer 
period bclore the monsoon, and maximum wind reduction was at 2H (see
 
Table 8.13).
 

abl' S.13. Percentage reduction of wind speed at different distances in the leeward side of
 
dilltrent shelter belts
(11977 1979). 

Ptant species Summer season Monsoon season 

*Distatices from shelterblts 

211* 511 Hill 211 511 1WIt 

Proso is fuli/lora 33 t7 12 38 26
('aust sittiOelt 36 

21 
17 13 46 36 24

h'achi
.. ortli.1 36 25 13 46 36 20 

II refers to iheteight of the shelterbelt. 

Source: (itupt vI til. 1984. 
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8.14.Tablh' Eflects of diffirent types of shelterbelts on soil erosion. 

Type of shelterbelt Total aniount of soil loss (kgiha) from 20 April to 26 June 

1979 1980 Mean 

I'roopis juitflora 93.2 609.3 351.2 
C(ta~.iamo 91.5 277.1 184.3 
,.a,ia tortii !06.0 494.1 300.0 
laie soil (\tithoutl shelterhelts) 262.7 831.0 546.8 

Sourc :(upta vt al. 1984. 

There was a 5 14% reduction in evapotranspiration from April to July. In 
general, the use of shelterbelts brought about a 50% reduction in the 
magnitude of wind erosion. In the Cassiasiamea shelterbelt, the soil loss was 
184.3 kgiha,while in bare soil (i.e. without any shelterbelt) it was 346.8 kg/ha. 

Species tried and found suitable for shelterbelts included Acacia ortilis, A. 
sclicina, .4. anura, A. nihotica var. cupressfi/ormis. Prosopis .uli/ora, Cassia 
Nianuea. C. auriculata, .4l-airachtaindica, Alhizia h'h/ek, Tamarix articulata, 
ELucal tts canathd/ensis, Ziz.vphs nuummuluria, Inga (/ulce and Parkinsonia 
acul'ata. 

4.4. hnprorventni offitdt trees and other hidigcnous ires 

As a part of its regular programmes, CAZRI has been undertaking studies on 
several multipurpose trees frcm other parts of the world which might be 
suitable for arid lands, as well as on improving locally available trees and 
shrubs. Two species with which substantial progress has been made are the 
"khejri" tree (Prosopis cim'raria) and the "ber" (desert apple) Zizihus 
1l1ttrilitlla. 

Results of'studies up to the late 1970s on various aspects of P. cineraria 
have been compiled as a monograph by Mann and Saxena (1980). Some 
fast-growing strains of the tree are now being studied, some of which have 
attained a mean height of 399 cm (range 230 520 cm) in seven years. 

The cultivation of Liz yphus mauritianahas become very popular in the arid 
regions of India inrecent years. CAZRI has undertaken scr'eening, selection 
and improvement of the plant, and three cultivars, namely, "Seb", "Gola" 
and "Mundia" are now popular in the 250-450 mm rainfall regions (Pareek 
and Vashishtha 1978). These can be propagated vegetatively by budding on to 
the root stocks of any species of Lizyp/n;:: such as Z. nummularia, Z. 
tiwltiilolia, Z..u/uha and Z.spina-chrisii.The budding is usually done from 
July to September on newly sprouted, soft branches. The planting density 
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8.7. "Ber" (Zi-pI)hu. maurifiana)with Prosopis cineraria.(Photo:F . P.K.R. Nair, ICRAF.) 

varies from 74 to 104 plants per hectare, depending on rainfall. A budded 
plant starts fruiting in about 18 months and attains full bearing of over 50 kg
fruit per year after about live years. Yields of up to 150 kg of fruit per plant
have also been recorded. Yields can be increased by the application of growth
stimulants;regtlators, and by irrigation. Figure 8.7 shows a stand of "ber" in 
association with Prosopis cvinraria. 

5. Extrapolatability 

The CAZRI technologies (including others that have not been mentioned in 
this paper) are being disseminated to extension agencies and farmers through
the Institute's extension services and programmes. These technologies, espe
cially sand-dune stabilization, shelterbelt plantation, tree-planting techniques
in different land forms, silvopastoral and agrisilviculhural systems, use of fruit 
trcs and other indigenous trees, are now being adopted on a large scale in the 
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arid parts of Rajasthan State as well as other such parts of India. There is also 
considerable international enthusia-,i on these technologies and their adop
tion in other arid parts of the world. 
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Abstract. Farmers in Tamil Nadu State integrate numerous species of multi
purpose trees and shrubs on their farmlands in close association with agricul
tural crops and/or livestock. Dominant among them are Borass.sflabellifer, 
Tamarinuhs inlica, Ceiba pentandra, Acacia leucophloea and A. nilotica. 

These woody perennials are better able to cope with poor growing condi
tion,;. Their increasing integration on farmlands represents a strategy to 
minimize the risk of crop failure. Some species (e.g. Prosopisjlflora and 
Deonix eta)are deliberately used to ameliorate infertile or saline soils in 
order to permit the growing of annual crops. In addition to producing
fuclwood, charcoal, fruit and fodder and providing many service functions,
these species require fewer inputs and give the farmer a choice of management
options in the event of poor crop growth. The productivity of these tradition
ally managed and little-studied agrcforestry systems can be considerably 
improved by scientific interventions. 

1. Introduction 

Tamil Nadu State possesses a great diverity of ecozones, including semi-arid 
to humid lowlands and even tropical highlands. Numerous traditional agro
forestry systems and practices exist in the State which involve the use of 
multipurpose tree species on farmlands or rangelands. This paper identifies 
and describes the role of management of the major tree/shrub species involved 
in the more prominent, but as yet little studied, agroforestry systems and 
practices in Tamil Nadu. Furthermore. the various examples of agroforestry
and multipurpose indigenous trees provided will help to reinforce a broad 
concept of agroforestry (Lundgren and Raintree 1983). This is important
because a surprisingly large number of land-use scientists and policy makers 
still think of agroforestry as a branch of forestry or as an alternative term for 
taungya. 

* 	Originally published in Agrqfrestr' Systems 4: 17-23 (1986). 

P.K.R. 	 Nair (ed.). Agrof'restr, Sysit s in the Tropics. 121-137. 
1989, Kitter Academic Puhlisher.. Dordrecht - Printed in the Nctherlands. 
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2. General description of the area 

2. 1. Biophysical environment 

Tamil Nadu State is located in southern India (8.08-13.92°N and 76.25-80.30 
E) (Fig. 9.1). The State covers 130,057 km 2 and altitude varies from sea level 
to 2,600 m. 

Altitude has a marked influence on rainfall and temperature regimes. The 
State receives rain from the south-west monsoon (July to September) ano the 
north-east monsoon (October to December), the latter being the main source 
of rain for the eastern parts. The average rainfall varies from 625 to 1,250 mm,
although in the highlands it can exceed 2,500 mm. Temperature varies from 
10.9' to 46.2'C in the lowlands. In the uplands of Palni and Nilgris, however, 
it ranges from 0.5' to 27.6"C with occasional frosts on 2-4 days in December 
and January. 

There are four major groups of soils in the state (FAO/UNESCO Soil map 
of the world - Sheet VII,): 

- Chromic/orthic luvisois (US Alfisols): the major soil types in the State; freely
drained; pH 6.5-8.0; the main limitations are sballowness and susceptibility 
to erosion; 

- Chromic vertisols: found in most districts except Nilgris. They form 45-60% 
of the cultivated area of Ramanathapuram and South Arcot Districts; heavy 
consistency and poor drainage can be the main limitations; 

- Eutric fluvisols (US Entisols): these are found mainly in deltaic areas; 
- Dystric regosols (US Entisols): found mainly along the coast; these sandy

soils have a low nutrient status and water-holding capacity; they are 
susceptible to wind and water erosion. 

in the upland areas with high rainfall (e.g. the Nilgris), ferralsols (US
Oxisols) occur; low fertility and moisture-holding capacity are their major 
limitations. 

The wide variety of ecological conditions present in the State is also reflected 
in the great diversity of vegetation types encountered: 

- Tropical wet evergreen forest (dominant species: Aiaesuaferrea,Palaquium 
ellipticumn); 

- Tropical moist deciduous forest (Terminaliaspp., Tectonagrandis,Pterocar
pus marsupium, Bambusa arundinacea); 

- Tropical dry deciduous forest (Anogeissus lat~folia, Terminalia tomentosa, 
Dendrocalamusstrictus); 

- Tropical dry forest (Acacia sp., Dicrostachvs cinerea, Santa!un album, 
Chloroxylon swielenia, Hardwickia binata); 

- Mangroves (Rhizophora, Avicennia, Exoecaria spp.); 
- Montane wet temperate forest (Michelia nilagirica, Gordonia obtusa). 

http:76.25-80.30
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2.2. Socio-econonic conditions 

The State has a population of 48.4 million with a male:female ratio of 1:0.9768 
and an adult literacy rate of 46.75% (Government of Tamil Nadu 1982a). The 
average population density km 2is 372 per with 32.95% of the population
being urban based. The State has an annual revenue of Rs 60,895 million 
giving a per capita income of Rs 1,269.* 

2.3. Land-use s.stems 

Table 9. I shows the proportion of available land used for various purposes in 
Tamil Nadu. 

Agriculture 

Most of the agriculture in the area is rain fed. The eastern part of the State 
is characterized mainly by subsistence agriculture since it only receives rain 
from the north-east monsoon (i.e. a cropping season of 3-4 months). In the 
western areas, which receive rain both from the north-east and the south-west 
monsoons, and in areas along major rivers, deltas, irrigated land and the 
uplands, agriculture involving commercial crops such as rubber, tea and 
cashew is common. Table 9.2 lists other major crops and the area occupied by 
them. 

Table 9.1. Land use in Tamil Nadu State. 

Land use Area (ha) Percent of total area 

Agricultural crops 6,253,563 48.1
Forest 2,028,183 15.6
 
Current agricultural fallows 
 1,274,115 9.8

Cultivable wasteland 
 364,033 2.8 
Barreni;uncultivable wasteland 611,055 4.7
 
Other fallovks 
 442,040 3.4
 
Miscellaneous tree crops 
 195,018 1.5

Permanent pastures/grazing land 
 156,014 1.2
 
Non agricultural/,orestry 
use 1,677,152 12.9 

Total 13,001,170 100.0 

Source: Government of Tamil Nadu (1982b). 

* I US$ = Rs 12.50 (May 1985) 
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Table 9.2. Major crops in Tamil Nadu State. 

Crops Area (ha) 

Rice (Ory-a satira L.) 2,756,451 
Groundnut (Arachis hypogaea L.) 983,344 
Sorghum (Sorghum hicolhr (L. Moench.) 695,580 
Pulses (mostly green gram, black gram, pigeon pea) 616,125 
Pearl millet (Pennisetun glaucum L.) 408,510 
Cotton (Gossypiuni hirsutunl L.) 357,197 
Finger millet (Eleusine coracana (L.) Gaertn.) 279,917 
Kodo millet (Paspalum scorhiculatuon L.) 177,541 
Sugarcane (Sarcharum officiaruin L.) 154,423 
Little millet (Panicunt miliare Lam.) 132,750
Gingelly (Sesamum inlicum L.) 131,618 
Chillies (Capsicum spp.) 106,857 
Tobacco (Nicotiana tabacum L.) 12,710 
Castor (Ricinus conmnutnis L.) 10,287 

Source: Government of Tamil Nadu (1980). 

The livestock population in the State was estimated at 24.1 million, 
consisting of 10.8 million cattle, 3.07 million buffaloes, 5.2 million sheep, 4.2 
million goats and 0.68 million pigs (Government of Tamil Nadu 1982b). 

Forestry 

The total area under plantation and natural forests was estimated to be 
2,028,183 ha in 1981. Natural forest types have been ide.,ified earlier in this 
chapter. Plantations of Eucalyptus tereticornis, E. grandis, E. globulus, E. 
citriodora,Pinuspanda and Acacia mearnsii exist. Table 9.3 shows the output 
of forest produce for 1980/81. 

AgroJrestriv 

Numerous systems/practices exist which may be classified as agrisilviculture 
or agrosilvopasture (Nair 1985). A common feature of all these agroforestry 

Table 9.3. Forest produce in Tamil Nadu State, 1980/81. 

Forest produce Quantity Value( x 10' Rs) 

Sandalwood 6,029 tonnes 47.20
 
Pulpwood 154,843 tonnes 
 32.54 
Rosewood 5,283 m 3 

10.90
 
Bamboo 
 59,374 tonnes 2.28
 
Fuelwood 57,440 m3 

0.93
 

Source: Government of Tamil Nadu (1982b). 
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systems is that they involve the deliberate retention and management of one 
of more multipurpose trees on farmlands and rangeland. Within tile two 
categories mentioned above, the systems described in the following sections 
can be distinguished by the presence of a dominant (in terms of usefuiness) 
multipurpose tree species. 

3. Agrisilvicultural systems/practices 

3. Al ultipurpse trces intercroppe'd with cereals and pulses under rain-Ael
 
conditions
 

Except where otherwise stated, the trees described below are intercropped with 
a variety of ccreals and or pulses (Table 9.2), the cropping systems being more 
or less similar in all cases. 

Borassits fla/ell~lt'r L. ( palinlyrah palmn) 

It is conservatively estimated that there arc 40 million palmyrah trees growing
in the plains of Tamil Nadu. Of' these. 17.5 million occur in Tirunelveli, 7.0 
million in Coinhatore and Perivar, 5.3 million in Ramanathapuram, 2.5 
million in K annyakumari and 2.0) million in Dlharmapuri Districts, respec
tively. Usually, the trees are randomly dispersed on crop lands but are also 
planted on the buids of' paddy fields ( Fig. 9.2). They may be found on a wvide 
range of' soil and salinity. Eflects of shading on understorey crops are likely to 
be negligible due to the sniall-siZed crowns composed of the fan-like leaves of 
the widely spaced (10.15 in apart) trees. Reduction in crop yields due to root 
competition is probably compensated for by sales of the various products
obtained from the palhi: moreover, the farmer has a cash income during the 
dry season when there are no crops on his fields.
 

The major product of' the palm is erla, a sugary exudate from the cut end
 
of a flowering spathe. Tapping for n'ra usually 
commences when the tree is 
14 16 years old (10 12 in tall) and is limited to about five months a year
(January to May). Narrow-mouthed earthen pots, limed on the inside to
 
prevent fermentation of the m'ra, are attached 
 to the cut ends of flowering
spathes and the nera is collected on a daily basis. In the northern districts, iera 
yield from a tree averages 2 litres a day, while in southern districts it varies 
from 2.5 to 3 litres a day. Other products from the palm include leaves and the 
fibre from petioles which are widely used for thatching and making a variety 
of handicrafts. 

A farmer having around 100 trees per ha (10 x 0 In spacing) can earn 
between Rs 500 and 600 over the five-month tapping period each year. The 
annual income to Tamil Nadu State from the sale of palmyrah products such 
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Ih, 9.2. Brt oous f1ah'llilr on field bountary. Note the small crowns of the palms. (Photo:
I.(:'UA. Fernandes.) 

as paint sugar, candy made from hera and handicrafts made from leaf fibre 
has been cstimated at Rs 120 million. The export of palmyrah leaf fibre (to 
some 40 countries) alone earns about Rs 10 million in foreign exchange. 

It has been estimated that over 28.000 f,milies are engaged in the processing 
of palnyrah products. This activity usually commences at the end of the 
cropping :eason and thus provides a good source of income during a period 
of low demand for on-farm labour. Women are belng encouraged to take up 
processing of palmyrah products by the Tamil Nadu Co-operative Banking 
Society. 

Tnuarimhs indica L. (tamarind tree) 

Although tamarind occurs naturally throughout the State, deliberate planting 
of the tree on agricultural lands is becoming increasingly popular in Madurai 
(west). Coimbatore. Periyar, Tirunelveli and Ramanathapuram Districts. 

Tamarind grows on a wide variety of soil types and the spacings commonly 
adopted are 8 x 8 m,8 x 12 in and 12 x 12 m. The seedlings range from 40 cm 
to 2 in in height at time of planting. A farmer in Krishnagiri area of 
Dharmapuri District develops 2-m-tall seedlings within a year by manuring 
and clipping of auxiliary buds. The resultant lanky seedlings are planted, 
supported by small poles for a year and protected from browsing by fencing 
with thorny Acacia or Prosopis twigs. The seedlings develop adequate thicK
ness to support themselves within a year and commence fruiting in about 
seven years. Pod yield stabilizes at about 15 years. Although improved 
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varieties have not been developed, local farmers usually identify "mother" 
trees that consistently produce large numbers of fruits and raise seedlings
from the seeds of these. For example, in Dharmapuri District, a tree produc
ing pods 25 cm long and 5 cm wide has been reported. 

A mature tree (20 years) can yield 100-500 kg of pods a year, giving
40-250 kg of edible pulp (endocarp). Usually, pod yield is cyclic with 
bumber yields coming every third year. The pulp is widely used as a 
condiment in Indian cooking and is also exported. It is an important
ingredient of Worcester and barbecue sauces. The price varies from Rs 3 to 
Rs 7 per kg. Furthermore, the secd is ground and the starch obtained from 
the cotyledon is processed to give a pectin-like gum which is used for sizing 
textiles, paper and jute products. 

Depending on site conditions, a mature tree can be 20-25 m tall with a 
dense crown. Reduction in understorey crop yields due to shading will be 
severe where mature trees are present. Most farmers, however, plant
tamarind on the poorer sites where crop yields would be low. This, coupled
with the fact that tamarind fruit which is harvested in the dry season 
provides an income when there are crops onno the fields, offers some 
compensation for shading effects crops. Most tamarindon trees are semi-de
ciduous, shedding some of their leaves in the dry season. Since the crowns 
are large and dense, such leaf shedding is likely to contribute substantially
towards the soil organic matter. Once the pod yield starts to decline (over 50 
years), the trees are cut down for fuelwood or charcoal. 

Ceiba pentandra (L.) Gaertn. (kapok tree) 

Two varieties of kapok grown the Inare in State. Madurai, Ramanath,
puram and Tirunelveli Districts, the local variety with 
 whorled branching, 
sparse canopy and small pods (<20 cm long and 5 cm wide) is popular. In 
Coimbatore, Periyar and Salem districts, a variety with a dense canopy,
locally known as "Singapore" kapok, is preferred due to its large pods 
(20-30 cm long and 5-8 cm wide). 

The trees are planted either on field bunds or on crop land at a spacing of 
5 x 5 or 8 x 8 in and intercropped with cereals or pulses till their canopies 
close in 7-8 years. Seedlings are planted in 30 cm' pits and start fruiting in 
3-4 years. Stabilized pod yield, usually obtained from the seventh or eighth 
year, can vary from 1,000 to 1,200 pods per tree depending on management.
Well managed, 15-year-old trees yield 2,000-3,000 pods annually (Fig. 9.3).
The small-podded variety yields up to 6 kg of floss per 1,000 pods, while the 
larger pods yield 7-9 kg. Farmers obtain a price of Rs 20-25 per kg of floss,
i.e. an annual return of Rs 120 from one tree. In addition, the wood is 
sought for the matchwood industry and the trunk of a 20-year-old tree 
(25-30 cm diameter and 10 m tall) can fetch Rs 300-500. 
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Fi,. 9.3. Ceiba pentatndr, on ficId boundaries showing profuse pod production. (Photo: E.C.M. 
Fernuandes.) 

Yields from interplanted crops can be expected to decline from the fourth 
to the seventh year when the tree canopy closes, especially with "Singapore" 
kapok which has a dense canopy. Thus, if a farmer wishes to prolong 
intercropping, the local variety of kapok tree (with a sparse canopy) should be 
used and the "Singapore" variety used mainly o j field boundaries. The use of 
the dense-canopy variety on bunds and field boundaries could provide wind
breaks to protect crop land against the strong gusts of wind common during 
the monsoons. The trees shed all their leaves in the dry season thereby 
increasing their value as economically valuable fallow species for rehabilita
tion of poor or degraded farmland. 
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3.2. Prosopis juliflora (Swart:) DC. (mesquite) Jor reclanation qf saline soils 

Prosopis juliflora occurs naturally throughout the "wasteiands" of Tamil 
Nadu State (Table 9.1). It caters for the fuel needs of a great majority of the 
rural poor and its availability has greatly reduced illicit felling for fuel in 
natural forests (TNAU 1984). Mesquite is an extremely hardy species, grow
ing on a wide range of soil types, including heavy clays, and has a good 
tolerance to drought, waterlogging and salinity. The tree coppices vigorously 
and is seldom browsed, although mature pods are fed to livestock. 

In Ramanathapuram District, where rainfall is confined to the north-east 
monsoon and substantial saline patches occur, farmer; use Prosopisjulihflora as 
a fallow species for four years. This ameliorates the soil condition sufficiently 
to enable the farmers to grow annual food crops for at least two years, after 
which the trees are allowed to reinvade the site for another four years. In 
addition to soil amelioration, the other major use of the tree is for fuelwood 
(Rs 250 300 per tonne at source) or charcoal. The return from charcoal, 
however, is higher than that from fuelwood, and thus many families are 
involved in the manufacture of charcoal. It is estimated that 15,000 tonnes of 
charcoal, mostly from mesquite, are transported annually to Madras (the 
capital of' Tamil Nadu) from Ramanathapuram. 

This system involving the use of' Prosopis julilcra for soil amelioration 
offers a cheap and ecologically acceotable way to reclaim not only the saline 
sites but also large areas of wasteland in Tamil Nadu. Direct seeding is cheap 
and subsequent survival good as the species is not browsed. Economic returns 
are encouraging and many "panchayats" (village governing councils) report 
incomes in excess of Rs 2,000 per ha after six years of mesquite growth (for 
fuel or charcoal) on wastelands. 

3.3. Delonix data (L.) Gamble for green manure on rice.fiels 

This leguminous species is common in Dharmapuri, South Arcot and North 
Arcot Districts where it is grown either on field bunds or in village commons 
to provide green manure for rice fields. 

Delonix elata is propagated almost exclusively from cuttings and the tree 
pollarded at a height of about 2 m to yield between 20 and 50 kg of green 
leaves a year which are incorporated into the soil during or just after 
ploughing (Fig. 9.4). Any woody branches are usually dried and used for fuel. 
In some villages, the trees are grown on the village commons and the stems 
pollarded and green manure shared by all. in times of fodder scarcity, the 
leaves may be fed to livestock, although it is not considered to be good fodder. 

There is considerable potential for increasing the stocking of this particular 
species as many field bunds are not presently used for growing trees. Planting 
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FHE,9.4. Green leaves from the prunings of Dehonix elata standing on the bunds or from nearby 
areas being incorporated before preparing the field for transplanting rice seedlings. (Photo: 
E.'.M. !Fernandes.) 

mateiial is easily available locally and the benefits of this species are well 
appreciated by the local people. Increased use of green manure from the tree 
could reduce the need for fertilizer. 

3.4. 11indbreaks on crop land 

Extensive areas in the western part of Madurai District have been planted up 
with windbreaks to protect crop land from the ferocity of the pre-south-west 
monsoon winds that occur in May and June. 
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Windbreaks usually consist of a central row of Azadirachla indica, flankedby rows of Prosopis juliflora and Euphorbia tirucalli. In soni areas, a central 
row of eucalyptus may be grown. All these species arc drought tolerant and are generally not browsed, thereby giving good establishment. Prosopis

julifiora coppices well and may be harvested for fuelwood.
Many other areas in Tamil Nadu State sulffer wind damage. The establish

ment of such protective and prcductive windbreaks can considerably benefit 
these crop lands and minimize wind erosion. 

4. Agrosilvopastoral systems/practices 

4. I. Acacia leucophloca (Roxb.) Wild. on farmiland 

This system covers over 100,000 ha in the dry tracts of Coimbatore and
Periyar Districts where annual rainfall is around 609 nm, although the
rainfall pattern from year to year is highly erratic.

Acacia leucophloea regenerates profusely when the land is ploughed after thefirst rains. Farmers encourage growth of the young seedlings and also sow 
crops like Pennisetuin glaucuin and Dolichlos uniflorus (horsegram). If therains continue favourably, the crops can be harvested as grain, otherwise they
will be used as fodder. 

At the end of the first year only 1,000 or so tree seedlings remain. Thisnumber is further reduced by natural mortality to arouid 500-800 per ha atthe end of the third year when the trees are 1.0--1.5 m tall, and the farmer
continues to till the soil up to the base of the trees to sow his crops. After
about ten years when the trees are around 10 m 
tall and 20 cm in diameter atbreast height, the farmer thins out the trees to between 60 and 100 per ha so as to allow adequate sunlight to reach the understorey crops. Studies have
shown a 20-23% increase in the height and dry-matter yield of foddersorghum growing beneath the trees as compared to tile crop grown without 
tree cover (Seshadri 1976). The trees develop large spreading canopies whenthey are 15-20 years old and farmers thin them out to between 25 and 60 perha. Such trees yield up to 100 kg of pods annually, which form an excellent 
high-protein fodder supplement in the dry season.

Due to the uncertainty of the rains, an increasing number of farmers are now planting Cenchrus ciliaris instead of cereals and pulses. C. ciliaris is ahardy fodder grass which dries summerup in the but regenerates naturally
soon after the first rains. The emphasis is thus shifting from an agrosilvopas
toral to a silvopastoral system while still giving the farmer the flexibility
raise crops 

to
should conditions permit. The drought-tolerant "Kangayam"

breed of cattle has been developed in this area. 
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4.2. Acacia planifrons 1ight & Arn. as an economically valuable fallow species 
on .armand 

This species occurs extensively in the coastal parts of Tirunelveli and in 
localized pockets of Ramanathapuram and Coimbatore Districts. 

Farmers encourage regeneration of this species on their crop lands by 
I'eeding the pods to goats ard then penning the animals on the crop land. In 
order to ensure good regeneration, the land is ploughed prior to penning the 
animals o,1 it. The passage of the seed through the digestive tracts of the goats 
softens the sced coat and a high degree of germination (up to 80%) is 
obtained. This high rate of germination usually results in a population of 
3,500 5,000 seedlings per ha, which is later thinned to between 1,250 and 
1,500 at the end of the rains. 

The trees ire maintained at an approximate spacing of 3 x 3 or 3 x 4 m. 
fletween the trees the farmer sows sorghum, pulses, peanuts or chillies and this 
intercropping continues for the next four or five years until the tree canopy 
closes. The trees are felled between the seventh and tenth year, depending on 
the financial exigencies of the farmer. Some of the trees are retained for farm 
needs while the rest are sold for pulp or fuel. The prices obtained vary between 
Rs 200 and 250 per tonne at source with the buyer felling and transporting it. 
In addition to tle wood obtained when the trees are felled, the trees provide 
valuable fodder pods during the dry season. 

This system is another example of significant interaction between the tree, 
crop and animal components. It enables the farmer to produce food and wood 
simultaneously and at the same time to conserve the soil resources required for 
future production. 

4.3. Acacia nilotica (L.) Willd. ex Del. as a multipurpose tree on firmland 

In Than javur and Tiruchirapalli Districts, Acacia nilotica trees are cultivated 
on the builds of rice field,. The trees provide fodder pods and wood for 
construction of bullock carts and fuel. 

This species his a high tolerance to watterlogging and it grows rapidly, 
benefiting from the irrigation and fertilizer givn to the rice fields. During the 
dry season (March to July), large herds of goats migrate from Ramanatha
puram and Tirunelveli District to this area. Local farmers pay herd owners a 
nominal sum to pen their animals in their fields. This arrangement allows the 
herd owners to harvest the pods and tender shoots of Acacia nilotica which are 
used as a supplement to the crop stubble grazed by the animals. In return the 
farmers' fields are manured by the animals. 

This traditional system involves significant ecological and economic interac
tions between the tree, crop and animal components. Studies are required to 
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Table 9.4. Multipurpose trees and shrubs on farmlands in Tamil Nadu.*
 

Species 

AIhizia lebbek (L.) 

Benth.
 
Albiziafidh'ataria(L.) 


Fosberg 

Ailanthus excelsa Roxb. 

Artocarpus heterophwllus 

Lam. 

Annona squnlosa (L.) 


Annona refteulata (L.) 

Bassia lal ftfia Roxb. 
Calophllian inophyllutn L. 
Calotropis procera (Aiton.) 

R. Br. 
Cassia sia,,ea Lam. 
Conintiphoracatdlata (Wight 

et Arn.) Engl.
 
Commiphora herrVii (Ain.) 


Engl. 
Dalhergiasissoo D.C. 
Ficus bengah'nsis L. 
Ficus religiosa L. 
Harduickhia bit,ata Roxb. 
Hol/optelia integrifolia 
Pithecolobismn dulce Benth 
Pongania pinnata (L.) 

Pierre. 
Pterocarpusinarsupin Roxb. 

Santahn albuim L. 
&Ssbaniagrand/lora Pers. 

T/espesia popuhwa Soland. 

Tectona grandis Linn. F. 
Wrightia finctoria 

Uses 

Timber. fuelwood 

Fodder leaves, stem for 
dugout canocs
 

Matchwood, timber 

Fruit, food seeds, 


fodder leaves, timber
 
Fruit, soil conservation 


Fruit, soil conservation 

Seed oil, timber 
Seed oil 
Green manure, bark fibre 

Green manure, fuelwood 

Live fence, fodder 


Live fence, fodder 

Timber, fuel, fodder 
Fodder leaves, ornamental 
Fodder leaves, shade 
Fodder, timber, fuel 
Fodder, timber, 
Fodder, fruit, timber 
Seed oil, timber 

Timber, fodder leaves, bark, 
antibiotic fodder leaves 

Fragrant heartwood 
Vegetable, fodder, live 

support for betel vine, 
shade 

Fodder, yellow dye, timber 

fuel 
Timber, fuel 
Green manure 

Remarks 

Scattered on farms 

Scattered 

Field boundaries 
Around homesteads 

Around homesteads, 

denuded farmland 
Around homesteads, 

denuded farmland 
Scattered 
Around homesteads 
Field boundaries 

Field bunds 
Around homesteads 

Around homesteads 

Irrigation canals 
Scattered 
Scattered 
Scattered 
Scattered 
Scattered 
Scattered 

Scittered 

Field boundaries 
On crop land 

On field bunds 

Irrigation canals 
Field bunds 

* Other than those described in the text of paper. 

quantify the magnitude of the interactions so that suitable modifications can 
be madc to maximize the positive interactions. Acacia nilotica browse is 
known to contain certain toxic substances, the quantity of which varies 
according to season, maturity, etc. With detailed information on these aspects
there is scope for improving the overall utilization of available feed. Also, the 
more the sur plementary high-protein fodder available to the animals the 
better is the tinanuring effect on fields likely to be. 
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In addition to the woody species identified in the above systems/practices, 
numerous other multipurpose trees exist on farmlands. Table 9.4 lists these 
and their use;. 

5. 	 Marketing infrastructure 

Within Tamil Nadu, there are 180 regulated markets, 115 co-operative 
marketing societies and 25 agricultural co-operative societies. Although these 
cater mainly for agricultural produce, farmers have no difficulty in selling the 
various tree products of the agroforestry systems described above. With the 
exception of tamarind and kapok. which are harvested by the owners (sellers), 
it is the buyers who arrange for felling and transport of the woody species. In 
most cases the produce is sold within a radius of 100 km from the production 
site. 

Facilities lor transport of produce are good. The State is well served with 
68,315 km of surfaced and 53,139 km of unsurfaced roads. In addition, there 
are about 3,800 km of rail tracks. 

6. 	 Dynamics of agroforestry systems in Tamil Nadu 

Farmers in Tamil Nadu well appreciate the advantages of existing agro
forestry systems and are undertaking integration of even more trees on crop 
lands. It is highly likely, therefore, that there will be a proliferation of 
agroforestry systems in the coming years. There several reasonsare 	 for this: 

1. The recent stable demand and high prices for wood (fuel, timber, pulp, 
construction) unlike the poor, unstable prices for agricultural crops, are a 
major incentive for farmers to plant more trees in association with their 
crops. 

2. 	The high cost of farm labour and inputs required for annual crops, couple] 
with the uncertainty of monsoon rainfall, has prompted farmers to inte
grate trees on farmland in order to minimize the risk of poor crop harvests. 
In 	addition to stable prices for tree products, trees are able to withstand 
drought better and they require fewer inputs. Thus, even if the crops fail, 
the fCarmer is still able to realize some income. 

3. 	Since the government adopted the policy that the "land is for the tiller", an 
increasing number of absentee landlords are bringing their lands under 
their direct supervision. This is conveniently achieved by planting signifi
cant areas of their crop lands with trees, i.e. an economically productive 
tree fallow. The trees require fewer inputs and give the landlord time to 
decide on his management options. 
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4. Government-backed financial institutions are increasingly providing low
interest credit facilities for agroforestry-based investments. 

The often-voiced view of the undesirability of planting large numbers of 
trees on crop lands should be considered in the light of national pricing
policies for food crops. In the case of agroforestry systems, the aim is to 
maximize the complementarity between trees, crops and/or animals so as to 
achieve sustainable production. Sound management is invariably the key to 
achieving this objective. 

7. Conclusions 

Agroforestry systems are well established in Tamil Nadu, though at subsis
tence level, and are becoming increasingly popular among local farmers. 
There is potential for improvement of the many traditionally managed 
systems described here, so that their production potential may be better 
realized. Thus it is important that these systems are studied in detail: as 
a first step, accurate baseline data of the systems need to be collected in 
order to facilitate in-depth evaluation and sijbsequent improvements. The 
Tamil Nadu Agricultural University is the best-placed institute for such an 
inventory. 

Institutes of the Indian Council for Agricultural Research (ICAR), such as 
the Central Arid Zone Research Institute (CAZRI), Indian Grassland and
Fodder Research Institute (IGFRI) and the All-India Dryland Agriculture
Project, are currently involved in the improvement and evaluation of many
multipurpose tree/shrub species that potentiallyare valuable for this area. 
Improved fruit trees, such as Zi:iphus mauritiana ("ber"), Punica granalum
(pomegranate) and Psidium guajata (guava), deserve special mention. 
Germplasm materials and management packages could be made available to
farmers in Tamil Nadu via ICAR's "lab to land programmes" and other 
extension channels for which adequate infrastructure and facilities exist in 
the State. 

Screening of multipurpose trees that are presently favoured by local farm
ers in order to identify high-yielding trees should be undertaken. This will
provide a germplasm base for further development/selection of superior 
trees. In addition, an effective mechanism is needed for distribution of 
presently available germplasm materials (such as grafted seedlings and
rooted cuttings) of improved multipurpose trees to farmers. This alone could 
result in significant medium-term gains in the productivity of existing agro
forestry systems. The "agroforestry wing" of the Tamil Nadu Agricultural
Department which currently funds tree-planting activities can have a major 
role to play in this programme. 
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10. Agroforestry farming systems in the homesteads of 
Kerala, southern India* 

M. ACHUTHAN NAIR AND C. SREEDHARAN 
Departmient /"Agronony, Kerala Agricultural Unirersio', Trichur 680654, Kerala, India 

,stract. Kerala State on the south-western coast of India is in the tropical 
humid zone, has a predominantly agricultural economy, and a very high 
density of population and therefore high pressure on cultivable land. The 
fa.rmers there undertake cultivation of an array of crops - tree crops, seasonals 
and biennials all in intimate mixtures on the same piece of land around the 
homesteads. Farm animals and poultry, and sometimes fisheries, are also 
essential componcnts of the systems. The close association of agricultural 
crops, tree crops and animals in the homesteads represents an excellent 
example of sustainable and productive agrolorestry homegardens. Optimum 
utilization of available resources of land, solar energy and technological inputs 
and an eflicient recycling of farm wastes are important characteristics of the 
systems. This paper attempts to describe and evaluate the systems' stability, 
productivity and sustainability, and to identify to their merits and constraints 
as well as research needs. 

1. Introduction 

Kerala 'Ztate, which covers only 1.18% of the total land area of India, 
supports over 3.5% of the country's population (census of India, 1981). The 
State, with an area of 38,963 sq km, has a population of over 25 million, 
amounting to a density' of 655 persons per sq kin, the highest of all the Indian 
States (State Planning Board 1985). In the coastal and midland areas, 
population density often exceeds 1,500 persons per sq km. A large majority of 
the population of the State live in villages and depend on agriculture for a 
livelihood. Because of the high density of population, the size of farm holdings 
is very sr-all, commonly ranging from 0.02 ha to 1.00 ha. The farmers of the 
State ",ually undertake intensive farming with a variety of crops on the 
limited area available in order to obtain food, fuel, fodder, timber and cash 
from the homesteads. The homesteads thus present an excellent example of 
the basic concepts of agroforestry homegardens (Fernandes and Nair 1986). 

* Originally published in .Agrqa/rcstrySYrsnis 4:339 363 (1986). 

VK R. Nair (cd). AgroItreIr, S}%cn in Ile I r4op.c 139) 163 
1989. Kluvcr ALaltiilc Puhfiliers, Dirdrccli l I'fnrd in thc Neierlanid.. 
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Coconut palm is an important component of these homegardens, and somepublications based on crop combinations with coconut in the State have beenpublished (Nair 1979, 1983; Nelliat and Shamabhat 1979). However, quantitative descripiouiv of woody components other than coconut, and the homegar
den systenis involving them, have beenseldom attempted. In view of theimportance of these components and svstei!s, of agroforestry homegardens tothe livelihood of the people of' Kerala, this paper attempts to describe theessential aspects of the structure and function of these farming systems and toevaluate their potential for exploitation and development. 

2. General description of the area 

Kerala State is 580 km long and lies between the Arabian Sea in the west andthe Western Ghats in the east, between 8 18' and 12 48' N latitudes and 74"52'and 77 22' E longitudes. It is broadest ( 120 kin) in the middle, tapering to the 
northern and southern ends. 

The land area of Kerala can be divided into three broad natural physiographic divisions, namely, "highland", "midland", and "lowland", each running almost parallel to the other along the length of the State. The mountainous
land along the Western Ghats in the e:,stern part of the State is the *'highland";
it is under forests interspersed with small streams and the region accounts for48% of the area and 15% of the population of the State. The palm-fringed
coastal belt runs parallel to the Arabian Sea, it has picturesque backwaters andalmost level topography, and it constitutes the "lowland" (10%'area and 26%population). In between these two lies ille "imidland" (42% area and 59%
population) intersected by numerous rivers, low hills and valleys.

The State as a whole has a humid tropical climate, so that the growth ofvegetation is regulated mainly by rainfall. The rainfall pattern is bimodal
 monsoon, the south-west monsoon from June to August accounts for the major
share of the total annual 
 rainfall. The north-east monsoon from October to
January is also very important agriculturally. The mean annual rainfall of the
State is 2,960 mm, with a mean annual number of rainy days of 126. 
 Rainfall
is distributed relativel': more uniformly over the rainy 
seasons in the southernparts of the State as compared with northernthe parts, as a result of the
influence of both the south-west and north-east monsoons. The 
mean annualtemperature throughout the State is around 27 C, the peak temperatures being
29 --31 C during the period from March to May. 

2. I. Soils 

The soils of the State have been broadly classified into four major classes:namely Oxisols (50%), Inceptisols (25%), Entisols (20%) and Alfisols (5%). 
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The major textural classes of Kerala soils and their general fertility status and 
physicochemical characteristics are given below (Kerala Agricultural Univer
sity 1984, 1985b). 

Laterite (Oxisols): generally poor in N, P, K and organic matter, acidic (pH 
5.0 6.2) and well drained, and respond well to management practices. 
Red loam (Allisols): essentially kaolinitic in nature, acidic in reaction, highly 
porous and friable, and low in organic matter and essential plant nutrients. 
7'oastal allhviul (Entisols): developed from recent marine deposits, the 

texture is dominated by the sand fraction, excessively drained with very rapid 
permeability and therefore leaching of nutrients is a major problem; improper 
drainage because of high water table is also a problem in many areas. 
Riverine allIvium ( Entisols): occur mostly along the banks of rivers and 
tributaries and show wide variation in physicochemical properties depending 
upon the nature of alluvium deposit; very deep with sandy or loamy texture; 
respond well to management. 
Greyish Onattukar, ( Entisols): have ch8 racteristic hydronorphic features like 
grey horizon, mottling streaks, hard pans, organic- matter decomposition, Fe 
and Min concretions, etc., moderately supplied with organic matter, N and 
K. but deficient in lime and phosphate; acidity is a problem. 
Hlydroinorphic saline (Entisols/lnceptisols): found in areas near backwaters 
and estuaries bordering the coast where frequent inflow of tidal waters causes 
salinity, maximum accumulation of toxic salts takes place during summer 
months; these soils are imperfectly drained, and in some areas undecomposed 
organic matter in lower layers causes acidity. 
Acid saline (Inceptisols): very deep, drained, dark brown alluvial soils having 
silt loani to silty clay loam surface texture; the sub-soils show the presence
 
of lime shells, the clay content decreases with depth; these soils are slightly
 
acidic, medium in organic matter and poor in total and available nutrients:
 
they are sometimes seriously affected by salinity.
 
Kari soil, (Inc,'ptisols): these black and poorly drained, heavy textured soils
 
resemble peat soils; decomposed organic matter is often observed in the lower 
layers; highly acidic in reaction, the pH approaching 3.0 during summer 
months; accumulation of salts to toxic levels often affects crop growth and 
yield. 
Forest loam ( Inceptisols): restricted to the highlands of the State; these soils 
are, in general, shallow; have dark brown to black-coloured surface soils due 
to the presence of organic matter; are acidic, rich in nitrogen and phosphorus 
but poor in bases. 
Black soils (Inceptisols): are dark brown though low in organic matter, 
calcareous and moderately alkaline (pH 7.5- 8.5), and clayey (50% clay), with 
high CEC; they do not exhibit features of the typical vertisols except for the 
cracking nature during dry periods; are moderately fertile. 
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3. Agroclimatic zones 

The State is divided into eight major agroclimatic zones on the basis of 
topography, soils and sea-water intrusion (Fig. 10.1) (Kerala Agricultural 
University 1984. 1985b: Srecdharan and Achuthan Nair 1985). These are: 

The Southern Zone: comprises the four southern districts, has plentiful 
seasonal rain'iall in the coastal plains and moist, hot weather in the 
interior region: the soils are predominantly laterite or red loam; 
"The ('entral Zone: consists of' three central districts, excluding the high 
ranges and coastal saline areas: being on the windward side of the West
cri Gihats, recei\es heavy rainiiall, though with erratic distribution: the 
main soil types are laterite, alluvium. and saline; 
The Northern Zone: consists of three northern districts, receives heavy 
rains during both the south-west and north-west monsoons, but Decen
ber Ma,, is very dry: the soils of t ire .rea are sandy loam. laterite or 
alluvium: 
The High-AtitUde Zone: comprises the two districts in the Western 
Ghats at an elevation of 700 2.100 in a.s.I. The bulk of' the rainfall is 
received during the south-west monsoon: the soils are mostly loamy forest 
soils: dense forests, stcn hills and deep valleys are in abundance in this 
zone, 
The Onattiukara Zone: located in the coastal belt in the southern districts 
of' Quilon and Alleppey; consists of recent sediments of' sand with level 
topography: s:ht-wvater inundation is common in this area; 
The Kuttmamd and Kol, Zones: the former represents a 60 km-long and 
25 km-\%ide stretch of' low-lying lands on the west coast, separated from 
the Arabian Sea by a narrow strip of land in the districts of Alleppey and 
Kottayam: the region experiences hot summers with plentiful rainfall and 
high hiiidity: it lies 2 3 in below sea level and is submerged under water 
lor the major part of' the year has acid sulphate soils. 
The Koh, Zone: lies in Trichur and Malappuram Districts in the central 
part of the State: it is also low lying along the coastal strip; has clay loam 
soils; 
The Pokkali Zone: located in the central part ( Ernakulam District) of the 
State; comprises marshy areas where salt-water incursion is a problem; lies 
at about sea level and is subjected to tidal waves and periodical inunda
tion b%saline water: the soils are of' acid sulphate nature; 
The Low-Rainfall Zone: covers the Attappady hills and eastern parts of 
Palghat District in the north-eastern part of the State; has a mean annual 
rainfall of' 960 iIm; the naxiluml temperature reaches about 44 C in 
February March; soils are inceptisols. 
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Table 10.1. Inventory of crop species/trees in the homesteads of Kerala, 
Crop nameScientific Growth form; Main growingiharvesting Average production/ Average marketeconomic produce seasons plant or unit area price/kg (Rupees*)
Field crops
Arrow root Maranthaarundinacea Perennial herb rhizomeCassava May JanuaryMali/hot escuhnta 8 10 thaShrub - tuber 0.50
Chinese potato May -JanuaryColeus par'iflorus Herb 5 15 tha 0.50-- tuberDioscorea AprilMay-DecemberDioscorea spp. 10-12 t'haHerbaceous climber 2.00
Rice - tuber May-JanuaryOrvza satia 12.5-25 t/haGrass --grain 1.00June-SeptemberSweet potato 2 t'haIpomoea hatatas Perennial herb tuber 1.50 

4 June;July and Sept.;Oct.Elephant yam . morphophallus 15-20 t/ha 
0.50


campanulatus Herb - tuber February-December 15-20 t/ha 1.00 
Cowpea Vigna unguieulata Annual herb -Horse gram grain August-NovemberDolichos uniflorus Shrub - grain 

150-350 kg/ha 2.50
Mung bean August-NovemberVigna radiata Annual shrub -grain 

600 kg/ha 6.00August-NovemberPigeon pea ajanus cajan 300-500 kg/haPerennial shrub - 6.00grain August-November 450-650 kg/ha 6.00 
Anona Anona spp. Tree - fruitBanana February-AprilMusa spp. 50 kg treePerennial herb - fruit 1.00June-March 1.500 bunches of 20 kg
Bread fruit Artocarpus altilis Tree - fruit April-May each/(30 t)ha 3.50300 fruits (i-4 kg
Garcinia/choisy Garcinia indica Tree - fruit June-July each).'tree,'vrGooseberry 100 kg/year 1.50Emblica oljicinalis 15.00Tree - fruitGuava November-JanuaryPsidium guajara 10-15 kg 'treeyr"iree- fruit 2.00Jack fruit July-Aug. and Dec.--Jan.Arlocarpus heterophvllus 500-800 fruitstree/yrTree - fruit 3.00Mango January-AprilWangifera indica 500-1,000 kgtree/yrTree - fruit 0.50 
Papaya February-MarchCarica papaya 100 kg treeTree - fruit 4.50
Passion fruit PerennialPassiflora edulis 30-150 fruits:tree/yrPerennial climber - 1.00fruit PerennialPineapple Ananas cornosus 20.000 fruits-ha 2.00Perennial herb - fruit February-Apri - 3.00
 



PomeLrana:e 
Sapota 
Tamarind 

Oils and fiats 
Coconut 

Groundnut 

Sesame 

Beverages 
Cacao 
Coffee 

Spices andl coniments 
Cardamom 
Cinnamon 
Clove 
Ginger 
Nutmeg 

Pepper 

Turmeric 

Vegetables 
Bhindi 
Bitter gourd 
Brinjal 
Cucumber 
Moringa 
Snake gourd 
Watermelon 

Winged bean 

Punia granatum 
.chras -apota 
Tainarinihis indicus 

Cocos nuzwi'ra 

,rachi.s hwpogaea 

Se.%amum indicun 

Theobromna cacao 
Cotfa spp. 

Eh'ttariacardaonizan 
Cinnamonnn Zevlunicul 
SY-Ygi, n aromat 'ium 
Zingiber officinale 
MIyristica fagrans 

Piper nirunm 

Curcuma longa 

Ahehnoschus esculentus 
'tfonordica charantia 

Solanumo telngena 
Cucuis sabu-ts 
Moringa spp. 
Trichosanthes cucumerina 
Citrullus lanatus 

Psophocarpuv 
Ittragonolohus 

Perennial shrub fruit 
Tree fruit 
Tree fruit 

Tree fruit 

Annual herb kernel 

Annual herb seed 

Tree bean 
Tree or shrub - bean 

Perennia! herb seed 
Tree bark 
Tree dried flower buds 
Perennial herb rhizome 
Tree - fruit 

Perennial wood' climber 
fruit 

Perennial herb rhizome 

Herb - fruit 
Climber - fruit 
Herb - fruit 
Trailing herb - fruit 
Tree - fruit 
Climbing annual - fruit 
Creeper -fruit 

Perennial climber - fruit 

April May 
February May 
March April 

At monthly or bimonthly 
intervals 

April May Aug. Sept. 
Dec. Jan. April May 

August- December 

December January 
December 

October Novembe7 
MayJune No%. Dec. 
January, February 
April -Jan..Feb 
November January 

January February 
April, My Dec.,Jan. 

JuneJuly Oct. Nov. 
June July- Oct. Nov. 
June.July Oct. Nov. 
June-July Oct. Nov. 
March May 
June;July- Oct. Nov. 
December -February 

December January 

50 fruits treeyear 
25 kg tree year 
200 kg tree year 

40 60 nuts palm yr 

1.200 1,500 kg pods/ha 
250 500 kg ha 

300 kg dried beans ha 
800 kg h 

100 kg dried capsules ha 
1501250 kg quills ha yr 
2 kg drY buds tree 
10 t ha (fresh ginger) 
1.500 2.000 fruits yr 

2 kg green pepper vine 
3 5 t dry turmeric ha 

10 t ha 
30 t/ha 
25 t;ha 
I0-25 t'ha 
10 kg tree 
35 t/ha 
20 35 t/ha 

1,500 fruits/ha 

6.00 
4.00 

12.00 

1.50/nut 

3.00 
8.00 

25.00 (dry beans) 
10.00 (dry beans) 

150.00 
50.00 (quills) 

150.00 
10.00 (dry ginger) 
70.00 (mace) 

40.00 
8.00 (dry) 

2.00 
3.00 
2.00 
1.00 
3.00 
1.00 
3.00 

2.oV 



Table 10.1. (continued) 

Crop Scientific name Growth form/ 
economic produce 

Main growing/harvesting 
seasons 

Average productzon/ 
plant or unit area 

Average market 
priceikg (Rupees*) 

Fodder grasses
Brazilian lucerne 
Guatemala grass 
Guinea grass 
Napier grass 

St'losanthesguianensis 
Tripsacum axunz 
Panicum maximuni 
Pennisetum purpureum 

Grass - foliage 
Grass  foliage 
Grass  foliage 
Grass - foliage 

Perennial 
Perennial 
May/June-Aug./Sept. 
May/June-Aug./Sept. 

10 t/ha 
25-30 t/ha 
20 t/ha 
25-35 t/ha 

0.05 
0.50 
0.50 
0.50 

Trees 
Bamboo 
Erythrina 
Glyricidia 
Leucaena 
Mahogany 

Bambusa arundinacea 
Ersthrina indica 
Cl,vricidia sepium 
Leucaena leucocephala 
Swietenia macrop/i/a 

Multipurpose tree 
Multipurpose tree 
Multipurpose tree 
Multipurpose tree 
Tree - timber 

-
-
-
-

-Morinda Morinda linctoria Tree - timber 
Portia tree Thespesia populenea Tree - timber 

_ 

Teak 
Wild jack 

Teclona grandis 
Artocarpus birsuta 

Tree - tiaber 
Multipurpose tree 

_ 
_ 

-

OthersArecanut 
Betel vine 
Cashew 
Lemon grass 
Palmyrah palm 
Rubber 
Vetiver 

Areca catechu 
Piperbetel 
Anacardium occidentale 
Cimbopogon citratus 
Borassus flabellifer 
Herea brcziliensis 
Vetireria zozanoides 

Tree - fruit 
Perennial climber - leaf 
Tree - kernel 
Perennial giass  leaf 
Tree 
Tree - latex 
Perennial grass - roots 

December-May 
-
Dec./Jan.-April 
-

July-September 
April-December 
Jan.-Feb. 

5 kg nuts/palm 
2-30 million leaves/ha 
5 kg/tree/year 
50-120 kg oil,'ha/yr 
-
500 kg dried rubber/ha 
5 t dried roots/hayr 

30.00/100 nuts 
5.00/100 leaves 
8.00 (raw nuts) 

65.00 (oil) 

15.00 
5.00 (roots) 

* I USS = approx. Rs 12.20 (April 1986). 
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Table 10.2. Area, production and productivity of important crops of Kerala State (1981/81,). 

Crop Area (ha) Production (tonnes) Production (kg/ha) 

Rice 806,87! 1,339,393 1,660 
Pulses 33,910 22,286 657 
Pepper 108,242 27,5!1 388 
Ging'r 13,477 34,379 2,556 
Turmeric 3,200 6,027 1,383 
Cardamom 54,516 2,800 31 
Arecanut 61,251 10,702 (i. nuts) 175 
Tamarind 11,329 24,068 2,124 
Mango 60,181 280,011 4,653 
Jack fruit 61,037 248,232,000 4,067 
Banana 14,068 182,415 13,022 
Other plantains 35,921 145,112 4,040 
Pineapple 5,373 66,810 12,435 
Papaya 10,267 61,520 5,780 
Cashew nut 139,960 78,898 564 
Sweet potato 5.316 34,674 6,523 
Topioca 248,069 3,745,412 15,097 
Sesamumn 15,037 4,000 266 
Coconut 666,618 3,006 (m. nuts) 4,509 
Lemon grass 6,371 232 36 
Coffee 35,625 26,687 460 
Rubber 237,769 139,455 587 
Cocoa 23,381 2,894 124 

Sourt e: Kerala Agricultural University (1986). 

Note: Productivity refers to monocrop stands. 

4. Crops 

An inventory of the major crop species/trees grown in the homesteads of the 
State and the production of major crops are presented in Tables 10. 1 and 10.2, 
respectively. 

5. Structure of the system 

5.i. Cropping qistem 

In Kerala 21 %of the cropped area is under irrigation. Due to the varied soil, 
land, physiographic and climatological factors the cropping systems of Kerala 
have certain distinguishing features. There are four major groups: (a) coconut 
based, (b) rice based, (c) homestead based, and (d) cassava bases (Nair 1983). 
The homestead system forms the focus of this paper. 
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A homestead is an operational farl unit in which a number of crops
including tree crops) are grown in conjunction with livestock, poultry and/ 

or fish mainly for the pu,rposC of satisfying the farners' basic needs. Home
stead fIarin g is ain age-old practice in Kerala, and is prevalent throughout 
the State. 

Although (he homegardens appear to be a random mixture of trees,
shrubs and herbs, a certain general pattern seems to andexist (Nair Krish
nank utlty 1984). Wide variation in the intensity of tree cropping is noticeable 
between homegardens situated in the same agroclimatic zone. This cangeneraliV be attributed to the differences in socio-econonic cnditions of the 
household and their response to external ly determined changes. particularly 
prices of' inpLts an1d products, dependence on land, tenurial conditions, etc.Table 10.3 shows the tree-crop intensity in homesteads. 

It can be seen from Table 10.3 that a reduction in the size of holding has
led to an intensification of cltivation. In such a situation, it is common 
that, as the intensiy of tree cropping is iricrCasud, miscellaneous trev species
having no immediate direct bencit are replaced with II IIuliple-use species
such as . 'uaciau. Although this has reduced the species diversity, the
intensity of cultivation of the selected species has considerably increased. 

A schematic representation of' tie interactions in an intensive homegarden 
is 	presented in Fig. 10.2.
 

The components are so intimately mixed 
 in horizontal and vertical strata, 
as well as in time. that complex interactions exist between the soil, plants,
other components and environmental factors in the farmer's plot. Tile 
tarner chooses his crops aId crop combinations based oi his own wisdom 
aid perceptions acquired generaLions of experience,over the criterion being
his home Lequirements of food, fuel, fodder and timber. Cattle rearing is 
also undertaken in most of the homesteads, particularly in the sub,. ban and

rural areas, as a complementary enterprise. 
More than 50% of the cultivated
 
area in the State is under this system.
 

Tale /0.3. Trec crop mtensitv in homesteads. 

Siue 0f tolding (ha) Mean Iree cropping iniensily* Mean No. of trees/ha 

Very small (0.02 0.19) 50.52 620.8 
Small (0.02 0.80) 37.79 276.8
Mediu1m (0.81 2.00) 26.54 211.7Large (2.00) 	 23.24 121.1 

Source: Nair and Krishnankurly (1984). 
* Expressed as the percentage of otal area o,.cupied b the trie canopies. 



149 

0o0 CROPS 

C4sH CROOP ,,GETT3LE 

Fig. 10.2. Schematic presentation o~f the interaction among major components of the homestead 
agroforestry system of Kerala. 

5.2. C'rop antd tree components 

Among the crops grown in the homestead, coconut is the most dominant and 
important. Known as "Tree of heaven" (kalpa vriksha), and "Tree of a 
hundred uses", coconut plays a vital role in the economy of the State. Kerala 
State has even derived its name from coconut - kera in the local language, 
Malayalam, means coconut. Kerala alone accounts for 70% of the total area 
and production of the crop in India. There are only two distinct varieties of 
coconut -- the Tall and D)warf- of which the Tall is extensively cultivated forcopra, oil and fibre.A number of hybrids and cultivars are also being 
developed and popularized. The growth characteristics and planting pattern of 
coconut palms facilitate successful growing of other crops in between or under 
them (Nair 1979; Nelliat and Shamabhat1979). Further, the labour input
required for managing the crops is comparatively less than that for many
other crops, which makes it an ideal crop for people engaged in other 
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occupations. Intercropping and/or other forms of crop combinations with 
coconuts is a very common practice, especially around the homesteads through
out the State. 

The other important perennial crops in the homesteads are arecanut, black 
pepper, cacao, cashew ind various tree species. 

The arecanut palm (.'lr'la cuter/hi) is the main source of the common 
masticator\ nut, popularly known as betel nut or supuri. It is extensively used 
by all sections of people as it masticatory and for several religious and social 
ccremonies. This crop is grown mainly in areas with assured irrigation facilities 
in homesteads situa ted ill the valleys and plains. 

Among the States of India. Kerala has almost a monopoly in the cultivation 
and trade of' black pepper, "the king of spices". It is grown mostly as an 
intercrop in) the homesteads using other tree crops is live standards. As a 
m11onocrop. it is grown in hilly regions using standards such as Er rihrinu indica, 
Gauia pinnutta. blt'rue, sp. an d ,liricidiu sp. Though a rn1her of cultivars 
ire grown, the most populiar one is Karinmnda. A high-yielding hybrid known 

as Pa nniyooi- I is n1OW etensi vey' grown ill places with ample sunlight. 
('ashew is cl another important export-oriented crop grown its pure stand 

and also in the homesteads in marginal and sublarginal soils in the Northern 
Zone. This tree crop is fairly drougl, resistant and is common in areas where 
rainfllbIl is erratic drought be prolonged. Cashew-nutand may processing
developed as a cottage industry has enhanced employment opportunities for the 
rural people. 

('acao is succCssfully grown with coconut and arecan ut where irrigation is 
a va iible, a1d it is an economically zttractive system. Tree species like nutmeg,
clove and cinnamon arc very popular in the homesteads of' the Southern Zone 
where rainf-ll is more evenly distributed within the year. The tipper storey
growth of cocollut pro\dCs enough shade and a favourable microclimate for 
these crops. 

Cultivation of ginger and turmeric is very popular almost everywhere in the 
State. Satisfactory yield in the partially shaded conditions existing in the 
homegardens, fair market demand, easy processing and long storage life after 
processing are factors that encourage widespread cultivation of these crops in 
tle homesteads. 

The coffc-lha,,,.:, homestead system is a notable feature of the high-altitude
region. In this sVstcln, coffee is intercropped with perennial crops like black 
pepper, jack fruit and others. Lately, coconut has also been introduced in this 
region and forms an ideal shade crop for coffee, especially in the early stages
of its growth (Kerala Agricultural University I98fb). 

Another important cash crop grown in the warm high-altitude region is 
cardamom. This species flourishes in humid environments and requires dense 
shade for its proper growth. Trees like jack fruit, mango and tamarind provide 
excellent shade for the cardamom in the homesteads. 
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Rubber is grown in areas where the rainfall is evenly distributed in the hill 
slopes and also in the plains of the southern region. In the initial stages of its 
growth a number of intercrops can also be grown, and it is fast becoming a 
honiegarden tree crop. 

Among the tropical tubers, cassava and yam are the most common and 
important subsidiary food crops. Cassava is grown in the homesteads under 
partially shaded conditions, with lesser tuber productivity compared to open 
area stands. Other tuber crops like taro, elephant-foot yam, dioscorea, lesser 
yam. arrowroot, sweei potato and chinese potato are more shade tolerant and 
hence give better results when grown in the homestead.
 

Banana and pineapple are also common 
 fruit crops in the homesteads. A 
number ii' cultivars of bknana are widely cultivated, Nendran being a very 
popular one. Pineapple is a common floor crop grown along with vegetablesin the homegardens. The canning industries with pineapple open up avenues 
l'or employment for the rural people of the Central Zone. Further, a number 
of fruit crops like guava, papaya, annona, sapota, mango and jack fruit are 
also grown in most homesteads. 

Pules like red grarn, cowpea, black gram, horse gram and oil seeds like 
groimndnut, sesamum and castor bean are also common. The pulses provide a
protein supplement in the rural diet. The commonly grown vegetables include 
bhindi (okra), brinjal, bitter gourd, cucumber, snake gourd, water melon and 
winged bean; these are grown for home consumption as well as for cash sale. 
Medicinal plants like lemongr:iss and vetiver are widely cultivated in some 
homesteads, especially in the Central Zone. 

A homegarden in Kerala, similar to homegardens elsewhere, consists of a 
number of trees, having both productive and protective functions, which are 
integrated into the system in different spatial and temporal arrangements. The 
various species of trees, mostly planted along plot peripheries, interact closely
with agricultural crops. Among these, teak (Tectona grandis), a commercially
 
valuable timber species, is common 
in the homesteads of the "midlands". A 
ewv wild jack trees (Artocarpus idrsuita), casuarina (Casuarina equisetifolia) as 

windbreaks in the homesteads of coastal tracts of the Northern Zone, and 
silver oak (Grerillea rolusta) used as a shade tree for coffee in the high-altitude
region, are the other common tree species in the homesteads. Moreover 
bamboo (Bar/ usa arundinaca) is commonly grown along the plot peripheries
in the Central and Northern Zones. Known as the "poor man's timber", this 
multipurpose plant plays an important role in providing building material for 
the poor in the villages, where they arc widely used as posts, rafters and 
reepers in building construction, and bamboo thorns are used for fencing.
Bamboo stcms tied together as a mat are also used for partitions in homes and 
for drying grains; bamboo poles are used as a physical support for banana, 
and rural cottage industries like basket making are bamboo based. Bamboo 
thorn for fencing is sold at Rs 30-35 (US$ 2.5-3) per head load that can cover 



152 

10 metres (Kerala Agricultural University 1985a). A I0-metre long bamboo 
pole costs Rs 40 50 in the market. 

The portia tree (T7he.pesia polmhcnea), numbering 5 10 per household, is a 
common sight in the homesteads of the south and central regions and in the 
mangroves of the marshy, low-lying areas. The tree is often used as a live fence. 
The timber from this tree is of superior quality and is used for agricultural 
implements, furniture and even lor bullock carts. 

Softwood trees like "pala" (,,Lstonia .schl0ris), 'matty", (Ailanthus triplk.|sa) 
and "elavu'" (Bomhm/ax cv:i), are also planted along the boundaries of 
homesteads. Even the small-sized wood of these species finds a ready market 
in the match industry which is a flourishing cottage industry in the State. A 
"'matty'"tree fetches about Rs 100 ( USS 8.00) for eight years of growth. Of late, 
Alhizia flcataria,a Ifst-growing softwood tree, is being widely planted in the 
Southern Region, and is used for calanarans by the fishermen in the coastal 
tract. This tree fetches more than Rs 120 ( US$ 10.00) after eight years. Often, 
fishermen offer high prices for well-developed trees. This tree is also being sold 
outside the S!ate. 

Mangroves form an essential part of the homesteads of backwater areas in 
the lowlands of Pokkali, Kuttanad and the coastal tracts of the Northern Zone. 
The mangroves protect the homesteads from mud and sand washed down by 
rivers and also from high tide. Often they constitute the boundaries between 
homesteads. A few mangrove species like Acanthus illic/ihlius, Alicennia 
o//ivinalis, Carheraodo/lam, Rhizophera aonjug'ata and Rhizophera mucronata, 
are connonlv seen. 

"Kaitha" (Panhnus tectorius) is seen extensively in the homesteads near 
canals and backwaters in marshy areas throughout the State. The leaves of this 
plant are extensively used for the manufacture of mats and fancy articles. The 
white bracts are very fragrant. An oil called "Keoro oil" is distilled from its 
roots and the flowers are used in many Ayurvedic preparations. A number of 
flourishing small-scale industries in the co-operative sector are based on this 
plant. 

Some of the common crop associatiops are given as Figs. 10.3--10.5. 

5.2. Mixedl frmihg 

Most farm families have a variety of animals in their homesteads - cows, 
buffaloes, bullocks, goats, sheep and birds like chickens and ducks. In certain 
places pigs are also reared. Cows and buffaloes are maintained for milk, 
bullocks for draught, chickens and ducks for eggs and meat. A homestead 
usually owns 1-2 cows/buffaloes and 15 20 chickens. In the Northern Zone the 
homesteads will have 4--5 goats. 

Fodder grass and legumes are widely grown to meet the daily requirements 
of fodder for cattle; the important fodder grasses are Guatemala grass, Napier 
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grass and guinea grass (Table 10.1). Wherever rubber is grown, leguminous 
cover crops like Calopogonhn tnuconoides and Centrosemapubescens are also 
grown to enrich the soil and smother the weeds; their foliage can also be fed 
to the animals. 

In the homesteads of backwater areas and coastal tracts ducks are common 
and pig keeping is piactised in the homesteads of central Kerala. Invariably
each farm family possesses at least one pair of bullocks, but their number is 
dwindling due to the high cost of cattle feed/fodder. 

The waste materials from crops and homes are used as fodder/feed for 
animals/birds and the barn wastes are used as manure for crops. Because of 
shortage of fodder and grass and the increasing cost of rearing cattle, farmers 
do not retain the bullocks for a long time: the usual practice is to buy the 
animals from the markets during the time of peak field operations, especially
from June to July, and to sell them immediately after completion of field 
operations, usually at a lower price. 

A number of improved breeds of cows like Jersey, Holstein and Brown 
Swiss are reared by farmers. A duck breed known as "Khaki Cambell" is most 
common. Among the goats, a breed known as "Malabari" is the most popular 
one and among chickens, Austrolope. Rhode Island Red and White Leghorn 
are the ones commonly reared. 

Authorized agencies in the co-operative sector undertake collection and 
distribution of dairy and poultry products. These agencies, also arrange to 
supply cattle/poultry feed. 

In the low-lying regions of the Kuttanad and Pokkali zones aquaculture/ 
mariculture is extensively with success thepractised great in homesteads 
adjoining canals, paddy fields and ponds. The most important fishes/prawns 
grown are catla (Catla catla), rohu (Laheo rohita), mrigal (Cirrhina mnrigala), 
pearl spot (Etrophs suraie'nsis), Indian prawn (Penaeus indicus) and tiger 
prawn (Metapenaeus inlicus). As mentioned above, mangrove gardens of this 
region form an ideal habitat for fish farming. The organic wastes falling from 
the mangrove vegetation serve as a good feed for the fish and the numerous
 
inlets provide a good breeding place for the fish population.
 

Beekeeping is also popular in some homesteads, especially those of the 
relatively more resourceful farmers. One study incorporating the mixed-farm
ing concept was conducted by the Kerala Gandhi Smarak Nidhi (a voluntary
organization) in the homesteads (Kerala Gandhi Smarak Nidhi 1985). In the 
study, conducted in a 0.12 ha plot of undeveloped arid land in Trivandrum 
District of the Southern Zone, the farmer undertook a three-tier planting of 
fodder, cassava, vegetables, a number of bananas, cloves and coconuts, with 
Leu'aena being planted all around. There were 23 coconut seedlings, 12 
cloves, 56 bananas, 49 pineapples and 30 pepper vines; fodder grasses were 
planted in a 0.03 ha plot. The rest of the land was covered by other crops. A 
cow which was part of the scheme not only provided milk for consumption 
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and sale but also organic manure. Chemical fertilizers were not used at all. 
The net income derived during the first three years (when the cash crop had 
not started yielding) anounted to Rs 1,550, Rs 3,848 and Rs 3,950 in the first, 
second and third years, respectively. 

The expected net income from the cash crops at the current (1986) market 
priC, when these crops will start full hearing, are cloves Rs 3,800, coconut Rs 
900, other plants Rs 1,500 and livestock Rs 3,000 making a total of Rs 9,200 
a year from the 0.12 ha plot. 

This case study provides a good example of' a sustainable organic farming 
syslem which could be used as a model for future developments. 

6. Interaction between components 

A typical homestead with a multitude of crops presents a multi-tier canopy
configuration (Figs. 10.3 10.5). [he leaf canopies of' the components are 
arranged in such a Way that they occupy different vertical layers, with the 
tallest component having foliage tolerant of strong light and high evaporative
demand and shorter components having foliage requiring or tolerating shade 
and high humidity (Nair 1979). The major portion of the upper canopy goes 

,A
9~~2 2 

fig. J. P'lotograpti of a coconut-based homestead, crops in the foreground incfudc ginger.
ba nana, etephant yarn I .t'orpliop/iollus comnuatu); the ma jor i rec species (other than 
coconut) include jack fruit (A rtocarpus /wfcrop/lrluis). moringa (Aloringa spp.), Etrt/rina indica,
and young miango trees. Black pepper vines are trailed on to coconut and erythrina. 
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Fig 11.4. Photograph of an recanut (Areca catech~u) homegarden. The components are somewhat 
similar to those f Fig. 10.3. The house can be seen in the centre of the garden. 
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Fig. 10.5. Mixed farming model of the homestead system. In addition to the multispecies
multilayer plant associations. milch animals also constitute a major component of the system. 
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to coconut. This is followed by other crops like black pepper, cacao and tree 
spices. The lower storey of' the harvesting plane is occupied by banana and 
cassava and other tuber crops. At the floor level, pineapple, vegetables ind 
other herbaceous crops are grown. The canopy architecttre and pattern of 
component interaction are similar to those of' their tropical homegardens, as 
described by F~ernandes et al. ( 1984), Iernandes and Nair ( 1986) and Soemar
woto and Soemirvrwoto ( 1984).
 

Wherever coconut 
is present as tile dominant component the intercrops that 
are grown vary act'rding to tile age and canopy size of' the coconuts. During
the initial stages of' coclui'its growth, all sun-loving crops form the lower tier. 
From the bea ring stage (eight years) to about 25 years, when tile shade is 
rather dense, shade-loving crops like yarns, turmeric and ginger are grown.
Afterwards the incoming solar radiation in the garden increases and the 
homesteads can be filled wit h a number of' annual and perennial crops. 

7. Functional aspects of the system 

Out of 3.5 million operational holdings inKerala, nearly 3.1 
million (87%)
 
are v'ery snmall (< 1.0 Iasize), with an average size of 0.22 lia. These account
 
for 42% 
of' the total area under cultivation. Inanother 24% 
of' tile cultivated 
area tie small holdings are 1 2 ha in size. This situation of' a large Iumber of' 
the holdings, as well as a large proportion of' the cultivated Irea being under
 
them, has significan implications for land productivity and income (Kerala

Agricultural University 
 1985). The intensity of*cropping in tile homesteads is
 
very high, mostly with rather low levels of' biomass productivity of individual
 
COiilpollents.
 

7.1.Labour utilization po)enlial 

On average, cach household consists ol 6 8 people who provide the necessary
w,orkf'orce. In the small holdings, planting, cultural operations and harvesting
of' dilerent crops occur throughout the year and are attended by the farni 
f'arnily. Most of tile crops in the hornegarden are labour intensive except 
coconlit. 

As compared to ,nonocropping, the homesteads involve high labour utiliza
tion. For example, tile average requirement of labour on a one-hectare 
hiomegarden with an intensive crop mix and livestock is about 1,000 man days 
per year as compared to 150 nan days for coconut monocropping and 400 
man days for rice ruonocropping (Nair 1979, Nelliat and Slianiabhat 1979;
Sreedharan 1984). I)uring certain seasons, as during sowingsuch and/or
harvesting ofhdifferent crops, an acute shortage of labour is a common 
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experience. The coir industry, cocoa processing, the cassava industry, fruit 
canning. jaggery making, the match industry, etc. offer greater scope for 
employment, and the raw materials for all these are provided mostly by the 
honegardeners. 

In addition to the above, there are also immense possibilities for employment 
lbr rural people by way of plaiting of coconut leaves for thatching houses, 
basket making and mat making from bamboo and Pandanus, distillation of 
vetiver and lemongrass oil, fishing, dairy farming, etc. 

7.2. C'ap1ital 

Income for the livelihood of the farmers is mainly by the sale of products like 
rubber, coconut, pepper, cashew, ginger, turmeric and cacao, and surplus 
paddy. 

July August is a lean season for all farmers as far as cash is concerned. This 
is a time when expenses are at a maximum and income from the crops is at its 
minimum. This period coincides with the south-west monsoon when planting 
and cultural operations of most crops take place. Added to this, the schools 
re-open at this time and, with an average of at least two school-going children 
per family, the farmers incur a lot of expenditure for school uniforms, books 
and other expenses. To meet the immediate cash requirements, the farmers try 
to sell all disposable farm animals such as poultry, goats/sheep, cows, buffaloes, 
etc., and also borrow from village money lenders at excessive interest rates. The 
loans will be repaid at the time of the harvesting of cash crops - arecanut, 
coflee, cashew, pepper, ginger, turmeric, etc. - during December-January. Most 
of the farmers save money, chiefly for meeting their children's education 
expenses or for the marriage of girls. High expenditure on marriage is the most 
important social expense. 

Rural credit for short-term, medium-term and long-term agricultural loans 
is well developed in Kerala. Agricultural credits are being arranged through 
co-operative banks and agricultural credit societies at the primary level. Even 
fertilizers, agricultural implements like tillers, tractors, pump sets and other 
inputs can be arranged through these societies. 

7.3. Inputs 

Farmers usually store seeds from a current season's crops for the following 
season(s). Seed materials/seedlings are also obtained from authorized govern
mental agencies such as the State Department of Agriculture, Agricultural 
University, etc., and also from private suppliers all at reasonable prices. 
Chemical fertilizers are increasingly being used for all crops. However, 
plant-protection chemicals are not widely used. 
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7.4. Marketing 

The production and marketing processes in Kerala are intertwined inl the
economic system ill IS nuch IS the farmer has a significant influence on the
production activitv. Tihe major conmodities involved are arec.anui, cacao, 
coconut, coflee. cashew. ginger. pepper, rubber. turmeric and vegetables. In 
the case of, comnodiies wIich are not marketed th'ough organied channels,
tile annual ;tri/e fluctuations are quite substantial and the f'arrmers are put at 
a very great disadvantage (S tt Planning Board 1985).

Ill respect of' al ;lre nlumlber of' agricultural comlmodities, a major portion
of, [he trade transactions take place in the villages where they' are produced.
About 20(0 mrrket,, i Kerala cOndLtCt daily, weekly or hi-weekly sales. There 
are also about 9(0 prlima I marketing societie,; in the co-operative sector. These 
alppro ed agmncics arrange p roeu reeIII'cut 01' p rod nce fro In tile larners and thlis 
enables the ';armers to letch f"h prices. Other than this, there are colllIssioll 
agents, middlemen and brokers. wvholesale merchants and retailers to operate
the market. The main practices are negotiation, bargaining, connission basis 
and auction sale (State Planning Board 1985).

There are also problems relatirg to absence or lack of' grading at primary
level, lack of storage a1(ri transport fIacilities, lack of' proper market intelli
gence, def'ective weighing, aluteration, etc. 

8. System dynamics 

Being a densely populated State, tile pressure of' population in Kerala is 
reflected in the agricultural activities and dynamics of the homesteads. There 
is practically no scope for increasing the area Linder plough. Therefore,
agriculturl a rd other land-use strategies aim at increasing the productivity of
tie arca under cult ivatioi through exploitation of the available resources. This 
applies to homestead gardening also. 

There have been some noticeable trends in the cropping patterns of' Kerala 
over tile past f'ew years rih-r'i.s market price of commodities, social changes
and attiirdes of' tile people. Large-scale introduction of' cacao in the home
steads occurred in the late 19 70s when the price of cacao ilr tie Indian market 
touched an all-time high of' Rs 45 (then USS 5.50) per kg of dried beans (State
Planning Board 1985). But ill subseqUent years, to tlie great dismay of 
farmers, there was a sharp decline il cocoa prices. resulting even in tile
removal of' cacao plants f'rom the homesteads. Now, cacao is being replaced
by fodder grasses, banana and tuber crops. Similarly, the area under arecanut 
had also decreased a few years earlier after a decline in its price. The main 
food crop, rice, frces inn umerable constraints in production, such as scarcity
of' labour, high cost of inputs and very low prices for the produce. This has 
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forced many of the farmers to switch from rice to coconut. In Kerala, there 
is a tendency to seek "white-collar" jobs in Government or private sectors, 
with the result that educated members of' the family may not be available for 
agricultlural operations. Thus, farmers go for cultivation of' coconut in pref
crence to labour-denanding rice. In tile uplands of the low-rainfall areas. 
palhyrah has been the main crop. Nowadays, it is also being replaced by 
coconut consetLult to the commissioning of irrigation projects in those 
areas. 

An area of' about 0.15 million ha in Kerala is affected by the so-called 
root (wilt) disease of' coconut a malady of' uncertain aetiology. Reduction 
in yield of' root (wilt)-affected palms is estimated to vary from 10 to 80% 
(Nelliat and Shamabhat 1979). Because of' this, net returns fromhthe tile 
disease-alfected coconut gardens steadily decrease. Intercropping with suit
able crops is considered an effective way of' increasing the economic returns 
Ifroin such areas. of' mixed incoconut So, systems farming disease-affected 
coconutt gardens, involving fodder grasses and legumes for building up and 
maintaining soil fertility, are being tested and popularized. 

Rubber is the only commodity in the State for which prices have been 
steady for the past few years. For this crop, labour input is comparatively 
less once the tree attains the tapping stage. This has tempted many farmers 
to undertake cultivation of rubber, even in tile homesteads. Banana and 
tuber crops are also slowly being replaced by rubber in areas where distribu
tion of' rainfall is uniform. 

Black pepper. an important cash crop and foreign-exchange earner, is 
being grown using coconut, arecanut and Er'vhrina as live standards. How
ever, this poses problems at the time of' harvest of coconut and arecanut ats 
climbers find it diflicult to climb the trees due to tile presence of pepper vines 
on the trunk. Er rthrina, on the other hand, is frequently infested by stem 
borers which destabilize the bearing pepper vines. Therefore, concrete pillars 
and teak poles are also being used as st:;ndards, but they are excessively 
expensive. Off late, L('uc'anu (var. K-8) and Gruga pinnatla have also been 
tried as live standards for black pepper. Le'uwtia, being a multi-purpose tree 
crop. holds much promise. 

The current cattle population in tile State is 3.4 million adult units, which 
req ulire lore than 5.6 million tonnes of fodder (State Planning Board 1985). 
But the total fodder production in the State is estimated to be only 4 million 
tonnCs, which includes dry straw, crop residues, weeds, etc. A promising way 
of filling up-Ithis large deficit of 1.6 million tonnes, is to grow fodder grass in 
the homesteads, possibly through integration of' pasture, livestock and tree 
crops. Growing of forage grasses and legumes, feeding them to cattle and 
recycling the dung and other basic wastes to crops as manure is an existing 
practice. This has helped to maintain tile prolonged productivity of coconut 
palhs by improvement in the physical, chemical and biological properties of 
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the soil. The use of fermented cowdung to generate biogas for meeting
domestic fuel needs of tarm families is also becoming popular. Though the
biogas plant requires some initial expenses for its establishment, it needs no 
running expenditure. The practice reduces the demand for wood fuel; more
over, the slurry from the gas plant can be used as enriched fairmyard manure 
for crops. 

In the backwater areas and coastal regions, intensive mixed flarming with
fish culture is also practised. The cattle dung and poultry litter are dropped
in the adjoining canals/tanks where fish grown.are In return, the excess fish 
are fed as fish meal to poultry and cattle. In the Pokkali region, where rice 
cultivation is done stagnant to onein water up metre in depth, prawn
culture is successfully practised. Only one crop of rice is taken in these fields 
and the straw stubble is used as feed for the prawns. Farmers often benefit 
more froni prawn culture than from rice culture. One hectare )f land can
thus produce 2,000 kg rice and an estimated 750 kg prawns (selling at RS 10 
per kg), per year, the total returns being Rs 11,500 per ha and the expenses,
excluding family labour, Rs 4,990 per year (Mathew 1985; Sreedharan 1984)
(I USS = approx. Rs 12.20, April 1986). 

9. Evaluation 

9. 1. Mferits 

The multitude of crop species in the homesteads helps to satisfy the primary
needs of the farmers, such as food, fodder, timber and cash. This also helps
to conserve the fertility by nutrient cycling in spite of the high intensity of 
cropping(s) (Nair 1984). The increased microbial activity in the rhizosphere

of crops is another positive contribution in the multicropping systems (Nair

and Rao 1977). High labour utilization and risk minimization are the other
 
benefits associated with the system (Nair 1979).
 

Mixed filrming leads to substantial improvements in the physical and
biological characteristics of soil (Nelliatthe and Shamabhat 1979). The use

of waste materials for feeding the cattle, poultry and results in
fish efficient 
recycling of these wastes, whereas increased utilization of family labour in 
this enterprise reduces expenditure on hired labour. Adoption of mixed
farming practices in root-disease-affected areas has helped to enhance the 
productivity of the coconut palms as well as of land (Nelliat and Shamabhat 
1979). The homestead system also prevents exposure of the bare soil to the 
beating action of the torrential rains experienced in these areas, and conse
quently leads to reduction in soil erosion (Nair 1983 1984). 
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9.2. Constraints 

In order to sustain high levels of production from this intensive system, 
inorganic fertilizers have to be used despite recycling efforts. This leads to an 
increase in the cost of cultivation. 

In spite of the increased family-labour utilization, labour scarcity is being 
experienced at times, especially during periods of peak agricultural operations. 

Because of the scarcity of land it becomes diflicult to earmark separate areas 
of production for forage crops. The growth of fodder crops is rather poor 
tinder shade (Pillai and Sreedharan 1985). 

Lack of' irrigation facilities often limits crop production, especially in areas 
where there is uneven distribution of rainfall as in the Northern Zone (Kerala 
Agricultural University 1984). 

The rapid conversion of rice fields into coconut gardens is leading to a 
decline in food production in the State. Even at present more than 50% of the 
Food requirements of the State are met by imports from neighbouring States; 
conversion of more rice fields to other crops would further reduce rice 
production in the State. 

In the homestead polyculture, plants are usually arranged in a haphazard 
manner without giving adequate attention to the ecophysiological require
ments (water, light, nutrients, etc.) of the individual understorey crops in the 
system, and this leads to a reduction in the yields of individual crops. 

The high plant density in the homesteads leads to excessive humidity within 
the plant community (Nair 1979) that can cause fungal diseases like bud-rot 
(Phyiophthorapabnirora) of coconut, especially during the rainy seasons. 

The farmers of the State have a general feeling that the trees will take away 
all iiutrients and cast shade, adversely affecting field crops. They also entertain 
a notion that the trees will harbour injurious birds and insects (Kerala 
Agricultural University 1985a). 

Lack of adequate research results is one of the major constraints to greater 
use of tree crops in the homesteads in certain places. 

10. Potential and prospects 

Planting of a number of multipurpose fruit trees such as mango, jack fruit, 
gooseberry, portia tree, wild jack, etc. in the homesteads provides the basic 
needs of food, fuel, fodder, timber and manure for the farmer. 

Introduction of crops like Leucaena for fuelwood in the homesteads would 
help the farmer to overcome the fuelwood shortage. Pulses, vegetables and 
fruit crops in the homesteads provide a diversity in food products and 
improve the quality of farmers' diets. This is particularly important in rural 
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areas where the people are malnourished. 
There is scope for limited mechanization in tile homesteads, as evidenced by 

use of tractors and power tillers for preparatory cultivation for rice and 
equipment and machinery for coconut climbing and dlehusking. 

Recycling of organic materials envisaged in the mixed-farming system aims 
at conversion of waste materials into useful products for agriculture and other 
needs. 

I1. Research needs 

In spite of the importance of these systems to the economy of the State and 
its people, practically no research has been undertaken to improve the 
productivity of these homegardens. Whatever research results are available 
pertain to rnonocrop systems so that they are of' little value in these polycul
rural situations. Thc I'ollowing are some of the research aspects that merit 
immediate attention: 

Lvolving shadc-tolerant varieties of fodder grasses and legumes and stan
dardization of' their managem it;
 
Water and nutrient reluirements of crops in a polycropping system;

Rooting pattern and root distribution studies of the componen. crops for
 
understanding nutrient -moisture interaction and utilization;
 
Spatial and temporal arrangement of crops for eflicient conversion of solar
 
energy;
 
Identifying crop associations which can 
be fitted into different intensities of' 
shade; 
Working out of' an integrated production approach involving crop/live
stock/microbcs/fcrtilizer/pests;
 

-- Extrapolatability 
 of one system into similar agro-ecological zones and 
econolic analysis; 

- Complementary ind competitive interaction effects between crop compo
nents. 

Along with studies on the above aspects, research on various aspects of the 
related systems also needs to be intensified. 
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11. Intercropping under coconuts in Sri Lanka* 
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Abstract. Coconut is a major commercial crop of Sri Lanka. Growing a 
number of other crops in association with coconuts is a widespread practice in 
all coconut-growing aeas of the country. The rationale for the practice is that 
other crops can profitably be grown between or Linder the coconuts during the 
differcnt growth stages of the palms and thus the overall productivity of the 
land under this long-duration crop can be substantially increased. 

The paper gives a concise account of the practice in Sri Lanka indicating the 
crops most commonly grown as intercrops, the arrangement of different crops
and early research results on the productivity of the intercrops and their effect 
on coconuts. Adequate supplies of water and labour are the two major inputs
needed for the success of the system. Drought, lack of funds, price instability, 
lack of technical know-how on intercrop management, and problems of timely 
availability of inputs are the major constraints experienced by farmers in 
expanding intercropping. Research on both biological and socio-economic 
aspects is needed to overcome these constraints and extend this potentially 
attractive system. 

1. Intoduction 

Coconut (Cocos nucif'era L.) is cultivated on about 400,000 ha or 25% of the 
total cultivated area of Sri Lanka. It is the most widely cultivated plantation 
crop of' the island nation, the other major two being tea (244,916 ha) and 
rubber (222,311 ha), and is thus second only to rice (874,221) in terms of the 
area under the crop. Although coconut is grown in all the districts of Sri 
Lanka, about 70'% of the area under the crop is concentrated in the "coconut 
triangle" formed by the districts of Kurunegala, Puttalam, Gampaha and 
Colombo on the central west coast (Fig. 11.1). Other important coconut areas 
include the districts of Kalutara, Galle, Matara and Hambantota, accounting
for about 15% of the total area. The rest of the area is found mostly in the 
small homegardens in other districts. 

* Originally published in AgroqfrestrY Systens 2: 215-228 (1984). 

P.K.R. Nagir(ed.). Agroforestry Systems in the Tropics. 165-179. 
( 1989. Kluwer Academic Publishers, D)ordrerht Printed in the Netherlands. 
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areas. 
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It is a widespread practice in all coconut growing areas of Sri Lanka to 
grow a large number of other crops in a3sociation with the coconuts. The 
practice has been encouraged by the Government of Sri Lanka since 1973 by 
introducing several subsidy schemes. This paper examines the situation with 
respect to coconut intercropping in Sri Lanka and summarizes the results 
obtained so far. Cattle grazing on pasture under coconuts is also a common 
practice in sonic parts of the country (Coconut Research Board 1986a), but 
this paper does not cover that system in detail. 

2. General description of the area 

2.I. Biophy'sical environnent 

Sri Lanka is a tropical island between 5"55' and 9"51' N latitude and 79"42' 
and 81 '53' E longitude. The total area is 65,610 km 2 , and it extends to a 
maximum of 410 km in the north-south direction and 225 km in the east-west 
direction. There arc different forms of tropical climates within the country 
depending on rainfall, temperature and altitude (topography). There are three 
major rainfall zones (Koelmeyer 1957): 

- The Wet Zone that has more than 500 mm rain per month during May to 
September (south-west monsoon), with a mean annual rainfall of 2,500 mm 
or over; 
The Intermediate Zone, which is a part of the Wet Zone, with a mean 
annual rainfall of 1,875--2,500 mm; 
The Dry Zone with less than 500 mm of rain per month during the 
south-west monsoon season of May to September and a total annual 
rainfall of up to 1,875 mm; 

Areas of the Dry Zone with a mean annual rainfall of less than 1,250 mm 
are usually called "Arid Zone". 

In Sri Lanka, coconut is grown most prominently in the low-country Wet 
and Intermediate Zones, as indicated in Fig. 11.1. It is also grown to some 
extent in the Dry Zone wherever facilities for irrigation exist. In view of the 
changing distribution pattern of rainfall followed by unprecedented drought 
periods, considerable attention has now been focused on the subject of 
supplementary irrigation of coconut plantations during droughts, especially in 
the Intermediate and Dry Zones. On the basis of the hydrology of the area 
and long-term rainflil1 records, it has been estimated that available ground-wa
ter potential ranges from around 2,400 cu m ha per annum in the Wet Zone 
to 800 cu m ha ' in the Dry Zone, without affecting the water table 
(Fernando 1983). 



168
 

Temperatures are generally around 27 C with only a slight difference inthe diurnal and seasonal fluctuations. The relative humidity in coconut-growing areas is also high with a mean of 85%. There is no marked difference inday lengths between seasons, which fhvours the cultivation of a wide variety
of other crops in major coconut-growing areas.

The major soil types found in the coconut belt are generally related to thenature of parent material, topography and agroclimate of the area. In theWet Zone, for examplc, the dominant soil type in which coconut is grownis a shallow to moderately deep gravelly clay loam, passing to lateriteat depth. In the Intermediate Zone, coconut groves are distributed mainlyin the sandy loam type of soil passing to soft lateritic subsoil. In theI)ry Zone, coconut plantations are either flat or undulating, excepting fora few low to modcrately sloping areas. As such, the majority of coconut plantations in Sri Lanka occupy fertile land of different agroclimatic
and soil-environment types suitable for intercropping with a wide range of 
crops. 

2.2. Land-use sYstems 

With the exception of the area covered with montane rain forest and wetpatanas (grass lands), rice cultivation is possible and popular in Sri Lankain all placcs lying below 1,200 m altitude and having irrigation facilities.Some cultivated land in Sri Lanka, especially in the dry northern and easternplains, and to a lesser extent in the south-west, is under shifting cultivation 
(chena). 

Besides these two cultivated land systems, three big plantation systems areimportant for the island's economy: rubber, tea and coconut. Rubber plantations are in the wet low country up to an elevation of 700 m and tea up to an
elevation of nearly 2,300 m, tea plantations being the only form of land
in areas useabove 1,200 im.Coconut is very important in the internal economy
and food system of the country. It used 
 to be a major export crop in thepast, but according to 1982 figures (Government of Sri Lanka about1983)70% of the total nut production was used for domestic consumption, leavingabout 30% as the exportable surplus. Coconut, therefore, has a dual roje inmeeting the increasing local demand as well as continuing to serve the vital
export market. Cacao, cinnamon, cardamom, citronella and pepper as minor
export/cash crops also contribute to the economy of Sri Lanka. Forestsaccount for 24.9% of the area of the country (Gueller and Balasubramanian
 
1980).


Sri Lankan 
 flarmers practice a number of agroforestry systems. The mostprominent ones are chena, which is a form of shifting cultivation, some formsof taung~a, intercropping under coconut, Kandy gardens or homegardens (see 
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Chapter 12), growing tea and coffee under the shade of trees, and windbreaks/ 
shelterbelts (Tejwani 1984). 

3. Structure of the coconut intercropping system 

3.1. Components 

The growth habit and morphology of the coconut palm permit a number of 
other crops to be grown with or under it during its different growth stages 
(Nair 1979). A large number of compatible crops - both annuals and 
perennials are grown under coconuts in different geographic and ecoclimatic 
regions (Hettiarachchi 1974; Karunaratne et al. 1978; Liyanage 1976, 1980; 
Nair 1979, 1983; Nelliat and Bhatt 1979; Varghese el al. 1979). The major 
crops grown in association with coconuts in the different climatic zones of Sri 
Lanka are listed in Table I1. 1. 

Sample surveys of intercropping tnder coconuts conducted recently (Gov
ernment of Sri Lanka 1981a, 1981b; Anonymous 1983) in the Wet and 
Intermediate Wet Zones indicated that bananas, black pepper, coffee and 
ginger, in that order, formed the intercrops most preferred by the farmers. The 
second group in order of preference consisted of turmeric, betel, vegetables 
and pineapple. Factors such as profitability, marketing facilities and conve
nience were listed as the major reasons for farmers' preference for the crops 
mentioned. 

3.2. Arrangement Of components 

The three planting systems recommended for coconuts (sole stands) in Sri 
Lanka are the square (7.9 x 7.9 m), rectangular (8.5 x 7.3 m) and triangular 
at 8.5 n equilateral, each system accommodating a density of about 160 palms 
per hectare (Manthriratna and Abeywardena 1979). In the coastal belt, palm 
densities are relatively high, often up to 210 palms per hectare. 

Based on the evaluation of the pattern of utilization ef the basic resources 
soil and solar energy in monocrop coconut stands of varying age groups 

(Nair 1979, 1983), it is now generally accepted that coconut stands can 
conveniently be intercropped when they are either young (up to about eight 
years after planting) or fully grown and bearing (from about 25 years after 
planting). According to these considerations, and taking into account the age 
group of the palms, it is estimated that 70-80% of coconut plantations in Sri 
Lanka can be intercropped (Government of Sri Lanka 1981b; Santhi
rasegaram, 1966, 1967). 



Table I.1. Intercrops grown under coconuts 
Types of crops 

1. Food ,r p.% 
Tubers 

Cereals 

Legumes 

Fruit crops 

2. Spices and 
(ondnle.% 

3. Minor(cash)export
crop.v 

Others 

* Also see Nair 1!983). 

Crops 

Cassasa 
S, cCt potato 
Taro 
Yams 
Finger millet 
Maize 

Sorghur 

Cowpea 
Green gram 
Groundnut 
Soybean 
'inged bean 

Banana 

Citrus 

Papaya 
Passion fruit 
Pineapple 

Pomegranate 


Arecanut 
Betel leaes 
Chillies 

Ginger 

Turmeric 


Black pepper 

Cacao 

Cinnamon 

Clove 
Coffee 
Nutmeg 
*Pasture grass 
Sesame (oil seed) 

in Sri Lanka. 

d 

Ip(o ' e( al'aa"s 

Colocasja spp. 

Dio.corea spp. 

Manhot e.ouh'nia 

Ehv'u.xin (oracan a/ea mars 
Sorghwm hicolor 

t "'vna1:1'ttuiulatae
 
V"iszaradiata 


.rachis hpoiaeax
Ghcine max 
P.sophocarpu tetragonohlbus
Mu.a spp 
Citrus spp. 

Carica papa ia 

Pas.llora e'dulis 

Anana. comnosus 

Punica granaturt
 

.4reva catelhu 

Piper betel 

Capsihul spp. 

Zingiher officinale 

Curcunia longa 


Pipernigrum 
Theohroina cacao 
CinnalnooFunt zerlanicum 
Szr .'giu, aromatlicum 
Co/ha spp. 
Mlrrivica lraerans 
Brahiaria nililormis 
S.vaimunt indiuan 

Wet zone Intermediate Intermediate 

wct z ne dry zone 

x x 
x x 
x x 

x 

x 

x x 
x x 
x x 

x 
x 

x x 
x 

X 
x x 
x x x 
x x 
x x 

x x 
x 
X X 
x X 
x x 
x 

x 

x 
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The crop mixtures that are commonly associated with mature coconuts are 
as follows: 

Coffee/banana 

Banana mixed with either ginger/turmeric or pineapple 
Pineapple/papaya 
Banana/mixed with coftte/cacao 
Colfec/black pepper 
Cacao/colee (dwarf San Roman variety)/black pepper. 

The arrangement of components depends on the nature of the intercrop. 
Generally speaking. i circular area of about 2 m radius around the palm is left 
free of intercrops and the intcrcrops are grown in the interspaces according to 
the recommended planting systems of the sole crop of the intercrop concerned. 
Figure 11.2 shows a schematic planting pattern involving black pepper, cacao 

o A 

x 

I n I 

-x 

3'96m 1.22m I 2'74m 

LO013' (9W) 

I(92'~7 r (26') 

0 Coconut X Cocoo 

a Eflock Pepper [j coffee 

Fig. 11.2 Schematic patterns of planting black pepper, cacao and coffee as intercrops with 
coconuts. giving a plant density of 795 black pepper, 550 cacao and 640 coffee per hectare in 
addition to 159 coconut palms. 
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and coffee with coconuts. Photographs of cassava, cacao and black pepper as 
intercrops with coconuts are given in Figs. 11.3 and 11.4. respectively, to show 
the planting arrangements of' the different components. 

ra'tionI (!/3.3. Il o'(comeln'Ilt.s 

Theoretical considerations of plant-community interactions in multispecies 
combinations with coconuts have been discus;ed by Nair (1979) in the light of 
tile limited res.a rch data that were available at that time. In practical terms. 
tile main expectation from an intercropping system in a perennial plantation
crop system is that the overall return from a unit piece of land is increased 
without adversely aflfcting either the current or the long-term productivity of 
the main (perennial) crop. At the same time, the returns from the additional 
crops should justify the adoption of the intercropping practice and should 
contribute to the long-term productivity of the system. Thus, intercropping in 
coconut stands is viewed as a means of increasing the total productivity of lands 
that are "'committed" to the coconut crop for up to, say, 70 years (which is 
the normal life span of tile "'Tall- type most commonly grown all over the 
world). Results of intercropping experiments conducted at tile Coconut Re
search Institute (('RI) of Sri Lanka, and summarized in Table 11.2, indicate 
that intcrcropping resulted in an increase of nut yields of coconut. 

Similar reports are also available from intercropping trials in India (Nair and 
Varghese 1979: Nelliat and Ilhatt 1979; Varghese et al. 1979). 1 lie explanation 
given for this benclicial interaction is that the palms benefit from the manure 
and fertilizers given to the intercrops, elimination of weeds, soil working and 
other management practices. 

Some of the other obvious advantages of' intercropping include better and 
more intensive utilization of land, greater income and generation of more 
employment from land already planted with coconut, and income from cash 
crops. 

Tahh' 11.2. Yield of coconuts when intercropped with different crops. 

Intcrcrops *Yield of coconuts ha I yr 

Clove 5,549 
Black pepper 5,466 
Cacao 6,738 
Cinnamon 7,080 
Coffee 7,318 
Annuals in rotation 6,825 
Control (no intercrop) 5,172 

* Average of four years (1978 1981) results at the Coconut Rcscarch Institute. 
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It is also likely that there will be a negative interaction leading to adverse 
effects on the main crop (coconut) and/or the intercrop. Such effects are likely
to arise and be aggraated if the intercrops are not adequately and properly
managed. However, practically no quantitative data are available from Sri 
Lanka on these aspects. 

4. Functional aspects of the system 

4. 1. Resource inputland utilization 

In Sri Lanka, coconut is generally grown under rain-fed conditions. Experi
mental evidence shows that there would be no serious competition for soil 
moist ure between coconuts and the intercrops if the annual rainfall is over 
1.900 mm. However, in the Intermediate (rainfall) Zone and the drought
prone Dry Zone, it would be risky to grow coconuts as well as long-duration
intercrops if irrigattion facilities were not available. The earlier-mentioned 
survey of ilntercropping (Government of Sri Lanka 1981b) revealed that
irrigation facilities were available to 17% of the farmers who practised 
intercropping in the Intermediate Zone. 

Labour is one of the other major resources needed for intercropping. A 
study conducted by the Agrarian Research and Training Institute, Colombo 
(1976) revealed that intercropping in coconut stands resulted in a 300% 
increase in on-farm employment. Some basic farm-management data collected 
over five years from the intercropping trials at the CRI are given in Table
11.3. It shows that depending on the type and number of intercrops involved,
the requirement of labour and the share of labour cost in the total cost of
 
production increased. While the timely availability of labour could pose 
a
 
problem in sonie places, the generation of additional on-farm employment can
 
be a very encouraging aspect in owner-cultivated smallholdings. However,

only a very small percentage of coconut holdings are owner-cultivated in Sri 
Lanka (see below). 

4.2. Prouction 

Some data on the production from intercropping systems have already been 
presented (Tables 11.2 and 11.3). These are from experiments conducted at 
CRI. Although coconut intercropping is widely practised in all coconut-grow
ing areas of the country, quantitative data on production aspects from 
cultivators' fields have not been systematically collected. 



11.3. Sorte hasic farm-managetnentThh, data per hectare on intercrops gr-,,%,n 3with 5-,car-old coconuts.-

Intercrop( s) Input costs- Output Net income from intercrop 

Labour 

(da.s) 

Labour Materials Total Yield 

i kg 

Value- Annual Cumulative 

Cole, 
Ist Near 
2nd ear 
3rd year 
4th year 

144 

77 
89 

112 

2.520 

1.348 
1.558 
1.960 

1.65 

1.380
.8 

1.725 
1.625 

4.205 

2.728 
3.283 
3.235 

50 

225 
2.000 
9.000 

-- 4_0 

-
-2.728 

- 1.283 
5.765 

-4.205 
-6.933 

-8.216 
- 1.036 

Total 514 8.996 8.040 17.036 400 16.000 - 1.036 

Cal-ao 
Ist year 

2nd year 

3rd year 

4th year 
5th year 

144 

75 

63 

48 

60 

2.511 

1,308 
1.099 

837 
1.046 

1.910 
1.405 
1.725 
1.625 
1.625 

4.421 

2.713 
2.824 

2.462 
2.671 

--

--

65 

227 
525 

-

1.625 
5.688 

13.125 

-4.421 

-. 713 
- 1.199 

3.226 
10.454 

-4421 
-7.134 
-8.333 
-5,107 

5.347 
Total 390 6.811 8.290 15.091 817 20.438 5.347 

Cacao. vol/h', u/ 
black pepper
4th .car 209 3.662 3.200 6.862 16.972 

* Based on live years data at CR1. Sri Lanka 
Value in Sri Lanka rupees: I US S = approx. SL Rs 25 (1984). 
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4.3. Protecit'e and service aspects 

Monocrop stands of coconuts offer only partial coverage of the ground when 
the palms are young and also as they advance in age when the stems become 
elongated. Consequently the soil is more exposed to erosion and degradation 
during these periods. Incidentally, these are the periods when intercropping is 
most feasible and desirable. In monocrop coconut stands, it is a common 
management practice to adopt soil and water conservation practices such as 
terracing, preparation of buinds and Contour drains and burying coconut 
husks in pits and trenches near the palns to conserve moisture (Coconut 
Research Board 1976). By practising intercropping and adopting prudent 
land-nmanagement practices for the intercrops, many of these soil-conservation 
practices which would otherwise be necessary could be avoided. Thus inter
cropping can be a better way of increasing the sustainability of coconut lands. 

4.4. Socio-economic aq/wcts 

In Sri Lanka. coconut holdings of less than 4 ha are considered smallholdings.
The census of agriculture, 1982, which covered 10% of coconut holdings in 
the districts of Kurunegala, Gampaha, Colombo and Puttalam in the "co
conut triangle", indicated that 55% of the total area of coconut in the coconut 
triangle is composed of such sniallholdings (Table 11.4). There is a rather 
complex relationship between land ownership, owner cultivation/supervision 
and intercropping. The vast majority of coconut holdings in the country are 
not cultivated or supervised by the owners. The general pattern is that the 
majority of coconut farmers are also engaged in paddy rice (and other crops)
cultivation. Smallholers who cultivate their own land seldom practise inter
cropping because most of their time is utilized in growing rice and other crops
(in non-coconttt areas). On the other hand, holdings which are leased, 
share-cropped or otherwise managed or supervised by non-owners are inter
cropped. Sixty-three percent of intercroppeo coconut holdings are thus culti
vated/supervised by non-owners, whereas only 26% of the non-owner 
cultivated/supervised holdings are non-intercropped. 

TUhh, 11.4. Size-class distribution of coconut holdings in the coconut triangle of 
Sri Lanka. 

Size, class. category I lectarage Percentage 

< 0.0410 ha 22,996 8.49 
0.40 2.0 ha 87,907 32.47 
2 4 ha 38,202 14.11 
4 8 ha 27,304 10.09 
> 8 ha 94,343 34.84 

.Soure: Census of Agriculture, Sri Lanka (1982). 
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5. Constraints and potentials 

5. 1. ('onstraints 

The sample survey of the intercropping in coconut lands (Government of Sri 
Lanka 19811b) has identified seven important problems/constraints that are 
fLced by the farmers in expanding their intercropping activity. These, in order 
of relative importance, are drought, lack of funds, price in:;tability, lack of 
technical know-how, problens of timely availability of labour, availability of 
planting materials, and thefts. Oin average, each intercropper faced at least 
three of these problems. their nature and extent being dependent on the size 
of the holding and type of intercrop. :or example, lack ol technical know-how 
,1n1d 'Lnlds alld ;aon-availability ol' plant materials and fertilizers were tile most 
dCnte problems "acedby sniallholders, whereas drought. price instability and 
thefts were reported as general problems affecting all categories of holding 
si/es. 

In addition to the above, marketing of' perisli, ble seasonal crops (e.g., 
passion fruit, papaya, pineapple) an crops that are produced inbulk (e.g.. 
ginger. turliric) can also be a serious problem. The problem can be aggra
vated if intercropping extends to large areas without simultaneously develop
ing processing lacilities at the producing centres and/or transportion 
infrastructunrc to consuming,/processing centres. 

5.2. Pontiaty 

Notwithstandinu the above-mentioned constraints (which are not insurmount
able), the system has great scope for expansion in Sri Lanka and extrapolation 
to other areas. In principle. this is a sustainable system provided that 
necessarv inputs are available at the appropriate times and in tile correct 
LIuantities and the system is managed appropriately. At present, intercropping 
practices are being cxtendcd to additional coconut areas at an annual rate of 
I,00() ha, thanks to the several Government subsidy schemes. 

6. Research needs 

The constraints identified in the previous section call for research on both 
biological and socio-economic aspects, and the development of an eflicient 
extension service in order to make coconut intercropping systems more 
productive, economical, adoptable and successful. The agronomic require
nlents of individual crops when they are grown as intercrops need to be 
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standardized. At the same time, the interaction of crops when they are grown
in close proximity needs to be studied elaborately so that research results can
be obtained on the pattern of sharing of resources and growth factors by all 
component species of the system. In order to arrive at prtdent management
recommendations, it is necessary to take into account both complementary
and competitive interactions affecting production of individual species as well 
as total production of the whole system, not only during itshort span of time 
but over itlong period on a sustainable basis. A reassessment of the hitherto
accepted planting patterns and densities of sole crop coconuts is also worth
undertaking with the objective of growing intercrops without adversely affect
ing the palm's productivity. While most othei agroforestry systems consist of 
perennials that often help improve soil fertility through continuous addition of
leaf litter and other organic materials, coconuts do not add much organic
material to the soil, and, therefore, ways of maintaining soil fertility in 
coconut intercropping systems through external application of nutrients have 
to be designed appropriately. Along with studies on these aspects of coconut
intercropping systems, research on various aspects of the related system of 
pasture and grazing under coconuts also needs to be intensified. 
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Abstract. Kandyan gardens represent a homegarden syztem practised in small 
homestead holdings, of an average size of I ha, in the "mid-country" region 
of Sri Lanka, mainly Kandy, Matale and Kurunegalle districts. This centuries
old system consists of mixed cropping with a variety of trees and perennial/ 
semi-perennial shrubs such as spices, fruit trees, medicinal plants and timber 
species, the components being arranged randomly. The total number of 
trees/shrubs varies from 65 to as many as 1,700 per hectare, with a multistorey 
canopy configuration. Most of the high-density plantings occur where coffee 
and arecanut are the dominant components, and, in general, the species 
diversity as well as plant density on a farm is inversely proportional to the 
holding size. The paper analyses the production and labour-utilization pat
terns of the system, discusses its constraints and potentials, and outlines the 
research needs to improve this sustainable, multiple-output agroforestry 
system. 

1. Introduction 

The Kandyan gardens (KG) or Kandyan forest gardens (KFG) of Sri Lanka 
represent a traditional system of perennial cropping which has been practised 
for several centuries. It is essentially a system of mixed cropping with a variety 
of economically valuable tree crops such as spices, fruits, medicinal plants and 
timber species. However, these systems a-e usually in small homestead hold
ings and are practised in a few districts, especially Kandy, Matale and 
Kurunegalle in the "mid-country" region of Sri Lanka. In the district of 
Kandy, this is the most predominant cropping system and hence the name 
"Kandyan gardens" and "Kandyan forest gardens". The mixed forest-garden
ing system offers a highly diversified and economically viable form of land use. 
Similar systems are also being practised in several other populated parts of 
the humid lowlands, for example, in India, Thailand, Malaysia, Indonesia 
and Papua New Guinea in south-east Asia (Jacob 1982, 1984; Michon and 

Oiiiinallk published in Agrqfi~restry .Ststeons 5: 123-137 (1987). 

PK.R. Nair d.). Agroloreslry S)menms in the Tropici. ]XI 195. 
€ 19S9. Kluver Acadenic Publishers. )ordrccht - Printed in the Netherlands. 
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Bompard 1986; Nair and Sreedharan 1986). However, tile Kandyan forest 
garden system is different from these other homegarden systems, mostly in 
terms of the variety of plants grown. Moreover, the farmers who practise the 
forest garden system in Sri Lanka enjoy a relatively better standard of living
by virtue of returns from both the economic cash crops and the subsistence 
products. With improved management, the system has the potential for 
increased production and better returns. This paper examines the situation 
with respect to the Kandyan garden system and endeavours to identify the 
directions of research 'or the improvement of the system. The data presented
in the paper are based on a survey of 30 farms of' the locality (McConnell and 
l)harmapala 1973) and on results of mixed cropping experiments conducted 
by the Minor Export Crops Research Project (1Bavappa and Jacob 1982; 
Jacob 1982, 1984; Jamaltuddeen and Jacob 1983). 

2. General description of the area 

The details of climate, rainf'all, temperature, topography, soils, etc. of S;i
Lanka are described in the paper on intercropping under coconuts in Sri 
Lanka (Chapter I I: Liyanagc et al. 1984). A considerable proportion of KFG 
in the three disricts (Kandy, Matale and Kurunagalle) is located in the 
in'ermediate-rainfall zone (mean annual rainfall of 1,875 2,000 mm) and in 
mid-elevations (450 ;,050 m) with hilly terrain. The KFG system is practised 
on a variety of' soil types with predominance in strongly !o s, eakiy lateritic 
soils, and in most cascs on sloping lands. 

The area under various crops and other land-use systems in the three 
districts where the Kandyan garden system is practised is given in Table 12.1. 
it is worth noting that these three districts have only 4.1% of land under 
forest compared to the national average of 24.9%. This is because of the 
Tihh' 12.1. Land use in [he three disirics of Sri Lanka where the Kandyan system is practised. 

Area (ha) Total area % of Sri 

Kandy Matale Kartnegalle 
(ha) Lanka's total 

Total land 215.770 199,531 477,591 892,891 13.6 
Large inland 

waters 
Foresi 
Rice 
Tea 
Rubber 
Cacao 
Cinnamon 
Cardamom 
Citronella 
B3lack pepper 

20 
23,.01) 
37,967 
78,249 

5,881 
3,015 

17 
1.949 

2.652 

33.200 
18,728 
7.991 
7.036 
4,439 

68 
2.294 

91) 
3.021 

321) 
10.500 

109.704 
376 

5.804 
522 

12 
34 

-
388 

341 
66,51)0 

166,399 
86,61 S 
18,721 
7,976 

97 
4,277 

90 
6.061 

0.35 
4.1 

19.0 
35.4 
8.4 

94.3 
0.4 

80.7 
3.6 

66.8 
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relatively large areas under export crops such as tea, rubber, cacao, cardamom 
and black pepper; these three districts account for 35.4, 8.0, 94.3, 80.7, and 
66.6%, respectively, of the total area under these crops in Sri Lanka. 

3. Structure of the Kandyan gardens 

Kandyan hornegardens ar. small homestead holdings, the size of the 30 farms 
surveyed (McConnell and Dharinapala 1973) varying from 0.4 to 2.0 ha with 
an average of I ha pe holding. 

3.1. Composition 

This system is primarily based on trees and perennial and semi-perennial
shrubs. The survey of 30 farms revealed that as many as 20 crops or 

Tuhl, 12.2. Crops grown in the Kandyan gardens. 

Name of crop Number of fai.as on which the 
plant is grown (out of the 30 
farms surveyed) 

Areca (Areca catechu) 28
 
Jack fruit (Artocarpus heterophyllus) 26
 
Coffee (C!ei'ca spp.) 26
 
Black peppei (Piper nigrum) 26
 
Coconut (Cocos nuci/ra) 25
 
Plantain (Afusa spp.) 
 25
 
Tea (Camelia sinensis) 23
 
Cloves (Svzgium aromalicum) 20
 
Nutmeg (MyVristicafragrans) 
 15
 
Citrus (Carus spp.) 
 15 
Papaya (Carica papaya) 15
 
Vegetables 
 14
 
Avocado (Persea americana) II
 
Kilul (Carvoia urens) 
 10
 
Flowers 
 9 
Mangosteen (Garcinia mangostana) 7
 
Cacao (Theohrotna cacao) 
 7
 
Breadfruit (Artocarpus altilis) 5
 
Yams (P ,scorea spp.) 5
 
Durian (Durio zihethinus) 5
 
Rice (Or za saliva) 3
 
Fodder grasses 2
 
Mango (Mangifera indica) 2
 
Cardamom (Eh'ttaria cardamonuni) 2
 
Rubber (Herea hrasiliensis) 2
 
Pineapple (Ananas comosus) 
 2 
Rawbutan (Nepheium lappaceum) I
 
Passion fruit (Passf/ora eu/is) I
 
Ginger (Zingiber oflicinale) I
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Fig 12. . Schematic representation of ihe general land-use pattern in the Kandyan garden system. 

components were grown in tile system, indicating a very high degree of crop
combination and diversification (Table 12.2). The most important crops in the 
sy!;tem, by frequency of occurrence, are trees s-uch as areca (Areca catechu),
jack fruit (Ar/ocarpms hterophllus),and coconut (Cocos nuci/elra); bushes of
plantain and coffee; and black pepper vines (Piper n'trun). Among minor 
export cash crops, cacao is grown in about 25% of the farms. A general
picture of a Kandy garden system is given as Fig. 12. 1. The highest number 
of crops grown on a farm was 18 (on a 2 ha farm) and the lowest 
4 (on a 1.2 ha farm). Eighty percent of the farms grew 8--15 crops. There was 
no relationship between the farm size and crop diversity. 

3.2. Arrangement of comlponlents 

Generally, the crops do not seem to be grown according to any specific
pattern or planting arrangement, but appear to be in a random though 

Sje 

Fig. 12.2. Photograph of a Kandyan garden. (Photo: V.J. Jacob.) 
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intimately mixed pattern (Fig. 12.2). However, it is not logical to conclude 
'.hat a system that has evolved over centuries and is still providing good 
sustenance (someone has called it "affluent subsistence") for the farmers, 
could be casual about location, spacing and site conditions of perennial cash 
crops. It can be surmised that those who practise the system know, in a 
practical way, what and where to plant and how to manage the plants. The 
tea, rubber and coconut smallholders, for example, plant their tree crops 
according to a pattern, indicating their awareness and perception of the 
specific site conditions and requirements of the crops. 

it is diflicult to generalize about the spacing between individual crops and 
the number of each species grown per unit area. In very simple terms, the total 
number of trees/bushes per hectare varies from 65 to as high as 1,700 or more. 
It is diflicult to devise an acceptable index of cropping intensity for a situation 
where crops are grown at several tiers of canopy configuration. Crops such as 
yams, vegetables and tea are at low levels, coffee, cacao, citrus and plantains 
at medium heights, and all these under the canopy of trees such as coconut, 
areca, mango, etc., in a recognizable but not definite order. It is observed that 
most of the high-density plantings occur on those farms where coffee and 
areca are the dominant components (Table 12.3). There is a tendency in 
high-density farms to fill up any space where coffee is not grown with more 
than the uiual number of areca palms, which, because of their slender, tall 
stems and light crowns, can be squeezed into such gaps. 

An analysis of plant density, especially of areca palms, in relation to farm 
size suggested that the density of plantatijn was related to farm size - the 
bigger the farm, the lesser the density. Mean densities (of areca palms) on 0.4, 
0.8, 1.2 ha farms were 315, 237, 102 and 56 trees per 0.4 ha (I acre), 
respectively. However, as mentioned earlier, holding size has no relation to 
species diversity. 

3.3. Interaction of compotents 

Obviously there could be interactions among the plants, and between plants
and their environment, in such an intimate system of plant association, but no 

Table 12.3. Crop density in relation to coffee and areca in Kandyan gardens. 

Item Average for 7 Average for 7 
high-density farms low-density farms 

Area (ha) 0.75 1.51 
Total trees (no.) per ha 1,040 113 
Coffee bushes (no.) per ha 528 23 
Areca palms per ha 170 28 
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data are available on this aspect. What distinguishes the Kandyan garden 
system from other land-use systems is the intensive utilization by plants of 
both the above-ground and the below-ground resources, both vertically and 
laterally. Nair (1979, 1984) has discussed some of the aspects of plant 
interactions in such intensive mixtures. It is also possible that being a mixture 
of many crop species, the risk of crop pests and diseases associated with 
monocropping systems is minimal. However, all these points are in the realm 
of conjecture as there are no scientific data available from these systems to 
either prove or disprove them. 

4. Functional aspects of the system 

4. I. Resource input and utilization 

All the farms surveyed were owner cultivated. On average, each farm has 2.54 
full-time adult male labour equivalents (AME; I AME = I adult male = 1.4 
adult female = 2.5 children). The distribution and utilization of family labour 
in the Kandyan garden system (Table 12.4) indicated that picking ar.d 
harvesting of various crops used the most family labour (37.9%), followed by 
weeding (19.3%) and drying/processirng (19.0%). These data indicate that one 
of the primary aspects of management is collecting and gathering produce 
from the tree crops either for sale or consumption by the family. The usually 
important operations of subsistence agriculture, namely planting/sowing and 
digging/cultivating, are :2latively unimportant and account for only 3.0 and 
8.9% of family labour ,espectively. Many categories of hired labour such as 
part-time, full-time. d;,, labour with or without meals, contract work, etc. are 
identifiable, and are used for various farm operations. It is interesting that 
although family Ibour is usually available on the farms and most of it not 
meaningfully employed otherwise, there is quite a heavy dependence on hired 
labour (from outside) for farm operations. An average of 62% of the total 
labour requirements on the farm is met by hired labour, the larger the farm 

Table 124. Use of family labour for different farm operations in Kandyan gardens. 

Farm operations % of family labour used 

Planting 3.0 
Cultivation 8.9 
Weeding 19.3 
Harvesting 37.9 
Drying 15.0 
Marketing 11.9 



Tahh, 125. Production of crops in the Kandyan gardens. 

Crop* Unit Yield/Unit Quantity Quantity Distribution (%) 

Plant area Produce Green Dry 
sold consumed 

on farm Sold Used 

Black pepper 
Kitul 
Arecanut 
Plantain 
Jack 
Mangosteen 
Citrus 
Papaya 
Nutmeg 
Cloves 
Rubber 
Cacao 
Coffee 
Durian 
Vegetables 

Vine 
Palm 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 

Tree 
Tree 
Tree 
Ha 

kg 
bottles of vine 
no. of nuts 
bunches 
no. of fruits 
no. of fruits 
no. of fruits 
no. of fruits 
kg 
kg 
kg 
kg 
kg 
kg 
kg 

4.20 
16.92 

312 
0.94 

12.43 
174 
34 
11 

-
2.69 

-

-
2.09 

105 
985 

1.10 
-
-
-
--

-

-

-

0.74 
0.88 
3.52 
0.32 
0.45 

-

-

1.18 
16.29 

307 
0.97 
0.83 

150 
21 

2 
0.74 
0.88 
3.52 
0.32 
0.02 

79 
863 

0.04 
0.63 
5 
0.15 

11.60 
24 
13 
9 

-
-
-
-

0.03 
26 

120 

96 
96 
98 
84 
07 
86 
62 
18 

100 
100 
100 
100 
93 
75 
88 

4 
4 
2 

16 
93 
14 
38 
82 
0 
0 
0 
1 
7 

25 
12 

bushels of 27.20 kg 

Flowers 
27.20 kg each (60 Ib) - 107 - 107 - 100 

(anthuriums) 
Mango 
Rambutan 
Pineapple 
Yams 
Breadfruit 
Tea 
Coconut 
Avocado 

Plant 
Tree 
Tree 
Plant 
Ha 
Tree 
Ha 
Palm 
Tree 

no. of flowers 
no. of fruits 
no. of fruits 
no. of fruits 
kg 
no. of fruits 
kg 
no. of nuts 
no. of fruits 

6.56 
806 

1,700 
0.80 

1,004 
384 
863 
101 
186 

-
-
-
-
-
-
-
-
-

6.35 
762 

1,500 
0.60 

892 
318 
863 

76 
164 

0.21 
44 

200 
0.20 

112 
66 

-
25 
22 

95 
95 
88 
75 
89 
83 

100 
72 
88 

5 
5 

12 
25 
11 
17 

-
25 
12 

See Table 12.1 for details. 
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the greater the use of such hired labour. One reason for this phenomenon
is that harvesting of crops such as tea, cloves and black pepper is consid
ered skilled work, which is usually not done by ramily labour, and such 
operations constitute the major labour requirement for many crops in the 
system (Table 12.5).
 

The cash req uirement for operating costs is generally low: 
an average f Sri 
Lankan Rs 71( per hectare ( IUS S = approx. SL Rs 25 in late 1984). The cost 
of hired labour (87.8'i), fertilizers (5.9%), transportation (3.4%), hand tools 
(I .4%) and chemicals (0.7%) are the items of this expenditure. About 90% of 
the total cash expenses for lrin operations were on a relatively small nu1tim ber 
of crops such as tea. coconut, black pepper, areca, cloves, coffee, vegetables 
and rice. 

The level of debt incurred on the alrms surveyed was low (an average of 
only SL Rs 229 per flarm at the time of survey). 

4.2. Prothction 

The yield of crops in a forest garden can be quantified in terms of yield of 
units of individtual crops in the gardens, and the value of yields per unit area 
can better be described in terms of monetary returns/value of the yield. Table
12.6 summarizes the average yield levels of' 25 crors covered in the survey of 
30 Kandyan gardens described in this paper.


The data in Table 12.6 indicate that the 
 level of total production and 
income per F. - is Iairly high and steady throughout the year except in the 

T7llh. 12.6. Yield aid Vatlue of crops harvested from Ibrest gardens during dilterent! months of the 
year. 

Month Average number of crops Monthly value of production
harvested each month per farm (man of 30 forest gardens) 

*Rs (Sri Lanka) 

January 5.4 151 3.8
February 6.3 2.382 59.6
March 4.4 230 5.8
April 4.0i 149 3.7
May 3.3 135 3.4
June 3.4 123 3.1
July 3.4 143 3.5
August 3.8 134 3.4
September 4.0 164 4.1
October 4.0 130 3.3November 4.2 127 3.1
December 5.2 130 3.2 

* IUS S approx. SL Rs 25 (1984). 
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month of February. However, the pattern of production from an individual 
farm will depend on the composition of the crop mix on that farm. To evaluate 
the seasonal distribution of income within the year on individual farms a "time 
concentration index" is used. This index refers to the square root of the sum 
of squares of deviation of the monthly income from the average monthly 
income. If 100 units represent the total yearly income of a farm (i.e., an average 
of 8.3 units of income per month), and if all of it is received from a monocrop 
with a single harvest per year, the time concentration index is: 

,/ 8.3-100)2 + (8.3-0)2 + (8.3-0)2 + + + = 9167 = 95.8. 

Similarly, if the total income is evenly distributed throughout the year, the 
index is 0. It was observed that of the 30 farms surveyed, II farms had indices 
less than 50, and the other 19 had indices more than 50. The high index was 
identified as being associated with cloves. Of the II farms which had a low 
index, only a few grew cloves: on the other hand all the 19 farms which had 
indices higher than 50 grew cloves. When cloves were excluded from the 
calculation, the mean value of the index was only 32, and as many as 25 farms 
had indices less than 50, indicating that the labour requirement was spread out 
evenly during the year. 

Cloves accounted for 42.2% of all cash farm income, followed by pepper 
(14.9%), tea (12.3%), coconut ( 11.9%), banana (5.2%), coffee (3.6%), nutmeg 
(1.8%), and areca (1.7%). These eight crops contributed 93.6% of the cash 
income. Six of these crops are low-volume and high-value crops and some of 
them enter the export market. The low- sash-income products - milk, vegeta
bles, kitul, anthurium, durian, other fruits, economic and food crops - are all 
subsistence products which are sold only when there is a surplus. Mean cash 
farm income was Rs 4,085 per ha and Rs 1,120 per adult male equivalent 
(AME) of' farm family members. 

One characteristic of the Kandyan garden is the amount and diversity of 
sustenance it provides. All the farms surveyed had significant non-cash food 
income, the average amount of such income per farm being Rs 271 per ha 
annually. Coconut accounted for 42.4% of the non-cash food income produced 
and consumed, the others being jack fruit seed (16.9%), banana (13.3%), black 
pepper (8.8), coffee (4.4%), durian (3.8), and vegetables (2.9%). 

A look at the hillsides where the Kandyan garden system is practised will 
convince anyone that it provides an excellent cover for the land at various 
levels. However, these protective and service aspects have not been quantified 
or studied in any detail. 

5. Constraints and potential 

The Kandyan or forest garden system is one of the best examples of an 
integrated land-use system in the densely populated humid tropics. This 
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A. Model for high intensity cropping. 

Code crop Spacing No./ha 

Large canopy 
C Coconut 12.2 x 12.2 in 3611 Nutneg 12.2 x 12.2 in 12
I Clove 12.2 x 12.2 ni 12J Jack fruit 12.2 x 12.2 in 3
K Breadfruit 12.2 x 12.2 in 3L Avocado 12.2 x 12.2 mi 3
N Mango 12.2 x 12.2 ni 3 

Medium canopy 
X Pepper 2.44 x 2.44 mi 1,296
B Coffee (Robusta) 2.44 x 2.44 in 220
D Arecanut 2 44 . x 2.44 in 24 
E Banana 2.44 x 2.44 in 24F Pawpaw 2.44 x 2.44 in 22
G Lime 2.44 x 2.44 in 22 

Small canopy

Dwarf coffee 
 1.22 x 1.22 in 1,926 

(San Ranion) 

Fig. 12.?. Planting patterns for niultilayer perennial crop combinations in the smallholdings of Sri 
Lanka. 

system provides food, fuel, fodder, fruit, beverages, spices, small timber,
regular cash inflow and work for the farmer on the one hand, and conserves
production on a sustainable basis on the other. In spite of this, a major
constraint to the improvement of the system is that it has not been understood 
scientifically. 

Scope for impirovement of the system is illustrated by the very promising
results ftor a research programme supported by a UNDP/FAO project at the
Research Station of the Department of Minor Export Crops in Matale, near
Kandy (Bavappa and Jacob 1981, 1982). Experiments on crop combination 
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B. Model for homestead farming by paddy (rice) farmers. 

Code crop Spacing No./0.2 ha 

Large canopy 
M Mango 10 x 10i 
 13
 
C Coconut lox lOn 4 
J Jack fruit 10 x 10 m I 
K Breadfruit 10 x 10 m I 
P Guava l0 x lOn I
 

Medium canopy
 
13 Coffee (Robusta) 
 2.5 x 2.5 m 8 
D Arecanut 2.5 x 2.5 in 8
 
E Banana 
 2.5 x 2.5 m 112
 
F Pawpaw 
 2.5 x 2.5 m 87
 
G Lime 
 2.5 x 2.5 m 9
 
X Pepper on coconut 4
 

Small canopy
 
V Vegetables
 

Tubers, etc.
 

Fig. 12.3. Planting patterns for multilaycr perennial crop combinations in the smallholdings of Sri 
Lanka (continued). 

were initiated in 1978 in marginal and eroded tea lands. Fourteen different 
plant species of varying canopy architecture and growth habits were included 
in carefully designed planting patterns, a model of which is given in Fig. 12.3. 
The income-generation potential of this model is shown in Table 12.7. 

Figure 12.4 is a photograph of a section of such a high-intensity combina
tion fivc years after planting the crops. 

Banana and papaya in the crop mix started yielding in the second year after 
planting an( co'ice and black pepper in the third year. It has been estimated
that the return from this crop combination after all crops have attained full 



Table 12 Estimated annual return from a one-hectare mixed cr-'ing model at Delpitiya, November 1987. 

Crops/Yield years after Yield (kg/plant) or no. of fruits/plant No. of Total Unit* Total* 

l 2 3 4 5 6 7 
plants yield price value 

Pepper(kg) 
Coffee - R (kg) 
Coffee - S (kg) 
Clove (kg) 
Nutmeg (no.) 
Coconut (no.) 
Mango (no.) 
Jack fruit (no.) 
Breadfruit (no.) 
Avocado (no.) 
Arecanut (no.) 
Banana (no. of bunches) 
Lime (no.) 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

0.2 
Nil 
0.1 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
I 
Nil 

0.3 
0.2 
0.2 
Nil 
Nil 
Nil 
10 
Nil 
Nil 
Nil 
Nil 
I 
Nil 

0.5 
0.4 
0.3 
0.1 

Nil 
5 

30 
5 
5 

10 
10 
I 

10 

0.8 
0.6 
0.4 
0.2 

25 
15 

40 
10 
15 
30 
50 

I 
20 

1.0 
0.75 
0.5 
0.5 

100 
25 
50 
15 
30 
50 

100 
I 

50 

1.0 
0.75 
0.5 
1.5 

500 
50 
50 
15 
50 
50 

100 
1 

100 

1.296 
220 

1,914 
12 
12 
36 

3 
3 
3 
3 

24 
24 
44 

1.296 
165 
957 

18 
6,000 
1,810 

150 
45 

150 
3 

2,400 
24 

4,400 

25 
30 
30 

100 
0.2 
1.5 
0.5 
2 
1 
0.2 
0.2 
10 
20 

32,400 
4,950 

28.710 
1,800 
1.200 
2,700 

75 
90 

150 
30 

480 
240 
880 

12 crops 
3,594 73.705 

R = Robusta coffee 
S = San kamon coffee 
* = Value in Sri Lanka rupees at 1983 price; I US S = SL Rs 25 (approx.) 
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Fii,. 12.4 Photograph -of a combjn;,.jin (,f black pepper and Gliricidia se'piun, as part of ah ig -iOte nsi ty cro~p combination five years aftier establishment. (Photo: P.K.R. Nair, ICRAF.) 

production would be the equivalent of US$ 2.880 per hectare annually at th~e 
1983 rate of exchange and valuc of the crops (Table 12.7).

This is ju one e~ample o!" what could be accomplished from the Kandyan
homegardcns. At present, the system is operating at a very low level of
ellicieo cv. With more research back-up and extension etrorts, the efficiency of 
the system c .n be improved considerably. The system can also be extended to 
other areas in Sri Lanka. For example, the Land Utilization Committee of Sri
Lan~ka estimated that as eat ly as 1967 about 18,000 ha of t.ea smallholdings of
less than 4 ha ea:ch were severely eroded and non-remunerative. Judging from 
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the results of the UNDP/IAO project, the high-intensity crop model of the 
Kandyan garden pattern offers great scope for improving the productivity of 
these lands. Sri Lanka's environmental conditions are such that a vast number 
of high-value export crops can be grown. There is a good chance of stepping 
up the production of these crops on the degraded tea and rubber smallholding
land through appropriate crop-diversification efforts. With appropriate modifi
cations, the system can also be extrapolated to other areas with similar 
environmental conditions outside Sri Lanka. 

6.Research needs
 

The Research Station at Matale has conducted some studies on the improve
ment of the Kandyan homegarden system. However, these efforts need to be 
greatly stepped up in view of the scope for improvement. Some of the 
agronomic aspects that need to be examined in detail before the suggested new 
models (Bavappa and Jacob 1981) are recommended to farmers include: 

- Selection of appropriate species and assessment of their compatibility with 
each other; 

- Arrangements and spacing of various component crops according to the 
level of input and management;
 

- Use of improved, high-yielding, fast-growing cultivars and varieties;
 
- Response of various individual components and the system 
as a whole to 

management constraints; 
- Input )utput relations at various levels; 
- Long-term effects and sustainability of various combinations. 
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Ahstract. The homestead agroforestry system is very important in the econ
omy of Bangladesh. The many woody species grown in the homesteads are a 
significant source of fuclwood; they also provide fodder, building materials 
and other forms of wood. In the context of the prevailing shortage of 
f'uelwood and excessive deforestation in Bangladesh, this homestead agro
forestry system needs to be strengthened. 

A field survey was undertaken to assess the prospects and feasibility of 
initiating a programme for the improvement of homestead agroforestry 
systems. It showed that the prospects are good because most respondents own 
their homesteads and believe there is room for more trees on them. Although 
they know that raising trees is relatively difficult, and requires special prac
tices, they are familiar with the government nurseries and local agricultural 
extension officers, and are confident about the success of the programme. 
Results also indicate that multipurpose trees and specific modules for involv
ing women in the farrm operations are likely to enhance success of the 
programme. 

1. Introduction 

Trees in the homesteads play an important role in the rural economy of 
Bangladesh. Often called "homestead forests", such plantings are particularly 
important sources of' fuelwood because fuelwood cannot be transported long 
distances from existing forest areas. Further, existing natural and plantation 
f'orests are generally managed for commercial products; they are an inade
quate f'uclwood source even for nearby residents, and are clearly of no help to 
larger populations living at a distance. 

In addition, FAO (1982) estimated that cutting (forest clearing) exceeded 
wood production by 800,000 m in 1980 in Bangladesh. That report concluded 
that "the predominant need will remain that for smallwood, principally 
f1uelwood", and that " ..large deficits for this material will continue to arise 
in the northern and central regions.. Hanmermaster (1981) estimated that 

* Originally published in Agra?'restrv Spstents 5: 139 151 (1987). 

P KR Nair (cd1.Agrokw..:-str, S)stcn,in the Iropics. 197209. 
. 19K9.KhmvoerA.,cadetic Printed in the Netherlands.Pulishers. I)ordrecht 
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8.9% of the village and homestead forest' volume was harvested in the yearstudied and observed that that was "well in excess" of growth. In the absence
of other wood sources, improved village forestry and homestead agroforestry
are important to the development of Bangladesh and the well-being of its 
people. 

The Homestead Agroforestry Research and Development Project, currentlybeing formulated by the United States Agency for International Development
(USAID) - Dhaka Mission, has been proposed as a means to increasefuelwood supplies from homestead agroforests. This paper evaluates thegeneral conditions with respect to homestead agroforestry in Bangladesh andreports the results of a field survey conducted to assist the Project Design 
Team. 

2. General description of the area 

2.1. General location 

Bangladesh is located between 20 35' and 26" 75' north latitudes and 87" 03'and 92" 75' east longitudes. It is bordered by the Bay of Bengal on the south
and by India on all other sides except for a small south-eastern border withBurma. The total 2area of the country is about 141,000 kM. The population
was estimated at 90 million persons in 1981 with a 20-year average growthrate of 2.6% per annum (Wennergren 1984). Thus Bangladesh has a very
dense and rapidly increasing population.

The climate is dominated by the monsoon which usually begins in June andends in October. Average rainfall is reported to vary from about 3,000 mm atCox's Bazar in the south-east to 1,600 mm at Dinajpur in the north-west.

About 85% of this occurs 
 during the monsoon season (Johnson 1982).Temperature i uniformfairly nationwide, with extremes of near 0°C to..40 + C being recorded. Water, rather than temperature, is the limiting
climatic factor for agriculture and other vegetative growth. 

2.2. Biophy'sical enrironment 

Four general physiographic regions are present: the hills, the delta, the plainsand the dryland regions. The hills occur in the eastern Chittagong and SylhetDistricts and contain tropical evergreen forests of highly variable quality andproductivity. Plantations and slow-growing second-growth hardwoods are
also present. Teak (Tectona grandis) and garjan (Dipterocarpus spp.) are the 
principal timber species. 
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Fig. 0.I1. A degraded sal (Short a robusta) forest in the plains region. 

The delta region, in the Khulna and Barisal Districts, contains the sun
darbans. These are the world's largest mangrove forests and are the largest 
forested area in Bangladesh (FAO 1982). The natural mangrove forests have 
low productivity. Mangrove plantations are being established, but these are 
still immature. The sundarbansare the largest source of commercial timber, 
followed by the hill forests. Sundry (Heritieraffomes) and gewa (Evcoecaria 
agallocl'a) are important trees harvested. 

The drylands occur mainly in Rajshahi District in west-central Bangladesh. 
Little naturai or plantation forest exists in this region. The plains regions 
occupies OIi. remainder of Bangladesh. This region is dominated by the 
Ganges, Brahmaputra and Meghna river systems. This region, as well as the 
dryland region, floods during the monsoon season. The plains region once had 
substantial sal (Shoreta robusta) forests, but these have been largely replaced by 
agriculture ( Fig. 13.1). 

2.3. Land-use s 'lstems 

Bangladesh's economy and employment are dominated by agriculture. About 
86% of' the population lives in rural areas and almost all of these persons are 
engaged in some kind of agriculture. In 1981, rice and wheat ranked first and 
second in value and land area planted. Potatoes, sugarcane, jute, and oilseeds 
were the next most valuable crops (Wennergren et al. 1984). 
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Cropping patterns follow the rainfall. This is particularly true for rice whichhas three distinct crops. The rabi season is dry and extends from late October 
to late March. Irrigated horo rice is grown in this season. Non-irrigated cropsinclude wheat, potatoes and oilseeds. About a third of the cultivated land is
used in this season. The rainy hhathdi season that follows includes the early
part of the monsoon and ends in July or August. Aus rice and jute are theprimary crops. Bluihi is followed by the aghani season that lasts until
November or Decemher and thus overlaps with the rabi season when amanrice is the ,,nly major crop. Aus and anman paddy can sometimes be planted onthe same land. Draught animals (cattle and water buffalo) are grazed on
paddy stubble and are fed crop residues and other fodder when stubble is 
unavailable (Johnson 1982).

Agriculture and homestead activities are relatively uniform throughout
Bangladesh, despite general physiographic zones, because "... (ecological
variation is) not dramatic and certainly not of the magnitude found in other
nations with a more varied geographical structure" (Wennergen et ai. 1984)
The largest difference is in the hill region where the indigenous population
practices slash and burn agriculture.

Location of the major crops varies with soils and other local conditions, but
not aiways according to the major physiographic regions identified above.
Generally speaking, aman rice is found nationwide, while aus is foundpredominantly in the plains and dryland region, and horo in the Mymensingh
and Sy'lhet Districts. Wheat is grown mostly in the north-west and also in the
Comilla District, while jute and oilseeds are grown mostly in the plains. 

3. System structure 

"Trees have always been planted by rural dwellers in Bangladesh ....onhomestead mounds.- (Douglas 1983). Thus, homestead forests anare

existing system in Bangladesh. This 
 is also reflected in the species present

(Table 13. 1). Homesteads in the plains, delta and dryland regions are built on
mounds to raise dwellings above the water 
level during the annual monsoon
floods (Fig. 13.2). The mound area has many uses, including growing plant
materials which provide fuelwood, fodder, building and other materials. Theseplants are grown on the homestead mound, often in relatively small areas, and 
are collectively called homestead forests. 

The typical farm in Bangladesh contains an extended family unit which lives
in a bari. The hari contains several houses for the different subfamilies,
vegetable gardens planted and cultivated by female family members, and issurrounded by fences and/or trees and shrubs (Fig. 13.3). We found that the
median homestead surveyed was 0.097 ha, the range being 0.020-1.4.4 ha.Only four households did not their homestead land.own Farm size ranged 
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7aole 13.1. Common tree, shrub and bamboo species in the homesteads of Bangladesh. 

Species Itomcsteads with Districts 
species* with species 

Common name Scientific name 

"imher (No.) (/) (No.)
 
Rendi Samanea sanmn 71 34 7
 
Koroi AIhibia spp. 72 34 7
 
Neem A:, irahta indica 54 26 7
 
Pitraj Amoora rohituka 26 12 2
 
Pahari Unknown 24 11 I
 

Other' 122 <10
 
Total 
 369
 

Fuel 
Mander Erthrina spp. 86 41 7
 
Shimul Sa/nalia ma harica 60 29 7
 
Jarul Lagerstorenmia speciosa 42 20 5
 
1lijal Barringtonia aculangula 33 16 5
 
Tetul Taiarihuhs indica 31 15 7
 
Babla Acacia niltica 30 14 4
 
Jhiga Lannea coromanh,lica 29 14 3
 
Sheora Srehlus spp. 27 13 3
 

Other' 123 <10
 
Total 461
 

Fruit 
Mango Afanygif'ra indica 188 90 7
 
Jack fruit Artocarpus heterophylla 157 75 7
 
Betel nut Areca catechu 129 61 7
 
Coconut Cocos 1nuei/i,ra 98 47 7
 
Date palm Phoenix oactlfera 70 33 7
 
Jaam Eugenia spp. 63 30 7
 
Boroi Ziziphus lujuha 62 30 7
 
Guava Psidium guqjara 57 27 7
 
Plm Pahntra spp. 36 17 7
 
Bel Aegle inarielos 35 17 7
 
A ta Anona spp. 27 13 7
 
Amra Emblia officinalis 24 II 7
 

Total 946 

Shrubs
 
Bhenna Unknown 35 17 5 

Other" 95 <10 
Total 130
 

Bamboo 
Barak Bambusa rulgaris 115 55 7 
Muli Aelocanna hanmbusoih,a 61 29 7 
Makla Bambusa nutons 29 14 4 
Talla Banihusa mtzans 26 12 4 

Other" 96 <10 
Total 327 

Source: Project design field survey (unpublished). 
* No single species on 10% or more of homesteads. 
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from 0.040 to 6.465 cultivable ha with a 0.469 ha median. Twenty-two 
households did not own their farms. The homestead area averaged 17% 
(0.097/(0.469 + 0.097)) of the useable land area. This relatively large propor
tion of land in a land-scarce economy makes its full utilization important. 

One-third to one-half of all homesteads have at least one timber/fuelwood 
species and/or bamboo present (Table 13. 1). However, 60-90% have mango, 
jack fruit, andjor betel-nut trees. These percentages, and the absolute num
bers of species present, imply that fruit-bearing trees are favoured as much 
and probably more than [he traditional forest species. 

The proposed programme hopes to capitalize on the existing system by 
promoting plantings on unused spaces which still exist and by eventually 
distributing mlprovcd plant materials. The programme would recommend a 
number of' species that !re compatible with existing land use. For example, 

fplants which would not overshadow vegetable gardens, or otherwise compete 
with existing desired vegetation, would be recommended and made avail
able. The programme would begin by promoting indigenous materials but 
wou 10 concurrently develop and test improved native and exotic plants. 
Improved plants allow increasing yield for a constant number of producing 
plants. 

Several potential benefits are anticipated. The most obvious is the in
creased production of fuelwood and ancillary products for household con
sumption and cash income. Another potential benefit is decreased labour 
expenditure for gathering fuelwood, the distance travelled to collect fuel
wood being less as it becomes less scarce. The labour so released might find 
better rewards in alternative activities, such as craft production far personal 
use or sale. 

4. Functional aspects of the system 

The system and the proposed project sound logical and simple, but there are 
many necessary conditions for it to function properly. Seed and/or seedlings 
must be grown, the desired improved plants developed, plant materials 
distributed, farmers informed and convinced of the system's merits, and so 
on. Many of these conditions will require government intervention because 
such activities are not carried out by the private sector. Some activities could 
eventually be performed by the private sector if sufticienL demand develops. 

The likelihood of f'ulfilling these conditions should be assessed. One subset 
of these conditions centres around the farm household and its perceptions. Is 
collection of fuelwood and fodder time consuming enough to make new 
plantings worthwhile? Are farmers familiar enough with planting and 
maintenance of trees, as well as government institutions, for the programme 
to work'? 
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5. Evaluation 

A survey was made of' farmers throughout Bangladesh to help answer these
questions. A sample was taken from seven Districts which are a cross-section
of Bangladesh's agro-ecological zones. The Districts (and regions represented) 
were Barisal (delta), Chittagong and Sylhet (hills), and Dhaka, Mymensingh,
Pabna. and Rangpur (plains and dryland). One village selectedwas in each
District. Only villages or associated with existing proposed agriculnear or 

tural demonstration sites were 
selected. This was done because these would
be the first villages where the homestead forestry programme would be 
implemented. 

Thirty households were interviewed in each village. Village leaders and
influential persons were included because their attitudes would help shape
village opinion. Unreceptive attitudes by these persons could make pro
gramme implementation difficult. Male heads of households were generally
interviewed because local custom discourages strangers from talking to female 
household members. However, there were some female respondents.

A schedule of interview questions was used rather than a formal, structured 
questionnaire. This was necessary because language and customs can differ bylocale and because the survey was too small to develop several regional
questionnaires. Two hundred and ten households of the total 1,970 house
holds in the seven villages were interviewed. 

5.1. Surt' i resuhs 

Most families used a combination of cow dung, rice straw, paddy husks,
bamboo residues, fuefwood, tree andleaves twigs, jute residues, and other
minor fuels to cool. their food. Women, or both men and women, collect the
fuel (Table 13.2) and spend a median 13.8 hours per week collecting it (Table
13.3). Vomen usually collect those fuels located within or near the homestead 

Tabl /.?,! Collection of' fuel and fodder by men/women in Bangladesh. 

Person collecting Fuel Fodder 
"6) (%) 

Men 9 46
Women 32 13
13oth 54 29
Servants 5 9
None collected 0 3 
Total 100 100 

Source: Project design field survey (unpublished). 
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Table 13.3. Average time spent per household for collecting fuel and fodder in Bangladesh. 

I lours per week Fuel Fodder 

I 5 3 2 
6 10 34 1 
11 15 34 20 
16-20 10 II 
21 25 12 18 
26 30 7 16 
31 35 0 6 

Total 100 100 

Source: Project design field survey (unpublished). 

and men usually collect fuels located outside the homestead and in agricultural 
fields ( Fig. 13.4). 

This pattern is not univcrsal, but is common because Bangladesh is predom
inantly a Muslim nation and many women live in purdah. 

Most fuels have alternative uses. Respondents reported that rice straw could 

have been used for fodder or roof thatching, cow dung for fertilizer, leaves for 
compost, and twigs and branches for fences. Thus, there is an opportunity 
cost when these plant materiiis are used for fuel. 

Fig. 13.4. Fuelwood shortage is acute, and, as in most other developing countries, fuelwood 
collection is mostly a woman's job. 
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Tahle 13.4. Average number of trees planted during the live years before the survey and 
new trees for which there is space on a homestead. 

Number of trees Trees planted in the Number of new trees 
past live years that could be planted
(%) (%) 

0 30 31
 
I 10 35 
 24 

I 20 16 13 
21 30 9 11
 
31 5) 5 8 
51 100 5 8 

101 200 < I 4 
over 200 0 1 

Total 100 100 

Source: Project design field survey (unpublished). 

Grass, rice straw, rice bran, other crop residues, leaves (mainly bamboo),
and oil cake are the most common fodders. Here, men collect almost half by
themselves and the median collection time increases to 17.6 hours per week. 
The proportion of men collecting fodder increases, in part because the fodder 
is located some distance from the homestead.
 

About 70% of the respondents had planted 
 trees within the previous five 
years and also believed there was room for additional trees on the homestead 
(Table 13.4). Forty-five percent believed there was room for II more trees on
the homestead. In addition, 65% knew that raising a tree was relatively 
dillicult (Table 13.5). 

Cultivation practices included fencing, fertilizing with dung or compost,
weeding and watering. Most frequently mentioned difliculties related to 

Thh" 13.5. Knowledge of fores'ry-related techniques and institutions in Bangladesh. 

Question Yes No. Total 
(%) (%) (%) 

Is raising a tree diflicult? 63 37 100
Know of government nursery'? 10060 40

Purchased seed from government nursery? 40 20 60
 
Know of agricultural extension officer? 57 43 100
Met agricultural extension ollicer? 35 22 57
(a) In own village 17 NA NA
(b) At local market 8 NA NA
(c) At extension oflice 10 NA NA 

Source: Project design field survey (unpublished). 

NA = Not applicable 
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growing trees were physical or economic lack of fencing, seedling destruction 
by livestock, and seedling theft by enemies and/or social rivals. 

Both men and women plant trees in about three-quarters of the households, 
men only in 20%, and women only in 6%. Men usually plant and tend trees 
which are distant from the residence while women perform these tasks near 
the residence. However, cultivating and protecting trees is geacrilly the 
responsibility of all family members. The tree species and planting location are 
decided by men however, we do not know the extent of the influence womea 
may have on the discussion and pre-decision process. There seems to be 
sufficient female involvement throughout the decision-making, as well as in the 
p:anting, cultivating and harvesting processes, to indicate that an agroforestry 
project sh!ould have elements designed to include women. 

Almost two-thirds of the respondents know about government nurseries 
and 40% of all respondents had purchased seedlings from them (Table 13.5). 
Fifty-seven percent of the respondents know of the local agricultural extension 
officer, but only 35% had met the officer during his visit to the village, 8% at 
the local market, and 10% during a visit to the agricultural office. 

5.2. Interpretationof results 

The survey showed that most farmers owned their homestead site, even if they 
did not own the land they farmed. Land ownership is important in fostering 
fuelwood plantings because these plantings take two to four years before a 
first harvest, and often longer. There is little incentive to plant and cultivate 
such species on another persons' land because the planter may not be able to 
harvest the crop. The large number of owned homesteads and farms is a 
positiL influence on a homestead agroforestry system. 

The presence of fruit trees on homesteads, as well as informal conversation 
with farmers during the inte. views, indicated the farmers' preference for fruit 
trees and species othei than those traditionally managed by foresters. New 
plantings will not be limited to these plants but the strong implication is that 
foresters interested in social forestry and agroforestry must have expertise in 
managing non-traditional forestry tree species. Foresters who might be re
quired to supervise or advise on such tree plantings must also have expertise 
in managing individual or small groups of trees which will fit on the limited 
land areas available on small homesteads and farms. 

Several conclusions can be drawn from the responses about fuel type, 
collection patterns and alternative uses. First, a great deal of time is spent 
collecting fuel and fodder - an average of over 30 hours per week by a 
household. Respondents report agricultural residues may be carried from 
distances as great as 6.4 km. There is a great potential for freeing labour for 
other uses if fuel and fodder sources can be located closer to the residence. 
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Secondiy, there are other uses for non-wood fuels. Availability of fuelwood 
would free these materials for other uses and thus increase farm productivity.
Finally, the large proportion -,f women collecting fuel sUpports the general
concept that improved techniques and practices must be corammunicated to 
women becusc they are the persons implementing them. 

Expcrienc, in planting trees, knowledge of cultural practices, and the belief
that there is room on the homesteads for additional plantings were widespread 
among firmers. These factors are important if successful agroforestrya 
programme is to be initiated. Thus, the prospects seem favourable for 
improving agroforestry on Bangladeshi homesteads. 

GO;',rnment nurseriLs have an important role in such a programme because 
thosc nurseries are likely to ;upply the planting stocks. These stocks would 
initially he existing plant materials and might eventually include improved 
ones. Successful project implement:ition requires distributing these plant
materials. Goxernmer, t nurseries are a likely distribution channel, particularly
early in a project's life. Knowledge of and purchases from a government 
nursery by many of the farmers improve the chances of planting stocks 
reachiLg the trmers. 

Private nurseries and sellers could take over from the government once 
:niproved planting materials and adequate seed sources have been developed

and if' demand is adequate. This may be desirable if there are sufficient 
public-sector funds to develop enough lurseries and because it could create 
additional small-scale investment opportunities and employment.

Knowledge of and contact with the extension workers may also be impor
tant for successful project implementation because they often provide infor
mation about c:ultivation techniques and new plant materials. One-third of the
households have a, personal acquaintance with the extension personnel despite
the general transportation and communication difliculties. The conditions thus 
seem favourable for extension activities. However, this link in the implementa
tion chain needs to be further strengthened. 

6. Conclusions 

The conditions in Bangladesh seem favourable for the successful implementa
tion of a homestead agroforestry system. Many persons there own their own 
homesteads and farms, thereby eliminating the disincentive of planting trees
which someone else will harvest. Moreover the farmers are familiar with trees 
and their cultivation, and they believe that they have room to plant more 
trees. Thus the leve! of basic knowledge and perception of opportunity among 
the farmers is satisfactory. 

However, these conditions alone may not be sufficient for a successful 
programme. Channels of distribution for planting stocks must exist or be 
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built. Plant varieties better adapted to local growing condi'ions, generally 
improved growing stock and exotic species can enhance pre'_ramme success,
although management practices for these plants must often ,etaught. Existing 
government nurseries and exteitsion services are appropr,:te institutions for 
distribution and teaching to start with. The many respondents familiar with 
government nurseries and exteision workers is another positive influence. 

Another condition is that the species selected must be those desired by the 
people, otherwise they will not plant them. The ubiqunitous mango and jack
fruit trees, plus respondents' f'ree responses, indicate that multipurpose trees 
are desired. Forest services have traditionally nianaged only trees grown in 
large forested areas. Many oresters consider working with other species
unprofessional or dtemeaning. Foresters must shift part of their emphasis from 
the traditional forest trees to multipurpose trees which people desire. In 
addition, niar.gemenl practices for multipurpose and other species are impor-
LaM. These shoUtld iInlc practices for iadividrial and small groups of trees, 
as wel! as large planted areas. 

Finally. the study showcd that women play :in important role in collecting
fuel and in planting and cultivatlng trees. This implies that programmes 
should strongl\ :onsider modtles to inlorr women of the new plant rraterials 
a;d to teach them new cultural and management practices. 
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14. Forest villages: an agroforestry approach to 
rehabilitating forest land degraded by shifting
 
cultivation in Thailand*
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Abstraci. The Forest Village scheme was introduced by the Forest Industries 
Organization (FIO) of Thailand in 1967 in an attempt to stop further spread 
of the rapidly increasing shifting cultivation and deforestation in the country. 
The underlying principle of' the scheme is to relate reforestation to the social 
welfare of the people involved. It is essentially a modification of the traditional 
taungya method of plantation establishment. 

The main aim of the scheme is to induce the shifting cultivators to settle 
down in villages where each flmily is given tenure over a plot of land to 
construct a house and develop a homegarden around it. The farmers are 
required to help establish and maintain forest plantations in which they are 
permitted to raise agricultural crops during the first three years of their 
establishment. The farmers are also given free medical and educational 
facilities and technical advice on crop and livestock husbandry, and they can 
earn cash rewards for successful plantation establishment. 

Although the scheme has not achieved its full target in terms of area 
covered and number of families settled, it is proving to be a successful method 
of luring people away from destructive shifting cultivation. The approach is 
applicable to other countries and regions with similar land-use problems and 
socio-cultural backgrouvd. 

The paper also examines the constraints to the effective working of tme 
scheme, provides some simple suggestions for improving its functioning and 
identities some of the issues that can easily be tackled by research. 

1. Introduction 

The number of people engaged in shifting cultivation in Thailand is estimated 
to have risen from 300,000 to well over 700,000 during the period from 1965 
to 1980 (McDowell 1982). This phenomenal increase has been caused mainly 

* Originally published in ,.grofirestrY Sy1,sion 2: 87 1(02 (1984). 

1 K R Nair ied.). ,Igrofr Ir. Sysems in the lrtpics. !H 227. 
I 198). KIuvIcr Academic Publihci,. lThrdrccht Printed in Itih Nctherland. 
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by migration from neighbouring Laos and Burma as well as within
country from the lowland agricultural lands into 

the 
the forests. Consequently,

the forests in tile country are under severe pressure. Moreover, the length of
the fallow periods in shifting cultivation cycles is drastically shortened, and as a result the land is rendered unsuitable for sustaining repeated croppings and
hence abandoned. Subsequent regeneration of forest species is very slow and 
poor on such abandoned sites. Shifting cultivation is thus causing lal 6 scaleforest destruction and land degiadation in Thailand. It estimatedhas been 
that the country had over 700,000 ha of land under shifting cultivation in1980, and that increasing encroachment into the forest was causing forest
destruction in over 400,000 ha each year (FAO/UNEP 1981).


With a view to arresting deforestation and reclaiming 
 the degraded forest 
areas, the Government of Thailand introduced and encouraged the taungya
plantation system (King 1968). The results were, however, not satisfactory,
primarily because the scheme had no provisions for the social welfare of the 
people involved ( Boonkird 1978).

In 1967, the Forest Industry Organization ( FIO) launched the Forest
Village system in the northern highlands in an effort to rehabilitate thedegraded forest land. It is essentially a modification of the taungya system,
and its main objectives are: (I) to attract shifting cultivators and landlesspeople lo establish themselves in Forest Villages which offer improved facili
ties and greater stability than nomadic life; and (2) to encourage village peopleto establish taungya plantations in order tc reforest areas degraded by shifting
cultivation. This could also result in opportunities for long-term forest em
ployment (FAO 1978).

The scheme, though originally designed for the hilly areas of northern
Thailand, where shifting cultivation has been most common, now extends all over Thailand. In 1981 there were 26 Forest Villages spread over the country,

and they undertook plantation establishment in a 
 total of 4,000 ha annually.

Encouraged by the succss of the FIO Forest Village system, the royal

family of Thailand and the Royal Forest Depairtment (RFD) have also set up
Forest Villages simi!ar to those developed 
 by the FIO. The underlying

approach in all of them is to promote rural development and sound land 
useby relating forestry work with social welfare for the people involved.


This paper examines 
 tile working of the FIO Forest Village system. Sincethe scheme encompasses the whole of the country, it :s relevant to give ageneral account of tile biophysical and land-use aspects of the country
order to understand the system in its proper perspective. 

in 

2. General description of the area 

Figure 14. I shows the salient aspects of the geographic location and land-use 
systems of Thailand. 
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The northern region (16.96 million ha) comprises a range of fold mountains 
which extend along the western border through the peninsula to Malaysia.
These mountains have an average elevation of' 1,600 m areand interspersed
with fertile valleys through which flow the four tributaries of Thailand's major 
river the Chao Phraya. 

The north-eastern region, which includes the Khorat plateau, covers ap
proximately 16.86 million ha. The elevation of the plateau is 200 m while the 
mountains to the west average between 800 and 1,300 in. This region is 
characterized by saline soils and is quite dry and windy in the summel.

The central plain has a total area of 10.39 million ha and is the rice bowl
of Thailand. In the north, three tributaries flow together into the Chao Phraya
river and in the south is the Chao Phraya Delta.
 

The southern region (7.07 
 million ba) is the peninsula which in the west is
composed of' mountains with an average elevation of 1,000-5,000 m. Most of
the rivers and streams here flow eastwards into the Gulf of Thailand. 

2.2. Biophysical ent'ironeni 

(/lhnate. Thailand receives 90/ of its annual fromrainfall the south-west 
monsoon which lasts from May to September. During the period from
October to April, the south-eastern Asiatic cyclonic storms bring irregular
amounts of additional rain to the southern regions, while most of the north 
and north-eastern areas have a long dry season.
 

Annual rainfall is highest in the southern and western 
parts of the penin
sula and in the south-eastern region and ranges from 2,000-4,000 mm. The 
central plain, which lies in the rainshadow of th2 western mountains, receives
between 1,000 and 1,400 mam, while the north-east gets between 1,000 and
 
2,000 mm.
 

Temperatures are relatively steady throughout the year, averaging between

24 C and 30 C. In the north, frost may occur at higher elevations in
December, while in the south climate is moderated by the maritime influence. 
The cold dry winter air produces frequent morning fogs, especially in the 
north. 

Soils (see UNESCO/FAO Soils Map of the World-sheet IX). The predom
inant soils are Acrisols with a lithic phase, i.e., the presence of continuous 
coherent or hard rock within 50 cm of the surface. In general, the soils 
podsolized and have low 

are 
base saturation and cation-exchange capacity. Soils 

in the north-east are saline. 
Vegelation. Thailaud has widea variety of vegetation types reflecting the

wide range of ecological and climatic conditions. The major vegetation types 
include: 
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- Evergreen and semi-evergreen forests; 
- Dry and moist deciduL-us forests;
 

Dry dipterocarp forests;
 
Fresh-water swamp forests;
 
Mangrove forests;
 
Savanna forests;
 
Baimboo forests;
 
Beach forests;
 
Coniferous forests;
 
Scrub forests.
 

2.3. Land-use n'stenms 

Agricul/ture. The alluvial soils of the iritermontane basins of northern Thai
land are very suitable for the cultivation of rice, tobacco, fruit trees and 
vegetables. In addition, maize, peanuts, beans, garlic and onions are also 
produced. On the uppei slopes, tea bothis grown by large estates and by
smallholders. The former produce tea for drinking, while the latter ferment 
the tea leaves to produce a product for chewing (miang) (Kunstadter el al. 
1972). In addition, the Hmong Hill tribe cultivate opium (at elevations 
between 1,000 and 1,500 ni) as a cash crop and maize as a subsistence crop.
There is a United Nations-supported crop-substitution project to encourage 
these farmers to give up opium cultivation in favour of agricultural crops
such as coffee, maize and beans, and flowers such as tulips (McDowell 
1982). 

The fertile Choo Phraya Delta region of' the central plain is intensively 
cultivated. The main crop is rice, although sugarcane is also produced. The 
alluvial deposits of the streams on the south-eastern part of the central plain 
are also used for rice cultivation, while the higher well-drained areas are 
used for rubber plantations, fruit or orchards, sugarcane, cassava and
 
pineapples. In 
 1979, Thailand's rice production was estimated at 15.6 million
 
tonciis. Only 10% of the total rice receives
area controlled irrigation. The 
alluvial deposits of the rivers Mun and Chi in the north-eastern region,
although not very fertile, are extensively used for rice. The production per
unit area is low and increasing soil salinity is a problem. Streams flowing off 
the peninsula into the Gulf of Thailand often have built-up deltas which are 
utilized for wet rice cultivation. 

Forestrr. At the end of 1980, it was estimated that the natural forest area 
of Thailand amounted to 16.17 million ha, about 31%or of the country's
total area (FAO/UNDP 1981). This contrasts dramatically with a forest area 
of 57% in 1961 (Boonkird 1979). 
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There ire numerous types of forest, as indicated above. The main timber 
species from Thailand's natural forests are: 

- Tectona grandis
 
- Dipterocarpusalatus
 

- Shorea spp.
 
- Pterocarpusspp.
 
- Toona ciliata
 
- Intsia palemhanica
 
- Parashoreastellata
 
- Dalhergiacochinchinensis.
 

FAO estimated that in 1980 the annual value of all non-timber forest 
products from Thailand such as Dipterocarp oil, gum damar, bamboo pulp, 
edible bamboo shoots, canes, resin, honey, camphor, etc. was about US$ 30 
million (FAO/UNEP 1981). 

In addition to iatural forests, there were around 0.43 million ha of 
successfully established hard and softwood plantations in 1983. The main 
hardwood species used include Tectona grandis, Pterocarpus inacrocarpus 
and Dipterocarpus spp. Other species that have beer successfully established 
are Areca catechu, Casuarina junghuhniana, Casuarina equisetifolia and 
EucalVptus spp. The softwood species used are Pinus kesiva and Pinus 
merkusii. Rubber is one of the main tree crops with 1.35 million ha planted in 
1979. 

AgroforestriV. Various agroforestry systems/practices can be identified in 
Thailand. 

- Swidden/shifting cultivation for growing rice as the main crop with a variety 
of other food and cash crops (Kunstadter el al. 1978; Kyuma and Pairinta 
1983). In some areas, the woody vegetation of the long fallow period is 
deliberately managed for a variety of products, e.g., fruit, honey, fodder, etc. 
(Kunstdter et al. 1978); 

- Homegardens dominated by a wide variety of fruit trees; 
- Sericulture, where various species of silkworm moihs are reared on the 

foliage of mulberry trees; 
- Aquaculture in mangrove forests;
 
- Intercropping of coconut with cacao (Theobroma cacao);
 
- Grazing of cattle in coconut plantations, or in forest plantations;
 
- Forest Villages.
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3. Organization and structure of the Forest Village system 

3. 1.Oranization 

The FI ,' c!,. the degraded land where a Forest Village is to be set up for 
reforesting the land. The benefits and features of the scheme are publicized 
widely within the locality through extensive media coverage and other exten
sion methods. The services of religious and other leaders are also solicited to 
disseminate such information and to allay any suspicion among the villagers. 
Families who come forward and agree to give up shifting cultivation in favour 
of' settled land use are provided with a piece of land within the selected village 
unit for building and setting tip a homestead garden around it (see below for 
details). Moreover, they are also permitted to grow crops between the young 
trees in the forest plantation that they will have to help in establishing 
according to the plan already prepared by the FIO. 

The FI() has set up "Developmcnt Teams" having multidisciplinary exper
tise for each Forest Village. These teams provide agricultural, educational and 
medical services to the people covered by the scheme. The objective is to 
encourage farmers to develop permanent bases in the Forest Village. 

3.2. ('Coponents 

Crops. Both subsistence and cash crops are grown. In the forest plantations, 
the m or crops grown are dryland rice, maize (Zea na 'Ys), sesame (Sesamum 
indicumw), sweet potatoes (Ipotnoea batatas),cassava (Manihot esculenta), arid 
water melons ((Citrulhs lanatus). Tobacco (Nicotiana tabactm), and kenaf 
(lihi.us antwhinus) are also grown in sonic areas. 

The main crops in the homegardens are maize, cassava, pumpkins (Cucur
hit, spp.) and chilli pepper (Capsicum./raescens). A large number of common 
agricultural crops are also grown. These include legumes such as beans 
( /ha.vcdu. spp.), lablab bean (Dolichos laahb), soya bean (Gl'cine max) and 
winged bean (J'sophocrpus tletrtgonolohus) tuber crops such as sweet potato 
(Ipomoa blahatas). taro (Colocasia antiquorutni, and yams (Dioscorea spp.); 
cucurbitUccous crops such as cucumber (C'ucumis s*ati'vus), loofah (Lufa acu
tainlU/a) and snake gourd (Trichostnthes cucuncria); other vegetables such as 
egg plant (Solanum lntelongcna), and tomato (Lyco, ersvicon esculenturn);minor 
millets such as Italian millet (Seturha itali'a) and finger millet (Eleusine 
coracana): and spices and medicinal plants such as coriander (Foeniculur 
rulgare), garlic (Ailium satirus), lemon grass (Cl'mbopogon citratus), mint 
(Mentha arrensis) and onion (Al/lium cepa). 
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Trees. Teak (Tectona grandis), which is native to Thailand, is the major
IO plantation species. In 1983, there were about 30,000 ha of FIO teak 

plantations. Other major plantuion species include Eucal.Vptus camnaldhhensis 
(6,500 ha in 1983) and Me/ia azethrach (2,045 ha in 1983).

In addition to growing crops between the trees in the forest plantation the 
forest villagers also grow fruit trees, e.g., Parkia speciosa, P. jaranica and 
Anacardium o(ccidenfa/,. In some areas rubber trees (Hev'ea brasiliensis) are 
also grown between plantation trees and the proceeds from the latex sales are 
divided on a 70:30 basis between the forest villagers and the FIO. The 30% 
share retained by the FIG covers the cost of fertilizer and tools advanced to 
the forest villagers. 

Other plant species maintained by the forest villagers in their homegardens
(and their functions/uses) are listed in Table 14.1. 

Animals. Forest villagers keep a variety of domestic animals in the home
gardens for food, ,itualjreligious sacrifices and prestige. Common animals 
include cows, pigs, chickens and ducks. 

Manageewn aspects. Degraded forest is cleared and burned and trees 
planted in holes (20 x 20 x 20 cm). Teak was criginally grown at a spaci:.g of 
4 x 4 m on a 60-year rotation. Recently, however, a spacing of 2 x 8 in and 
40-year rotation has been adopted. 

Where soils arc poor alnd dry, Ecalt'.rtus cantaldulensis (four-month-old
seedlings) and Alelia azehrac'h (one-year-old plants) are planted at 2 x 8 m 
spacing. Eucalyptus plantations are grown on a 10 15-year rotation for fuel or 
a 20-year rotation for timber. 

Tahl 14.1. Plant species other than the common agricultural species found in forest villagers'

honega rde:ms and their functions, uses.
 

Species Functions uses 

.Ir'cacau' chtu Masticatory nut 
.- '10r1o(1rA'SPpJ. Fruit, vegetable

1a1 il.'sa spp. 
 Construction. ilts, furniture
 
G(IIJ111l1us
spp. Furniture, baskets, [mats

('iro spp. 
 Fruit 
('Cocs nut(ilm/ir Food, oil, thatching, . 
De'lnrot-Wl1ntt.A spp. Construction. mats. furniture 
D'.onodjoit pulcl llth Insect repellent
Imprala c'lindrica Rooting grass 
Aaflig~ira indi.a Fruit, shade 
Mohunia .trohihli'ret Insect repellent 
.tlorits spp. Sericulture, fuel 
.Mlusa spp. Fruit, mulch 
I'liduom goa/ttta Fruit 
Sacsharton spp. Food 
Th.rsoxtachr. spp. Construction, furniture, mats 
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After planting the trees, the forest villager plants his crops in the inter-rows. 
Cropping occurs for the first three years and the villager then moves on to 
another area. It is the responsibility of the villager to weed and tend the trees 
while tending the agricultural crops. 

Some villagers have a herding co-operative for their cattle. The owners of 
the cattle take turns to herd the village cattle within the plantations where 
grazing is permitted. 

4. Functional aspects of the system 

4. I. Resource input ai;d utilization 

Each family ;n the Forest Village is allocated 1.6 ha annually for clearing and 
planting with plantation trees and food/cash crops. In addition, 0.16 ha is 
allocated for house building and the homegarden. Figure 14.2 depicts a typical
Forest Village scene with houses of the farmers in the midst of the individual 
hlomcg-.,rdens. Cropping in the forest plantation occurs for up to three years
and helnce a villager can have up to 4.8 ha/year on which to grow his crops.
Since the intended number of families per Forest Village is 100, up to 160 ha 
of land may be cleared and planted with trees and crops each year. In 1981,
however, there was an average of nearly 59 families per Forest Village with 

Fi,. 14.2. Photograph showing the houses and the hjomesteads surrounding them in a Forest 
village in Northern Thailand (Photo: P.K.R. Nair) 
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each family cultivating 2.61 ha/year, i.e., a total of 153.63 ha annually per 
Forest Village. 

In 1981 the average size of Forest Village families was 5.56 members. In 
addition to their annual responsibilities of establishing the forest plantation
(on a minimum of 1.6 ha) and growing of crops in the plantation and 
aomegardens, it was estimated that each Forest Village needed labour equal to
200 man days per year. This would be required fbr various plantation
operations, e.g., weeding, pruning, thinning, fire prevention, road and rail
maintenance, etc. If a nursery was attached to the village an additional 50 man 
days per year would be required. Thus, depending on the number of families 
in the village, at least two members per family are guaranteed work on a 
continuous basis within the forest plantation. They are paid according to the 
prevailing minimnn agricultural wage. Such labour is recruited exclusively 
from within the Forest Village. 

4.2. Other./iwilities 

In addition to providing land, the FIO provides numerous other inputs and 
facilities. These include: 

- Provision of drinking water and electricity free of charge to each house in 
the Forest Village:
 

- FIO medical team dispensing free medicines 
 and advice to villagers on 
health, fhanily planning, sanitation, etc.: 

- Forest Village primary school in accordance with the Ministry of Education 
regulations, textbooks and uniforms being provided free of charge; 

-
Monetary incentives for successful establishment of forest plantation trees;
 
- Payment of a bonus 
 of about US S 60 for clearing, planting and two 

weedings of each hectare of allocated land;
 
-- A reward of about US S 27/ha if tree 
survival is 100% after harvesting of 

agricultural crops and the third weeding (this reward may be graded and 
related to percentage survival over 75%); 

- A bonus of US S 75 for successfully tending 4.8 ha of forest plantation over 
three years at the end of' the third year; if tending continues, the village
receives US S 25/ha per year for each successful 1.6 ha;
 

- Transport is provided for:
 
Taking workers to the plantation site:
 
Moving construction materials of forest 
 viilagers' houses;
 
Taking forest villagers' agricultural produce to market.
 
Advice 
on the market performance of various agricultural crops. 

Table 14.2 provides a comparison of cost per hectare to FIO for establish
ing forest plantations with and without Forest Villages. 
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Table 14.2. Cos: (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 N.c ZA 

First vear 
Labour 205.60 235.05 71.20 82.07 
Administrative cost 287.28 287.28 237.28 287.28 
Fixed cost (house, machinery, etc.) 74.00 74.00 74.00 74.00 
Stump or seedling and
 

repkinting charges2 19.57 32.61 17.93 29.89
 
F est Village expenses - - 168.29 168.29
 

"lotal 586.45 628.94 618.70 641.53 

Secondl Year 
Labour and/or reward 74.46 95.92 74.46 95.92 
Stumi'seedling 3.26 8.15 1.63 4.08 

Total 77.72 104.07 76.09 100.00 

Third Year 
Labour and/or reward 56.79 66.86 56.79 68.86 
Stump/seedling 1.63 4.08 0.82 2.04 

Total 58.42 72.94 57.61 70.90 

jourth andJifth years 
Maintenance and protection per year 52.45 52.45 52.45 52.45 

Total for two years 104.90 104.90 104.90 104.90 

Sixth to tenth Years 
Maintenance and protection per 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 labourer = B38; IUS S = B23. 
Cost per teak stump = US S 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. 

4.3. Production 

Data on the production and income from maize, cassava and kenaf grown in 
forest plantations in 1981 are given in Table 14.3. 

The soils, especially in the dry north-eastern region, are generally poor. This 
tends to exaggerate the competitive interaction between the trees and crops. 
Thus, often, yields of dryland rice intercropped between the plantation trees 

http:1,020.58
http:1,014.10


-v'I 

#3r 

~~fp 

IV. 

- j 

"It"11 

11'i tI.il 111,1 k111) Ir 

icAIi.: 11.1 I'm IIIiu ~irih-

'll 11CII "~'IIA -1~Lc i lIl iLrcI I L I uliCI 
C drhhh1111Cr111 N lii J (Idi l\it I -L IN e tipcado lirrl f ;oii ll 



223 

The 14.3. 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 
Kenal 38(0 49,348 

tend to be best in the first year. Yields decline markedly in Successive years. 
Photographs )I*a teak + rice plot during the first and second year of 
cropping, given as Fig. 14.3A and 14.3B, respectively, illustrate this point. 

Production of upland rice is typically of the order of 0.5-1.5 tons ha tyr 
Generally. the rice produced is used for home consumption, although occa
sionally some of it may be sold to raise cash. This is also the case with pigs 
and chickens. In 1981, the Forest Villages earned an average of US $ 266 per 
t'tmily f'rom the sale of' agricultural crops grown in forest plantations and in 
Iheir homegardens. Added income from rewards, bonuses and daily wages 
from forest plantation operations gave a total income of US S 693 per famiiy 
per year (Table 14.4) or US S 10.38 per person per month. 

Estitates of' timber production from the plantations, based on local 
3experience, are 75 m per ha in a 40-year rotation of teak and 75 m3 from a 

15-year rotation of eucalyptus. 

5. 	System evaluation 

5. 1. Rate of.'towth 

The original target was to start with 2,000 Forest Villages covering 32,000 ha 
(1.6 ha per family per year, and 100 families in each village), increasing 
progressively to 4,500 villages undertaking plantation establishment in 73,000 
ha annually by the year 2000. However, by 1981, there were only 26 such 
villages which undertook planting in a total of about 4,000 ha/year. Thus, the 
scheme has not reached the planned target. 

5.2. Ahantaes 

I. 	'File Forest Village system is proving to be a successful but slow method of 
ensuring the long-term improvement of national and export wood sources. 

2. 	The rehabilitation of the country's forest resource is being achieved by 
people who would normally be engaged in destructive shifting cultivation. 



Table 14.4. Income from the FIO Forest Village scheme in different regions of Thailand.* 

Mecn Village income (US S) for 1981Region No. of Mean no. of Mean area of (ha) Mean area (ha) From Reward Bonusvillages families per cultivated per 	
Daily Total Incomecultivated per agricultura.

village village family crops 	
per 
family

North 16 60.94 109.03 15,493 5.618North-east 6 64.67 315.05 
1.79 	 1,767 24,865 47,743 783.444.87 20,888 2,948South 4 41.75 98.87 	 1,696 19.634 45,166 698.41

8,246Weighted - 58.85 	
2.15 4,526 652 21,489 34,913 321.54153.63 2.56 15,623 4,909 1,697 23,139 41.868 692.76 means 

* In 1981 there were a total of 1,530 families cultivating a total of 3,994 ha in different regions of Thailand. 
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3. Opportunities are provided for landless people to form settled communi
ties. Long-term employment, raising food and cash crops, and better health 
and education facilities result in a higher standard of living for the forest 
villagers. This is especially important in the strategic border areas that are 
prone to destabilizing insurgency activities. 

5.3. Ji'*eaknesses /constraints 

1. Enforcing the policy of forest reserves becomes difficult and expensive 
where forest land is still plentiful. Shifting cultivators are still able to 
operate illegally and it is difficult to induce them to settle in a Forest 
Village. 

2. The initial years in a Forest Village can be hard and frictions can arise with 
other families in the viliage (King 1968). This is often compounded by a 
cash-flow problem since payments of rewards, benuses, etc. are not made 
till the end of the first year of participation. 

3. Some forest villagers find the pay and other financial incentives low, 
resulting in their deserting the Forest Village and seeking employment 
elsewhere. 

4. Setting up large numbers of Forest Villages with free electricity, water, 
schools, medical facilities and other financial incentives requires a signifi
cant amount of capital expenditure. 

5. Often funds are not available because of misunderstanding about the 
inclusion of social-welfare expenditures in reforestation projects. 

6. Some selfish politicians anci unscrupulous businessmen undermine the 
concept of Forest Villages in order to ensure the availability of cheap 
labour for themselves. 

7. Some reforestation sites are on steep slopes and the forest villagers find it 
difficult to cultivate and harvest their crops. Also some soils are very poor 
and this results in minimai yields of agricultural crops. 

8. There is a scarcity of capable managers (conversant with forestry, agricul
ture, administration and sociology) to take charge of Forest Villages. 

5.4. Potential 

The concept and philosophy of Forest Villages represent a sound approach to 
tackling the problems of shifting cultiviation vis-6-vis land degradation. The 
bcaiefits accrued from the scheme can, however, be enhanced by removing the 
observed bottlenecks and constraints as far as possib!e and improving the 
efficiency of working through appropriate technological interventions and 
social improvements. Some examples are providing foicst villagers with 
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improved varieties of seeds, appropriate types of fertilizers and sound advice 
on their proper use, credit facilities, social facilities such as realistic rates of 
pay, bonuses and rewards, and so on, increasing the area of homegardens 
from the present 0.16 ha per family to a more acceptable si:ze, etc.
Foday the Forest Village system has proved 
to be a sustainable system, 
although its growth has been slow due to the various problems mentioned 
earlier. Suggested improvements in the system should assure the system's 
sustainability, i.e., attracting cultivators to settle down and help rehabilitate 
the degraded forest lands. This provides long-term employment and better 
living standards, and thus tile Shifting cultivators are prompted to stay 
wil ;n the ambit of the system. The system should be thought of as a 
multi-product enterprise rather than a system that provides supplementary 
income through forest-land tenancy. 

The Forest Village systL;P has been tried successfully in various countries, 
e.g., Kenya, Gabon, Uganda, India, Nigeria and Cambodia. Although it 
is more expensive than the traditional taungya system it is particularly 
suitabie for countries with a large natural forest resource and high num
bers of shifting cultivators and other landless people. The system envisages 
the sustainable use of forest land for food production by landless people
who would otherwise be engaged in forest destruction. This agroforestry 
approach is a viable alternative to resource-depleting and environmen
tally degrading shifting cultivation (Nair 1986; Nair and Fernandes 
1984). With appropriate technological back-up and infrastructural improve

rent,the system can prove itself to be quite acceptable and adoptable under
 
other situations with comparable land-use problems and socio-cultural
 
constraints.
 

5.5. Research needy" 

The foregoing analysis of the functioning of the system reveals that the 
major constraints to its effective functioning are both biological (technologi
cal) and socio-cultural. Whereas some of the socio-cultural problems are 
intimately tied tip with the general situation in the country, and hence 
cannot easily be overcome, there are certain biological constraints that can 
be tackled effectively through research efforts. In fact it is a serious draw
back of the scheme that research input has not been built into its operational 
framework so !hat the management techniques are based on the knowledge 
that was available at the time of project formulation. Moreover, no effective 
system exists for mitigating some of the simple problems through research
supported "mid-term corrections". Some of the issues that can be tackled 
through simple research are: 
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The role of fast-growing nitrogen-fixing multipurpose wood species in
 
association with plantation trees;
 
Use of manures and fertilizers, at least on a limited scale, for ameliorating
 
the decline in soil fertility that occurs after the first year of cropping;
 
Adjustment of planting patterns and management schedules of the planta
tion (forestry) species in relation to agricultural cops so as to facilitate
 
profitable cuthivation of agricultural species for as long a time as possible;
 
Use of appropriate varieties of crop species adapted to specific situations,
 
such as low light availability, soil reaction (acidity, salinity), soil conditions
 
(poor drainag, low fertility), and so on;
 
Monitoring the visual interaction effects between the tree and the herba
ceotus components in order to devise appropriate ways of overcoming some
 
of the negative interaction effects to the extent possible even during the life
 
of' the project.
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15. Integration of animals in rubber plantations* 

TAJUDDIN ISMAIL 
Rubber Res'arch h. titnute f"Alah sia, P.O. Box 10150, Kuala Lumpur, Malaysia 

Ab.tract. This paper describes a unique agroforestry approach of integrating 
animals (sheep, poultry and bees) in snmllholder rubber plantations. The 
approach is based on the existence of surplus family labour, utilization of 
interspaces between the rows of rubber, availability of cheap and nutritious 
animal feed and the presence of a favourable microclimate for animal growth 
under rubber. Results of trials carried out by the Rubber Research Institute of 
Malaysia since the 1970s are presented. 

A rotational system of broiler production under rubber was found to be 
technically, socially and economically feasible, providing a net return on 
family labour of MS 370 MS 825 per consignment of 506 birds. Sheep rearing 
Linder rubber also appeared to be very attractive and practical; apart from 
producing meat for sale it also served as a "biological weed control" measure. 
The cost of controlling the weeds commonly found in rubber plantations 
could be reduced by about 21% over the usual method by using sheep grazing 
for weed control. The internal rate of return (IRR) from sheep rearing can be 
as high as 44%. Details of operation and management aspects of sheep 
integration Linder rubber are given. 

Bees kept under rubber fced on nectar produced by me inflorescence and 
the tips of young rubber shoots and also on flowers of intercrops and weeds. 
The Apis cerana species was found to be suitable, producing about 3 kg of 
honey per colony per harvest. 

1. Introduction 

Rubber (Herea hrasiliensis) is the most important commercial crop in 
Malaysia, and Malaysia is the biggest producer of natural rubber in the world. 
The country has 1.96 million ha under rubber and it provides 1.6 million tons 
of rubber accounting for 39% of total world production. The size of the 
rubber production units range from very small holdings of an average of 1.4 
ha to large estates of hundreds of hectares. "Ihe Government of Malaysia has 
designated rtibber production units of less than 40.4 ha as "smallholdings" 
and the rest as "estates". The smallholdings account for 1.5 million ha (76% 

* Originally published in Agrolorestrv vstem.'s 4: 55-66 (1986). 
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of the total area of the country under rubber) and 0.9 million tons of rubber 
per annum (56% of total national production) and involve an estimated 0.5 
million families (Government of Malaysia 1982, Leong, unpublished).

Although the rubber-production strategy in both the smallholdings and the 
estates aims at maximum output of rubber, various types of intercropping and
other plant associations are common in smallholdings but not in estates. The
rationale for intercropping is that in a nonocrop of rubber, which is usually
planted at 7.3 x 2.4 in spacing (570 trecs/ha), about 75 ofthe total land area
is not effectively occupied by the roots of the main crop when thL rubber trees
Lire under three years old (Tan et al. 1980), and in smdllholdings the farmers
take advantage of this using the surplus family labour that they usually have. 
It is also recommended by government authorities to plant intercrops such as
banana, maize, groundnut and vegetables in the smallholdings during the
immature growth phase of rubber (see Fig. 15.1), whereas leguminc,us cover 

fh.; 

. ~j ,Or 0,-

Fig. 15.1. Banana and pineapple intercropped with eight-monthi-old bud-grafted rubber. 
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crops are recommended if intercropping is not practised. Leguminous cover is 
a regular aspect of plantation management in estates. However, most inter
crops cannot b,"grown when the rubber canopy closes about three years after 
planting, and the leguminoas cover (except for shade-tolerant species such as 
('alopogonium caeruh'nt) fades away progressively as the rubber trees grow. 
('onsequcntl', the inter-row spaces in rubber plantations infested byare 
weeds. Since these weeds compete with rubber trees, they have to be con
trolled, which is usuallly done by the use of herbicides. It is estimated that the 
MzI aysian rubber indus!ry spends about NIS (ringgit) 100 million ( I 
UJSS - 2.5 ringgit in May 1985) annually on weed control. 

Recently some efforts have been made to integrate animal production in 
rubber plantations, whereby the interspaces in the plantations are utilized to 
rear aninals such as poultry and for bee keeping, while the weeds are used as 
feed for sheep. This approach to maximizing land use and diversifying 
agricultural production in rubber areas seems a sOLund one. The paper 
discusses the salieLt aspecIS of this new agroforestry approach. 

2. The concept of animai integration in rubber plantations 

The main objectives of integration of animals with rubber are: 

To increase the production of meat protein economically without having to
 
Op~n large new areas of land for animal production,

To reduce weeding costs through controlled grazing of' palatable species
 
and or treading and trampling of' non-palatable species under rubber,
 
To reduce surface erosion through controlled grazing complete eradica
tion of weeds is not recommended so that a continuous supply of feed for
 
the animals can be maintained,
 
To use organic manure to fertilize the rubber trees and intercrops, and thus
 
reduce the cost of inorganic fertilizer on the one hand and improve soil
 
fertility on the other,
 
To provide additional income to rubber growers, particularly smallholders,
 
through increased productivity from a unit of land.
 

Basically the concept is the same as that of integrated farming in rubber, 
discussed by Wan Mohamed ( 178), with It isappropriate modifications. 
based on and motivated by the following factors. 

2. 1. Rerenue utilization 

Surphs labour. In individual rubber smallholdings, with an average size of 
1.2 1.6 ha, surplus labour is available, especially during the unproductive 
immature phase of rubber growth (Selvadurai 1970). 
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Planting of intercrops (Wan Mohamed and Chee 1976) or rearing of poultry 
(Wan Mohamed and Abraham 1976; Wan Mohamed and Chee 1976), bees 
(Mohd Ali et al. 1984) and/or sheep/goats (Wan Mohamed 1978, Lee et al. 
1978 and Wan Mohamed 1982)are some of the possible ways of utilizing excess 
family labour prolitably. For the estates sector, although the possibility of 
excess labour usually does not occur, a part of the existing labour assigned to 
do normal weeding can be mobilized to manage sheep which perform the 
weeding work by grazing on the weeds. 

Land. No additional land is required to carry out integration of animals 
under rubber. The interspaces between the rows of rubber can be utilized to 
grow the supplementary feeds such as cultivated grass and legumes required by 
sheep, as well as to build shldter for the animals (poultry, bees and sheep) and 
also for grazing. However, before letting the animals (sheep) in, the rubber trees 
must be not less than 1.5 years old and the plants at least 2 in tall because the 
animals tend to feed on the lower whorls of the rubber plants. 

2.2. Arailahilit.i.o/' heap and nutritinus aninalfeed 

The ground vegetation that succeeds after the cultivation of intercrops, or after 
the leguminous cover tades away, grows naturally and thus constitutes a free 
source of feed for sheep. Wan Mohamed (1977) reported that the total dry 
matter yield of such undergrowth species found under 'ubber was between 500 
and 600 kg ha ', and most of the species were palatable to sheep or goats. 
Table 15.1 lists the palatable and non-palatable undergrowth species found 

Tahhe 15.1. Species composition of undergrowth in rubber plantations. 

Palatable (to sheep) Non-palatable (to sheep) 

,s.tuasia ne'norba Ageratum con 'zoides
 
.. onopu. c'opre.sus Boreria spp.
 
hnperalaclindricu (very young) Bridelia tomentosa
 
Iwheinumn inuticion Cpperus spp.
 
Mikinia cordala Eupatoriwn odoratumn
 
Ottochloa noidusa ttI'ptis breripes
 

sJpuluon conjugaluto Imnperata cylindrica (mature)
 
Paspa/in orhiculare Lantana camara
 
Rhlnchhrua n r(T'ns Melastona inalabatrichun
 
Ferns (some species only) Mimosa pudica (mature)
 
Rubber seedlings Wlmosa birisa
 

Planted legume covers 
Calopogoldimin muctolndes
 
Cc'nr
nimsea putb'sceos
 
Desmolivmt spp.
 

Flemingia cong'sta 

Source: Wan Mohamed (1977). 
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Table 15.2. Chemical composition of ground vegetation in smallholdings and estates. 

Location Plants Chemical composition (%) 

Crude Crude Crude
 
protein fat tibre 

Smallholdings Grasses 1.59.4 33.3 
Broadleaves 13.2 1.9 32.9 
Ferns 11.4 1.8 1.9 
Mixed 11.4 2.1 28.0 

Estates Grasses 11.4 1.9 33.1 
Broadleaves 14.1 1.8 33.1 
Ferns 13.9 1.9 27.2 

Source: Wan Mohamed (1977). 

under rubber. Table 15.2, which gives the chemical composition of grasses, 
broad-leaved plants and flrns in smallholdings and estates, indicates that these 
undergrowth species are quite nutritious. Moreover, it has also been observed 
that sheep feed on rubber seeds, young self-sown seedlings and also fresh 
leaves of fallen r'.bber branches. In the case of bee-keeping, the bees feed on 
nectar poduced by the inflorescence and tips of young shoots of rubber trees. 
Other sources of nectar for the bees are flowers of intecrops planted in the 
inter-rows, weeds and other plants around the rubber areas. 

2.3. Favourable nicroclinae under rubber 

The temperature inside a stand of rubber is 1-5" C lower than in the open 
(Ani et al. 1985), which can be one of the factors contributing to better 
growth and productivity of sheep reared under rubber (Lowe 1968). Under 
immature rubber where the canopy does not provide total shade for the sheep, 
the sheep have been observed to rest for a few minutes under the shade of the 
young trees, probably to cool off their bodies. Partial shade provided by the 
rubber canopies offers a conducive environment for poultry rearing and 
bee-keeping too. 

3. Trials at the rubber research institute of Malaysia (RRIM) 

The RRIM initiated trials on animal integration with rubber in the 1970s. The 
emphasis has mainly been on those animals which do not adversely affect or 
interfere with normal growth, productivity and management of rubber. The 
animals found suitable so far are poultry, sheep and bees, and summary 
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accounts of the results obtained so far are given in the following sections
Goats were found to cause damage to the bark of young rubber (Tan et al.1980), while buffaloes did not thrive well in most rubber-growing areas which 
are mostly gently sloping and undulating. Buffaloes also cause bark damage torubber trees when they rub their horns on them. Cattle were not tested as they
wer_ known to drink and spill latex fron the latex cups on the trees, inaddition to causing root damage and soil compaction due to trampling. 

4. Poultry-production in smailholdings 

Two systems of broiler poultry production have been tested. In the firstsystem, the chickens were given shelter at night and were allowed to go free in a fenced area in the smallholdings during the day, feeding on insects, worms,
weed seeds, tender underground vegetation, etc. Concentrate feed, consisting
of grain and agricultural by-products, was also given. In the second system, anintensive mmagement of broiler production was adopted where the birds were
kept housed at all times and fed with feed concentrates (Fig. 15.2). It wasfound that the second system was more acceptable to smallholders. In 1983,the rotational broiler production system was introduced where groups of 5--10
smallholders in one area rear 500-bird batches continuously in a rotational 
system. The advantage of this system is that it allows agreements to be madebetween the smrallholders and the suppliers of day-old chicks, feeds and other 

............................. ....... 'r 
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/'Tg. 15.2 Rearing of broiler chickens in, the inter-rows of ive-year-old rubber trees. 
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materials on the quality, supply and price of supplies on the one hand, and 
between smallholders and wholesale buyers of the chickens produced on the 
other. These arrangements allow for better planning and give more confidence 
to tile smallholders. Further, technical guidance and assistance by government 
agencies can be carried out more efficiently on a group basis. 

The average cost of producing broilers was MS 3.27 per bird in 1976 (Wan 
Mohamed and Chec 1976). It went up to MS 4.83 in 1982 (Wan Mohamed 
1982) and to about MS 5.30 in 1984 due to tile increase in the cost of day-old 
chicks and feeds. Wan Mohamed (1982) estimated that in a rubber smallhold
ing rearing poultry, 85% of family labour was utilized to provide feed, water 
and general cleaning of tile shed, and feed and water utensils. The daily .;Ibour 
input was 3 4 man-hours to raise 500-- 1,000 birds per consignment. 

Results of studies carried out on individual sinallholdings and recent 
observations on the rotational system of broiler production showed that 
broiler production is technically, socially and economically feasible (Wan 
Mohamed and Chec 1976, Lee et al. 1978). The net return on flamily labour 
had earlier been calculated at MS 370- 835 per consignment for raising 
500 birds (Wan Mohamed 1982), but recently the figure has dropped much 
lower mainly duc to a very poor selling price. In fact, some small
holders experienced losses in some of the batches in the rotation. However, on 
the average, the smallholders received positive net family returns. The most 
important factors that influence income from broiler production, as 
put forward by Wan Mohamed and Abraham (1976) and Lee et al. (1978), 
are: 

Supply of high-quality day-old chicks when needed; 
Supply of unadulterated high-quality feed; 
Availability of markets and suitable market price; and 
Cost of day-old chicks and feed. 

Sniallholders' efforts and their willingness to follow the recommended 
system are also major factors that determine the level of income and profit 
earned (Wan Mohamed 1982). 

5. Sheep rearing under rubber 

The RRIM has been conducting investigations on sheep rearing under rubber 
since 1975 (see Fig. 15.3). The technical, social and economic aspects have 
been discussed in detail by Wan Mohamed (1977, 1978, 1982), Tan and 
Abraham (1981), Wan Mansor and Tan (1980) and Wan Mohamed and 
Ahnad Hlamidy (1983). The salient aspects are as follows: 
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Fi,. 15.3. Sheep grazing under 12-year-old rubber trees. 

5. 1.Operatiial aspects 

Sheep can be reared in both immature and mature rubber areas. In immature 
rubber, the rubber plants must be over 2 m high and at ieast 1.5 years old, as 
mentioned earlier, and the field must palatablehave undergrowth species
(Table 15.1). The number of sheep per unit area orof holding estate is 
determined n'ainly by the amount and grovth rate of palatable undergrowth
available. The present recommendation is 6-8 animals per hectare for imma
ture areas and 3 5 animals per hectare for mature areas. Understocking leads 
to ineflcienlt utilization of' undergrowth vegetation, but high stocking rates 
may lead to depletion of palatable species and even erosion. Therefore,
understocking at the start of the project recommendedis to ensure that 
enough fleed is available as the number of animals increases progressively.

Sheep rearing is not recommended in smallholdings of' less than 2.5 ha that 
have no adjacent grazing ground because in such cases the direct and indirect 
returns will be too low. However, there is no upper limit of area for sheep
rearing (in estates). Security of animals is one of the major problems in 
rea,'ing sheep under rubber. Casualties due to attack by wild dogs as well as 
thefts have been experienced in the past. Regular shooting of' wild dogs is 
necessary, and animal sheds should not be too isolated. The security problem
has been a major reason for not initiating the large-scale free-ranch system of 
sheep rearing under rubber. In this context, the use of solar-powered electric 
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fencing with an alarm system seems advantageous and the feasibility of using 
it needs to be looked into. 

Sheep reartg fr weed control in plantations 

One of the main objectives of rearing sheep under rubber is to use the sheep 
as an agent of biological weed control. Since sheep can consume up to 70% 
ofweed species (Wan Mohamed 1977), the cost of weeding with herbicides and 
labour can be reduced. Wan Mansor and Tan (1980) reported that 75% of the 
available weeds in their trial area were edible by sheep so that the cost of weed 
control was reduced by MS 7.26 ha ',amounting to a 21.7% saving during 
the study period of four years (1976-1979). !nanother study by Lim et al. 
(1983), savings in cost of weeding were M$ 15.00 ha ' yr '.These differences 
in weeding costs were due to different stocking rates and weed conditions. 

Efficiency of'weeding by sheep grazing can be further improved by the use 
of solar-powered electric fencing. This system of controlled grazing also reduces 
the requirement of labour for handling large flock sizes (300 to 400 sheep) from 
three to only one worker. Since the fencing system used was of the portable 
type, grazing patterns could be conveniently programmed according to weeding 
requirement in the plantations (T. Ismail and D.T. Chong, unpublished). 

Management aspects 

Appropriate management of the grazing area is important. It is essential to 
constantly monitor the effect of grazing by sheep. Overgrazing leads to 
depletion of' palatable weed species and can cause soil erosion. Non-palatable 
weeds will compete with the palatable species which might later lead to feed 
insufficiency (Wan Mohamed 1982). Therefore, those weeds that are not 
"taken" by sheep should be removed manu.:lly by slashing or digging, or 
chemically by herbicide application. 

Sheep manure can be used as a source of manure for rubber. An adult sheep 
excretes an average of 186 g of droppings (on a dry-m.-tter basis) daily, so that 
at a stocking rate of 6 animals per hectare an average of about 400 kg ha-' 
of sheep manure can be obtained per annum. Tb droppings contain 2.40% N, 
0.49% P,2.89% K, 1.84% Ca and 0.54% Mg (Wan Mohamed 1977). Thus 
the average annual nutrient addition could be about 10 kg N. 2 kg P, 11.5 kg 
K, 7 kg Ca and 2 kg Mg per hectare. While the sheep graze in the field, they 
deposit the droppings on the soil. The excreted droppings that accumulate in 
the shed have to be removed two or three tines a month and can be applied 
to the rubber trees in the field. It has been ol~served on a field with sandy 
alluvial soil that the growth of rubber trees improved after constant grazing at 
6-8 week intervals over a period of two years. 
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PetfiorIMICC evaluation 

Studies carried out by the RRIM since 1975 have shown that both local and 
Dorset tHorn (D1) crossbred sheep adapted well in smallholdings and in 
estates. However, in terms of' growth and productivity, the DH crossbreds 
(especially 50% 1)I)) perfomed better. In terms of grazing performance, it was 
observed that the DI crossbreds conSumcd more palatable wecds (on a 
per-animal basis) than local sheep because of the heavier body weight of the 
fornier. Tan and Abraham ( 1981) reported that sheep performed better at the 
RRIM Experimcnt Station than on farmers' smallholdings. The comparativ.
data are given in Table 15.3. Obviously, the dilffrences in environmental an6 
managemtwnt conditions explain these different results.
 

It has generally been observed 
 that growth of' rubber is better in grazed 
areas compared to non-grazed areas. in a one-year study reported by Tan and 
Abraham (1981) it was observed that girth increment on trees in fields where 
the undergrowth was grazed by sheep on either a rotational or free-range 

ti h 1i5.3. Pcrfiornanice of sheep under rubher. 

ihem 	 RRINI Experiment Smallholdings" 
Station" 

A eragc numbir o" offspring
 
(lamb ram \car) 
 1.5 1.3

Productix ("0 	 142 127 
Lambing inter, at (da.,,s) 207 259
Age at first lambiing (days)' 355 482
 
Singte tamhing 
 94 100 
Twill lambing " 
 6 0
Triple tambinmg ( 0 0
 
Average Ilmb hirtI eight (kg)


Male 1.63 0.99 
Icnia!e 1.57 1.02 
Mean 1.60

Average daily %kcightgain (g)	 
1.01 

Lu illtie liilits oI"lagc
Male 49.5 32 
Female 43.0 30 
Mean 46.5 31 

Weight of adult rmm (kg) 26.0 
Dressing ( "..) 46.0 
Lamb mortality ( 18.0 
Mlortality 	rate Irom 

.Single la m bing I'' ) 15.0 23.1
 
Twin lambing (%) 
 50.0 0 
Triple Ilambing I'I 0 0 

Wai N1ohMarnCd (t178) 

Lec ,' al. 197' ) 

Wan Moamed ( 1982) 
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grazing system was better by 25 and 33%, respectively, than that in the field 
where the undergrowth was not grazed. They attributed the differences to the 
reduction in wecd competition a,, well as return of organic manure to the 
grazed fields. Recently it has been postulated that the better growth of rubber 
trees with sheep under the controlled-grazing system, and using solar-powered 
electric fencing as compared with the free-range grazing system, is a result of 
better weed control with the former. 

Economics
 

Income from sheer. rearing car, be derived directly from the sale of sheep,
either, as breeding stock or For slaughter. Indirect returns are in the form of 
savings in costs of, weeding and fertilizer. From an economic analysis of the 
practice, Wan Mansor and Tan (1980) reported that rearing an original stock 
of 21 animals or a duration of 25 months resulted in a profit of MS 2,970.15, 
ainouinting to a 107.5% increase of' the total investment of MS 1,724.30. The 
net present value (N 1V) and internal rate of return (IRR) were found to be 
MS 1,975.24 and 44.06%, respectively. Lirn et al. (1983) reported that from an 
original stock of' six animals an average income of MS 60.90 per month was 
obtained af'ter rea ring the sheep for four years. 

Research '(e'( 

In view of the potential for future development of sheep rearing Lnder rubber 
in Malaysia, it is essential to carry out more research on various aspects in 
order to perfect the system. Tan and Abraham (1981) and Wan Monamed 
and Ahmad Hamidy (1983) suggested several aspects be studied. Some of 
their suggestions, along with a few additional ones, are given here: 

Ecological succession of' undergrowth vegetation o!" palatable and non
palatable weed species as a result of' grazing; 
Methods of encouraging growth and persistence of palatable species in the 
natural undergrow th: 
Introduction of new species of legumc,; and grasses that can grow under 
sLade and withstand grazing; 
Systematic grazing schemes that will lead to more efficient weed control; 
Breeding f'or better crossbreds adaptable to local environments and feeds; 
A large-scale sheep rearing and management system with lower costs of 
initial inputs and management; 
Supplementary feeding of agricultural by-products, e.g., oil-palm sludge, 
palm-kernel cake, rice bran, etc.; 
Ways of utilizing sheep by-products such as wool and skin that could 
provide additional income; 

http:1,975.24
http:1,724.30
http:2,970.15


240 

- Replacing the expensive forms of mineral licks (salt plus macro- and 
micro-elements) with cheaper materials; 
Conversion of sheep dung into nutrient-enriched animal manure or com
post. 

6. Bee-keeping under rubber 

Work on bee-keeping unde-r rubber by the RRIM started in the early 1980s,
mainly in rubber smallholdings. The Apis cerana species of bee has been found 
to be suitable under smallholder conditions. The main harvesting season for
honey kept tinder rubber is in February/March, i.e., during the flowering 
season of the rubber trees. Currently, there are only a few smallholders 
participating in a pilot project with the RRIM. Preliminary observations 
indicate that an average of 3 kg of honey could be collected from one colony
during the February/March flowering season ( Mohd Ali et al. 1984).

Smallholders are encouraged to rear bees because the establishment cost of 
bee keeping is low and the technique can quite easily be acquired by them. In 
return the farmers can obtain additional income from the sale of honey. 
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16. Multistoreyed agroforestry garden system in West 
Sumatra, Indonesia* 
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('o ORSTOM,B' 12S6, Pointe Noire. Rep.(hi('ongo; 2ENS.4, Chairede soiio-econone, 
rurlJh.I)ph e I'hlt, 34060, Montielier ce 'x,france 

.lhtract.'he agroforestry garden system in Maninjau in West Sumatra is 
characterized by an intensive integration of forest species and commercial 
crops forming a forest-like system. The intimate association of different 
species provide; both subsistence and commercial products which supplement 
rice production. This complex agroforest is managed by a combination of 
cultural practices and respect for natural processes of vegetation production 
and reproduction. It represents a profitable production system and constitutes 
an eflicient buffer between villages and protected forest. The system represents 
a sustainable and flexible association between forest resources and cultivation 
of cash crops. 

I. Introduction 

The Minangkabau area in the province of West Sumatra of Indonesia is 
characterized by an ancient culture and a diversified agriculture that combines 
irrigated rice with perennial crops. Tropical forest that once dominated the 
area is now restricted to protected stations only. The District of Maninjau has 
developed impressive tree gardens which combine commercial tree crops and 
managed forest species and dominate the agricultural landscape. These gar
dens originated a long time ago, probably from managed -- or re-established 

forests associated with forest clearng for rice growing. 
The Maninjan agroforestry system was studied intensively during 1983/84 

by a multidisciplinary team having special interest in forest botany and 
ecology. socio-econom ics and agronomy. Some detailed reports from this 
study have been prepared on different aspects such as the structure, architec
ture, botanic composition, use of plants and management practices of the 
system (Michon 1985) and their socio-economic characteristics, production. 
relation with lie other components of the production system, and place and 
role ii the peasant econom\ ( Marv 1986). 

* Originally published in ..igr ./lretriSY.tem 4: 315 338 (1986). 
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This paper summarizes tile salient functional aspects of this interesting
multistoreyed agroforestry system and evaluates its research needs and extrap
olatability. 

2. General description of the area 

2.1. Geographic location 

The area of Maninjau is located in the central part of the Province of West 
Sumatra (0 I S, I0(I E) and belongs to the Minangkabau country. The 
location of' the study area is indicated in Fig. 16. L 

The area covers about 300 km , about a third of which consists of Maninjau
lake, occupying the bottom of the ancient crater of Maninjau. It is bordered 
to the east bv the rice-growing plateau of' Bukittinggi (the heartland of 
Minangkabau country) and theto north by a remote mountain area. The 
crater opens to the west by a narrow rift towards the coastal plain of Padang. 

2.2. Biop~hjsical e'ironment
 

Climate. The area receives 3,000 4,500 mm of rain per year: the eastern part
is the driest. The rainfall peak occurs in October-March, with sometimes a 
short drv season- in February: the usual dry season (with less than 200 mm 
rainfall per month) is in July August. The rainfall pattern is characterized by
violent storms in the afternoons. The average temperature remains steady
throughout the year at about 25 C at the lake level.
 

Topgraph ' and soilv. Topography is characterized by the predominance of
 
steep slopes. To the south and 
to the west. the lake is directly surrounded by 
very steep slopes (more than 40 )ending in a ridge up to the border of the 
crater: the lake terrace is less than 100 in wide. To the north and to the east,
the terrace forms a wider plain undulating at 500 2,000 inlup to the bottom 
of the crater slopes. The lake is at an altitude of 450 In,and the crater ridges 
reach 1,200 1,500 in ,.s.l. 

Soils are young and loose volcanic soils (Andosols) that are rich in nutrients 
but very unstable in structure and therefore prone to erosion and sliding.
Numerous landslides occur during the rainy season and the soils on the lower 
parts of' the slopes are rocky and stony and poorly compacted on the upper
parts of the crater. Peasants maintain a permanent and efficiently protective 
tree cover on the slopes to avoid serious landslides.

(' etrt,,io , The ntural vegetation is tropical rain forest (Ogino el al. 1984). 
It still covers 30 79% of the total land area in different villages, and remains 
quite undisturbed from 900 m altitude up to the crater ridge. Above 800 m 
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a.s.I, it is a typical mountain forest with Fagaceae (Qr'rcus and Castanopsis), 

lauraceae and Myrtaceae as canopy tiees, and Anacardiaceae (Alangili,raand
.Swintoni) or Shora platyclal s ( Dipterocarpaceae) as emergents. Due to the
violent winds and landslides, this natural forest is highly perturbed: lianas are 
numerous (among which arc rattans) and big Ficu.s appear to be efficient soil
stabilizers %%iIi their ahuntllld'lnt roots. On the steepest slopes, forest is replaced
by a hi ishy fo rimation w ith !/ananus,ferns and herbs. Below 800 In a.s.l.,
what remains of the original forcst is characterized by overstorey sl-ecies
Burseraceae (('anari,n, 

of 
Santiria, IDacryodes). Fagaceae (Lithocarpus, Quer

cro), some spared I)iplerocarpaceae (Slora stinallrana, S. .'ororia, Hopea
fe'garaneu', ~Parashorea utcid(a). and .. crorarpus raxini/lius. The under
storeN veectation consists of Meliaceac (Al'aia arien'a,.A. gango, (hiso
ch'hl spp.. I)i..\l,0 MdiT CteroetI., 1). caltiou/Io*run, 1ooltt sinensis),
l-anrace re (( 'innelltm 'n.
tl lpar'enl Litsea spp., A'clinothcpitne sp.), An
nonaccac. |Iuphorhiaccac and Myristicaceae. speciesTree of' earlier succes
sional formations Ire very coiion: -'tolut'h's s.umnalrma (Datiscaceae),
.lwol
lia :UA li/u/ca ( Apocnaceac). Trminhalia spp. (Cornbretaceae), Pisonia
unih'l/ilera ( Nyctagiriaceac), and Ariocarpus spp. ( Moraceae). Most of' theseforest species are also frequently found in the agroforestry system and are
retained and managed by peasants for various purposes. 

2.3. Lanl-use s.s ms 

.,Agriculture. The area of' Mlaninjau is characterized by a settled, smallholder
 
agriculture with two 
major components: 

Rice cultivation on perniamnent irrigated ricelields located on the lake
terraces and at the bottom of the slopes, covering 13 75% of the total
agricultural land of' villages (or 3.5 30% of' the total land of villages). Rice
production is mainly for home consumption, but surpluses are sold in
villages. From 

some 
one to three harvests per year are obtained depending on the

availability of' water and labour ,pportuni ties; rice fields are also planted
with vegetable crops such as chillies, egg plant and encumber between two 
rice crops. 
Mixed tree-gardens (the "agroforest-) for both commercial (spices, coffee,
Fruits) and subsistence purposes (wood, fruits, vegetables, etc.) are the other 
major agricultural system. This is described later. 

A schematic presentation of the structural configuration and arrangement
of' these land-use systems is presented in Fig. 16.2.

Livestock consists usually of chickens and some sheep or goats; in some
villages, water buffaloes are also kept, mainly as draught animals for work in 
rice fields. 
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Fi.g. 16,2. Schematic presentation of the agroforestry land-useand pattern in Maninjau. (I)
durian + timber species + cinnvimon + nutmeg + coffee; (2) timber species + nutmeg + cinnamon;
(3) rejuvenated coffee gardcn with two-three overstorey timber/fruit trees; (4) neglected garden
%iih some fruit trees+ timber species and occasional agricultural species. 

Forestrr. There are no planted forests; wood for construction and other 
Common uses is obtained from mixed tree gardens. Most of the natural forest 
above 900im a.s.!. (on the steepest parts of the slopes) comes under the status 
of' "Forest Reserve", which is State managed. This status dates from the 
colonial period, but the boundaries of the reserve have been slighly extended 
for several years by the Indonesian Forestry Services for protection purposes.
Wood and rattan collection is strictly forbidden by law. 

Agro/restry'. The main agroforestry system consists of the gardenstree 
locatcd on the slopes between the villages and the forest reserve. A typical unit 
is shown in Fig. 16.3. These gardens, known as parak, make up 50--88% of the 
agricultural land in different villages (13-33% of the total land). They are 
characterized by high species diversity, high density of trees and a complex
and layered vertical structure. 'They provide both commercial and subsistance 
wood products, including typical minor forest products such as wild forest 
fruits and vegetables, forest medicines, etc. Agricultural tree crops such as 
cinnamon, nutmeg and coffee and cultivated fruits, and short-duration crops
such as chilli, tubers aid beans are also obtained. Patterns of production and 
reproduction of the species are close to those in natural forest ecosystems;
man's intervention is restricted to the harvest of products and some planting 
of a few species. 

Apart from these mixed-tree gardens, there are also the homegardens of the 
,
villages a,a minor component of the farms, but they are not developed

around all houses. They include ornamental plants (in front of the house), and 
valuable fruit species that peasants are reluctant to grow in the slope gardens 
for security reasons. 

Others. The lake is used for important fishing activities, especially in the 
southern and western parts of the crater. Fish are caught for home consump
tion and for sale on the crater markets. A particular kind of very small fish 
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Table 16 i. Socio-econonmic characteristics of some typical farms and villages in Maninjau. Western Sumatra. 

Characteristics 

Total village land 
Total agricultural area 
Total area of rice fields 
Total area of "agroforest" 

(mixed gardens) 


Total area of other agric. land 
homegardens, abandoned fields 

Ratio agroforest area/rice field area 

Total population living in village 
Number of households in village 
% of original village population 

living outside the province 
Population density/km2 

Population density reported to the 
area of cultivated land 

% of household with non-farming
main activity 

Mean (M) and range (R) of 
rice field unit (ha) 

M and R of agroforest size (ha) 

M and R of agricultural land 
per household (ha) 

Village I Village 2 Village 3 

Total 
area 
(ha) 

% of 
agricultural 
area 

7otal 
area 
(ha) 

% of 
agricultural 
area 

Total 
area 
(ha) 

% of 
agricultural 
area 

1.800 1,000 750 
1,250 

540 
100 
43 

640 
220 

100 
34 

160 
20 

100 
12 

280 22 342 53 100 63 

434 35 80 13 40 23 

0.5 1.6 5 

2,302 3.453 1.200 
416 540 204 

50 60 70 
128 345 160 

185 540 750 

1 16 11 

M:I.3 M:0.4 M:0.1 
R:0.5 to 2 R:0.I to 0.7 R:0.01 to 0.3 
M:0.67 M:0.63 M:0.5 unit 
R:0.1 
M:3 

to R:0.05 to 2 
M::I.18 

R:0.0! 
M:0.8 

to 2 

R: no data R: no data R: no data 
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who had planted them, and so on. In Maninjau, the upkeep of a garden -- but 
not the control over land or tree produce is handled by opr; person who has 
the right to plant new trees or annual crops and harvest what he has planted 
for himself (the trees concerned are mainly coffee, cinnamon and wood 
species). Bat the produce of other trees (fruit of long-lived wood species and 
nutmeg) is shared among all the members of the clan, and decisins concern
ing the sale or mortgaging of' a piece of land have to be taken communally. 
This land-tenure system is a good warranty against the excessive subdivision 
and fragmentation of' prod uctive land and against the accum ulation of 
ownership by rich people; it also reduces the chances of any sudden transfor
mation of the agricultural system: land cannot be sold or transformed, a tree 
cannot be cut down by the individual decision of a single owner (Ok Kung 
Pak 1982). Hlowever, this may have good as well as bad consequences.
 

'haracterius fi.hinrms nd ri//ages. The size and 
 the form of the manage
ment units are not uniform. Three situations from three different villages are 
presented in Table 16.1, which reflect the heterogeneity among the villages 
(Mary 1986). 

-- Village I: large extension of agricultural land and rice fields; 
Village 2: irrigated rice fields and total agricultural land not so extended, 
but intensively managed; tree gardens well developed; 

-Village 3: scarcity of agricultural land, particularly of rice fields; tree 
gardens dominate. 

Road and market .acilities. Maninjau is presently well related to the 
neighbouring areas: a car can reach the international harbour of Padang (100 
kin) by a new road (about three hours), and the main regional market centre 
of Bukittinggi (40 kin) in two hours. There are regular public transport 
services from villages in the northern and eastern parts of the crater. However, 
the villages in the south and west have no roads suitable for vehicles, and the 
main mode of' trallic is small boats crossing the lake to the district centre or 
to the western roJad out of the crater. 

There are co-operatives for rice cultivation and processing or sale in each 
part of the crater, and a co-operative dealing with cultivation and marketing 
of spices and coffee For the south-eastern part. In other areas, marketing of 
products occurs through local traders. Credit facilities are developed only for 
rice. 

3. Strurtzure of the system 

Agroforests in are homogeneous either inManinjau not composition or 
in structurL. The different combinations of crops, and of cultivated and 



251 

spontaneous components, result from historic and economic criteria. However, 
they form a dense, forest-like cover on the slopes (Michon 1985). 

3. I. Components of the agrofbrest 

Culti'atedannual crops. Annual - or short-cycle - crops are by no means 
dominant in the agroforest: they form a temporary, occasional component 
which appears at the time of re-emergence of the undergrowth of gardens, often 
in association with cinnamon, coffee or nutmeg. These are the same crops which 
can be grown in rice fields between two rice harvests: chilli (Capsicum amntum), 
egg plant (Solanum ne/ongena), maize (Zea mays), beans (Vigna spp., Phaseolus 
spp.), cucumber (Cucmissatir'uts), bananas (Musa paradisiaca),papaya (Caricc 
ppaya). etc. Tuber crops are avoided because of the high degree of depredation 
by wild pigs. 

Tree,crops. These include only planted trees which receive care and attention 
and are systematically harvested. Agroforests usually have only six common 
cultivated tree crops: 

Durio zi/wthinus (Bombacaccae), durian. A large tree up to 40 m high, 
producing large fruits, is the main component of the agroforest canopy and the 
main tree species of Maninjau. It originates rom the natural forest of Western 
Indonesia, bears fruit in July August from Pile age of seven years to more than 
100 years. The ruits are both sold to local traders and abundantly constmled, 
in peak seasons, durian isconsuned in even greater quantities than rice. Durian 
is propagated from seeds collected from the best fruits and planted in chosen 
places in tile gardens. The trees receive no special care, but before the fruiting 
season the undergiowth is cleared in order to facilitate better collection of the 
fallen fruit. The trees are allowed to die naturally and often fall down during 
big storms. Wood is collected for construction purposes; it yields a valuable red 
wood suitable for partition panels (walls). 

Pterosperminmjan iculn (Sterculiaceac). This large-canopy tree, up to 35-40 
in high, is common in coastal and low-mountain forest of Sumatra. In the 
gardens it is found in association with durian. It is a fast growing tree grown
for construction wood and yields a red wood suitable for flooring and walls. 
It is propagated from spontaneous seedlings occurring in the gardens and can 
be harvested after 15-20 years; it can yield 30-50 boards (300-400 cm x 22 cm 
x 3-4 cm), for a diameter (dbh) of 35-50 cm. 

Toona sinensis (Meliaceae). A medium-sized tree native of local forests, 
growing up to 35 m high, is a valuable shade tree for coffee and nutmeg. It 
yields a good timber which is used for flooring or walls and for furniture. It 
is propagated from seedlings that are collected from clearings under mature 
trees (the seed needs a certain amount of light to germinate), and is harvested 
from the age of 30 years. A tree of 30 cm in diameter can yield about 25 boards 
(400 x 22 x 4 cm). 
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Cimmnomum burmani ( Lauraceae), cinnamon. It is one of the major export
crops of' West Sumatra, and for centuries has been cultivated in Maninjau. In
the agroforests, it is one of the three understorey species;malor is grown
under a dense stand of durian, Pterospert tum an(d other species, from
seedlings collected in the gardens and kept in a nursery for one year, or 
preferably from coppice shoots occurring after harvest. Bark can be harvestedwhen the tret: is 8 10 years old (dbh above I0 cm; total height up to 15 i).
For harvesting, the tree is cut and the bark of truk and branches collected. 
The average yield is 8 kg of dry bark per tree. Wood, front which the bark has
been peeled off is also collected as fuclwood for home cons'!mption or sale. 

The average density of a cinnamon stand in the gardens varies between 800
and 1.500 trees'ha, depending on the type of association with overstorey trees
and with nutmeg, and on the strategy chosen for harve. t. 'The stand becan 
harvested at once, and then replanted totally, or regularly collected (10 20 
trees cut every year, which are allowed to regenerate to produce coppice
shoots). Yields are better in dense stands and Upper parts of the slopes (C.
burmani is a tree native to the mountain fbrest,. over 00 in a.s.l. - in
Sumatra and it can be grown at lover altitudes only under a dense canopy of' 
shade trees which maintain a humid and cool microclimate).


Alvl'risiica/h'agrans(Myristicaceae), 
 nutmeg. This medium-sized tree, up to
20 ni high. is a native of the eastern parts of' the Indonesian archipelago.
Nutmeg i- grown from seeds collected from mature trees and kept in nurseries 
for one year. Seedlings are established under a light canopy of' durian and 
Toona, and can be associated with a cinnamon stand. Densities for nutmcg 
vary from 300 to 500 trees/ha. The tree bears fruits after six years, and
produce for 50 

can 
70 years. There is no proper fruiting season, but peaks are in 

July and January. Average yields vary from 10 to 30 kg of dry nuls per tree; 
macis is also collected and dried. 

CIA]'ea canephora ( = C. robusta) ( Rubiaceae), coffee. Coffee haa been a 
dominant component of' agroforestry systems until about 1940, when cultiva
tion was abandoned. But it has recently been re-established. Coffee is planted
from seediings collected from neglected plantations on the upper parts of the
slope, under a light canopy of durian. During the early years of establishment, 
young coffee trees are associated with banana and papaya trees: at the 
tiume yourg Toona trees as well 

same 
as some Pterospernumn, Alangh'nz, Leucaena


and Acfnohiphne are planted within the coffee stand. The stand is manured

with decomposed pericarp of durian fruits. Pruning of coffee trees is not a 
common practice. The level of production is generally low: an average of 120
kg of dry fruit per hectare. The peak of production is in July-August,
although there is some fruiting throughout the year. There is no sole-crop
stand of coffee in these agroforests. After the dramatic decline in the coffee 
economy in the 1930s, peasants have become careful to associate coffee (and
commercial crops in general) with fruit trees and wood species that have a 
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long and proven history in the socio-cultural set up of' the villages, so that 
these trees act as shade trees fbr coffee and improve the total output from the 
gardell land. 

Other tree, and shrub .Vwcies. Many other species are important in the 
agroforest. There are planted species and species which reproduce naturally 
withou t any humani intervention, but which are retained, managed and 
harvested for various purposes. These are species originating from the native 
I'orest as vell as pioneer species from secondary formation or species from the 
"cultivated" world. A list of such species is given in Table 16.2. 

In addition, many plants are collected as medicinals or for traditional uses. 
Other species with no particular use are considered soil improvers: these 
incltidc Etutrritn orl'Utum, a common Pisonia ubc//'ra, a large(/M weed, 
tree with s10ooth wooL, Lo/rtc'ue stiMoluns, atdangerous Urticaceae, etc. 

.Animals.Some buffaloes are kept for grazing in the agroforest, but the main 
a ni mal componen t is !he wild Iatuna: its role in pollination and seed dispersion 
is important, but it represents t major danger for fruit and tuber crops. Main 
lepredaitors are m,'n keys (Prsh*vtis rubic ndla, the leaff Macacamonkey; 

flc'tfl.Otrinuu and Al. /i ris, the macaques: some gibbons: t Vl/bates s*vn 
thdtlus), civets, squirrels wild The Malay sunbearand pigs. (Helarctos 
mal/anus), the "'binturong'" (Artictis binturong), some tigers and wild cats, 
wild goats (Cupricortlis .ntli ru ,s.vis), may represent, to a lesser extent, some 
danger for crops or people. 

3.2. '1 rranget' of ("'Ot)Poll/ellS 

One of the distinguishing features of the mixed gardens is their species 
diversity: there is no single perennial species that dominates the gardens. 
Factors influencing the composition and the architecture of the gardens 
include the size of the agroforest plot in relation to that of the rice-field plot 
managed by the ftunily, the degree of clearing carried out, cash vs. consump
tion needs of the family, and location of' the plot (in altitude as well as its 
location in the crater). However, all the plots are characterized by an intimate 
arrangement between overstorey and understorey species, which can be 
analysed by using the terms of forst-ecosystem analysis: vegetation structure 
Ind architecture are characterized by different layers of mature productive 
trees which are defined as "structural ensembles" or "'producing ensembles" 
Michon t al. 1983). 

)epending on the dominant tree crops in the plot, two schematic types of 
gardens can be described as follows: 

Drian+ ivood .Vwies + cinlnamonl/futmeg comhination. In this first type of 
garden, two structural ensembles of' productive trees are dominant: the canopy 
ensemble, comprising Durio and Ptero,;permunm, occupies the upper strata (up 



Tab/e 16.2 "Non-cultivated'" but useful tree species in Maninjau agroforestr, systems. 
Main use 

Construction wood.Acrocarpusflr.xi,if /ius (Mimos.) 
4ctinodaphne sp. ! Laurac.) 
.-Iglaia spp. (M:liac.) 

.4langiuni kurzit ,:..ng.) 

.4 'tonia angust-'oha (Apoc.) 

Antidesnia sp. (Euphorb.) 

Bish/ofia jaranica(Euphorb.) 

Carallia brachvata (Rhizoph.) 

Dvso.\v/on spp. (Meliac.) 

Litsea spp. (Laurac.) 

MIacaranga tanarius (Euphorb.) 

Mfa//otns spp. (Euphorb.) 

Mtorus macroura(Euphorb.) 

Naucla spp. (Rubiac.) 

Parashoreahcida (Diptero.) 

Shorea sunmatrana(Diptero.) 

Shorea platvclados (Diptero.) 

Shorea spp. (Diptero.) 
Toora, surenii (Meliac.) 
Trena orientalis (Ulmac.) 

Fruits 
Annona nuiricata (Anon.)
Artocarpus integer (Morac.) 
Art. /wterophivlhts (Morac.)
Averrl oa bilimbi (Oxalid.) 
Arerrtoa caremlbola (Oxalid.)
Baccaurea spo. I Euphorb.) 

Citrus grandis. C. hyvstrix. 
C. aurant o/lia. C. microcarpa.C. niedica. C. sinensis (Rutac.) 

Growth form 

Tree 

Tree 


Tree 

Trce 
Tree 
Small tree 
Tree 
Tree 
Tree 
Tree 
Small tree 
Small tree 
Tree 
Treelet 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 

Treelet 
Tree 

Tree 
Treelet 

Treelet 
Trees 

Trees 

*Origin 

F1 

Fl 


Fl
 
F1 and FII 
Fl and FII 
Fli 
FI1 
F1 
Fl 
Fl 
FII 
1- ind FIl 
F! 
FII 
F! 
FI 
FI 
F1 
F1 
F11 

HG 
Fl, HG 

HG 
HG 

HG 
Fl and HG 

Fl and HG 

Secondary use
 

All species also used 
as 
fuelwood 

Wood for houses and tools 

Construction wood 

Very good timber (hardwood) 

Common for rmedicine 



Eugenia equea. E. ,nalacc'ensis.
E. jatanica. E. n/ichelii (Myrtac.) 

Garcinia mangostana (Guttif.) 
Flacourtiarukeni (Flacourt.) 
Lansium, domestie'un (Meliac.) 
AMangifi'ra indira (Anacard.) 
f..f etida 

.M. odorata 
Nepheliunl lappaceum (Sapind.) 
Ausa paradisiaca (Musac.) 
Psidium guaia'a (Myrtac.) 
Salacca edulis (Arec.) 
Spondia rytherea (Anac.) 

Vegetables and spices
 
Aleurites moluceww (Euphorb.) 

Claoxyon spp. (Euphorb.) 

Eugenia poiyantha (Myrtac.) 

Parkia speciosa (Mirnos.) 

Pithecellobiu,n iringa (Mimos.) 

Pangium edule (Flacou;t.) 

Areca spp. (Arec.) 

Arenga pinnata (Arec.) 

ferns 
Dichiiopteris irregularis 
Diplazium escuientum 
Stenochlaenapalustris 

Others 
Pandanus tinctorius (Pandanac.) 

Trees 

Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Tree 
Herbac. 
Treelet 
Palm 
Tree 

Tree 
Bush 
Tree 
Tree 
Tree 
Tree 
Palm 
Palm 

Herbs 

Bush 

* Fl = primary forest, Fl = secondary formations, HG = 

Fl and HG 
HG 
Fl and II 
HG 
HG 
Fl, HG 
F! and HG 
HG and Fl 
HG and Fl 
HG 
HG and Fl 
HG 

Introd. 
Fl and Fl 
Fl and HG 
Fl 
F! 
FI 
Fl 
Fl 

F1 

FI 

often cultivated in the homegarden. 

Wood for houses or others 

Good hardwood for houses 

Construction wood and leaves 
as vegetables 

Leaves as wrapping material 

Construction wood 

Sugar palm and fibres for roofing 

Leaves for handicraft 

Food, material for cooking 
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to 40 in high, relative cover equals 90% of the plot surface and the tree density
is about 110 productive trees/ha). A cinnamon or nutmeg stand forms a lower 
ensemble between 5 and 15 in high which covers up to 70% of' the plot
surface. Between these two distinct ensembles, discontinuous tree layers are 
also present, notlably one between I and 22 ni high with 7loom, and
Alangium, and another between 5 and 12 in high with fruit species, the latter 
interfering with the nutmeg/cinnamon ensemble. Tho ground layer is occupied
by spOntaneous grasses and by some PwnI.n uS. Young replacement trees are 
also present between these productive tree layers, but obviously they do not
have a delinite place in the garlcn architect ure. The difl'erent enscm bcs 
overlap, which induIces a high degree of leaf cover (a cumulative canopy cover
of' about 200)% of' the plot surface). When both nititneg and cinnamon are 
present in the mixture, the lower ensemble becomes quite dense from the
ground to 18 m, reducing the relative abundance of spontaneous components
(which often occurs in nutmeg- or ciIMnanion-dominated gardens). Figure 16.4 
shows a gardhen with durian, loom and nutnicg and Fig. 16.5 is a photograph 
of a cinnamon-dominated garden. 

( o'e um/ II-(t1! .p'ch.v 'sali.sheldunth,r frees. Most of the coffee gardens 
are iewly established, they take the place of' nutmeg gard ns or are established 
in previously neglected gardens. The tree canopy in coffee gardens is not as 
dense as in other types and provides only 30 50% of' relative cover. The coffee 
stand will occupy the space from the ground to 5 mi, with a stand density of
1,500 bushes/ha. Various trees are introduced at the same time; they are 
mainly woody species which will form different layers when mature (i.e., 

Fq. 16.4. An agroforestry garden with durian and Toena sinensis as the overstorey species and 
nutmeg as the understorcy species (Photo: G. Michon). 
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Ihg. 16.5. Bark of cinnarnon being harvested in a cinnamon-dominated garden (Photo: G. 
Michon). 

within 20- 0 years when the coffee declines). 2"terospernuon and Actinodaphne
will reach tht. canopy ensemble, whereas Toona and Alangium will constitute 
a lower ensemble (20 -30 m). During the establishment phase, bananas are also 
planted and form a productive lower ensemble from 0 to 2 m. Coffee is often 
associated with cinnamon which will form another ensemble (5-15 m) with a 
low leaf cover (the density of the cinnamon stand being less than that in the 
first type). 

The association and the interactions among the different types of gardens 
lead to a complex mosaic on the slopes. Although the specific composition ind 
configuration of individual gardens can change over time, the overall "agro
forest cover" remains stable in time and space. Changes from one type of 
garden to another, or from an abandoned garden to a renewed one, often 
occur without any drastic change in the overall structure because clear-cutting
and burning are avoided and replacement of crops and trees is progressively
staggered so that the balance between the component canories is usually 
maintained. Figures 16.6 and 16.7 are schematic representations of the 
structure of' these two major types of agroforestry garden systems. 

3.3. Management 

In managing their g'dens, the peasants adopt "agricultural" practices (plant
ing, clearing, manuring, cutting, etc.) and undertake integration of natural 
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Fig. 16.6. Schematic reprcsentation of the structure of a "durian wood species + cinnamon/nut
meg" combinion garden. 

processes of organic-matter and nutrient cycling and vegetation regeneration.
The major determining factor in the maintenance of gardens is the functional 
interactions among plants - or between phints and soil -- and among biological
cycles of each individual plant.

Peasants have an intimate knowledge of the ecological requirements of
agroforestry species. For example, cinnamon, a medium-altitude species, when 
grown undcr 800 in a.s.I, is never put in a position of direct exposure to
sunlight but is planted under adense canopy which will maintain the optimum
temperature and humidity. Toona, which is a "gap" species in natural forests,
cannot germinate under the shade of gardens. In order to obtain seedlings, the 
peasants manage opened places near Toona trees by thinning the canopy and 
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Fig. 16.7.Schematic representatio of" he structure o1a"4coffee
+ timber species under traditional 

trces" combinationl garden. 

clearing the undergrowth; .othat the seeds produced by mature trees germi
nate and seedlings are transplanted after one or two years to chosen places 
when they, call withstand shade. 

Regular planting of' seedlings is done for a flew species only; and even forthese "planted" species itisnot the exclusive method of reproduction.
 
Planting isalways complemented by natural regeneration. The main effect of
 

planting is that tile peasant can choose the location of the future tree andpromote better growth by associating the seedling with decaying or decompos
ing trees which will ensure better fertilization. In additir pcinder trdonly 
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way in which the composition of' a garden can be changed or a dominant 
stand (cinna11on or coffee) renewed. 

Except for coffee, cinnanmon and wood species, trees are not eliminated
before they die or fall down naturally. This natural elimination leads to a free
place in tile lower layer; or a gap in the canopy. Wood, if valuable, is collected 
or left to decompose on the ground. The evolution of' gaps can be summarized 
as follows: 

IIthe size of the gap is reduced, the increase in light at ground level and fihe
availability of space stimulate the growth of replacement trees waiting in the 
undergrowth that soon close Iptile opening;
If no replacement trees are present, or if change is needed, the opened place
is used for the introduction of' new trees; seedlings are planted near tile 
fallen wood, which will ensure a good fertilization; 
if' the opening is wide (mainly in renewed where are elimigardens trees 

nated by tilepeasant, or afler 
big storms), young seedlings will always be
associated with short-cycle, light-demanding crops (bananas, for example),
Which constitute a 'pioneer equivalent" phase and containl tile development
of natural pioneers. This practice, besides reducing tile occurrence of
natural seedlings and succession species, provides fora good environment 
the first stages of' growth of' the seedlings, which benefit from light shade, 
humidity and the care given to tile banana crop. 

In tie case of* wood species, harvest acet, as a natural "thinning" and tile
evolution Gf' the induced gap is tile same as that described above for natural
stands. But, f*or cinnanion, especially when tile stand is harvested at one go,
harvest induces an abrupt disruption of' the garden structure. Inorder to avoid
invasion by undesirable species and to promote a good regeneration of' the
cinnamon stand, clearings have to be repeated during the first three years, and 
thinning of' tile coppiced shoots is necessary.

The colonization of' the ground layer of the agrof'orest by aggressive species
(hipatoritun odorattum, Lanttan camara or Urticaceae species) can be an

important Iactor and regular clearing is needed. Gardens are 
usually cleared
 
before tile durian season, but 
 this clearing remains selective: ferns are encour
aged (as valuable vegetables), and natural seedlings and saplings of interesting
species are retained and looked after. 

Retaining natural seedlings applies to fruit species, and above all, wood
species. "These young trees can grow under conditions of heavy shade and
produce straight poles. Trees with poor form (such as Pteroslwrinu, which
 
branches 
near the ground) are pruned in order to promote a better shape and 
better yields. 

Consequently, an intimate association between crops reduces the occurrence 
and the consequences of pest attacks. However, an important disease is 
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reported in nutmeg in the southern part of the crater, which is so serious as 
to threaten the cultivation of nutmeg. No treatment (chemical or biological) 
is available to the peasants. Some disease occurs on cinnamon also, but the 
trees are not attacked until they are six years old and the bark can be collected 
when the trees begin to die. No problems are reported for wood species. For 
fruits, the main threat is the high degree of depredation by the wild fauna. In 
the fruiting season the peasants try to scare away monkeys and squirrels by 
making loud noises in the gardens, but the effect of this method is only 
transitory. 

4. Functional aspects of the system 

4. 1.Resource input and utilization 

Lanl. In each village, agroforest land is divided among clans, each clan 
owning a piece of land of varying size from the village up to the forest. Within 
each clan's property. plots are allocated to individuals (the average size of 
the allocated area varies, according to the villages and families, from 0.01 
to 3 ha, with a mean value of 0.63 ha). However, trees, except for cinnamon 
and sometimes coffee, are not so allocated and are harvested by the whole 
clan. 

The land for rice fields is also allocated to individuals on the same basis. 
However, the topographic differences among the village result in a great 
difference in rice fields area per family from village to village - means vary 
from 0.1 to 1.3 ha per family. Distribution patterns of garden land are more 
even anong villages. 

Lahour. An average number of 5 persons per household is common with 
only a few young men aged between 18 and 35 years (because of out-migra
tion). In the agroforest, only family labour is used. The peak season of farm 
operations is during the durian season and at the time of cinnamon harvest. 
If needed, mutual help from other farmers is availed of for the cinnamon 
harvest (men cutting the tree, women peeling the branches and carrying the 
bark to the village). Most tasks in the agroforest have no fixed period and can 
be staggered if necessary. Firewood collection and clearing are usually done 
by women and planting by men, fruit collection is done by all the members of 
the family. Cutting and sawing Iptimber trees is done by specialized workers 
who arc paid in kind (a part of the wood) or cash. 

Garden work is delayed during the peak periods of labour demand in the 
rice fields, such as land preparation or harvest. However, durian collection, 
which employs everyone full time, is given top priority; rice harvest can fail if 
it coincides with the durian season. 
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Capital and other inputs. There is no mechanization of the work in thegardens, and the use of animal power is minimal. However, some villages havetractors for land preparation in the rice fields, and buffaloes are also com
monly used. The only tools used in the gardens are machettes, axes, hoes andsometimes chainsaws. Seeds are collected from the agroforests. Pericarps and
other wastes from durian or nutmeg and dried pericarp of coffee are used as manure, mainly for coffee. Chemical fertilizers are not used. 

4.2. Production 

Production figures have been obtained for commercial products, but estimated
for consumed products. Of the total income from agricultural produce (ricefields + gardens), the agroforest products account for 26-80%. One hectare ofgarden produces Rp 365.000 5,000,000 (1,000 Rp= I US dollar in 1985).Individual crop products are given in Table 16.3. The total value of the wood
product!; is an underestimate because only the commercialized part could betaken into account. The total value of products collected from wild plants isalso unknown. A summary of the role of the agroforestry gardens in satisfying
the basic needs of villages is given in Table 16.4. 

Table 16.3. Value of the agroforest products in two villages. 

Product Mean price lome Total (million Rp) 
(Rp) consumption/
 

sale Village I Village 2
 

Cinnamon 
Ist quality 680/kg 0/100 41.1 133.8 
2nd quality 250/kg 

Nutmeg
 
nuts 
 1,800-900/kg 10/90 3.6 15macis 1,950/kg 0/10


Coffee 1,000/kg 10/90 16
Durian 
 150 250/fruit 10/90 
30 

17.5 165.5Firewood 300/set 70/30 4 13.5Timber Variable 60/40 20Others Variable 90/10 
25 

No data No dataRice 300/kg Variable 285 192 
Total value 

387 514 
Total value (agroforest only) 202 514 
Total value/family 

931,000 1,222,000 
Agroforest value/family 

49,000 93,000 

I US S= Rp 1,000 (approx.) (1985). 
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Tahh, 16.4. The role of agroforestry gardens (AFG) and rice fields in satisfying the basic needs of 
the villagers. 

Types of needs Source of product or money 

Food needs
 
riCe Rice field
 
fruit Collection in AFG and homegarden
 
vcgetables and spices Collection in AFG, homegardens and
 

dry fields
 
mct and fish Homegardens, I- ke and stireams
 
collee AFG plantati v
 

Non-food needs
 
firewood AFG (cinnamon and dead wood)
 
construction wood and
 

material AFG (culture and collection)
 
daily expenses (school)
 

and others AFG: sale of cinnamon, nutmeg, coffee
 

Seasonal expenses AFG: sale of durian, cinnamon, coffee 

Exceptional expenses AFG: sale of timber trees 

Money savings AFG: surplus from sale of durian, 
cinnamon 

5. System dynamics 

5. 1. Growth qf the sirslem 

Boundaries between rice fields and agroforests, or between agroforest and 
forest, are well defined and already fixed. No expansion of agroforests has 
been reported in recent times. However, some structural changes occur within 
the agroforestry mix itself. In some villages, the relatively large areas under 
rice provide surplus rice for sale; then agroforests are not well tended and they 
are used mainly for collection of products such as wood (fuel and construc
tion), fruits, vegetables, etc. for domestic use. 

Gardens located tar away from villages, which were previously dominated 
by coffee, are also often abandoned. However, some of them are renewed by 
clearing and/or harvest of the coffee stand. 

5.2. Sustaihabiliti, 

Though agroforests can yield multiple products for home consumption as well 
as for cash, they are subject to changes as a result of the increase in 
population. The traditional out-migration is a factor that can neutralize the 
effect of population growth and maintain the system's continuity. Another 
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determining factor in the agroforst's stability over time is the strict form of 
land tenure which conserves trees and land as an inalienable inheritance. 

Failures have sometimes occurred for some of the commercial crops, e.g., 
COlleC, dtie to a drastic drop in international prices (1940), and the present 
nutmeg f-ul1urc due to severe pest problems. But they have not resulted in a 
general decrease in the area of the agroforest garden systei. Because of' the 
high diversity of species and their functions, aind their low-input nature, 
agroforests have a high degree of biological as well as economic stability and 
sustain:bilitV. They are also flexible systems: crops or tree species can be 
clianed without Iaffecting the overall structure and productivity. This gives
tle gardens a fundamental adaptability to changing economic conditions. The 
system's coniposition can he altered according to the economic situation: the 
subsistence and(1 cash coiiiponcnlts can replace each other if needed. The main 
negative point is the low direct 'rentability'" of the individual commercial crop
compared to the intensive monocrop plantations of the same species. But as 
export crops are high-risk enterprises, peasants in Maninjau prefer to put a 
stake in long-term susta inability than in immediate rentability. 

6. Evaluation 

6.I. Merits 

1. The continuous ground cover on the slopes is a sine qua non for the 
maintenance of the whole agricultural system. Agroforest cover, i.e., close-lay
ered canopy, a diversified root system and a permanent soil cover by grasses
and bushes, is essential to avoid disastrous landslides and maintain soil 
fertility on slopes and the stability of the rice fields. 

2. Agroforests act as an efficient buffer zone between villages and the forest 
reserve. The ecological transition between forest and open agricultural lands is 
progressive; agroforests ensure a continuous extension of forest structures 
down to the villages and their simplified homegardens. Agroforests also 
provide many products for peasant life: they produce wood, forest foods, 
material and cash income, as natural forests traditionally do for the forest 
people. and thus limit the intrusion of peasants into the forest reserve for
gathering purposes. The protection of' forest resources in the agroforest is 
increased sin-:e these resources are appropria.ed by families and managed in 
order to ensure their reproduction. Agroforests in Maiinjau represent an 
eflicient buffer for natural forest protection. 

3. The great species diversity of agroforcsts represents a valuable gene bank 
for forest species as well as for domesticated species. iVany species native to 
the original forest of the crater have been able to reproduce within the 
agroforest structtire which provides humid anda shady environment. The 

http:appropria.ed


265 

great Dipterocarp species have almost disappeared, but other valuable species 
of trees remain and reproduce in the agroforest. Various fruit and crop species 
represent years of selection (both natural and human). Durian, for example, 
has a great level of genetic diversity, and represents a valuable gene pool for 
breeding or improvement programmes. 

4. Export crops produced in Maninjau contribute to West Sumatra's 
exports. Significant among these are cinnamon (50/o of the sub-province 
exports) and nutmeg (55%), and to a lesser extent coffee (10%). Wood for 
construction and fuel frorn agroforcsts supplies the surrounding deforested 
areas while fulfilling local needs. 

5. Income provided by agroforests is comparable to, or even greater than, 
that provided by rice fields (annual net income of Rp 500,009- 800,000/ha for 
rice fields, Rp 365,000-1,2 10,000/ha for agroforests). Diversity of products as 
well as of production possibilities allows the peasants to distribute their 
economic risks. 

6.2. Constraints and requ frettents .br improvement 

I. Technical support is not provided for the agroforest as a system. Extension 
workers deal with cinnmamon, nutmeg or coffee as monocultural crops, experi
ments on improvement or pest eradication are conducted in monocultural 
stands, and actual plant associations as practised by the peasants are not 
taken into account. This is also true of th administrative aspects related to 
garden culture which include mainly taxes on land and produce. Taxes are 
paid to Forest Services for wood and forest products, export crops are 
attached to Plantation Services and fruits to the Agricultural Services. This 
makes for complex management and, above all, a complete misunderstanding 
of the agroforest system by administrative and technical services. Neither is it 
of any benefit to the peasants who have to pay different taxes to different 
services, and sometimes to pay twice for the same product. 

2. Pest problems have not yet been solved. In the southern part of the 
crater where nutmeg anJ durian are badly attacked by insect pests, and 
disastrous landslides have also occurred, the peasants believe in global "ill
ness" or "exhaustion" of the land caused by "spirits" and prefer to migrate 
out of' the area. 

3. Production levels from the gardens are fairly low. Clonal variations and 
irregularities in fruiting seasons cause: high variability in the production of 
coffee, nutmeg and durian from year to year. This situation could be rectified 
by using regular cultivars as well as improved management methods (pruning, 
cutting, etc.). 

4. The peasants have no control over prices for export crops. Trade 
co-operatives are limited to a few villages and should be promoted to ensure 
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a better control and provide storage, credit opportunities and nower for 
negotiation with the wholesale dealers in Padang.

5. Animal husbandry is not developed in Maninjau, as in the surrounding 
areas. Agroforests could provide a good basis for commercial husbandry wih 
cows or buffaloes with regulated grazing or integrated use of ground cover as 
forage. 

6.3. Evtrapolatahiiy 

Agroforests in Maninjau provide Igood basis for: 

Modelling eflicient butffer zones around protected forests. Interesting prac
tices and strategies of integration of forest resources into the agroforest
structure through cultivation of forest species and protection of natural 
components can be learned from the agroforest inManinjau.
Promoting peasanint integrated silviculture for timber. The variety of wood 
species and silviculLura! practices could serve is inexample for the sur
rounding area. Forest Services undertake "regreening" programmes near
Bukkittinggi, but they often use exotic species, seedlings of which are 
expensiv,.' for the peasant (the, are "government species" for the peasant
who is reluctant to plant or protect them). Integrated wood production
based on local species would have better changes to succeed and tile 
valuable species can he found in the Maninjau system.

Growing cash crops under a canopy of useful trees. 
 Peasants in Maninjau
have developed successful methods to manage export crops within a con
plex tree structure. Though they still need to be improved, the:e methods 
can serve as a basis for the promotion of commercial agroforests in similar 
areas. However, tile success of the Maninjau agroforestry system is closely
linked to a particular social system. Extrapolating this type of agroforest to
other areas with different socio-economic backgrounds can be problematic.
The influence and impact of the land-tenure system, and traditional laws 
and customs, have to be thoroughly studied in each case. 

6.4. Research nzeds 

The present study did not get detailed information on: 

Qualitative and quantitative interactions between plants and soil in the 
different types of associations;
 
Positive and negative effects between associated plants as far as yields or
 
pests are concerned; or
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Precise production data for commercial and subsistence products in differ
ent villages, as well as the variability of production during the year and over 
the years. 

In addition to the above, information on the following is also needed: 

Improving the use of the ground layer (by forage plants or valuable crops);
Better soil management techniques, especially for soil "rehabilitation" after 
nutmeg cultivation; 
Use of compost, green manurez or nitrogen fixing plants in order to improve 
yields of export crops: and 
The integrated use of pioneer plants such as Eupatorium, Lantana, and trees 
such as Laportea, Pisonia, that are traditionally known as soil improvers. 
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Addendum to Chapter 16 

!-ditor's Note 

Although this is the only paper from Indonesia under the "Agroforestry
System Description Series" of ICRAF's global inventory of agroforestry 
systems, there are several other well-known agroforestry systems in Indonesia,
for example, tile Taiuh kehun or homegardens of Java. Several studies have 
been reported on the Javanese homegardens and other agroforestry systems of 
Indonesia. The abstracts of two such descriptions that have appeared in 
Agroforstr1' S.visteu. are reproduced below with the consent of the authors 
concerned. 

I. Wiersum, K.F. 1982. Tree gardening and taungya in Java: Examples of 
agroforestry techniques in the humid tropics. Agroforestr' Systems 1: 53---70. 

Ti,'e gardening, or the cultivation of a wide variety of crops in a multiple
storeyed agroforcstry system, is an indigenous practice on private lands, while 
taungya, or the intercropping of young tree plantations with staple crops, is 
practised on the state forest lands. Both systems are described with regard to 
their management characteristics and past development as well as possibilities
and constraints for further development. These two practices are then com
pared on the basis of various attributes, like producer group, production 
purpose, area of cultivation, land-ownership situation, structural organization
of crop combinations, possibilities for improved cultivation techniques, and 
suitability for application in rural development for specific target groups. 

2. Torquebiau, E. 1984. Man-made Dipterocarp forest in Sumatra. Agro
.fbrestrt Systems 2: 103-127. 

Traditional plantations of Sh1orea jaranica in southern Sumatra deserve 
mention on three main points: (1) it is a rare case in Indonesia of successful 
cultivation of an indigenous species. This species being a Dipterocarp is an 
even more attractive reason: Dipterocarps are in the paradoxical situation of 
being the largest family of timber trees in natural forests of tropical Asia but 
are almost never used for silvicultural purposes; (2) the tree is grown in 
association with many other useful trees to constitute an agroforestry system
of both cash and subsistence incomes; and (3) such pLatations represent a 
good potential for the production of natural resin in the humid tropics. 
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17. Food, coffee and casuarina: an agroforestry system 
from the Papua New Guinea highlands* 

R. MICHAEL BOURKE 
Departnunt /"lluntan Geograplhv, Australian National Unitersii.|, G.P.O. Box 4, Canberra, ACT, 
2601, Australia 

Ah.srac . The paper describes an agroforestry farming system from the Papua 
New Guinea highlands (1,400-2,100 m) that has been developed by village 
farmers since about 1960 and has expanded rapidly since about 1970. Major 
components of the system are numerous species of annual and perennial food 
crops (especially bananas), Arabica coffee and Casuarina ol,odon. This 
system provides food, a cash c,'-i and timber for construction and fuel. It is 
likely that returns on labou ,nputs are very favc'trable, but no formal 
assessments have been made. Evalwtion of the system as a whole, and 
research on certain key components (casuarina ecology, banana cultivars, 
timing of operations), are suggested as high-priority areas for systematic 
studies. 

I. Introduction 

Just over a million people live in the central highlands of Papua New Guinea 
(PNG). Most of these are village dwellers whose major cash crop is Arabica 
coffee (Co!]a arahica). These smallholders produce 70-75% of the nation's 
total production of coffee, which is the major export crop. The majority of 
new coffee plantings made by smallholders in recent years have been in 
agroforestry systems that incorporate annual and perennial food crops, coffee 
and shade species. One such system is Jescribed here. 

2. General description of the area 

PNG, with a land surface area of 464,000 km2, is located between the equator 
and 12 S latitude and between 141 and 156" E longitudes. The dominant 
natural environments are mountains, foothills of less than 1,000 m altitude 
and peaks to 4,500 m. The central highlands consist of a complex association 
of mountains and intermontane valleys (Allen 1983). 

* Originally published in ,,gr/forestrrS stents 2: 273 279 (1985). 

P.K.R. Nair led ).AgrFl'orestry Systemns 269-275.in thelropic%. 
4 19, Klu, r Academic Publihers. Dordrcch! Printed in theNetherlands. 
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The nation lies wholly within the humid tropics and humidity is high
everywhere. The main influence on temperatures is altitude and, away from 
the moderating influence of the ocean, there is a very close and linear 
relationship between temperatures and altitude. Madang, with mean maxi
mum and minimum temperatures of 30'C and 23 C, is typical of coastal 
locations. Mount Hagen town (1,700 in) is typical of locations in the 
intermontane valleys with a mean maximum and minimum temperature of 
24 C and 13 C, respectively. Seasonal temperature variations are everywhere
small to negligible. Mean annual raintll varies from 1,000 mm to over 8,000 
mm, but most people live in locations which lie within the range of 1,500 ,o
4,000 mm. Many locations experience a drier period between May and 
September, but there are variations in this, including a reversal of this pattern 
in some localities.
 

Floristically rich and luxuriant 
 rain forests cover over 75% of PNG's land 
arca. The forest types are broadly categorized into five or six sections, based 
on altitude, floristic composition and physiognomy of the structural forms. 
They include various vegetation forms of lowland (coastal, mangrove, ever
green, etc.), montane and subalpine types (Kwapena 1983).

The system described here is practised estimated 25,000 ha in PNGover an 
highlands (Carrad 1982) at an altitude ranging from 1,400 to 2,100 in where 
the annual rainfall varies from 1,900 to 5,000 mm (mostly between 2,000 and 
2,800 mm). The soils on which the system is practised are variable, but 
typically contain significant amounts of volcanic ash, are high to very high in 
organic matter (5 to 20%) and are often poorly drained. 

Sweet potato (Iponioea hwalas) is the staple food of both the people and 
their most important animal, pigs. Numerous other species are grown as food 
crops, often in mixed vegetable gardens that do not include sweet potato. It is 
these mixed v:getable gardens that form the basis of a recently developed food 
crop/coffcc/c:isuarina system. At these altitudes, firewood for cooking and 
household heating is an important part of the ecosystem. In many highland 
areas it is now a scarce resource. 

3. Structure of the system 

The major species used in the system are numerous annual and perennial food 
crops, Arabica coffee and Casuarinaoligodon. C. oligodon is a fast-growing 
woody species that provides shade and timber for fencing, house construction 
and firewood. Its timber is easy to split and it burns well. The food crops
include bananas (Musa cvs) (mostly triploid cultivars at these altitudes), taro 
(Colocasia escuh'nta and Xanthosoma sagittibliun), sugarcane (Saccharwn
oficinarum), maize (Zea mavs), highland "pitpit" (Setaria palnifolia), Ata
ranthus spp., Oenanthe jat'anica,Rungia klossii and others. Other components 
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which may be present are nut pandanus (Fandanus jiulianettii) at altitudes 
above 1,800 in and oil pandanus (Patldanus conoideus) below 1,700 m. Pigs
commonly graze under established coffee/casuarina/banana stands, but they 
are not a critical component of the system. Cassava (Manihot escuh'nta) is an 
important component ofa similar system used on better drained soils, but not 
in this system on the wetter soils. 

The basic structure of the system is that mixed vegetable gardens are 
gradually converted into coffee/banana gardens and eventually into coffee/ca
suarina stands. Figure 17.1 shows the establishment of' casuarina and coffee 
mixed with food crops in an area where some mature casuarina trees already
exist. Figure 17.2 shows an established system with 3--4 year-old bearing coffee 
under the shade of triploid banana and some casuarina. Other agricultural 
crops are no longer cultivated at this stage. 

4. Functional aspects of the system 

The first phase is that fallow vegetation is cleared, drains are established and 
all of the food crops are planted in the mixed vegetable garden. Most 
plantings are made seasonally towards the end of the drier months (September 
to December). Coffee seedlings may be transplanted into the jardens when the 
food crops are planted, but usually they are not planted until the short-term 
crops, such as the leafy green vegetables, have been harvested. Casuarina 
seedlings are sometimes transplanted at the same time as coffee, but they may
be established tip to 12 months after coffee. Seedlings of coffee and casuarina 
are usually obtained from self-sown plants in older coffee gardens and along
alluvial flats, respectively. The food crops are planted in a mixed planting 
arrangement without regular spacing or species associations. By contrast the 
coflee and casuarina seedlings are planted in a regular manner that approxi
mates to the recommended spacing ( 1.5 x 2.5 m for coffee). 

The timing of planting of the major components is extremely variable. 
Shading of young coffee is provided by different species during different 
periods. Initially it is done by the taller food crops, particularly maize,
('olocasia taro and sugarcane. Once the bananas are established, they provide 
an increasing proportion of the coffee's shade needs. About a year after 
planting, they are the major shade species. After about two years, they are 
increasingly supplemented by the slower growing casuarina. Bananas and 
casuarina both provide shade up to 5--7 years, by which time casuarinas are 
replacing bananas. Depending on altitude, one or two Ptnanus species may
be significant components of the coffee/casuarina stand. 

The major input is human labour. The major outputs of the system are the 
vegetables that supplement the sweet-potato staple, the cash crop (coffee) and 
eventually timber from casuarina. Productivity and other details of the system 
are poorly documented. 
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5. System dynamics 

Coffee was promoted as a village cash crop in the highlands from the 
mid-1940s onwards. The official government recommendation was that 
short-term shade trees (Croialariu micans, Tephrosia rogelii) permanentor 
shade ,(ecies (('asuarina oldon, Leucaena h'ucocephala or Alhi:ia chin
sis) should be established prior to field plantings of' coffee seedlings without 
any interplanting of' food crops. The official system was used initially, but 
f6'om abou 1960 onwards the system described here, and other similar ones 
that incorporated food crops, were developed by the villagers themselves. 
Their systems expanded so mutLCh that by the late 1970s most new coffee 
plantings by villagers in the highlands were being established in systems
similar to this one. The system described here is an extension of' the tradi
tional mixed vegetable garden system and it is the most widely practised of 
the recently developed integrated f'oodcoffce/timber systems. 

The overall performance of' the system has not been quantified and hence 
not evaluated. Judging by the system's rapid expansion and widespread 
adoption. it is much more efficient than the officially promoted method of 
establishing coflee. lased on thcorctral calculations of' economic returns 
from integrated systems in comparison with the coffee/shade system, Carrad 
(1982) concluded that the integrated one was much superior, especially from 
planting to year 7. 

6. Evaluation 

This agrolorestry system provides food, cash from coffee and some marketed 
f'ood, and timber for construction and f'uel. It has not been critically evalu
ated, but based on the author's judgement it is certain that returns on labour 
inputs would compare very favourably with alternative systems. Because the 
canopy is nmaintained continuously by a sequence of faster and slower 
growing species. the need for wceding is minimized. 

The author does not see many major weaknesses in the system for small
holders It is a cnservation system in that the soil is protected from the 
direct action of' the elements by continuous vegetative cover. Conversion of 
land suitable f'or mixed vegtable gardens into permanent coffee stands may 
be a problem in those fcw areas where this land type is limited in extent. 
Sometimes growers using the system fail to establish a good coffee stand. 
The reasons for this are not clear. A reasonable level of managerial ability is 
needed to manage the system, but this is within the capability of most village 
growers. Tihe level of management may be more difflicult to attain when 
larger plantings are being established in a limited time, for example areas 
larger than 3 ha. 
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The system provides significant quantities of perishable food. Because of 
poorly developed marketing infrastructure in PNG, marketing of this is likely 
to pose problems for larger growers. 

Similar systems have been developed by villagers elsewhere in PNG for other 
export tree crops, including cacao (Bourke 1976), coconuts (Gallasch 1976), 
rubber and oil paln. There is wide variation in the details of this and other 
systems, especially in relation to timing of operations and species used for 
shade. It is very likely that some growers have refined the system: for example, 
selection of superior banana cultivars for shade or the timing of transplanting 
of coffee and casuarina seedlings. SL-h refinements are likely to have wider 
applications, at least within the PNG highlands and perhaps elsewhere. 
(asuarina ,liifodelw is restricted to the highlands of the island of New Guinea 
where it grows between 650 m and 2.700 in (standard deviations for the species' 
altitudinal limits are 60 Il and 55 m. respectively) (Bourke 1984). Casuarina 
is known to fix atmospheric nitrogen, although the amount is yet to be 
quantified. The species' useful characteristics and agroforestry potential are 
widely recognized within PNG (Thiagalingam 1983) and it may have potential 
as a shade and timber species in other subtropical and tropical highland 
environments. 

7. Research needs 

The research needs for this system are numerous and urgent, given that this 
farming system and similar ones are the most important ones that are used to 
establish new plantings of' PNG's major export crop. There is no published 
information within PNG on the potential of different food species and patterns 
of admixture of their species or cultivars to provide shade for coffee as well as 
to produce food: particularly so for bananas which are a critical component 
of' this system. The timing of' the various operations appears to be important, 
but this has not been formally evaluated. The first priority is to study the system 
and its variations as presently practised by village growers. Some studies have 
commenced (Carrad 1981: Hayfield 1982) and these need to be expanded. 

Once farmer practices have been documented, innovations and potentially 
superior techniques need to be evaluated in controlled experiments. The growth 
pattern, niitrogen-fixing ability and ecological requirements of Casuarina 
oliodon also require immediate study. 
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Abstraci. The traditional shifting cultivation system in the lowlands of Papua 
New Guinea consists of mixed food crop gardens in which yams (Dioscorei 
spp.), bananas, taro (Colocasia esculna) and sugarcane predominate. The 
cropping cycle is usually for 18 months, followed by a fallow cycle of up to 30 
years. During the cropping cycle, two species of fruit trees, Pometia pinnala 
and .- rtowarpus alti/is, are also planted, with the leaves of the former being 
used as a mulch and green manure in yam cultivation. Fallow succession 
follows rather systematic patterns about which farmers have a thorough 
understanding. Robusta coffee, a cash-crop component, Ias been added to the 
system insome areas since the late 1950s. It is usually grown in permanent 
blocks, but is interplanted with Leuccena as shade. Food crops are planted in 
the establishment stage, bananas :1nd ,Vanhosoma being retained even in 
mature coffee gardens. The system seems to be a potentially promising one. 
But very little quantitative information is available on the production and 
performance of the system and practically no systematic research has been 
undertaken. Since the Vapua New Guinea fallow gardeners are willing to 
accept innovations, it will be appropriate and timely to undertake serious 
studies so that the system can be improved. A few items that merit immediate 
research attention are indicated. 

I. Introduction 

Systems of shifting cultivation have long been characterized as "primitive" 
and resource depleting. In situations where national and multinational timber 
companies come into competition for forest resources with shifting cultivators, 
it is common to hear arguments that these primitive forms of land use should 
be replaced by permanent cultivation and the use of fertilizers and high-yield
ing introduced plant varieties. However, recent interest in agroforestry and 
sustainable systems of agriculture is giving support to arguments presented in 

* Originally published in Agro/orcstrv SvstIeOs 3: 227 238. 

P.K.R Nair cd.L Agrol.resiy Ssicnim ileItiopi . 277 29(0 
i 1999. Kmueer Academic Publi,her. l)ordrecht Printed in the Netherland%. 
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the 1970s that many forms of shifting cultivation are viable systems of land 
use and are critically important in the context of increasing dependence of 
high inputs in modern agricultural systems (Clarke 1976; CSIRO 1972: 
Grandstaff 1978). Systems of shifting cultivation too are vulnerable to changes
such as a shortening of the fallow period where a grass fallow replaces a tree 
fallow. It is in this context that the concepts of agroforestry and the develop
ment of viable, sustainable tropical agroforestry systems have much to offer 
tow:ards the improvement of systems of shi fting agriculture. The agroforestry 
system described here is such a traditional system of shifting agriculture, with 
a recently added tree-crop component. A similar situation involving open-field
cultivation of foed crops, coffee and ('asuarina oligodon has been described 
recently from the highlands of Papua New Guinea (PNG) (Bourke 1985). 

2. General description of area 

A general description of PNG in relation to agroforestry has recently been 
given by Bourke (1985). Approximately one-quarter of the forested area of 
PNG is well developed secondary forest, created and maintained by shifting 
cultivation (Paijnmans 1976). The system being described here is located on the 
southern fall of the north-western coastal mountains, which north-westrun 
and south-east and separate a narrow coastal plain to north from thethe 

basin of' the Sepik River, the second 
 largest in the country, to the south. 

The foothills of the coastal ranges are Pliocene mudstones interbedded with 
siltstones and sandstones, gently dipping to the south, which have been eroded 
into strongly slumped, polygoially branching hill ridges. The original lowland 
hill forest has been replaced with secondary vegetation ranging from gardens
under cultivation, village coffee plantations, fallow garden regrowth (tall cane 
grass to tall secondary forest) to relatively undisturbed forest. Soils are brown 
forest soils, shallow dark clay soils, reddish clay soils (Eutropepts) and
 
strongly weathered red and brown clay soils (Dystropepts), the latter two
 
being widespread 
 over similar hill country in PNG (Bleeker 1983).
 

Mean annual rainfall increases along the ranges from west to east and is less
 
seasonal in the west. F.-)r the station nearest 
 the site under description, mean
 
annual rainfall has been 2,159 mm 
(1 2 years of record). May to September is
 
notably drier than 
 November to March. Mean daily temperatures are 26'C 
(mean max. 29.9 C,mean in.22.2 C). 

All land-use systems in the region are a variation of a forest fallow system
of' shifting cultivation. To the east, fallow regrowih has been reduced to .all 
cane grass and scattered low tree species as a result of higher populations, 
lower total rainftll and greater seasonality, whereas to the west, gardens are 
cleared from well developed secondary forest. The system falls into two fairly 
discrete parts: mixed food-crop gardens, which are cleared from forest each 
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year, cultivated for a maximum of 18 months, and then fallowed for up to 30 
years; and permanent blocks of robusta coffee, from which almost all cash 
income is produced. Some land has been cleared of all forest and sown to 
pasture grasses for cattle, but in almost all cases attempts at cattle farming 
have failed. Pigs are the traditional livestock. Most pigs are now Papua New 
Guinea-European crossbreeds. Sows are allowed to roam in the forest and in 
fallow garden areas where they mate with feral boars. 

3. Structure of the system 

Land is cleared of fallow vegetation usin- axes and machettes and the debris 
burned at the end of the dry period. Planting then takes place at the beginning 
of the wet period. The cultivated plots, known as "gardens", consist of mixed 
crop stands in which yams (Dioscorea spp.), banana (Musa spp.), taro 
(('olo'asia escuhnta), and sugarcane (Saccharum olficinarum) predominate, 
but in which at least 27 other species arc also cultivated (Table 18.1). During 
the cultivation period scedlings of twc tree species, Pometia pinnala and 
bread-fruit (Artocarpus altilis), are planted and they form "orchards" along 
the upper margins of ridges used most often for gardening. Sago palms 
(A'etro.-i'lon sagta), coconuts (Cocos nucfera) and Gnetum gnemon are the 
other tree species which are grown from seed. 

Between 1942 and 1945 Japanese and Allied armies fought across this area 
with consequent severe disruption to village life. After the war many people 
experimented with radical changes to traditional life. One experiment involved 
the cultivation of hill rice for sale as a cash crop. But the venture failed 
because of poor processing and marketing facilities. In the late 1950s the 
government introduced robusta coffee as a cash crop, recommending that each 
family plant 500 trees in bush gardens, shaded with Leucaena. 

Coffee has been widely adopted, but the average size of coffee gardens is 
small, consisting of between 150 and 250 trees. It is, however, almost the only 
source of monetary income in the area, apart from government or mission 
salaried employment. Coffee gardens and food gardens are located on discrete 
sites. However, when forest is cleared for coffee, food crops are commonly 
planted during the Leucaena establishment stage, and when the garden is fully 
established bananas and Xanthosoma are often found amongst the coffee trees. 
At present coffee gardens are stable with little replanting or expansion. It is 
probable, however, that some people will shortly expand coffee planting onto 
20 ha "communal" gardens. 

Food gardens fall into three categories. The first garden planted following 
forest clearing is the most important and contains a restricted nt,aber of 
species. Yams planted in these gardens provide tubers used in ceremonies and 
exchanges and the gardens have many ritual restrictions. After the first 
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Table 18.1. Cultivated and non-cultivated food crops in the mixed crop gardens. 

Family Botanical name 

Acanthacae Graptophyllunl pictunl 
Amaranthaceac Amaranthussp.* 

Anaranthus tricolor 
Deeringiapol'sperma 

Anacardiaceae Mangfera indica** 
Araceae Aloca.j:, macrorrhiza** 

Colocasia escuh'nta ( I1 cultivars) 
Xanthosomna saggittifolium 

Bromeliaceac Ananas comosus* (2 cultivars) 
Burseraceac Canarium sp. 
Caricaceae Carica1'apaca* 
Convolvulaceac Ipotnoea batatas* 
Cruciferae Brassica chinensis* 

Nasturtium hoitnalospernnn (2 cultivars) 
Cucurbitaceac Citrullus t'ulgaris * 

Cucumnis satii,us 
Cucurbita ntoschata 
Lagenaria siceroria 
Trichosatwhes anguina 

Dioscoreaceae Dioscorea alata (22 cultivars) 
D. bulbfera 
D. escuh'nla (43 cultivars) 

Euphorbiaceae Afaniiho 'esculenuta* 
Gnetaceae 
Graminae 

Gnelumn gnemon 
Saceharumn edule 

(2 cultivars) 
(14 cultivars) 

Saccharumn oficinarumn (9 cultivars) 
Zea mat's 

Leguminosae Arachis h 'pogaea* 
Phaseolus vulgaris* 

Alliaceac 
Psophocarpus tetragonolobus 
Allium cepa 

(2 cultivars) 

Malvaceac Abehnosehus manihot 

Moraceac 
A. mnosehatus 
,4rtocarpusaltilis 

(2 cultivars) 
(3 cultivars, 

Ficus copiosa 
Musaceae Musa cvs. (26 cultivars) 
Myrtaceae Eugenia malaccensis* 
Oxalidaceac Arerrhoacaranubola* 
Palmac Areca catechu* (2 cultivars) 

Cocos nucf'ra (2 cultivars) 
Afetro)xylon sagu 

Piperaceae Piper betle 
Rutaceae Citrus simensis* 
Sapindaceae 
Solanaceac 

Ponetia pinnata 
Capsicum frutescens* 

(2 cultivars) 

LYcopersicon esculentunt* 

* Introduced since c. 1900. 

** Cultivated outside of gardens. 
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harvest, yarns are replanted almost immediately in the holes left by the first 
crop. Thereafter fewer restrictions apply and more introduced species are 
planted. A third yam crop is sometimes planted following the econd harvest,
but this is a less common practice because i, involves a greater effort in
weeding. After the last planting has been harvested the garden is allowed to 
return to fallow. But even in the fallow period the lanC continues to produce
food crops such as bananas, Xanthosoma and sugarcane which can compete
with the invading tall cane grasses for some years. 

The general arrangement of the system is shown in Fig. 18.1. Garden Site 
A is the newly cleared garden, B the replanted garden and C the less common 
third planting. After the garden site is allowed back into fallow it is rapidly
invaded by weeds and short grasses, dominated by Imperata. Within a year the 
short gras;es will be shaded out by the tall cane grasses, dominated by
Saccharuin robzstum. This is an important succession providing cool, damp, 
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Fig. 18.2. The pattern of regrowth of fallow garden sites: (a) area of low grasses (mainlyhtnperaia) per ha; (b) area of cane grasses (mainly Saccharum) per ha; (c) total basal area of treespecies per ha; (d) number of stems of tree species per ha. The horizontal axis in each figure
represents the number of years since clearing. 
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dark conditions for seedlings, particularly during the drier part of the year. 
After about 12 years tree successions begin to shade out the cane grasses and 
25 years after clearing a 10-15 in tree succession becomes established. The 
pattern of species succession in fallow regrowth is given in Figs. 18.2 and 18.3. 
New gardens are ceared in 15-25-year-old fallows, with iand nearer the 
village cultivated more often than land farther away. i-allow successions are 
categorized by type, n, I by time: fallows ready for re-cultivation are known as 
"ripe" fallows. Farmers a' oid letting fallows go beyond the "mature" stage 
because of the d',ngcrs involved in felling tall forest. Yam gardens are 
established along the upper slopes of ridges. Many coffee gardens alsoare 
found in these locations as a result of the extension advice to farmers to plant 
the introduced crop on their "b.st" land. 

A ,articularly interesting aspect of the system is the use of Pometiapinnata 
leaves during yam planting. The PDmetia is a large handsome tree, related to 
the litchi and with similar fruit. The fruits are borne on the ends of the 
"-anches between November and February. Harvesting is accomplished by 
chnbing and lopping off fruit-bLaring branches. Later, during yam planting, 
t!K: then dry leaves are collected by women, carried to the gardens in large 
buadles and applied into thc g, .d with the "seed" yams. Gardeners believe 
that the leaves "give the tubers room to grow", but the leaves, rich in 
nitrogen, provide a good mulch in addition to their nutrient value. The regular 
cutting back of the trees appears to have an effect similar to pruning and 
stimulates fruiting. Figure 18.4 illustrates the method used to carry Pometia 
leaves, and 'pig. 18.5 shows bundles of leaves in a new garden. 

4. Functional aspects of the system 

Almost all inputs into the system come from within the village community. 
Land is occupied under laws which guarantee rights to customary owners and 
acc:ess to land is controlled by the leaders of extended families. Inheritance of 
land rights is normally from father to son, but daughters, particularly widows, 
have ro difficulty in obtaining land for food crops. Many food gardens are 
cultivated on a usufructory basis and land which is not being cultivated is 
open to all village residents ifor collecting fuelwood and building materials or 
for hunting. Land for coffee is more restricted, and some families have coffee 
gardens at a distance from the village. However, most people build a 
substantiai "garden" house in which they live while they work in gardens or 
coffee blocks away from the main village. 

Most families clear land for gardens in co-operation with up to 15 other 
families. Once the heavy tasks of clearing and burning are completed, each 
family becomes responsible for its own individual block. Coffee blocks are 
established in a similar way. A very small amount of paid labour is employed 
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Fig. 18.3. Cross-sectional transects through fallow of different ages: (a) one-year after clearing and planting - the right-hand slope has been weeded and replantedfor a third time, the left has been allowed to go back into fallow; (b) a five-year-old fallow - tall cane grass and fast-growing softwood tree species dominate,but some food crops still remain; (c) ten-year-old fallow - on the lower, moiser slope tree species have shaded out the cane grass, which remain dominant onthe upper slope; (d) 25-year-old fallow - all cane grass has now been shaded out and the first tree species are being succeeded by slower growing trees. The largePometia has been planted during some previous cultivation. The site is ready for re-cultivation. 
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Fig. 18.4. Large bundles of dry Poinelia leaves art! collected together and carried to the new yam
gardens by women, to be used b3 their husbands in planting the yam crop. Bundles commonly
weigh over 40 kg. 

in coffee gardens, usually small bands of youths or unmarried girls raising 
money for such social activities as a sports club or a youth club. Dutring the 
introduction of coffee, government nurseries were established, but now people
raise coffee seedlings themselves from established trees. 

Productivity measurement in mixed gardens of this nature is very difficult. 
Yields of individual species are highly variable within and between sites. 
H?rvesting of some species occurs within a restricted time, while others are 
harvested continuously over the life of the garden. Yield estimates of the most 
ionportant crop, Dioscorea, range from 10 to 20 t ha -' for D. esculenta and 16 
tha 'for D. a/wa. When rice wvas grown, yields ranged from 0.45 to 2.8t 

ha - and coffee yields are around 250 g of dried parchment per tree, or about 
1] 5-120 t hat '. The average price for dry parchment at the "farm gate" for 
1982 was 0.55 kina per kg (I kina = US$ 1.2). Thus coffee provided the 
average family with a cash income of around US $ 60 in 1982. 
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Fig'. 18. , A newly cleared yarn garden during planting. Seed tubeis have beer, laid out near holes
prepare(] fo~r thern and bundles of' IPometta are re;dy for use. I le trees which previously covered
the site hav- been pollaided and killcd by ,burnin]g, but are not Felled. The surface of t.he garden
has been swepi of a sh and debris but otherwise is undisturbed. 

Production of tile yarn staple is markedly seasonal, but other crops such as 
sugarcane, taro and bananas are less seasonal. Coffee production occurs 
mainly between May and S;eptember (Fig. 18. 1). Variabiliy from year to year
is low and is dependent on rainfall as well as social demands. Production is 
increased to mneet the requirements or large ceremonies, 'with plannintg occur
ring, some years ahlead to build up planting materials and to select sites which 
are known to produce good yarn harvests. 

All coffee production is fo~r sale for cash and marketing is done through a 
regional co-operative society which is involved solely in coffee marketing.
Small amlounts or food are sold in at bi-weekly market on a nearby govern
ment station \Mhere tile main buyers are government employees.
 

Ail important feature of th~e system is that 
ground cover is maintained 
almost permanently, except for a short period between clearing and the 
development of' tile crops. Even during clearing and planting, the surface is 
disturbed as little its possible. Large trees aire not felled but are pollarded and 
tile bases burned to prevent regrowth. Smaller trees, in particular some of"the 
Ficus species, do regrow and hellp speed the recovery of a tree cover. Branches 
front th~e taller trees are cut up and stacked for fuelwood and only the " ayes 
aire burned. 

The proportion as well as the spatial arrangement of cleared land in relation 
to land inl regrowth/secondary forest is such that erosion does not occur on a 
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large scale. Poles are laid along the contour, supported by pegs, to reduce 
surface run-off, and yams are planted in individual holes up-slope from the 
barrier. Other crops are spaced amongst the yams, also across the slope.
However, much backward rotational slumping occurs in the area and many
gardens are deliberately sited on slumps to take advantage of the recent soils 
found there. Thus small slumps within gardens are not uncommon. On the 
other hand, some gardens are sited on slopes over 30 degrees and little soil 
movement occurs. 

Men and women share the labour of food and cash-crop production
relatively equally. Men carry out the heavier tasks of clearing while women 
sweep and arrange slash material for burning. Customarily, women may not 
cultivate the soil with digging sticks or spades in the first yam garden, so 
men plant most of the yam crop, taro, sugarcane and bananas. Women 
plant restricted varieties of yams in piles of ash above the ground surface, 
and greens. Vonen do most of the weeding, while men attend to the other 
aspects of crop management such as tying up vines and covering exposed
tubers with soils. The first yam crop is harvested by men, but after that 
restrictions on women harvesting the crop are somewhat relaxed. Both sexes 
pick, process and sell coffee. Children also help with garden work. The 
major bottleneck in coffee production is the processing of the cherry to 
parchment. 

5. System dynamics 

The food production system is a very old one. Recent changes, in paiticular
the introduction of malaria-control programmes and modern medicines, have 
contributed to a decline in infant mortality, and that, coupled with a relax
ation of customary restrictions on exual activity, has resulted in an inicrease 
in population. Emigration has helped reduce the rate of increase in resident 
populations, but in areas with greater seasonality and population pressure,
the system is degrading from forest fallows to cane-grass fallows. The intro
duction of steel tools and implements has reduced the amount of labour 
required and allowed larger trees to be cleared. 

The coffee production sys'.em is only 30 years old. It involves a tree cover 
and maintains sustained production without outside inputs such as fertilizers. 
However, most blocks are underexploited, probably because of lack of 
incentives for higher production and the high labour costs of processing.
Investigations are under way into the possibilities of producing either wet 
cherry or dried cherry to encourage greater production. Meanwhile, most 
people produce at a level which just satisfies their day-to-day cash require
ments for improved foodstuffs, local taxes and school fees. 
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6. Evaluation 

The system provides almost all the food and immediate cash requirements of 
the household and involves practically no external inputs. However, it is 
vulnerable to changes bring aboutany which a shortening of the fallow 
period to the point where a grass fallow replaces a tree fallow. Robusta 
coffee, a new tree crop in the locality, has been very quickly and successfully
adapted to the system. But there is, at present, a serious gap in knowledge
of the requirements of the individual thecrops, relationships between the 
fallow vegetation communities and soil conditions, so that sound advice 
cannot be given on methods of avoiding degradation of the tree cover in 
areas where the fallow period is being shortened, and on other aspects of 
management of the system. The PNG shifting cultivators have a deep knowl
edge of the fallow succession characteristics, and they are willing to accept
innovations if sufficient incentives are provided. fhis strength of the farmer 
is a major aspect which should be bviilt upon in any attempt to improve the 
system. 

Similar systems exist in many parts of lowland and mid-altitude PNG,
and results and experience of one system could, within limits, be extra
po!ated to others. Critical site factors influencing the stability of the system 
are rainfall and, to some extent, altitude, which determine the rate of growth
of' successional tree species and thus the vulnerability of the system to 
degradation. 

It is essential that research be undertaken urgently with a view to provid
ing appropriate guidance to improve the system and enable the farmers to
attain optimal productivity on a sustained basis. Some studies that have

been carried out in the mid-a'.itude localities of the country (Manner 
 1977;

Clarke 1971) are of significo,.! in this context. Similarly, in the immediate
 
area of the system described nere, land-evaluation studies have been under
taken by CSIRO of Australz (CSIRO 1972; Heyligers 1968). Some other 
studies on a country-wide basis are also under way (McAlpine and Keig
1982). Areas on which lescarch needs to be intensified on a priority basis 
include: 

- The pattern and dynamics of grass and tree succession following cultivation; 
- The conditions ./hich each succession provides for the development of the 

following succession; 
- The relationship between the succession communities and soil fertility; 
- The effect of intervention in natural succession (through shortening of 

fallow cycles, introduction of new species, and so on.? on the sustainability 
of the system; 
The agronomic requirements of individual crops for optimal production in 
the system. 
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Abstract. The developing countries of the Pacific Region consist of 27 coun
tries and territories with a total land area of 542,000 km2 and over 5 million 
inhabitants. Though highly variable in physical characteristics and land-use 
pattern, in general these countries give higher priority to production of export 
crops than other agricultural crops, so that they are net importers of food. 
Natural forests of the region are luxuriant and floristically rich, but the level 
of commercial exploitation is low. Swidden cultivation is the mainstay of the 
subsistence livelihood, but with an increase in population the system is now 
causing severe environmental and land-use problems.

The major agroforestry systems and practices in the region include various 
combinations of tree crops such as coffee, coconut and cacao with nitrogen
fixing trees such as casuarina, gliricidia and leucaena, and food crops (mostly
tubers) such as cassava, taro, sweet potato and yams. Additionally, some 
improvements to swidden (shifting) cultivation are also being tried in several 
places, the most conmmon being the use of Casuarina oligodon before abandon
ing the swidden, as -he PNG highlands, and intercropping food crops in 
tree-crop stands. 

The land-tenure system in most of the countries is the traditional one of 
extended family control over land. This can have either a positive or negative
influence on the adoption of agroforestry practices depending on the extent 
and duration of the tenure enjoyed by the assignees. 

Several governments of the region are now promoting the agroforestry
approach. In hilly areas with poor access, farmers are forced to produce most 
of their basic necessities locally. On the other hand, the lack of roads and 
communication facilities can pose a problem in marketing surpli' . products.

The immediate opportunity in agroforestry in the region ii,s in making 
b,',tci use of the unexplored potential of a large number of locally available 
trecs and agricultural crops. lntercropping in tree crop stands and the taungya 
system seem to be promising methods for the Pacific region. 

* Originally published in ,.Igroq/erestrv Systems 3:363 379 (1985). 
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I. Introduction 

The Pacific Countries and Territories (PCT) consist of a group of 31 countries
and territories lying between 130' east and 1l10' west long;tude and 50' south
and 500 north latitudes, having a total land area of 8,445,000 sq km (Fig.
19.1). With the exceptioi- of Australia, Japan, New Zealand and Hawaii State
of the USA, all countries of PCT are classified as developing countries.
 

These developing countries 
 have a total land area of 542,000 sq km and 
over 5 million inhabitants. The focus of this paper is on these developing
countries of PCT, which will collectively be referred to also as the Pacific 
Region. 

I1. Environment 

These countries and territories are a group of islands varying in area from
464,000 sq km (Papua New Guinea) to 10 sq km (Tokelau). In general, they
have tropical climates that are highly influenced by the ocean. Some of the
islands, especially Cook Islands, Fiji and Tonga, lie within the hurricane zone
and are affected by two to three severe storms a year. Although direct hits by
tropical cyclones are less probable, they ar- affected by high winds and wave 
damage (Hamnett and Franco 1982). Mean annual rainfall varies from 1,000
mm (for example, in Noumea, New Caledonia) to about 3,500 mm for
example in Truk, Micronesia). There are also places receiving as much as
8,000 mm per annum, as in Lae, Papua New Guinea (PNG). Most places are
characterized by hot (23-35"C) and humid (relative humidity above 80%)
climatic conditions with little seasonal variation. But there are also hilly and
mountainous highlands with a complex structure of mountains and inter-mon
tane valleys, as for example, in the central higlands of PNG. 

1.2. Population 

On the whole, the annual growth rate of population in the Pacific Region
(excluding the developed countries) for the period 1974-1979 was 2.5%.
However, the population densities are generally low. Even in countries with 
over 2% population growth per annum (e.g., French Polynesia, New Caledo
nia, Norfolk Island, Solomon Islands, Vanuatu) the population density is low
(less than 50 persons/sq km). Tuvalu is an exception where both population
growth rate (2.5% per annum) and population density (233 persons/sq km) 
are high. At the other extreme, there are some units where there has been netnegative population growth (e.g., Cook Islands, Niue, Tekelau), which is 
attributable to out-migration. 
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1.3. Land resources 

Land-resource statistics are reported in various ways by individual countries 
and territories according to their historical background and socio-economic 
conditions. The figures compiled and reported by indicate thatFAO (1981) 

there are great variations in the pattern of land use in different 
 units of PCT. 
Units with a high proportion of land under cultivation include Niue (61.5%
cultivated land) and Tonga (23.9%), whereas some have relatively high 
percentages of land under permanent crops, e.g., American Samoa (20%),
Cook Islands (21.7%), French Polynesia (19.1%), Tonga (55.2%) and West
ern Samoa (23.2%), Several of the PCT also have high percentages of land 
under natural forests. 

2. Land-use systems 

In addition to agriculture and forestry, under which all biological land-use 
systems are commonly described, separate treatment will be given in this paper 
to shifting cultivation. Prominent and promising agroforestry systems will be 
identified and briefly described in a later section. 

2. I. Agriculture 

As a consequence of the history of colonization in the PCT, there has been an 
emphasis on the production of export crops such as sugarcane, oil palm, 
coconut, coffee and cacao. There has also been some interest in some countries 
on minor export crops like bananas, ginger, citrus, various other fruits and 
vanilla. Therefore, the best agricultural lands, as well as the main agricultural 
activities, are devoted to these crops. These export crops, especially coconut 
(most of the copra is produced from natural stands of coconuts), form an 
important component of the economy of all the countries (Yang 1979). The 
PCT accounted for over 7% of the total world production of about 4.5 million 
tons of copr, in 1977 (FAO 1979). 

Root crops are the main subsistence crops for home consumption through
out the region. The main root crops, in order of general preference by the 
local population, are taro (Colocasia esculenta and Xanthosoma sagittifolium), 
yams (Dioscorea spp.), sweet potato (Ipomoea batatas),and cassava (Manihot 
esculenta). Other food crops include sugarcane, maize (Zea miays), highland
"pitpit" (Setariapalnifolia), Amaranthus sp., bananas and fruits (see Richard
son 1983 and Dahl 1980 for details). 

There are three types of primary agricultural production system in the 
PCT, namely, subsistence food crop systems, mixed subsistence and cash-crop 
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systems, and plantation-crop production systems. Subsistence-crop production 
is the major activity of a large number of people in most of the PCT, for 
example 85% of the estimated labour force of 1.25 million in PNG and over 
50% in W. Samoa. These activities are, however, undertaken with other 
income-generaiing activities except in very remote areias such as tile atolls of 
Polynesia or the very inaccessible highlands of PNG. 

Among the PCT, American Samoa, Cook Islands, Tonga and W. Samoa 
-ire net importers of' ood. Between 1972 and 1974, Fiji, PNG, and W. Samoa 
used imported food to meet 76, 96 and 99.7%,, respectively, of the food energy 
needs of' their people, the corresponding figures of dependence on importeJ 
food for protein needs were 82.3, 96.9, and 100% iti these three countries 
(Yang 1979). The situation has not changed for the better since then, and 
according to FAO's agricultural commodity projections for 1975 1985 (FAO 
1979), these countries' dependence on food imports is unlikely to bo corrected 
in the near future. 

2.2. ForesIrY 

As indicated earlier, floristically rich and luxuriant tropical forests exist in 
several PCT countries. These include American Samoa (50%), Fiji Islands 
(64.8%), French Poly-o sia (31.4%), New Caledonia (51.2%), PNG (71.3%), 
Solomon Islands (93%, and W. Samoa (47.4%). Depending on the environ
mental 2c nditions, the forest types vary considerably: the variation is so great 
that the International Union for Conservation of Nature and Natural Re
sources (IUCN) has recognized as many as 9 biogeographical provinces 
(IUCN 1982). The main forest types include tropical rain forests (lowland, 
niontanc/submontane), bamboo, riverine and swamp/bog (mangrove) and 
woodlands and scrubs. Available information on forestry from the region is 
mostly qualitativc (Dahl 1980). 

Commercial exploitation of forests in the region has been relatively low 
because of tile following factors: (a) extractable saw-log volume is low 
(around 50 in' per hectare) compared to South-East Asia and is less attr'ctive 
to investors, ( b) harvestable volume is sr.read over a great number of species, 
many of' which are not known in the world markets. 

2.3. Sliftiig c'ulliv'ation 

Shifting cultivation or slash-and-burn agriculture is practised widely in the 
South Pacific and is the mainstay of subsistence farming in the island nations. 
Like similar systems in Asia, this traditional form of agroforestry, usually 
known as swidden cultivation, involves cutting down the forest vegetation, 
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buining the sun-dried biomass to clear the area of debris and :eturn thenutrients to the soil, planting food crop; until the productivity is depletedin one to three years, and nioing ato new site to repeat the cycle.Meanwhile, the "abandoned" site goes through the natural vegetative succession and returns to a forest fallow which rejuvenates ard prepares it for thenext rcand of swiddening (cropping).
Pacific swiddeners often reside in more-or-less stable commulnitics butrotate the fields within their customarily owned lands during the cut-burncrop-lallow process. Depending on the population density, fallow periodsmay last up to 25 years. In heavily populated areas like Fiji or the PNGhighlands, cases of fallovs of less 10than years have been observed.As indicated earlir, the most important food plants cultivated in Pacificswiddens are crops Suchroot as taro, yams sweet potato and cassava. I,some instances maize and rice are also grown. Farmers also often growbananas, papaya and other no:1-woody perenpials for food.On steep hillsides, swiddens are abandoned when erosion has degraded thesoil and has reduced its productivit !o non-profitable and non-sustain'blelevels, or when weeds have become unmanageable under manuil tillagetechniques. The weeds, including grasses, will eventually be suppressed anderadicated by the ensuing forest fallow. In cases,mtany however, frequentbuning of the grass has preventeC the re-emergence of trees in the naturalvegetative succession. Thus, the extent of anthropogenic grasslands has itjcreased considerably. for examr.!, In the PNG highlands, low hills of theSolomons, and in the interior hills of Fiji, Tonga and Western ,1moa.Where cattle production is undertaken, such as in Fiji and the Solomons,these grasslands may be of some use as pastures. In the PNG highlands,however, where pigs rather than cattle ar. tbe preferred livestock, theseexpanding grasslands represent wasted a-eas withdrawn from productiveuses. The nily possible way to restore them to productive status seems tobe through costly eszablishment of man-miacie forests by governmental
 

efforts.
 
In at least one case, i.e., in the highlands of PNG, hill farmers intervenein the re-establishnenwt of fallows by planting Casuarina oligodon in swiddens prior to ab;ndoning them (Bourke 1985; Thiagalingam 1983).a This issignificant departure from the traditi)nal practice of depending entirelyon natural vegetative succession for the creation of forest fallows thatrejuvenate depleted farms. This practice not only assures the early emergenceof for:;t in the fallow phase of the cycle, but also enables desirable species,such as the N-fixing Casu,'ina, to be introduced to the degraded site to 

hasten rehabilitation. 
Mn some areas, increasing pressures have caused progressive reductionthe length of fallows to periods that are insufficient to restore the productivity

of 

of degraded swidden so that tie once-admired iustainability of long-fallow 



297 

swiddens is gradually being lo.t. Thus, shifting cultivation is perceived today 
by many land-use planners and administrators as being destructive both in 
terms of the forest resources destroyed in the slash-and-burn process, and of 
the soil degradation that occurs subsequently. As a consequence, in many of 
the Pacific countries, as in other tropical nations, "anti-shifting-cultivation 
policies" are being formulated. 

3. Agroforestry systems 

The status of agroforestry systems as practised in the Pacific region has 
recendv been reviewed and summarized in a workshop on the "Role of 
Agroforestry in the Pacific" in Suva, Fiji, in December 1983 (Schirmer 1984). 
The situation reports presented by the workshop participants indicate that 
some fbrms of agroforestry exist in almost all countries of the Pacific region. 
Altho gh there are some broad similaritie3 among the countries with respect 
to their agroforestry situations, there are also many differences among them 
consequent iothe variations in the physical, socio-economic, land-use and 
other factori. Table 19.1, based on available information and the authors' 
field visits, gives a summary of the major agroforestry systems/practices that 
exist in the Pacific region. Some of these rromising systems and practices are 
described briefly here. 

3. I. "'aguarina,coffee and food-produclion systems 

This agroforestry farming system developed by village growers in the high
lands of PNG since about 1960 is one of the most promising AF systems in 
the Pacific region. Currently the system is practised over an estim:ited 25,000 
ha in the PNG highlands at an altitudinal range of 1,400-2,100 m where the 
annual rainfall varies from 1,900 to 5,000 mm (mostly between 2,000 and 
2,500 mm). 

The major species used are the numerous annual and perennial food crops, 
Arabica coffee, and Casuarina oligodon. Sweet potato is the staple food of 
both the people and their most important animal, the pig. Casuarina eligodon 
is itfast-growing nitrogen-fixing woody species that provides shade and imber 
fo; fencing, house construction and fue;"ood. Figure 19.2 shows a stand of 
the system. See Bourke's description (1985) (Chapter 17) for a detailed 
account of the structural and functional 'Aspects of this system. 

The overall performance of the system has noi been quantified and hence 
not evaluated in quantitative terms. Based on theoretical calculations of 
economic retuns, Carrad (1982) concluded that this system was far superior 
to the coffee/shade system, especially from planting to year seven. Bourke 



Table 19.1. An overvicw oi the major agroforestry systems and practices in the Pacific islands. 
System practice 

Country territory 
Major components 

grii icultura! 

I. Improvements to 
:hifting cultivation 
ta) Introduction of tree 

species in the fallow phase(h) Intercropping in tree 
stands 

2. Crop combinations with 
plantation crops 
(a) Integr-oed production of 

Several countries. notably 
Papua N.-v Guinea. 
Solomons 

e.g.. Papua New Cuinca. 

Solomons. W. Samoa 

PNG higthlands. Solomons 
and other places 

WoodyWAoody 

Various fruit trees. 
e.g. Inharpus edulis. 'Ifrus 

ni/ra. .Sondias duhe
1 

Leucaenq 

Gliri,'ijia + cacao Erpthrina 

Cacao and ,. nut and! 
coffee in association with 

Herbaceous 
He b c o sLivestock 

Common subsistence crops (tubers.
cereals. banana. vegetables etc.), 

sweet potato and other tuber 

food crops yams 

Subsistence food crops 

ietc 
t00 

plantation crops in Casuarina oligodon, 
mixed. dense associations Gliricidia. Leucaena etc. 

(h) Shade trees for 

commercial plantation 

Many countries of the 

region 
Casuarina.Leucaena. Gliriridia 

(c) 
crops 

Intercropping in stands 

of plantation crops 
Fiji. PNG. Tonga. Vanuatu. 

W. Samoa Coconut. coffee 
Various food crops, banana. 

Cattle under trees (CUT) Fiji. Kiribati. Solomons, 

Tonga. W. Samoa.goats 

Coconuts 

papayas. sugarcane. etc. 

Various pasture grasses 

Agroihopastoral
Homegardens 

VanuatuSolom ns 

Vanuatu 
W. Samoa 

Cordia alliodora 

Eucalp us deglup a 
Sirctania macrophtylla 

Various pasture grasses Cattle 

{ree-crop-livestock mix 
around hor-scm:.ad) 

PNG highlands. Fiji 
Various trees such as

Casuarina oligodon.coconut, other plantation 
A large number of subsistencePis 

crops 
ate 

Poul
poultry 

crops, several local species 
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kig, 19.2. ('asurhla Jli(o/l -4coffee in the. highlands of Papua Ne , Guinea (Photo: P.K.R. 
N4 r) 

(1985) highlighted the various merits of the system such as production of 
food, cash from coffee and some marketable food, and timber for construction 
and fuel. Because the canopy is maintained continuously by a sequence of 
faster and slowcr growing species, the requirement for weeding is also 
mnimnized. Above all, Castuarina is known to fix atmospheric nitrogen which 

then contributes to the nitrogen economy of the system. 

3.2. Coconut, cacao and food-production .vpstem 

In the coastal plains the ubiquitous perennial crop is coconut, the basis of the 
copra trade during the colonial, pre-World War II era. With spacing varying 
from 8 to 10 m between palms, other useful species are grown between and 
under the palms. For example, intercropping cacao among coconuts has 
become a promising practice in New Britain and New Ireland of Papua New 
Guinea after the War. Certain sections, but not all of the farms, often contain 
a third element: root crops such as sweet potato, cassava or taro for supply of 
staple food. 

In farms where the introduction of cacao in existing coconut plarn, ations 
arose from a late recognition of the potential of the wide andf unutilized 
interspaces between the palms, the coconuts were of fully fruit-bearing age 
(around 30 years) at the time of intercropping. However, new plantations 
involve the simultaneous planting of coconut and cacao (and, sometimes, root 
crops). Market-oriented farms owned by expatriate entrepreneurs generally 
raise only coconut and cacao as cash crops, while small farms owned by 
indigenous farmers are more oriented towards domestic use and include an 
appreciable food-cropping element. 
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A variant of the above nntioncd coCo1i-cacao-food-crop system is a
three-tired all-perennial combination that excludes the annual food compo
nent, the third perennial component being a legume tree species: Lettcaeuta 
h'w,'oephahi in Papua New Guinea and Gliricidia sepium in the Solomons. Tile
major Iunctions or the legume trees are to provide partial shade to cacao plants,
to scrvC as a sourc, of fuelwood. and to enrich the soil through symbiotic 
nitrogen and :tdition of leaf' litter. 

As ill the other cases, this form of agrolorcstry is a post-War development 
pioneered b, expatriate , rulers. It has been adopted by the local farmers inpost-independent hirm operations and is now fairly widespread in PNG, tile
Solomons and Western Samoa. Figure 19.3 shows such a combination of 
le'tt aaand Cacao in the Sohfomon01S (but cocoi uls are not seen in tile picture). 

3.4. Leucaena., 0ffi'( andiod-c.ro .viem's 

In inland areas with a Iavurable topography, and with elevations of tip to 
about 1.200 in. coftee rather than cacao is the usual cash crop, and Lettcuena 
instcad of coconut is tile overstorey species. In upland Wan. Morobe Province 
of PN(,. this crop combination predominates. Staple crops integrated with
this system during the first 2 3 years include root crops (sweet potato, taro 

http:andiod-c.ro
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and cassava), non-woody perennials (papaya, sugarcane and bananas) and 
some grain crops (maize). Because of the shading caused by the Leucaenaand 
coffee, there will be little or no growth of grasses and other sun-demanding 
weeds and therefore the cost of tending and maintenance is minimal. Periodic 
lopping of Leucaena branches avoids excessive shading of coffee plants and 
generates fuelwood for the farmers. Small branches and leaves are left on site 
to serve as a mulch and green manure. 

3.5. Sih'opastoral: gra.:ing under perennial crops 

As stated earlier, coconuts are the most prevalent perennid crop in the South 
Pacific Island countries. As market-oriented crops, the area devoted to them 
is usually more extensive than that to subsistence crops and there are great 
problems of weed control between widely spaced trees. Mechanized weeding 
used to be undertaken, mostly by expatriate farmers before the oil crunch. 
Today, in the wake of high pric,.s of fossil fuel, the plantations, especially the 
smaller-sized ones, have to seek a'Iernative tending operations at affordable 
costs. Pasturing cattle under coconuts to keep down the competing and 
fire-hazardous grassy weeds has been found to be a feasible alternative, as 
demonstrated in the Solomons, the coastal areas and outer islands of PNG, 
Tonga and Fiji. In this system, cattle contribute to the production of animal 
protein for local diets, recycle the biomass and provide nutrient inputs in the 
form of cattle manure to improve soil fertility and help increase farm income 
and emplh)yment of the farmers. 

In government-established pine plantations in Fiji, cattle are used to clear 
the grass and thus save the cost of land preparation prior to planting. When 
the pine seedlings are big enough to avoid being trampled, cattle are brought 
in again to keep down competing grasses and to minimize the accumulation of 
biomass fuel that could be a fire hazard to the plan.ation. The Solomons has 
a cattle under trees (CUT) programme that combines coconut or plantation 
forest production with cattle in a complementary and mutually supportive 
way (Smith 1983, Smith and Whiteman 1983a, b). 

In most of these projects, quantitative analysis of the silvopastoral system in 
relation to the "without-cattle" system has either not yet been carried out or 
is still in the process of being done. Therefore, although the advantages of 
silvopastoral systems are recognized by the people, they are not yet available 
in quantitative terms. 

3.6. "Improved" shifting cultivation 

In the Pacific two approaches are adopted by the farmers to improve shifting 
cultivation (a) by shortening the "unproductive" fallow period without sac
rificing the ability to restore productivity, and (b) by converting the rotational 
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(sequential) arrangement of annuals and perennials to intercropping (simultaneous) in order to eliminate the "shifting" nature of the system. As citedearlier, the deliberate planting of Casuarinabefore the swiddens are abandoned in the PNG highlands modifies the conventional stages of vegetationsuccession (which is agricultural crop grasses shrubs and trees), and thenitrogen-restoring capacity of the forest fallow is also increased with the useof a nitrogen-fixing tree species. Thus, even with the reduction of the fallowperiod to under 10 years, the ('asuarina-hased agroforestry in PNG appears a 
susta.able system.


Interc,'opping of Erithrina with 
 taro and yam in Samoa, Leucaena withsweet potato in PNG, and Leucaena/Gliricidia with cacao in the Solomons areexamples of simultaneous combinations of annuals and perennials that tralsform shifting cultivation into permanent and continuous agroforestry practices. Where land resources are becoming a limiting factor, this improvementpresents a great advantage because production can be maintained from same site through elimination of the "wasteful" fallow, .he land 
the 

and area
required to support a given population is significantly reduced. 

4. Sacio-cultural factors related to agroforestry 

Studies oh human ecology in the PCT region have shown that the adoption ofagrofore;try practices is influenced by not only biophysical considerations, but 
also socio-economic and cultural factors. 

4. 1. Land tenure 

Land-tenure patterns fromvary country to country in the Pacific region.However, an underlying pattern that appears common to most of them is thetraditional clan exercising extended-family control or ownership of land asopposed to the private or individual and government ownership mostinSouth-East Asian nations. Clan-owned lands may either be cultivated communally, with each clan member receiving a proportionate share of the output, orapportioned among the individual households of the clain and used in asemi-private manner. Under the latter arrangement, absolute ownership of the
land continues 
 to be with the ckn. The houseowner merely acquires temporary rights to and control over that piece of' land but holds absolute ownershipover the plants that hie/she cultivates. If the crops are the perennial type, thefarmer may retain control over the land for extended periods and thearrangement may appear like a private form of ownership. These, however,are different from the real private ownership covered by titles which were
introduced by past colonial governments. 
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The influence of the clan-type of customary or traditional tenure system 
upon agrolbrestry could be either negative or positive. Where clans are not 
affected by heavy population pressure on land, and do not specify whether the 
crops cultivated by temporary assignees of clan land should be annual or 
perennial, the households could readily plant perennial crops in combination 
with their annual food crops according to the agroforestry approach, as 
practised by the eastern highlands farmers of PNG. In addition to the 
perceived ecological and economic benefits of including trees on their farm
lands, the fE.rmers enjoy the added advantage of being able to indefinitely 
prolong their "tenancy" tenure over that piece of clan land for the duration 
of the perennial crops. In this case, therefore, the clan-type land tenure 
favours and encourages agroforestry practice. 

The opposite situation could arise when clans prohibit the raising of 
"permanent" perenniads, assuch fruit trees, for fear that clan lands will be 
fractured into small plots and taken from clan control for permanent use by 
individual households. This negative clan attitude has precluded the reforesta
tion of logged-over areas by non-clan members and has discouraged the 
adoption of agroforestry in the western highlands of PNG. It appears, 
however, that where this kind of difficulty arises, a solution could be found in 
the form of a ci6n-controlled rather than an individual household-owned 
agroforestry farm, as in the communal Leucacna/coffee farms in Wau (PNG). 
In that event, the clan's fear of having the lands gradually transferred to 
private control would be eliminated. 

4.2. Population pressure on land 

Ratio of people to land resources is a convenient gauge of pressure on land. 
Data on total as well as arable land available per capita of population for a 
selected group of island countries, given in Table 19.2, indicate that the 
extremely limited land areas of the small islands are now under tremendous 
human pressure. 

4.3. Marketability of produce 

Achieving the twin goals of' productivity and sustainability through agro
forestry could result in the production of goods in excess of local demands, 
which may have to be marketed domestically or abroad for cash incomes. 
Local sales of sweet potato, papaya, taro and cassava, and export sales 
of coconut, cacao and coffee among many Pacific countries are examples 
of enhanced economic activities. But accompanying problems may also 
arise which could dampen the enthusiasm of agroforestry practitioners. For 
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Table 19.2 Total and arable land available per capita in selected island countries on PCT. 

Country/territory Total ' ind (ha) Arable land (ha) 
per capita per capita 

Cook Islands 0.88 0.23 
Fiji 3.00 0.38 
Kiribati (Gilbert) 
New Caledonia 

1.10 
12.20 

0.55 
0.06 

Papua New Guinea 14.70 0.12 
Solomons 
Tonga 

12.50 
0.70 

0.24 
0.55 

Va nuatu 13.50 0.87 
Western Samoa 1.80 0.75 

Source oflbasic tha: 1980 Population Census, U.S. Department of Commerce. 

instance, most agroforestry farms are on remote hilly terrain with poor access. 
Although this will motivate farmers to produce most of their basic needs 
within their own farms, there can also be a serious problem of bringing
surplus products to local population centres for marketing. The export
oriented outputs of agroforestry may not be significant volume in many of
these small countries to attract international carriers, thereby cutting off their 
access to international markets. Thus, inabilit' to dispose of the surplus
outputs profitably may become a disincentive to agroforestry in this region.

Improving physical access to markets requires time and capital resources 
which many island countries do not possess. Fortunately, the types of 
products from these countries provide a great degree of marketing flexibility
which could outweigh the problems of poor access. For example, the tradi
tional root crops, unlike most vegetables and fruits, do not all mature at the 
same time, and do not need to be harvested until ready for consumption or for 
marketing. Thus, harvests can be staggered to take advantage of high demand 
which raises prices to compensate for difficult access. Similarly, with minimal 
processing, the storability of exportable products like coffee and coconut can 
be extended so that when sufficiently large volumes accumulate international 
shippers could make port calls and collect the goods. This is now happening 
to coffee, cocoa and copra in Papua New Guinea. 

5. Analysis of problems and assessment of potentials 

5.1. Underexploitedspecies of agroforestry potential 

In general, trees may be considered suitable for agroforestry if they comple
ment and support rather than compete with the interplanted food crops.
Many of the nitrogen-fixing, fast-growing, multiple-use tree species fall in this 
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category. Unfortunately, out of the over 2,000 species that satisfy these 
characteristics, only a handful have been tested and used in agroforestry, such 
as Leucaena, Alhizia, Gliricidia and Calliandra.The rest remain untried and 
therefore their potential is unrealized. 

Besides compatibility with intercropped food plants, and suitability to end 
uses. tree crops in agroforestry must also fit the ecological conditions of the site. 
That means they must have the ability to thrive and be productive under 
conditions that are at times extreme, such as excessively arid or waterlogged 
areas, too alkaline or excessively acidic soils, severely eroded and nutrient-de
pleted slopes, and too high or too low temperatures. There ire species whose 
natural habitats indic'Ite their capacity to survive under some of these extreme 
conditions. For example, some species (e.g., Prosopis chiensis) can thrive in 
arid and low-nutrient areas, while others (e.g., Acacia senegal) can withstand 
waterlogged soils. Some (e.g., Leucana lemucocephala) like basic soils, while 
others (e.g., Acacia mangiun, Acacia mearnsii) can thrive in acidic soils. Some 
species (e.g., Cassiasiame'a) cannot withstand cold, while others (e.g., Mimosa 
sCa/hrela) require cool subtropical temperatures. What all these variations in 
ecological requirements indicate is that, depending on the location and 
ecological conditions of an agroforestry project, there is a group of species 
which is not so well known but which has great potential. There is a great need 
for research to explore potentials of these species so as to enable land users to 
make fuller use of such underexploited species. The same applies to agricultural 
species. 

5.2. Agro/brestry as a Ineans to rf orestation 

Partly from excessive wood-extraction activities, and partly from unwise 
conversion of forest areas to unsustainable food cropping, considerable areas of 
hilly land in the Pacific have degenerated into unproductive grasslands, as in 
PNG, Fiji, and the Solonlons. These lands could be returned to produ,.ive and 
protective status through reforestation if governments could afford to cover the 
high costs. A relatively cheap alternative to reforestation is agroforestry, where 
farmers can establish tree crops and food crops simultaneously, and may be 
compensated in terms of the food outputs. They move to other open areas to 
repeat the tree-establishment process as soon as the tree crops reach canopy
closure age and preclude further food cropping. This is the taungya system 
which originated in the mid-1800s and which may be practicable in the Pacific. 
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20. The Chagga homegardens: a multistoreyed 
agroforestry cropping system on Mount Kilimanjaro 
(northern Tanzania)* 

E.C.M. FERNANDES, A. O'KTING'ATI 2 AND J. MAGHEMBE 2 

'The International Council./or Research in Agro/ore.'trv (ICRAF), P.O. Box 30677, Nairobi, 
Kenva: 2Unirersity of Dar es Salam, Faculty ol'Agriculture, Forestry andI Vel,rinary Science, 
P.O. Box 3009, Aforo'o,,,, Tanzaia 

Abstract. The homegardens are characterized by an intensive integration of 
numerous multipurpose trees and shrubs with food crops and animals, 
simultaneously on the same unit of land. 

The Chagga are skilled farmers with an intimate knowledge of the crops
and their ecological requirements. They have a good idea of functions/uses of 
the plant species on their farms. The great diversity provides both subsistence 
and cash crops. It enables the farmer to keep his management options open 
and provides insurance against drought, pests and economic risks. 

1. Introduction 

The Chagga are Bantu speakers descended from immigrants of various tribes 
who migrated into the once-forested foothills of Mt. Kilimanjaro. Then began 
the process of transforming the native forest. Trees that provided fodder, fuel 
and fruits were retained while the less useful species were eliminated and 
replaced with new tree and crop species. This process is still continuing on Mt. 
Meru -a neighbouring mountain. 

Mt. Kilimanjaro is one of the most densely populated areas in Tanzania. 
This is due largely to the ecological and economic success of the Cbagga 
cropping system. The homegardens enable the farmer to have sustained 
production with a minimum of external inputs and thus they represent a good
land-use model for extrapolation to other areas with similar ecological and 
socio-economic characteristics. 

Although the Chagga homegardens are often cited as an example of model 
land use (von Clemm 1963; Openshaw and Morris 1979), the system has not 
been described in any detail. This paper identifies the major components, 
describes their interactions and management aspects and presents an evalua
tion of the system's ecological stability, productivity and sustainability. 

* Originally published in Agrofirestri' SYstems 2: 73 86 (1984). 

I' K.R. Nair led.). Agrofiorestry Syslemsin the Tropics. 309-332. 
I 198 . Kluvser Acadenic Pttlishers. Dordrectt Printed in the Netherlands. 
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2. General description of the area 

2. 1. Geographic location 

The Chagga homegardens are found on Mt. Kilimanjaro in northern Tanza
nia (2.9-3.3 S, 37.0-37.5 E) (Fig. 20.1). The bulk of the mountain covers 
about 3,100 km2 and the highest peak is 5,895 n. above sea level. The area 
above the 1,900 m contour is a designated forest reserve and national park. 

2.2. Biophi .'ical efuironnent 

Climate 

Mt. Kilimanjaro region has a bimodal rainfall pattern with "short rains" from 
October to December and "long rains" from March to May. The average
annual rainfall ranges from 1,000 to 1,700 mi, with marked variation 
depending on elevation, exposure and aspect. Thus, Kilimanjaro gets more 
rainfall on its south-eastern and eastern flanks (where the Chagga homegar
dens are) than on its northern and western sides which are sheltered from the 
wet south-east winds. 

NAMANGAr 

.AMUKMELI A FRICA 
'--NATIONAL PARK 

FMOLOITOKITOK 

30 

595 M 

% 51 1 m ( 

Fig. 20.1. Location of Mt. Kilimanjaro in northern Tanzania. 
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Soils 

There are four major groups (FAO/UNESCO Soil Map of the World - Sheet 
VI-3): 

1. Humic Nitosois and associated humic Andosols 
2. Chromic Cambisols and associated eutric Cambisols 
3. Orchric Andesols and associated chromic Cambisols and vitric Andosols 
4. Mollic Andosols and associated eutric Nitosols. 

In general, these volcanic soils are fertile with a high base saturation and 
cation-exchange capacity. A major limitation is the steep slopes which prevent 
mechanization and require substantial erosion-control work. Other limitations 
include stoniness or a shallow petrocalcic horizon. 

1C,'(gelatio 

Climax vegetation is montane rainforest. The forest varies in composition and 
structure along altitudinal and rainfall gradients. On the wetter south-eastern 
slopes, there is a zone of Ocotea usainharensis and Podocarpus usambarensi;. 
This occurs at an altitude of 1,900-2,400 m a.s.l. and rainfall of 1,500-1,800 
mm. The drier end of the Ocotea forest sometimes grades into a forest with 
much Cassipourea malosana associated with Myrica salicifolia. At lower 
altitude-;, what little remains of the forest is characterized by the following 
species: Newtonia h!whananii, Macaranga kilinandscharica and Parinari ex
ce.sa. At around 1,200 m a.s.l. and 1,300 mm rainfall, species include Albizia 
spp., Bombax schumanianum, Chlorophora excelsa, Diospyros nespiliformis, 
KhaYa nyasica, Newtonia paucijuga and Terminalia kilimandscharica. In con
trast, the drier north-western slopes (1,000-2,800 m) have Juniperus procera 
and the dominant species in association with Olea africana and Olea wel
witschii, and sometimes in pure stands. 

2.3. Landuse systems 

Agriculture 

The south-eastern and eastern slopes are characterized by intensive small
holder production of both subsistence and cash crops. Individual homesteads 
are closely spaced and food crops are grown under the canopies of banana 
and coffee. In addition, there are state-owned coffee estates and farms. The 
drier northern and western slopes are used mainly for extensive grazing by the 
Maasai people. 
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Forestry 

Maior plantation species are Cupressus hsitanicaand Pinus patula, of which
there are about 3,000 ha in the west and 3,500 ha in north-eastern Kilimanjaro.
The Forestry Department carries oul various silvicultural operations in natural
forests to enceurage natural regeneration of root suckers of Ocoteausambaren
sis, Podoca,'pus gracilior, Podocarpus nilanjianus and Juniperus procera. 

Agrojrestrv 

The intensive cropping system of the Chagga involves integration of several
multipurpose trees and shrubs with iood and cash crops and livestock
simultaneously on the same unit of land. Within this cropping system several 
agroforestry practices can be identified. These include the use of multipurpose 
trees/shrubs: 

- to provide shade for coffee 
- as live fences 
- for fodder and mulch production 
- for bee forage 
- with anti-pest properties. 

A typical homegarden is shown in Fig. 20.2. 

Fig. 20.2 Chagga homegarden showing large trees. e.g., C(,rdia abvssinica, Alhizia spp. and
C-erilhea robiota, in the uppermost storey. Next are the banana and coffee canopies and here the
lowest layer is comprised of fodder, herbs and grasses (Pnzoto: E.C.M. Fernandes). 
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3. Structure of the system 

The Chagga homegardens ("vihamba") cover about 1,200 km2 (120,000 ha) 
on the south and east slopes of Mt. Kilimanjaro. Recent estimates indicate 
that the south slopes have a population density of 500 per sq km and an 
annual population growth rate of at least 3%. Marketing facilities are fair 
with Moshi town (Fig. 20.1) being the nearest major market and a good road 
linking Moshi with Arusho,, Tanga and Dar es Salaam. 

The homegardens are locdited mainly between 900-1,900 m above sea level. 
In addition, each family hAs another plot (kishiamba) 10 to 16 km away in the 
drier plains below the southern and eastern slopes. The kishamba has only 
very few trees and is used mainly for growing annual crops. 

3. I. Conponents of the homegarden 

Crops 

Food crops. Banana (Musa spp.), beans (Phaseolusvulgaris), cabbage (Brassica 
oleracea),cow pea (Vigna unguiculata),maize (Zea mays), onion (Allium cepa), 
potato (Solaum tuberosum), sweet potato (Ipomoea batatas), taro (Colocasia 
spp. and Aanthosona spp.), tomato (Lycopersicon esculentum), yam (Dioscorea 
spp.). 

Cash crops. Coffee (Coffea arahica), cardamom (Elettaria cardamonum). 
Surplus bananas and other food crops are also sold. Women are responsible
for marketing the surplus bananas, vegetables and milk and they keep the 
proceeds. Men get the money from coffee, poultry and egg sales. 

There are at least 15 different types of banana grown on the homegardens. 
These include cultivars for food, brewing and fodder. In addition to the fruit, 
the leaves and pseudostems are also used for fodder while the stern sheaths 
and dried leavts are used as mulch for coffee bushes. Although a little maize 
is grown in some the bul...of-homcgardcns, c, the crop is grown interczopped 
with beans on the lowland kishamba. Finger millet (Eleusine coracana), an 
important crop used for brewing and making porridge, is also grown in the 
lowlands. 

Trees and shrubs 

Chagga farmers deliberately retain and manage numerous species of trees and 
shrubs on homegardens. Table 20.1 provides an indication of the species 
diversity and their uses (see Appendix 20.1 for an inventory of the plant
species). The men are responsible for lopping the fuel and fodder trees while 
the women harvest the fodder grasses and herbs. 



314 

Table 20.1. Woody species commonly found in the Chagga homegardens and their functions and 
uses. 

Species 

Albizia schimperiana 
Bridelia micrantha 
Caesalpiniadecapetala 
Calpurniaaurea 

Carica papaya 
Cassia didymoboirva 
C(edrela mnexicana 
Chlorophoraevcelsa 
Citrusspp. 
Commiphora spp. 

Cordia abyssinica 

Croton inccrostachvs 
Datura arborea 
Diospyros inespilifornis 
Dracena usambarensis 
Dracena afromntiana 
Ethretiaspp. 

Erioboirva japonica 

Ficus spp. 

Gardenia spp. 

Gre'illea robusta 

lboza multiflora 

Markhania plal' cal ix 
Morus alba 
Newionia buchananii 
Olea welwitschii 
Persea spp. 
Psidiun guajava 
Rauwo/fia cc.Jra 

Rauwo/fia inebrians 
Ricinus communis 
Sy'zigiuin africamani 
Teciona grardis 
Trenia guineensis 
Tric/ilia emetica 
Uv;aria spp. 
Vanguria tonientosa 

Functions/uses 

Fuelwood, building material 
Building poles, fodder, roots used medicinally
 
Live fence
 
Coffee shade, poles, tool handles, leaf decoction as
 

antihelminthic for cattle
 
Fruit, mosquito repellent
 
Medicinal uses, poisonous to cattle
 
Fuelwood, timber 
Valuable timber 
Fruit 
Fodder, anti-insect properties, live support for yams, fencing 

material
 
Coffee shade, fuelwood, building material, beehive
 

construction
 
Coffee shade, fuelwood, fodder, anti-insect properties

Bee forage, anti-Armilaria inllea, anti-nematodes
 
Valuable timber 
Live fence, boundary marker
 
Live feace, boundary marker
 
Poles, tool handles, antibiotic properties
 
Fruit, building material, hedge tree
 
Fodder, charcoal
 
Utensils, anti-insect properties
 
Coflee shade, fuelwood, building material
 
Live fence, leaves fed to cattle as antihelminthic, roots have
 

anti-bilharzia properties 
Termite-proof building poles, fuelwood 
Fodder, fuelwood, reinforce live fence of Caesalpinia decapetala 
Fuelwood 
Valuable timber, fodder 
Fruit 
Fruit, fuelw ood 
Fuelwood, bark for brewing, anti-pest properties, used as store 

for maize cobs which are hung in its branches 
Coffee shad,:, fuelwood 
Seed oil used medicinally, seeds in bait as rodent poison 
Fuelwood, fruit 
Valuable timber 
Fodder, anti-insect properties, used medicinally 
Fuelwood, root decoction as antihelminthic 
Fuelwood 
Fruit, roots as .nake-bite remedy and antihelminthic 

Other useful plant species maintained in homegardens 

Aloe volkensis 
Cynodon dac'on 
Pennisetum purpureum 
Senecio kilimandscharica 
Setariasphacelata 
Vetiveria zizanoides 

Antibiotic properties, grave marking 
Fodder grass 
Fodder grass 
Medicinal use, erp.ecially against kidney ailments 
Fodder grass 
Erosion control, roof thatch 
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Animals 

Cattle are kept for milk, while goats and pigs are kept for meat for sale and/or 
for home consumption. Recently, some farmers have started keeping im
proved cattle. The more popular breeds are Fresian, Jersey, Ayrshire and 
crosses involving these and local breeds. Each farmer has an average of 3 
cows, 2 goats and 6 chickens (O'Kting'ati '2,d Mongi 1983). In some cases a 
pig is also kept. Livestock are stall-fed with fodder from trees/shrubs, banana 
plants and grasses grown on the homestead. Supplem,,rtary fodder is har
vested from the kishamba in the plains or bought at TSh 20* a headload 
(30-50 kg). 

3.2. Arrangenment/interactionof components 

The spatial arrangement of components is irregular and appears very hap ,az
ard with the trees/shrubs and food crops intimately mixed. Vertically, how
ever, several relatively distinct zones can be distinguished. A schematic 
presentation of the canopy structure is presented in Fig. 20.3. In terms of 
canopy depth, the lowest zone (0-1 m) consists of food crops like taro, beans 
and fodder herbs and grasses. Included in this zone is the reg-,neration of the 
overstorey trees/shrubs. The next zone ( 1-2.5 m) comprises mainly coffee with 
a few young trees/shrubs and medicinal plants. Next is the banana canopy 

(2.5 5 m) with some fruit and fodder trees. Above the "banana" layer, vertical 
zonation is less distinct with a diffuse zone (5-20 m) of the preferred fuel and 
fodder species and another zone ( 15-30 m + ) of the valuable timber trees and 
other fodder and fuelwood species. There is considerable overlap of the 
storeys among the various zones. 

Over 100 crop and other plant species that appear in the Chagga homegar
dens have been listed in Appendix 20.1 to this chapter. 

The intimate arrangement of components results in the interactions between 
components occurring both in time and space. The nature of interactions 
varies and can be: 

Direct, e.g., fodder trees/shrubs and livestock; trees/shrubs and bees; cattle 
manure and crops, trees/shrubs. 

- Cyclic, e.g., crop residues and cattle. 
- Competitive, e.g., bananas and coffee; tree/shrubs and crops. 

No data are available to indicate the magnitude of the direct or cyclic 
interactions. Trials conducted at the Coffee Research Station, Lyamungu and 

I US S = 12.45 Tanzanian shillings (January 1984). 
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over a part of the main coffee area on Mt. Kilimanjaro showed that bananas 
interplanted in either young or mature, lightly shaded or unshaded Coffea 
arahica significantly reduced coffee yields (Robinson 1961). Other trials 
elsewhere showed that provided farmyard manure was applied to the banana 
clumps, the yield of bananas planted at 960 stools per ha was not greatly 
affected by the presence or absence of interplanted coffee. Reduction of the 
density of bananas interplanted in coffee from 960 to 480 stools per ha resulted 
in lower total banana production, which was partially offset by the higher rate 
of fruiting and larger bunches from the wider spaced plants (Mitchell 1963). 
This is significant since it is bananas and not coffee that are the primary crop 
in the Chagga cropping system. 

3.3. Afanagetmeni aspects 

The Chagga have an intimate knowledge of the various crops and plants and 
their ecological requirements. Management techniques applied today have been 
continuously refined and tested over the ages and handed down from one 
generation to the next. Thus, when the farmers think the time is right, they carry 
out various operations such as opening up the canopy to ensure better fruiting 
of the coffee, spacing out the banana stools and manuring the different crops. 
They maintain plant species (e.g. Datura arhorea, Rauwotfia caft'a) that repel 
or eradicate various pests and know the best fodder trees/shrubs and when and 
how to lop them. 

Each homegarden has a network of irrigation/drainage furrows distributed 
over its area linked to other homegardens in the vicinity. The farmer is thus 
ablc to tap and utilize runoff from the forest reserve and other homegardens 
on the slopes above. 

The number of banana clumps and coffee bushes on a homegarden varies not 
only with altitude and aspect but also with the management capabilities and 
preference of'the owner. In general. the range of banana clumps per homegar
den varies from 200 to 800 (330 to 1,200 ha ') and coffee 300 to 1,000 (500 
to 1,400 ha ').There are in addition, an average of 39 other trees/shrubs 
retained and managed on the homegarden. Shade tolerant crops, e.g., taro, 
yams and beans, are intercropped between the coffee and bananas (Fig. 20.4 
bottom) while the more light-demanding species are grown in a section of the 
homegarden over which the canopy has been thinned to minimize shade. 

Coffee extension services provide advice on pruning and spraying against 
coffee berry disease and leaf rust. Most of the coffee trees have a single stem, 
while each banana clump is maintained with 3-5 pseudostems of different ages 
so as to facilitate a continuous banana harvest. 

Most Chagga farmers either plant or encourage any natural regeneration of 
valuable timber species (see Table 20.1; Appendix 20.1). These young trees in 
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during the lifetime of the present owner, then he in turn plants one so that the 
ncxt owner will also inherit a valuable tree. 

It is important to note that although the great majority of homegardens are 
intmsively cultivated and well managed, one also encounters some that are 
neglected, overgrown and sometimes abandoned. 

4. Functional aspects of the system 

4. 1. Resource utilization 

Land 

The average size of a homegarden is 0.68 ha with a range of 0.2 to 1.2 ha. 
Traditionally, the land was divided only between the sons, but nowadays 
daughers can also inherit the homegarden or part of it. Land tenure is based 
gn a strongly held traditional belief that there is a close "spiritual" link 
beween one's ancestors and the soil (von Clemm 1963). Thus, once a member 
of the immediate family is buried in the homegarden, tenure is assured for the 
current owner and his descendants and such a homegarden may even be 
abandoned for several years without the danger of someone else assuming 
ownership. This is in contrast to the lowland kishamba (allocated by the state 
and whose size is proportional to the family size) where tenure is on an annual 
and usufructuary basis. If this land is not used for one or two years it may be 
claimed by another person. 

Labour 

An average household size of 9.9 people provides a workforce of four family
members. In the homegardens, planting, tending and harvesting of bananas, 
laro and yams occurs throughout the year. Coffee harvesting usually starts in 
August and continues till January. The peak labour period is between January 
:And March (M'lambiti 1982). This is because coffee harvesting coincides with 
land preparation and planting of crops both in the homegardens and on the 
lowland ki;hamnba. In contrast, April to June is low-labour perioda and 
precedes the harv-;sting of maize, beans and finger millet from the lowlands. In 
the homegardens all operations are performed by human labour, whereas in 
the lowlands ploughing may be done by tractor. 

Capital 

Each farmer has an average of TSh 560 worth of farm implements (axes, hoes 
and pangas). Only a few farmers own tractors. These are leased to others for 
ploughing the lowland kishamha. 
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4.2. Inputs 

Seeds are mostly obtained from previous crops although it is possible to buy
seeds from the Tanzania Farmers' Association. Dung from the stall-fed 
livestock and other household wastes are spread around the banana clumps 
and coffee bushes. Chemical fertilizers are generally not used. The Kiliman
jaro Uremi Cooperative (KUC), a co-operative concerned with the produc
tion and marketing of coffee, supplies pesticides free of charge for use 
against coffee berry disease and leaf rust. In addition, the Chagga use a 
variety of plant species with anti-pest properties (see Table 20.1; Appendix 
20.1). Credit facilities are offeied by the KUC and the Tanzania Rural 
Development Bank (TRDB). The i RDB also offers loanssoft for dairy 
cattle and pig production. 

4.3. Production 

An average homegarden of 0.68 ha produces about 125 kg of beans (184 kg
ha'), 280 kg of parchment coffee (412 kg ha ') and 275 bunches of 
bananas (404 ha ') annually. In August 1983, coffee fetched TSh 16.85 kg ' 
while the average price of a bunch of bananas was TSh 30. The maize 
harvest from the lowland plot averages 360 kg per year. Almost all the 
coffee produced is sold, although the poorer quality beans obtained towards 
the end of the harvest are retained for home consumption. No production
data are available for taro, yams, cardamom onions. sourcesand Loc,,! 

indicate that crop failure involving coffee and/or maize and beans 
 occurs 
once every 3 or 4 years. However, total failure also involving bananas, other 
fruits, root crops and livestock has never occurred. Each farmer keeps
between 3 and 5 traditional beehives. It is conservatively estimated that each 
hive produces at least 5 kg of honey per year. Milk production by tradi
tional breeds under stall feeding is low (1-4 litres per day), whereas im
proved cattle produce between 8 and 16 litres per day. Pigs are fattened up 
and sold within a period of 6-12 months. 

It is difficult to estimate the quantity of fodder produced in the homegar
den, but most of the Chagga farmers are almost self-sufficient in fodder for 
their livestock. Supplementary fodder is bought if needed. 

Fuelwood production in homegardens is estimated to be between I and 2 
m3 yr ' (1.5-3 m' ha ' yr '). If we assume a minimum consumption of I 

3m3 per adult per year, then each family requires between 4 and 6 m yr-
Thus a homegarden supplies 1/4 to 1/3 of the fuelwood requirements. The 
rest is obtained from the forest reserve or from the kishiamba where Acacia 
spp. and Combretun spp. are retained. 
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5. System dynamics 

5.1. Growith of the systemn 

There is no more land (outside the forest reserve) on Mt. Kilimanjaro that is 
suitable for the Chagga homegardens. Thus expansion in tertns of increased 
area occupied by the cropping system is no longer possible on Mt. Kilimanjaro. 
Instead, existing homegardens are reaching the limit of intensive use at the 
present level of management. They are also becoming increasingly fragmented
due to sub-division. This land scarcity has led to the migration of some Chagga 
to Mt. Meru (70 km south-west of Mt. Kilimanjaro), an area that has 
ecological conditions similar to those on Mt. Kilimanjaro. Local sources 
indicate that there has been some inter-marriage between the Chagga and Meru 
(the indigenous tribe on Mt. Meru) and this has probably been an important
factor i, enabling the Meru (who were formerly pastoralists) to successfully 
adopt the complex Chagga homegarden system within a period of about 50 
years 

5.2. Sustainahility 

Although the Chagga cropping system has been stable over at least a century, it 
is only recently that the system as a whole has come under pressure due to rapid 
population growth, diminishing land resources and change in dietary habits 
(maize replacing bananas as the staple food). Migration of youngsters to urban 
areas leads not only to labour shortages, but also disrupts the traditional 
transmission, from one generation to the next, of the knowledge and experience
required for the successful management and perpetuation of the complex
multicropping system. In recent years, coffee prices declined markedly on 
international markets and this, combined with the labour-intensive nature of 
the crop, resulted in some Chagga farmers threatening to remove the coffee 
bushes from their homegardens. Despite these pressures, howevei, the system
still appears to be working well with the majority of farmers. Nevertheless, if 
the system is to remain sustainable, then its productivity will have to be 
increased to cater for the rapidly increasing population. 

6. Evaluation 

6. I. Merits 

I. The continuous ground cover and high degree of nutrient cycling are the 
major factors that permit the Chagga homegardens to remain sustainable 
on the erosion-prone slopes of Mt. Kilimanjaro. 
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2. 	 Coffee produced by the Chagga contributes significantly towards Tanza
nia's foreign exchange earnings. Over 52% of Tanzania's export coffee 
comes from Kilimanjaro and in 1982 this represented an earning of US$ 65 
million. 

3. 	The various crop species and varieties in the homegarden represent years of
natural selection for survival and farmer selection for better production
and quality. These species have a good resistance to prevalent pests, they
compete well with weeds and have a generally high level of genetic
variability. The Chagga homegardens thus represent a valuable gene pool
for use in any breeding programmes to improve crop varieties for multi
storey cropping systems. 

In addition, the advantages attributed to intimate multispecies, multistorey
associations are many. They include soil conservation, nutrient cycling and
nutrient efficiency, microclimate enhancement (Nair 1984) and other benefits
such as labour efficiency, risk minimization and continuous production. 

6.2. Weaknesses/constraints 

1.Although the Chagga homegardens are a stable land-use system, their
productivity is relatively low. In order to meet the demand for foo of a
rapidly growing population, the productivity of the homegardens must be
increased. The problem lies in the toneed increase productivity whiie 
retaining the stability of the present system.

2. 	 With the present trend of young people migrating to urban areas, it is
mostly the older people who are left to manage the homegardens. Exten
sion workers may thus find it more difficult to introduce innovations.

3. 	Present extension workers focus on individual crops/components. The 
absence of an integrated approach and subsequent lack of awareness of
the possible interactions of the various components and their repercussions 
can result in problems for the farmer and loss of faith in the extension 
service. 

6.3. Potential 

On Mt. Kilimanjaro, the homegarden's potential as a productive and sustain
able system can be enhanced by: 

i. Replacing the less productive trees/shrubs with fast-growing nitrogen-fixing
species, e.g., Leucaena leucocephala, Calliandracalothrsus, G/iricidiasep
him and Lespee:a hicolor. These would provide increased fuel, fodder and 
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green manure on the homegarden and would reduce the time spent in 
travelling long distances to gather supplementary fuel and fodder. 

2. 	Improving animal husbandry so as to achieve, for example, a lactation 
period of around 300 days per year. 

3. 	Improved apic'Azre, e.g., the use of top bar hives, better bef strains, 
improved harvesting and honey-extraction methods. 

4. 	 Introducing new crop varieties using the gene pool developed by natura 
and farmer selection, not only in Tanzania but also from homegardens in 
other parts of the world. 

5. 	Using fertilizers. Credit facilities could be provided by the Tanzania Rural 
Development Bank. Purchasing, storage and distribution of the fertilizer 
could be carried out by the Tanzania Farmers' Association or the Kiliman
jaro Uremi Cooperative. 

6,4. vtrapolattahilitv 

Despit- the need for intimate knowledge of the components and a high level 
of nanagement capacity, the Chagga homegardens can be extrapolated to 
upland 3r.as (e.g.. the Kenyan highlands, S.W. Ethiopia, S.W. Rwanda) 
where ecological conditions are similar and farmers practise less intensive 
niiltistorey cropping. Preferences for local species/varieties can be catered for 
by appropriate substitution or introduction. A demand for maize cultivation 
in such homegardens could be accommodated by growing the maize between 
rows of trees. Shade effects could be minimized by an east-west orientation of 
the rows. Ground cover can be maintained by intercropping the maize with 
beans or cow peas. 

6.5. Research needs 

Information is required on the following properties that could be used to 
improve the overall productivity of the homegardens. 

I. 	Optimal spatial and temporal arrangements of the various components. 
2. 	 Optimal crop associations. This includes component crops/varieties differ

ing in morphology, maturing period, shade tolerance, rooting depth and 
photoperiod sensitivity. 

3. 	Since chemical pest control is no real alternative in smallholder cropping 
systems, information is required on crop/species combinations with a 
greater potential to icduce pests, diseases and weeds. The effectiveness of 
the plant species with anti-pest properties that are already used by the 
Chagga could be investigated as a first step. 
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4. Better soil management techniques, e.g., green manure, mulches and the 
most appropriate time of application.

5. Appropriate fertilizer prescriptions for the intimate multispecies associa
tions present in the Chagga homegardens. 
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Appendix 20.1 

PLANT SPECIES IN THE KILIMANJARO AGROFORESTRY 
SYSTEMS* 

As a part of the study of the Cagg homegardens an inventory of plant specieswas undertaken in 30 farms and their surroundings in the Chagga area on the
slopes of Mount Kilimanjaro.

The study was conductcd on the southern slope of Mt. Kilimanjaro inHai Mashariki Division. situated at elevations of 800-2,500 m a.s.. It consistedof an inventory of plant species conducted on farms, farm boundaries andaround homesteads in 30 subjectively selected farms. Five farms were selectedfrom each of the following villages: Mwasi Kusini, Mwasi Kaskazini,
Kushimundu, Mruwia, Kyaseni and Materuni in the study area.
Plant species were identified by us. Herbarium 
 samples are kept at theNational Forestry Herbarium, Tanzania Forestry Research Institute, Lushoto.Data on the local names and uses of the plant species were obtained through
interviews with farmers. 

The plant species identified and their econamic importance are presentedin the following table. A total of Ill plant species spread over 42 families were identified. They include 53 tree species, 29 food-crop species, 21 economically useful non-woody plant species and 8 weed species. Except for theweeds, the other plant species are carefully interplanted on the same unit ofland to form a very dense multistorey ecosystem, as described it.the systemdescription. Most of the plant species are maintained on the farm for two ormore uses. For trees, the main uses were fuelwood (90% of he tree species),medicines for humans and livestock (30%), poles (25%). shade (24%), timberproduction (23%), fodder production (10%), and other uses (19%). Nearlyall the non-woody plant species and climbers are grown for fodder ormedicinal purposes. The use of'nearly all the trees 
reflection of the importance of this 

to provide fuelwood is a
 
resource for the day-to-day life of rural
 

communities.
 
Nearly 30 food-crop species 
 are used in the multicropping system on thesame unit of land. In one of the surveyed farms (2 ha in size), more than 15food-crop species were planted. This phenomenon is very different from theconventional two-crop intercropping that is often reported in the literatureand provides the farmer with the insurance for basic necessities that is socrucial under poor economics and the vagaries of climate. 

* This study was originally published in Agroforesrl, Systems 2: 177-186 (1984). The study team
consisted of the three authors of the main paper and G.H. Weaver. 
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Fig. 20.5. Location of villages sampled for this study. 

This inventory brought out for the first time the totality of plant species 
used in multicropping as practised at the farm level in the region. Most of 
these species are under-exploited and their role and importance in the rural 
communities little understood by outsiders. 



Appendix 20.1: Table. Plant species in the Kilimanjaro agroforzstry system, northern Tanzania.
 

Family name Botanical name Common 
name Vernacular name Uses 


Alangiaceae Alangiin chinense 
 Mringonu Fuelwood. fodder and shadeAmaranthaceae Ach yranthe~s aspera Kisoka Fodder, medicinal 
A.taranthus hibius Shaana VegetableAnacardiaceae Anacarditm occidentale Cashew Mkorosho Edible fruit and seed. fuelwood
Mangifrra indica Mango Mwernbe Edible fruit, fuelwoodSorindeia 'nadagascariensis Mngwcra Shade. fuelwood anu edible 


Annonaceae fruits
Annona nuricata Mstafeli Edible ,ruits fuelwoodUraria sp. Mrisirisi Timber and fuetwood 

Apocynaceae Rauwmolfia ca/fra Msesewe Timber. fuelwood, catalyst for 

brewing, medicinalTabernuetnonianausambarensis Mracha Fuelwood, medicinalAreceae Colocasia esculenta Taro Maduma Edible roots 
Araliaceae Cussoniaholsii Mnengere FodderBalsaminaceae Impatiens kilinanjariBignoniaceae Jacaranda acutiflia Sunguala Weed. ornamentalNot available Shade, fuelwood, ornamental 

Kigelia africana Sausage tree Imomo Fuelwood, yeast and sponges 

Markhaniaplat cal;x from fruits
Mtarawanda Timber, fuelwood, polesBoraginaceae Cordiaabyrssinica Mringaringa Timber, shade. fuelwood, fodder

Dhretia '-t.mosa Mnemvu Poles. medicinalBromeliaceae Ananas conmsus Pineapple Mnanasi Edible fruitsBurseraceae Conmniphora zinrniermannii Mfifina Fodder 
Caricaceae Carica papaya Pawpaw Mpaipai Edible fruitsCommelinaceae Commelina latifolia Torontoro Fod.rCompositae Ageratum conv:oides Mafuna Fodder 

Con _va sunalrensis Inanzie Weed 
Galinsogaparriflora Shimakamaka Vegetable
Helichrysum spp. - Weed 

Remarks 

Fast-growing tree to 25 m 
Shade-tolerant shrub 

Tree to 12 m 
Tree to 20 m 
Tree 10-15 m 

Tree 5-8 m 
Woody climber, shrub or 

srvll tree 

Tree 12-20 m 

Tiec to 8 m high 

Tree to 12 m 

Tree 5-15m 
Tree to 22 m 
Tree to 20 m 

Tree 10-20 m 

Rambling herb 
Shrubs 



Convolvul.ccac 

Cruciferac 
Cucurbitaceae 

Dioscoreaceae 

Ebenaceac 

Erinaceae 
Euphorbiaceae 

Gramineae 

Senecio spp. 
J'ernmia suhuligera 
Iponoea batatas 
Brassica oleracea 
Telfiria pedata 

Dioscorea alata 
D. huihifera 
Diosrpvros inespilirmis 
Euck'a dirinorum 
A auria salicifolia 
Bridelia micrantha 
Croton macrostachus 
Jairophaeurcas 
Manihot esculenta 
Alaragaritariadiscoidea 
Ricinus communis 
Svnudenhn rolkensii 

Tragia brevipes 

Eleusine coracana 

E. indica 


E. africana 
Panicum monticola 
Saccharum officinarum 
Tripsacum laxurn 
Vetivetia zizanicides 

Zea mavs 

Sweet potato 
Cabbage 

Yam 

Yam 

Cassava 

Castor-oil tree 

Stinging nettle 

Finger millet 

Fowl-foot grass 

Sugarcane 
Guatemala grass 
Vetiver 

Maize 

Ifuifui 
Iduhuduhu 

Shisowia 
Kabichi 
Makungu 

Ngao. Shia 

Nduu 

Msindesinde 
Mkinyanyi 
Not available 
Mniarie 
Mfurufuru 
Mchimbakzburi 
Muhogo 
Mshamana 
Mbarika 
Mracha 

Kimangima 

Shiwawo 
Kilachia 
Mbege 


Kikwale 
Mlaa 
Mivra, Mauwa 

Khuskhus grass 
(manzao) 

Mahindi, Meemba 

Medicinal
 
Medicinal, weed 

Edible roots, vegetable
 
Vegetable
 
Fat from seed 


Edible tubers 

Edible tubers 
Timber. fuc!wood 
Fuelwood. red dye from bark 
Fuelwood 
Fuelwood. poles. withies, fodder 
Shade. fuelwood and goat fodder 
Boundary and grave marking 
Edible root, vegetable 
Fuelwood, poles, fodder 
Purgative oil, medicinal 
For making graves and 

boundaries poisonous sap 

Grains are used in the 

preparation of local brew 
(mbege) and making porridge 

Pasture grass
 
Pasture grass
 

Edible stem 
Fodder
 

Thatching, anti-erosion 
Staple food 

Shrub or small tree to 6 m 

Climber with stems to 
30 m long 

Tree to 20 m 
Shrub or small tree 
Tree 12-15 m 
Tree to 15 m 
Tree to 15 m 
Tree to 6 m 
Shrub to 4.5 m 

Short-lived shrub to 6 m 

Tree with fresh branches 



Appendix 20.1: Table. (continued). 

Family nane 

Labiatae 

Lauraceae 

Leguminosae
(Caesalpinioideae) 

Leguminosae
(Mimosoideac) 

Leguminosae
 

(Papilionoideae) 


Liliaceae 
(Alloideae) 

Liliaceae 
(Asphodeloideae) 

Liliaceae 
(Dracaenoideae) 

Botanical name 

Geniosporuin rotundfoliunz 
Hoshndia opposita 
Ihoza riparia 

Ocinun sua'e 
Persea americana 

Caesalpinia decapetala 
Cassia did'mohotrva 
C..fiorihunda 

Albizia schimperiana 
A. peersiana 

,Vewionia buchananii 


Calpurnia aurea 

Erthrinaahyssinica 
Phaseolus rulgaris 

Ptro satruia 
Tephrosia aequilata
Vigna unguiculata 

Allium cepa 

Aloe rolkensii 

Dracaena afromontana 

Common name 

Avocado 

Mauritius thorn 

Beans 

Peas 

Cowpea 

Onior, 

Vernacular name 

lsuwambewa 

Tarambe 
Mombo. Ombo 

]kachi 

Mparachichi 


King'utuo 
lwinu 
Otcio 

Mruka 
Muula 
Mkufi 

Mletangawo 

Mriri 
Maharagwe 

Njegere 
Urutupa 
Kunde, Soko 

Vitunguu 

Sale la njofu. 
Iratune 

Masale 

Uses Remarks 

Weed
 

Hedges. fodder
 
Medicines for stomach ache and
 

fever 
Medicine for stomach ache
 
Edible fruits, shade. fuelwood
 

Boundary marking, hedges Thorny shrub 
Purgative. antihelminthic leaves Shrub to 6 mWeed 

Fuelwood. shade Tree 20-30 m 
Poles, fuelwood. shade Tree to 12 m 
Timber, shade. fuelwood 

Poles. fuelwood, antihelminthic, 

insecticide
 
Shade. fuelwood
 
Food
 

Vegetable
 
Fuelwood, poisonous seed
 
Food
 

Spice 

Grave marking, sap medicine 

for wounds 

Fence, boundary marking and 

grave marks 



Malvaceae 
Melliaceac 

Melianthaceae 

Menispermaceae 
Moraceae 

Musaceae 

Myrtaceae 

Oleaceae 

Passifloraceae 

Proteaceae 


Rosaceae 

Sihlat 1a 

Trichilia ewierica 


lFurrac' rohu~sa 

Brsana ahvssinica 

Sicp'hania uhv'sinica 
.ArioarpusheterophIl1us 
Chlorophoraexcelsa 

Ficus e.voasperata 

VKntha/eois 
F. oallis-chou~whk 
.,,rus alba 

Mu a nona 
Al. paradisiaca 
Etcalt'pius cainaldulensis 

E. citriod(ora 

E. grandis 

E. rohusta 

E. saligna 

Mtrica .,aficifofia 
Psidium goadjara 

Olha capensis 
Passiloraedulis 

Gre'illarohusta 

Eroh~boria japonka 

Ruhus steudneri 

Jack fruit 

Fig 

Mulberry 

Banana 

Plantain 

Guava 

Passion fruit 

Australian 
silky oak 

Loquat 


M ilenda 
Mbomu 

Mokyanyama 
Mchakuru 

Not available 
Mfenesi 

Msasa 
Mfumu 
Mkuu 
Ipala, Wero 
lwero 
Kiguruwe 
Mshare 
Mkaratusi 

Mkaratusi 


Mkaratusi 

Mkaratusi 

Mkaratusi 

Mkaratusi 
Mpera 
Mwisi. Mmasi 
Loliondo. Mchio 
lsapiku 

Mkawilia 
Sambia 

Mstafeli 
Mawero 

Fodder 
Timber. fuelood. poles, shade 

Fuelwoo 
Timber, shade and fuelwood 
Weed, climber 
Edible fruits, fuelwood 
Timber 

Shade. fuelwood 
Shade, ritual tree 
Shade, fuelwood 
Boundary marking, hedges, 

edible fruits 
Edible fruits, fodder 
Edible fruits, fodder 
Fuclwood, poles, crushed leaves 

relieve colds 
Fuelwood. poles, crushed leaves 

relieve colds 
Fuclwood. poles, crushed leaves 

relieve colds 
Fuelwood. poles. crushed ieaves 

relieve colds 
Fuclwood. poles, crushed leaves 

relieve colds 
Fuclwood. medicinal 
Edible fruits, fuelvood 
Fuelwood. edible fruits 
Timber. fuelwood. poles, withies 
Edible fruits 

Timber. shade. fuelwood 
Edible fruits 

'-iblc fruits. fuelwood 
Hedge, edible fruits 

Tree 10-20 m 
Tree to 35 m + 
Tree to 20 m 
Tree 1-20 m 
Tree 1-20 m 

Tree to 15 m 

Tree to m 
Tree to 25 m 
lree 20-30 m 
Climber 

Tree to 30 in 

Tree to 7.5 m 
Shrubs
 



4 . rpendix 20.1: Tabh,. (continued). 

Family name Botanical name Common iiame Vernacui~ir name Uses Remarks
 
Rubiaceae 
 Cof[]je arahica Coffee Mkahawa Coffee. fuelwoodPentas lanetolata Not available Weed. ornamentallanguerialndagasariensis Ndawiro. NdoroRutaceae Fuelwood. edible fruitsCitru., fimnon Tree to 10 mLemon Mlimau. Ndimu E(ilb!e fruits. fuelwood

C. sinensis Sweet orange Mchungwa, 
Solanaceae lchungwaCap.sicurtn annum Edible fruits. fuelwoodRed pepner Mpilipilh SpicesC.frutescens Bird chillies Ngogwe Edible fruits 

Not available Boundary marking 
D!tura arborea 
L-vcopersicon esculentum Tree to 7 mTomato Mnyanya Edible fruitsNicotiana iahacuni Tobacco Mbatu Snuff and tobaccoSolanum incanum Ndu Medicine for stomach ache and 

S. nigrum anti-snake bites Shrub 1-2Ulmaceae Treanorintalis Nafu Vegetable m 
MrisioVerbenaceac Lantana camaro Fodder. fuelwood Fast-growing trees to 15 mSingarere Hedge, grave marking, weed Shrub 1-2.5 m 



21. The role of agroforestry in the farming systems 
in Rwanda with special reference to the
 
Bugesera-Gisaka-Migongo (BGM) region*
 

V. BALASUBRAMAN IAN' AND A. EGLI 2 

Institut des Sciences Agronomiques tu Rwanda (ISAR) B.P. 138, Butare, Rwanda; 'Iternational 
In.siitue of Tropical .Agriculture(lITA), P.M.B. 5320, lhadan, Nigeria: ISAR-IITA FSR Project, 
B.O. 629, Kigali, Rwanda; 2Sivi. Ilntercool'ration, P.O. Box 1651, C1I-3001 Bern, Swit-erland: 
IS..R-Swisy. Intercoo;peration.c/o ForestrrDepartnnt, B.P. 617, Butare, Rwanda 

.-bstract. Rwandan farmers, who are faced with a perpetual land shortage, 
have evolved certain intensive systems of organic agriculture such as home
stead (compound) farming which involve the combination of food, fodder and 
tree crops. To a certain extent these systems can satisfy the multiple needs of 
the subsistence farmers who live with several risks and constraints. Howevel, 
they cannot cope with the expanding food demand of the rapidly increasing 
population. 

Some multipurpose, low-input technologies and agroforestry approaches 
have becn designed to improve the productivity of these traditional systems. 
These include inter/mixed cropping systems and rotations, alley cropping with 
leguminous trees and shrubs, use of planted "fallow", planting tree legumes 
on anti-erosive lines, mixed farming, community forestry and woodlots, and 
tree planting on farm/field boundaries. The essential aspects of these technolo
gies are briefly discussed. 

1. Introdiction 

Rwanda is a small land-locked country of 26,000 sq km situated just south of 
the equator in the east-central part of Africa. It has a high population density 
(480/kn 2 of cultivable land) and an acute shortage of arable land. The average 
farm size was 1.19 ha in 1982 and it is expected to shrink to 0.71 ha in the year
2000 with the high population growth rate (3.6% per annum). This demo
graphic pressure has not spared the grazing lands and marginal areas reserved 
for planting woodlands/forests. Only a small percentage of the country's need 
for firewood and timber is satisfied by forestry plantations; the rest comes 
from deforestation and land clearance. The land available for small-farm 
agriculture is virtually fixed at 1,200,000 ha, while the land under planted 

* Originally published in Agrofiorestry Sjwtem. 4: 271- 289 (1986). 

P K.R. Nair (ed.). Agro~lorstr) S)sterms in tie "lropics. 333 352. 
o 19-). Klu,,cr Academic Publishers. Dordrecht Printed in the Netherlands. 
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woodlands is planned to increase from 57,200 ha to 200,000 ha in the year
2000 (Delepierre 1985). This may ease the firewood-supply situation to a
certain extent. The severe scarcity of arable land, rapid growth of population,
insufficient production of food and fuelwood and the financial incapacity to 
modernize agriculture (unavailability of inputs and inadequate infrastruc
tures) have been listed as the main impediments to agricultural development in 
Rwanda (Ntezilyayo 1983). 

Continuous cropping without addition of adequate nutrients, cultivation of 
marginal and fragile lands not suited for crop production, and incrCasing
deforestation have serious soilcaused degradation throughout the country.
Given the country's financial constraints, increased production of food and
firewood must come from the rational intensification of low-input crop
production systems utilizing the locally available resources to a maximum 
extent. Although Rwandan farmers have a few trees on their farms, well-man
aged agroforestry systems are not widely practised. However, in the prevailing
conditions of subsistInce agriculture and other forms of land use in the 
country, sustainable agroforestry systems are of great relevance (Nair 1983).
A few initiatives in this direction have already shown promising results 
(Newmann 1983: Zeuner 1981). This paper evaluates the existing land-use 
systems of Rwanda, with special emphasis on the Bugesera-Gisaka-Migongo 
(BGM) Re-ion, with a view to identifying the possibilities of agroforestry 
interventions and other improvements. 

2. General description of the area 

The BGM Agropastoral Project area, where the ISAR/IITA FSR Program is
being implemented, is situated in southernthe part of the eastern savanna 
zone, as shown in Fig. 21.1 (02 00' and 02 26' S and 29 58' and 30"53' E). The 
altitude ranges from 1,200 to 1,800 m with a gently undulating topography. A
 
large number of lakes found in this 
zone constitute the major water resources
 
for humans and animals.
 

2.1. Biophl'sical enrironment 

Climate 

The savanna zone is semi-humid with a mean annual rainfall between 700 and 
1,000 mm, and a pronounced dry season of four months or more (June-Sep
tember). There are two rainy seasons: "short rains" from October to Novem
ber and "long rains" from mid-February to May; the annual rainfall is equally
distributed between two seasons. The mean annual temperature is around 
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21 'C and relative humidity 55-75%. Drought risk is very high in this zone due 
to tle irregular distribution of rainfall. 

Soils 

File soils of the BGM region have developed from quartzite, schist, schist
quartzite, mica-schist, granite, gneiss, intrusions of basic rocks (dolomites)
and colluvium/alluvium derived from the above (Frankart 1963; Neel 1975).

The main soil types are: 
Raw mineral soils (Entisols) These are too shallow and gravelly to becultivated; are found in hill tops, eroded steep slopes, and exposed hard-pans;

cover about 30% of the area and should normally be left under planted forest.Tropical black cal'vs (Vertisols) Occupying about 5% of the area, mainly invalley bottoms and low-lying areas bordering the lakes and rivers, these soils 
are chemically rich but have poor physical properties; their productivity canbe improved by providing drainage and incorporating organic matter.

Tropical brown soils (Inceptisols) These have developed from colluvium and are found in the foothills and lower slopes just above the valleys/lakes; they
have excellent potential for agriculture, but they cover only about 5% of the 
total area.
 

Firruunousandfirralliticsoils (Oxisols, Ultisols, Alfisols) These are 
highly
variable in depth, gravel and organic-matter content, fertility, and susceptibil
ity to erosion and drought; they cover a major part of the region (60%) and are found on the plateaux as wcll as the mid- and lower slopes of the gently
sloping hills; their agricultural potential is fair to medium; addition of organic
matter and nutrients and control of erosion will be necessary to improve and 
maintain their productivity. 

Indigenous regetation 

The Bugesera-Gisaka-Migongo Region is characterized by natural tree savanna 
with its various formations and densities of tree stands being mainly a
 
function of different soil types. The following genera are represented:
 

Trees and shrubs 

Acacia, Acanthus, AIbizia, Brachistti'ia, Canthium, Combretuni, Comniiphora,
Crotalaria,Dombeye, Ervthrina, Euphorbia, Kigelia, Markhamnia, Rhus, Rici
nus, Sesbania, Solanumn, Vernonia. 

Herbs 

Bihens, Brachiaria, C'mnbopogon, Cynodon, Cyperus, Eragrostis,Hyparrhenia, 
Panicum. Setaria, Sporobolus. 
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The rarely or never-cultivated swamps are dominated by Cyperus papyirus 
and Phoenix reticulala(palms). 

2.2. Land-use s'stems 

Agriculture 

As mentioned earlier, the population of Rwanda increases at a very high rate 
of 3.6"/ per annum and consequently the average size of farm holding 
Le'rea:~,, qacadily over the years. Table 21.1 shows the estimated trends in 
these changes. As in the other parts of Rwanda, 95% of the regions' 
population is rural and the people live in individual houses scattered over the 
plateaux and hills. The mean family size in this region i,- 6.2 members, as 
compared to the national average of 4.5 (Table 21.2). As this area has been 
newly inhabited, mean arable land per family (2.3 ha) is also larger than the 
corresponding figure or 1.2 ha for the nation. Each production u:nit consists of 
2 -3 parcels homestead (compound) farm and distant parcels - the latter 
located at some distance from the compound either on the plateaux, in the 
valley bottom or near the lakes. Imprtant crops in the homestead are coffee, 
banana. beans, groundnut, maize and sorghum. In the distant plots, cassava, 

Tah, 21, 1. Estimated trends inpopulation growth and size of holding in Rwanda. 

Particulars Years 

1982 1987 1992 2000 

Total population (millions) 
Farming population ,millions) 

5.46 
5.02 

6.57 
5.86 

7.84 
6.67 

10.24 
7.77 

No. of farm holdings (millions) 1.12 1.36 1.59 1.94 
Fan'il, size (no. of individuals) 4.50 4.30 4.20 4.00 
Available land, family, ha 1.19 1.00 0.87 0.71 

Source: Delepierre (1985). 

Tatble 21.2. Mean flamily size, farm area and labour in Rwanda and in the BGM region. 

Particulars Rwanda BGM 
1982 1983
 

No. tol persons per family 4.5 6.2 
No. of active workers per family - 3.1 
Anhle land per family, ha 1.2 2.3 
Arable land per worker, ha - 0.7 

of famnilies with non-fairm income - 36.1 

Source: Data for the whole of Rwanda from Delepierre (1985), those for the BGM Region from 
Balasubratnanian and Price (1983), and Price et al. ( 1983). 
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Table 21.3. Trees, shrubs and perennial climbers in rural Bugeresa region (Rwanda). 

Family Botanical name Form Origin Multiplication Part of the 

plant used
 

Acanthaccae Acanthus pubescens s n Seed le 
Anacardiaceae Mangi(era indica t n Seed fr,St. br
Asteraceae Vernonia am gdalina s n Seed le,rt,st,ba 
Bignoniaceae Jacarandaacutifolia t e Seed st,br, fl 

Kigelia africana t n Seed st. br 
Markhanta luiea t n Seed st,br 
Spathodea campanulata t e Seed st,br

Bombacaceae Ceiba pentandra t n Seed se, st, br 
Caesalpiniaceae Cassiaspeetabilis t e Seed st,br 
Caricaceae Caricapapaya t e Seed fr,le 
Combretaceae Combretuni sp. t n ? st,br
Euphorbiaceae Euphorbiacandelabrum t n Cutting -

E. tirucalli s/t n Cutting st. le 

Ricinus communis s e Seed se, le, st 
Sy'nadenium grantii s n Cutting le, latex

Fabaceae Cajanus cajan s e Seed fr, br, le 
Erlthrinaabyssinica t n Seed fr,br 

Cutting fr,ba 
Sesbania macrantha s n Seed le 
S. sesban s n Seed br, le. fl 

Uses. particulars 

Fodder, trad. remedy (acne) 
Edible fruit, fuel 
Trad. remedy (abscess, hepatitis, expelling of afterbirth) 
Carvings, bee forage, timber, fuel, ornamental 
Fuel
 
Timber. fuel, poles, utensils 
Ornamental. fuel 
Silkcotton (kapok), fuel 
Fuel, timber, hedge, windbreak 
Edible fruit, meat tenderizer 
Fuel 
Property delimitation 
Property delimitation, fuel, trad. remedy (animal eye 

diseases)

Stakes, trad. remedy (poisoning. constipation)
 
Trad. remedy (headache). glue
 
Legume, fuel, trad. remedy, fodder
 
Fuel, utensils, furni ture. beehive
 
fixing, trad. remedy (hepatitis, constipation)
 
Fodder. fallow
 
Fodder. fuel, stakes, trad. remedy (eyes)
 



Lauraceae 
Mimosaceae 

MNraceae 


Myrtaceae 

Passifloraceac 

Proteaccae 

Rhamnaceae 
Rubiaceae 

Rutaceac 
Solanaceae 
Ulmaceac 

Legend: t = tree: 

Persea antericana 
Acacia hockii 
A. polvacantha 
A. sieherana 

Alhizia chinensis 

A . gunlnifera 
Ficus gnaphalocarpa 
F. thonningii 
Eucalhptus spp. 
Psidiunm guajara
Passiflora edulis 
Grerillea robusta 
Maesopsis eminji 
Coeia arabic a 

Citrus spp. 
Solanum aculeatissinium 
Trema orienialis 

s = shrub; c = climber; n 

t 
t 
t 
t 
t 
t 
t 
t 
t 

t 
c 

t 
t 
s 

t 
s 
t 

= native; 

e 

e 

n 

n 

e 

n 
n 

n 

e 


e 

e 


e 

n 

e 


e 

n 

n 


e = exotic; 

Seed 

Seed 

Seed 

Seed 

Seed 

Seed 

Cutting 

Cutting 

Seed 


Seed 
Seed 

Seed 

Seed 

Seed 


Seed 

Seed 

Seed 


le = leaf; ba = 

fr. st,br 
st,br. fl 
st,br, ba. 
st. br, ba. fl 
st. br, fl 
s, br, fl 
st,br. le 
st. ba. le 
st. br, le,fl 
fr. st. br 
fr 

st,br 

st,br 

fr 

fr 
br 
st, br 

bark; br = branch; 

Edible fruit, fuel
 
Fuel, utensils, bee rorage
 
Fuel. charcoal, bee forage, trad. remedy
 
Fuel, charcoal, be%, torage, trad remedy (cyst.)

Timber, fuel, bee forage, shade for coffee
 
Bee forage, utensils, timber, fuel 
Utensils, fuel, fodder, fences 
String. utensils, fuel. fodder, furniture, poles, fences 
Fuel, timber, trad. remedy (asthma), bee forage 
Edible fruit, fuelwood 
Edible fruit (industrial juice production) 
Timber. fuel, furniture 
Timber, indoor construction, fuel 
Fruit fur coffee export, trad. remedy (expelling of 

afterbirth)

Edible fruit, fuel
 
Fences, fuel
 
Fuel, timber
 

st = stem; rt = root; fl= flower; fr = fruit 
Source: ISAR (1985). 
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sweet potato, sorghum and fodder grass which require less intensive care are 
grown. Other minor crops observed in this region are colocasia, yam, Irish 
potato, soybeans, cowpeas, peas, vegetables and fruits. 

Forestr 

The indigencus forest (savanna woodland) of the region has almost disap
peared due to conversion to agricultural land by the increasing population and 
charcoal production for the country's capital. Therefore, the Rwindan Gov
ernment encourages planting of community forests for fuelwood and timber 
production throughout the country. Trees for fruit, fodder and other uses are 
planted as well. While trees for fuelwood and timber (mainly Eucall'ptus spp.,
Pinus spp., Grevilhea rohusta) are usually planted in small community and 
private wvodlots or along roadsides, fruit and fodder trees are more often 
integrated into homesteads and cultivated areas. Seedling production is as
sured by 10 -15 nurseries per 60,000 inhabitants funded by the government 
and development projects. T:ible 21.3 lists the most important tree species 
which are integrated into farms. 

Agro/orestrl, 

As poitited out earlier, many of the farmers are accustomed to retaining and 
integrating trees into their farmland. Data in Table 21.4 show the importance
of trees in small farms of the BGM region. 

About 86% of the households have at least a few trees on their farms. They 
are arranged mainly around the houses (Ficus spp., Sesbania spp.) and along
road sides (Cetr'ela serrulta,Cassia spectahilis, Greuilha robusta), integrated 
into banana fields (Acacia spp., Afaesopsis emiiii, Ricius communis), or other 
crop fields (Albizia spp., Erithrinm abissinica,Markhaniahltea, Solanum spp.,

Vernonia sp.) and/or planted on 
 property boundaries (Eupho;'bia tirucalli).
Live and fodder hedges, however, have rarely been recognized in this area. 
Two field examples of these indigenous agroforestry practices are shown in 
Figs. 21.2 and 21.3. The essential aspects of these traditional agroforestry 
practices are described below. 

Tahh, 21.4. Importance of trees in small farms in the BGM region of Rwanda. 

Particulars Bugesera Gisaka-Migongo Mean for BGM region 

Farms with fruit trees 83.0% 88.5 85.7 
No. of fruit trees/farm 11.0 7.3 9.1 
Farms having woodlots, % - 16.0 -
Area in woodlots, l00 m2 0.4 2.0 1.2 

Source: Data for Bugesera from Price el al. (1983), those for Gisaka-Migongo from Balasubra
manian et al. (1984). 
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Fig. 21.2. Cedrela trees intercropped with sweet potato, taro, banana, avocado, etc. at Kamembe, 
Cyangugu District, 1.550 m a.s.l. (photo: A. Egli). 

Fig. 21.3. A multispecies plant association on a small farm at Mugusa, Butare District: trees 
include mango, cedrela and icus, with coffee and banana in the foreground (photo: A. Egli). 
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3. Structure of the system 

3. I. Homestead frining 

Crops 

Banana (ftisa spp.) is the principal crop; it is normally intercropped with 
beans (Plhaseohis rulgaris) and groundnut (Arachis h'pogaea), both mixed
with maize (Zea mays) during both seasons and with sorghum (Sorghum
hicolor) during the January-May season (Table 21.5). Other food crops
planted under banana are sweet potato (Ipoinoca bataltas), cassava (Alanihot
t'scUhc/!a), colocasia (Colocasia spp.), pineapple (Ananas; comosus), cabbage
(Brassica sp.), chilli pepper (Capsicum sp.), etc. Several types of bananas 
(beer, cooking and dessert types) are planted in mixed stands. Production 
and sale of banana beer is crucial to the farmers' monetary income. The
surplus of cooking- and dessert-bananas and other food crops is sold in the 
nearby markets. 

Tablh 21.5. C'anana-based cropping systems practised in the Bugesera region of Rwanda during 
1983/84. 

Cropping systoms % of mean area* 

October De(ember. 1983 

I. Banana sole 52.4 
2. Banana + beans + maize 17.2 
3. Banana + swveet potato 7.6 
4. Banana + beans + maize + cassava 4.8 
5. Banana + cassava 2.6 
6. Banana + beans + cassava 2.6 
7. Banana + cowpea 2.6 
8. Banana + cocoyam 2.5 
9. Others ( II systems) 7.8 

rebruarir At;. /98.1 

1. Banana sole 32.7
2. Banana + sorghum 22.6 
3. Banana + hea s 10.1 
4. Banana + beans + maize 6.5 
5. Banana + sorghum + cassava 5.1
6. Banana ± beans + sweet potato + cassava 3.5 
7. Banana + sweet potato 3.4
8. Banana + beans + maize + sweet potato 3.1 
9. Banana - cocoyam 2.4 

10. Others (24 systems) 10.6 

* Mean banana area = 0.45 ha/farm over 100 farms sampled. 
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Coffee (Co[lha arabica) is an important cash crop and the entire production
is sold for cash. According to Balasubramanian and Price (1983) the main 
sources of cash income for the families during 1983 in the Gisaka-Migongo
region were as follows: banana 38.3% of total cash income, other food crops
and their products 13.9%, salary and wages 28.4%, coffee 11.7%, livestock 
5.2% and other off-farm income 2.5%. 

Trees and .hru s 

Farmers plant a variety of fruit trees and other perennials in the homestead; 
important among them are papaya (Carica papaya) and avocado (Persea 
americana), followed by guava (Psidium guajatva), ja k fruit (Artocarpus
heleroh*vllus), citrus (Citrus spp.), mango (AIangifera indica) and passion fruit 
(Paussilota spp.). On the average, each farm has nine kinds of trees (Table
21.4). Other woody perennials found in the homestead are castor bean 
(Ricinus sp.) and a few stands of Grerillarohusia, Cassia spectabilis and/or
Alarkhamia sp. around the house for shade in the compound. Castor bean, 
which grows tall and produces forked branches at a height of about 3 m, is 
grown in banana fields and the well-grown stems support heavy bunches; their 
large leaves are used as cover for sorghum fermentation. Other trees are 
grown for construction poles/wood and firewood. Dried leaves and small 
twigs are composted along with other household wastes. 

Animals 

Both cattle and small ruminants are kept by farmers and the mean number per 
household is 12 (Table 21.6). Most of these animals are local breeds, although
 
a few progressive farmers 
 have started raising improved ones, particularly
cattle and chickens. The local cattle breed, "Ankole", is being improved by
selection and cross-breeding with Jersey, Sahiwal and Friesi an to achieve 
better milk and meat production. Owing to the lack of sanitation and proper 

Tahhe 21.6. Mean number of farm animals per household in the BGM Region during 1983. 

Type of animal Bugesera Gisaka-Migongo Mean for BGM 

Cattle 2.0 0.8 (1.8") 1.4(l.9*)
Goats 3.0 4.0 3.5
Sheep 0.4 0.5 0.4 
Rabhit - 0.4 -
Pigs 0.1 0.2 0.1 
Birds 6.0 5.5 5.7 

S, rce: I)ata for Bugescra from Price et al. (1983), those for Gisaka-Migongo from Balasubra
martian et al (1984).
* Includes the animals kept on ranches by individual farmers in Rusumo. 
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feed, these improved breeds have not dispersed into the rural environment to 
the extent needed to make an impact (Ivamuremye 1983). 

The area under pasture is graduaily diminishing, and this will force farmers 
to rcduce te number of cattle and increase the number of"small animals such 
as goats, sheep, rabbits and pigs kept on individual farms. On average, each 
farm presently has 1.9 cattle, 3.5 goats, 0.4 sheep, 0.1 pig and 5.7 chickens 
(Table 21.6). Thus, small livestock will play an increasingly important role in 
animal production by small farmers. 

In the Gisaka-Migongo region, 40% of cattle, 82% of goats, 67% of sheep,
97% of rabbits, Q5% of pigs and 80% of birds (mainly chickens) are kept in 
full or partial confinement and stall-fed. The rest are kept on free-range.
Fallow plots and communal grazing lands arc used for grazing animals on 
free-range. Cut fodder and crop residues are used to feed animals kept in stalls 
(Balasubramanian 1984). 

3.2. Plantedwoodlots 

Many farmers plant Eucali'ptus spp. and Gretillea robusia on relatively
infertile and degraded parts of their land which are not suitable for cropping.
These private woodlots are intercropped with food crops (bears, groundnut, 
sorghum, maize, etc.) during the first 2-4 years when the planted trees are 
young. During intercropping, the branches of trees are lopped off to reduce 
inter-species competition for light and water, and the loppings used as mulch 
and/or fuel. On average, each farm had 120 2 of such planted woodlot inm

1983 (Table 21.4).
 

3.3. Arrangenu'nt ihteraction of components 

The arrangement of the components in the above systems is haphazard.
However, a of tall treesdistinct vertical zonation (6 m and above), banana 
(3-4 m),cassava and sorghum (2--3 m), and low-growing food crops (0-1 m)
is evident in banana 'ields. There is considerable overlap of storeys in the 
compound farms. 

Coffee, however, is grown as a monocrop. The Rwandan Government has 
prohibited intercropping of coffee fearing that there might be a reduction in 
coffee yield from the possible inter-species competition for nutrients and 
water. Presently some farmers grow grasses (Tripsacuni sp., Setaria spp. and 
Vetiver sp.) on field boundaries and anti-erosive lines; these grasses are 
periodically cut and used for feeding animals and/or for mulching. The system
is somewhat comparable to that of the Chagga homegardens of northern 
Tanzania (Fernandes et a/. 1984; Chapter 20). 
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The following interactions between components can be observed: 

Direct: trees/shrubs and food crops, grass strips and coffee, and cattle 
manure and crops, trees/shrubs; 
Cyclic: crop residues and livestock; 
Competitive: trees/shrubs and food crops, bananas and other food crops 
and coflfe. 

Farmers also use crop residues from sorghum, banana and beans as mulch 
for coffee which results in a transfer of fertility from food-crop fields to coffee 
plots. Consequently. tile yields of food crops decline rapidly unless the 
nutrient loss is compensated by the addition of manure. Another effect is the 
reduction it) total banana production due to wider spacing of bananas to 
allow intcrcropping, here the reduction in banana yields is probably more 
than compensated by the yield of* associated food crops. These interactions 
have not been rescarched in detail to obtain quantitative data. 

In planted woodlots, there is competitive and complementary interaction 
between the young tree seedlings and tile interplanted food crops. Cultivation 
of food crops improves infiltration of water into the soil, reduces weed 
problems and favours the growth of" tree seedlings. However, competition for 
Moisture and nutrients between food crops and tree seedlings is inevitable, 
particularly during drought period!; and on poor and marginal soils. Farmers 
manage the above cropping systems according to their present demands. 
Shade-tolerant crops suLI as colocasia, beans and cassava are selected for 
intcrcropping with bananas. During the intercropping period, the bananas are 
pruned by removing the old and photosynthetically inactive leaves in order to 
open up the canopy for the understorey crops. The weeds and banana wastes 
are used as mulch on the banana stands. Cattle manure and compost are 
preferentially applicd to bananas and tile intercropped beans, sorghum and 
vegetables in fields close to the compound. Farmers also plant some sweet
 
potatoes on flat land under the banana canopy to conserve 
 the planting
material through the long dry season (June-September); these conserved 
sweet potato vines will be used for planting in the October-December season. 
Voluntary crops of chilli pepper and tomatoes allowedare to grow in the 
banana field. Spreading melons,'pumpkins (Cucurhita spp.) also interare 
planted with bananas and they cover the soil quickly. 

4. Management of the system 

In Rwanda. flarmers traditionally have permanent land-use rights. Sons of 
each flmily share the family properties equally and this leads to continuous 
subdivision of' holdings. As mentioned earlier, the national mean for farm size 
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in 1982 was 1.2 ha, whereas in the recently inhabited BGM region it is about 
2.3 ha (Table 21.2). 

A holding has to support an average of 4.5 members of i family for 
the country as a whole and 6.2 members in 13GM region. Wherever pos
sible, each tamily tries Ic possess plots on the plateau as well as in the 
valley bottoms. About a third of the land is in the homestead and its close 
vicinity. 

An average tarmily with 6.2 members provides a work force of 3.1 active 
workers in the age group of 15 59 years about 50%(Table 21.2). Thus, of 
the population is outside this age group and has to be supported by the 
active members. Generailly banana and coffee are taken care of by men and 
food crops by woimen.
 

Cash for the purchase of a few inputs and 
 for hiring labour is obtained 
from the sale of surplus food crops and their products, salary and wages, 
coffee, livestock, and off-farm income, as indicated earlier. 

Mostly locally available biological inputs (manure, compost, crop residues,
seed from previous crops) are used by farmers in the BGM region. Only
about 8.4% of the cropped area is planted with improved seeds by 42% of 
the farmers (Price et ul. 1983). About 40% of' the cropped area owned by
71% of the farmers receives organic manure. Farmers neither apply chemical 
fertilizers nor u::. tractors for food-crop farming. The BGM project dis
tributes improved cattle on loan to selected farners to encourage mixed 
farming. Other credit facilities are very limited. 

Each holding is operated on a subsistence basis, producing the family's
food re'luirements. In 1983, each family in the Gisaka-Migongo region
produced an average of 458 bunches of bananas, 393 kg of beans, 94 kg of 
groundnut, 461 kg of sorghuml, 911 of cassava, 1,142 kg of sweet potato and 
112 kg of' cofice (Balasubramanian and Price 1983). About 45% of the food 
products and of the coffee100% are sold. Poor crop yields due to drought 
may be encountered once in 3 -5 years, complete crop failure has never 
occurred. 

Average livestock production per farm was 302 litres of milk and 343 eggs 
per year during 1983. Fodder production during rainy seasons is adequate,
but during the dry season (June- September) animals suffer from an acute 
shortage of forage. 

Land under perennia! crops (coffee and banana) is fairly well protected
against erosion, In addition, these fields are also mulched and manured to a 
certain extent to maintain soil fertility. Food-crop plots are neither manured 
nor mulched. However, inclusion of legumes in rotations and mixtures 
adds some biologically fixed nitrogen to the system. The fallow cycle is very
short, i.e., one year or less which is not enough to restore soi! fertility.
As such, there is a continuous decline in soil fertility and crop yields with 
time. 
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5. System dynamics 

5.1. Rate o/'growitlh 

Owing to scarcity of arable land, farmers have started tilling marginal land 
normally reserved for grazing and planting trees. This practice, coupled with 
inadequate nutrient addition and soil-conservation measures, has caused 
serious soil degradation. Therefore, the already-low crop yields decliningare 
further. The introduction of more efficient production systems adapted to the 
poor soils and semi-arid climate of the region is necessary to produce sufficient 
food from the existing land. 

5.2. Sustainability 

The system described above cannot be sustained in its present form and meet 
the food requirements of the increasing population. Soil degradation and 
decreasing yields have to be arrested as soon as possib!e. Restoration and 
maintenance of soil are only with somefertility possible modifications, 
keeping in mind their long-term sustainability, as discussed below. 

5.3. Special features 

The positive features of Rwandan smallholder farming are the following: 

Absence of burning as a land-clearing method; 
Mixed cropping of non-legumes and legumes, and rotation of grain legumes 
with cereals; 
Mulching of coffee and bananas; 

- Effective use of household wastes, crop residues and weeds through corn
posting; 

- Use of well adapted mixtures of local varieties, careful working of the soil 
with hoes, and good care of major crops (Neumann 1983). 
Use of overlapping mounds which aid in trapping rainfall and moisture 
conservation; 
Use of grass strips on anti-erosive lines to reduce erosion and obtain mulch 
and fodder; and 
Establishment of woodlots for firewood. 

The negative features are: 

- Overcropping without the addition of adequate nutrients and cropping of 
marginal lands; 
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- Poor integration of cropping and livestock activities; 
- Poor handling and conservation of cattle manure, resulting in loss of 

nutrients, 
- Absence of the rational and systematic use of leguminous trees and shrubs 

in farms; 
- Absence of the use of planted fallows to improve soil fertility; and
 
- Overgrazing of pasture land due to excess 
stocking. 

6. Evaluation 

6. I. Merits 

To the positive features of the systems mentioned above, the following merits 
can be added: 

- The high-quality coffee produced by the small farmers (mostly by manual 
handling) contributes significantly towards the country's foreign-exchange 
earnings: 

- Well adapted local crop varieties, particularly of beans and sorghum, give
fairly high yields and have a good level of resistance against insects and 
diseases (ISNAR 1983): and 

- All the benefits of' mixed/intercropping of annual crops with or without 
perennial crops and trees/shrubs; (a) better use of space, nutrients and 
moisture, (b) reduced risks due to unpredictable drought and pests; (c)
continuity and variety in food supply; (d) extended soil cover and effective 
erosion control; (e) flexibility in labour utilization and demand; (f) fair 
satisfaction of farmers' present multiple needs. 

6.2. Wleaknesses/Constraints 

Apart from the negative features pointed out above, these systems suffer from 
the following drawbacks: 

- The growing food demand cannot be met by the present productivity lev.dI 
of these systems; and 

- Scattered distribution of farmers and farm families all over the region makes 
it diflicult for the extension service to effectively reach all of them. 

6.3. Extrapolatability 

The small-farmer systems of the BGM region have evolved over a period of 
continuous land scarcity which has forced the farmers to try innovations and 
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produce more food with the skilful use of locally available resources. These 
systems should be studied, understood and improved, wherever necessary, for 
introduction to other tropical areas with a similar environment. With suitable 
alterations these systems can also be effectively introduced into the lowland 
tropics. As pointed out by King (1979), about 65% of the area of the tropics 
is considered ecologically fragile and these areas need similar systems of 
intensive organic farming to improve and sustain the agricultural productivity 
of the land. 

6.4. Research needs 

Study and understanding of the existing systems evolved through ages by the 
industrious and inventive small farmers must be the starting point for research 
to develop improved systems. It is true that experience with organic agricul
ture and traditional cultivation methods offers many clues for the successful 
development of efficient low-input technologies (Ntezilyayo 1983). The re
search strategy must be oriented to select new crops and varieties and develop 
improved, sustainable production systems which are adapted to the region. 
Some of the research approaches that deserve special attention are listed 
below. 

Inter/inixed cropping s'stems and rotations 

Rational use of grain and green-manure legumes in the inter-mixed cropping 
systems based on cassava, sweet potato, sorghum, beans and bananas is under 
experimentation. The grain legumes selected for this study are beans, cowpeas, 
soybeans and groundnuts, while the green manure/mulch legumes are Crota
htria sp. and Mucuna prurien,. Different spatial and temporal arrangements of 
these crops are being investigated. Evaluation of the new systems takes into 
account not oniy their food-production potential but also their contribution to 
the supply of fodder for animals and green manure/mulch for soil improve
ment and the duration of canopy cover for soil protection. The timing and 
nature of these sole and inter-cropping systems in suitable rotations is very 
important to take full advantage of the rainfall distribution and to ensure a 
continuous supply of a variety of foods throughout the year (Ezumah and 
Balasubramanian 1983). 

Alley cropping with leguminous shrubs and trees 

Alley cropping is an agroforestry system in which food crops are grown in 
alleys formed by hedgerows of trees/shrubs that are periodically pruned 
during cropping to prevent shading, minimize intercrop competition for 
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moisture and nutrients, and provide green manure/mulch for the associated 
food crops (Wilson and Kang 1981). Additionally, the alley (hedgerow)
species provides stakes for climbing crops, firewood for cooking, protein-rich 
fodder for livestock, protection against soil erosion (especially when the 
hedgerows are planted along the contour) and substantial amounts of biolog
ically fixed nitrogen to improve soil fertility. The deep roots of trees/shrubs
will help recycle nutrients from the subsoil to the surface. The species selected 
for alley cropping must growing, deep rooted and able toe fiast withstand 
frequent pruning (Kang et al. 1984). 

The suitability of this system lor the BGM environment is being investi. 
gated using lour leguminous shrubs, namely Leu'aena leucocephala, Calliandra 
callothrIs, Cassia .Vectailisand Seshania seshan. The first and the third 
species are also being evaluated for alley cropping with fodder grasses such as 
Tripsacuin sp. to improve the qualit,' of cut fodder (Balasubramanian et al. 
1984). 

Use o/planted /llows 

Owing to the severe land shortage in the BGM region, the duration of fallow 
has been reduced to onc year or less. Such short-season fallows covered by
weeds and grasses and used as temporary pasture for grazing domestic 
animals are not effective in fertility restoration. If these fallows are planted to 
green nanure/mulch legumes such as Crotalariasp., Mucuna pruriens, Cajanus
ca/an and Seshania sesban, which are found to grow well under minimum care 
in this semi-arid zone, a significant improvement in soil fertility is possible
within short periods. These species also form good fodder for animals, add 
substantial amounts of fixed N to the soil and offer an excellent protection to 
the soil (cover crops). 

Pau htg free legumesn
on anti-erosive lines
 

At present, the BGM farmers use mostly grass strips planted with Tripsactum 
sp., Setaria sp. and Vetier sp. on anti-erosive lines to reduce runoff and 
control soil erosion. Periodic cutting of these grasses for use as fodder and 
mulch has led to the depletion of soils and consequently poor growth of 
grasses on anti-erosive strips. In 3-5 years, the growth rate of grasses is so low 
that the primary function of erosion control is defeated. The grass strips can 
be stabilized by planting tree/shrub legumes in association with grasses; in this 
arrangement the legume species will provide the biologically fixed N to sustain 
the growth of grasses. If properly managed, the tree components will provide
fodder for animals, fuelwood for cooking, stakes for climbing crops, and 
green manure/mulch for soil amelioration. At present, Leu'aena leucocephala, 
Cassiaspectahilis and Ca/anus ca/an are being evaluated for their effectiveness 
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in stabilizing anti-erosive grass strips. Other suitable trees may be Grevillea 
robusta and C('edela s.vrrulata (Balasubramanian et al. 1984). 

The 13GM Project encourages mixed farming by providing cattle loan.on 
The positive influences of combining cropping and livestock activities are 
effective utlization of crop residues as fodder, ellicient production of milk, 
meat and manure, and, whcrever feasible, use of cattle for draught power. 
Fodder cropping with lcgume shrubs and trees as well as grasses will meet 
the feed requirements of the livestock. 

Co('tnnnnaill'./csti, t and oodlots 

At present, EM'1/1Pt tus ainah/duh'nsis, E. tereticornis and Grevillea robusta are 
the most commonly used trees for afforestation of community land and 
private lots. Several species are under investigation at the Karama Research 
Station to select the most suitable specics for this region where drought and 
termite attack are serious problems causing more than a 30% loss of planted 
trees. Two recently-introduced last-growing trees, namely, Acrocarpus ra.x
nifidius and 'Veliaa:cdarach appear to be promising from early results of 
the above trials. 

Planting Itrces on the./arttnield bouldaries 

Most Ilirmers in the BGM region use Euphorbia tirucalli to demarcate 
farm boundaries and fields because this species is easy to establish from 
cuttings, is fast growing and is highly resistant to drought and termites. 
Planting of' this and other multipurpose species is being supported by the 
BGM project. 
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22. Acacia albida and other multipurpose trees on the 
Fur farmlands in the Jebel Marra highlands, Western 
Darfur, Sudan* 

S. MIEHE 
Intut .irlJ'eli/smsirtscha/, der Bumdesforscthungsanstalt f!r Forst- und Holiwirtschaft,
 
Jlamhurg, FRG; present address: c/o Lehrstuhl fir Geobotanik, Utere Karspdle ,
 
D 3400 G'itingen, FRG
 

Abstract. This paper describes the traditional agroforestry systems based on 
Acacia albida and other multipurpose trees as practised by the sedentary Fur 
people on the lower slopes and highlands of the Jebel Marra massif, Sudan. 
The basic agrosilvopastoral system consists of terraced village fields, where 
semi-permanent rain-fed cropping of staple millet and other subsistence crops 
takes place under stands of" multipurpose trees dominated by Acacia albida, 
('ordia ah'issinicaand Zi:iphus spina-christi.Trees have been retained primar
ily for food, wood and fodder. Thorn from cut and browsed branches makes 
good fencing material. 

This system has sustained a densely settled population over centuries. 
However, recent out-migration of peopIl fior the montane dry-farming areas 
has caused a gradual return to shifting cultivation. As a consequence, the 
present-day subsistence farming in the rcgion is characterized by a general
level of carelessness and exploitative management and this is reflected in a 
successive decrease of the tree cover. 

The evaluation of the AF practices described includes a discussion on their 
r'-gional importance and extrapolatability within the framework of similar 
situations, especially in Africa, emphasis being given to montane and highland 
conditions. The outstanding potential of Acacia albida-based AF systems to 
be sustained and spread almost all over semi-arid to semihumid Africa is 
highlighted by illustrating its ecologic and economic vaiiability. Extrapolation 
of Such examples, however, is not feasible without thorough investigations 
concerning the ecological, ethnological and socio-economic conditions in the 
respective project areas. Basic research needs for improving and extending the 
system are also indicated. 

* Originally published in Agroforestry' Svstens 4: 89-I 19 (1986). 

P.KR. Nair led.). Agroforestry Systems in the Tropics. 353-384.
 
S1089. Kltiwer Academic Publishers. Dordrecht - Printed in the Netherlands.
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I. Introduction 

The Jebel Marra massif is an isolated volcanic coriplex which rises up to 2,000 
m from the surrounding peneplain. The area has elevations of up to 3,000 m 
a.s.l. and therefore moderate climatic conditions, contrasting with the Sahelian 
surroundings. At present the massif is inhabited by the Fur tribe who are 
negroid. sedentary, hoe agriculturalists of still-unknown origin. They succeeded 
earlier culti ators who could be traced back to Neolithic times ( Belfour-Paul 
1955), and who presumably started to convert the originaily wooded slopes of 
the mountains into the terraced anthropic landscape which is to be found 
nowadays almost over the entire area. Obviously there have been several drastic 
fluctuations in population density and type/intensity of land use, being caused 
mainly by clima;i: changes, historical events and epidemics. The population
density (1976) in the Jebel Marra massif is about 20 37 persons/ki 2 (Watson 
et al. 1977), so tht more or less extensivz types of land use, such as shifting 
of fields and (periodically) whole villages are predominant. 

Semi-pernanlent cultivation types with significant integration of trees and 
animals (agrosil opastoral systems) are maintained only in small areas, where 
historic agglomerations of population are still found. Here, Acacia alhida may 
be the dominant tree component in :e altitudinal range between 1,400 and 
1,900 in a.s.l. This "ideal farm tree" ( Kerr 1942) has been the subject of several 
studies and scientific publications (Felker '978), and basic data are now 
available about its ecology and geographic distribution (Wickens 1969; 
Fig. 22.1 ). 

Most descriptions of Acacia albida agroforestry systems, however, refer to 
lowland localities in West Africa especially andSenegal Burkina Fasso. 
Previous investigations on .cacia alhida in die Jebel Marra area - which were 
undertaken mainly in the ,:ourse of the UNSF-Jebel Marra Project (FAO 1968, 
Hunting Technical Services 19 77a; Wilson 1979) -- concentrate on the most 
conspicuous .lcacia albidafarmlands of the Wadi Azoum alluvial system in the 
pediplains west of the massif (Wilson et al. 1980; Radwanski and Wickens
 
1967). In contrast to those riverine habitats, the special feature of the montane
 
Acacia albka populations in the Jebel Marra massif is their zonal distribution
 
in all topographic situations that have sufficient fine-textured rooting substrate, 
thus seemingly in. 1endently of a perennial ground water-table. 

Although tile r.or1tain regions are of limited extent within the Sudano-Sa
helian zone, these agroforestry systems represent a most spectacular indigenous 
land-use system. Therefore, the Fur agroforestry systems are described here and 
the description is based on the field visits to selected villages in 1982 and 1983. 
The major scope of' this paper is the evaluation of the Jebel Marra example
within the framework of similar practices reported from other comparable 
(African) regions, in order to highlight the potential of Acacia albida-basedAF 
systems on a wider ecological scale. 
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o LoCationoft Jebel Marra highlands. 

r emdesert shrub-, bush9, or
grassland 

Semi-arid woodlands and shortgross
 

savanna type ..... .....
 

wodegrasslandso ,
 

KILOMETRES
E3100 

FiI. 22. D.listribution of' Acac'ia alhida in Africa and the Near East. Each dot indicates either a 
literature refecrence or a.herbariunm record at Kew. Information is inadequate, especially from 
f'rancophione West Africa. The box indicates the location of the Jebel Marra highlands. 

Redrawn fromi Wickens ( 1969),S,urI'i: withl kind permission. 
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2. General description of the area 

2. 1. Geographic location 

The volcanic massif of Jebel Marra is located in the Western Darfur Prov
ince of the Sudan Republic almost in the centre of the African continent 
(!2.5-14" N, 24.0-24.7' E), forming the watershed between the basins of Lake
Chad and the Nile (Fig. 22.1). Uplands and highlands with summits around 
3,000 m a.s.l. cover an area of at least 3,500 km 2 . 

2.2. Biophysical environment 

Climate
 

Arising within the Sahel/Sudan zones of the tropical margin, the Jebel Marra
massif is characterized by a semi-arid climate with unimodal rainfall and a
pronounced six-month dry season. The regional climate, however, is strongly
modified within the massif, the average annual rainfall rises from about 600 to1,000 mm, with maxima on the western flanks and on the highlands above
2,000 m a.s.l. The temporal variability of rainfall is reduced, and the effective
ness of rains is increased, due to moderation of temperatures (lapse rate about
0.6" C/100 nm). The mean annual temperature in Koronga is about 20"C.
Night frosts occur during the generally cloudless winter months. Frequent
hailstorms are an important agro-ecological factor. The mean growing period
in Koronga, when precipitation exceeds potential evapotranspiration, extends
between 5 July and 20 September, approximately 78 days (Hunting Technical 
Services 1977c). 

Soils 

The soils of the massif are poorly developed from basalt flows covered or
interbedded with ashes, pumice and agglomerate. Regional characteristics are
 
a tendency to acidity, negligible concentrations of soluble salts and very 
 low
 
CaC0 3 and organic matter content, wide C/N ratio, and a predominance of
kaolinitic clay mineral. The agricultural value of the steep rocky slopes is
limited by stoniness, but terracing brings about 
an efficient conservation of 
soils. The ash soils on which Acacia albida dominates are mostly deep and 
porous, have relatively high nutrient reserves (35 meq P and 160 meq K per

100 g) but low organic matter content (1%, 
 C/N i3.6); are slightly acidic (pH
5.9) with relatively high values of cation exchange capacity (12 me/100 g) and
base sauration (>50% of CEC) (White 1967). Even though these soils may
be classified as Andosols in a wider sense, they differ considerably from the 
dark, humic montane soils occurring under more humid highland conditions. 
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2.3. Vegetation 

As a consequence of several thousand years of human occupation, the natural 
vegetation of montane woodlands and forests has been converted to savanna. 
At least 60% of the massif surface has been terraced, causing an initial or 
subsequent removal of the woody vegetation. The secondary vegetation 
established under the influence of frequent fires, wood cutting and grazing on 
abandoned ancient terraces resembles the "savanna" types of unterraced land; 
the sub-montane zone ( 1,200- 1,800 m a.s.l.) below the thermic upper limit of 
most tropical lowland plants, including sorghum and millet, constitutes the 
main area of rain-fed cultivation. Secondary vegetation is characterized by 
short and tall grasslands, woodlands dominated by Anogeissus hiocarpa, 
('om,'etu, spp. and Terminalia spp.. with A:anza garckeana occurring as a 
characteristic fallow pioneer. On remote sheltered basalt slopes, Khayasome 
st/ogalisis. Domleva quinqueseta and CordiaahVssinica, Ervthrina abh*ssinica, 
('a 'ssia arhorca, Alaesa lanceolata and S'1gium guineense may also be 
found. The herbaceous layer consists largely of perennial Giamilneae (Andro
pogon, ('imhopogon and Hparrhenia spp., Heteropogon confortts, et!:.). Be
tween 1,800 and 2.300 in a.s.l., .Acacia alhido dominates and forrms the 
transition to the montane zone proper; in the herb layer of this pseudo-climax, 
bracken (Pteridihum aquilinum), tfyparrhenia hirta, Themeda triandra and tall 
Andhropogon spp. prevail, and these are replaced by Hvparrheniamultiplex and 
other weedy annuals in heavily grazed areas. 

Acacia al/ida extends into the montane zone, where a partially evergreen 
dwarf-shrub and "tussock" grassland formation is combined with sparsely 
scattered evergreen trees and shrubs. Olea laperrinei and Ficas palata 
(Saharo-montane and Afro-Oriental flora elements) are the only woody 
species occurring above the proper limit of Acacia albida (2,500 m a.s.l.). 
Thenied triandra, H 'parrhenia hirta and Andropogon distach'os are the 
dominant perennial grasses in this region, whereas the dwarf-shrubs include 
members of the Labiatae (La'andula puhescens, Satureja punctata) and Com
positae (Con 'za, Helichrviswn, Gnaphaliuin spp.). The percentage of ground
cover by trees in the highlands above 2,000 m is very low, usually below 5%. 
Figure 22.2 shows a general overview of the prevailing vegetation and land use 
in the Jebel Marra Highlands. 

2.3. Land-use sYstems 

Agriculture 

At present, only about 10% of the total area of the Jebel Marra massif is 
cultivated annually, the remainder comprises either steep inaccessible slopes 
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I-i.,.
22.2. A general vie,of the prevailing lind-use systems in Jebel Marra: a example of WadiSariar plaeau (2.30(1 in a... ash-basalt mixed soils: February 1983). Centre: modern, irrigatedcash-cropping on rt'-culliualed. i:cient terraces taungva-like agrisilviculttre (onions Under youngnmango and citrus frees). Top left: rough grazing hinds dominate [Ihchighlands: .Acaciaalhida treescan be und scattered Cenlre background: oneol1'( there. f the ( )tlrsss itujanica plantations;these are low-yielding and contribu te little to the villagers' firewood needs. The sumnrit region ofthe Jebel Marra (3.042 ii a.s.l.) can be seen in the background; extensive grazing is practised 
there. 

and "badlands", or fallow land which is utilized as rough grazing land. With
this low degree of human occupation, the tire hazard is considerable all over 
the massif. 

Rain-fed, smallholder cultivation of the staple cereals is the predominant
agricultural system in the region; millet and sorghum, grown up to 2,000
2,200 i a.s.l., form the daily diet asik/ (a kind of porridge eaten with a
vegetable sauce, usually enriched with some dried n.cat or curdled milk).
Whereas livestock raising is less important in the Fur econoniy, irrigated
(off-season) cultivation constitutes a traditional part of the smallholder pro
duction wherever perennial watcrci irses occi.r. In the olden days onion,
tomato and chilli pepper used to be grown under irrigation for home
consumption, and wheat as a cash crop. Only very recently (since about 50 
years ago), has the irrigation sector been drastically extended as a part of rural
development projects. The introduction of cash crops such as mango, citrus
and guavt, as well as potatoes and other vegetables, and the improvement of
infrastructre afnd marketing facilities transformed the Fur economy into an
at least partially commercialized production system. The highland plateau
above 2,300 ita.s.l. is almost exclusively cropped with cash crops such as 
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potato, wheat, onion and garlic. Minor traditional occupations such as 
hunting, gathering of honey (wild bees and/or beekeeping), insects and wild 
plants, cotton-growing and weaving, etc. are vanishing rapidly. Local salt 
production from saline soil around Koronga economically 
within the massif. 

The influence of agricultural extension activities on the traditional rain-fed 
cultivation sector in the Jebel 

is still important 

Marra massif has been negligible so far. 

Fort'sir 

Government timber plantations have been established on the massif since 
1937. mainly on abandoned terraces, between 1,200 and 2,500 m a.s.l. (present 
extent: 1,151 ha) ( Hunting Technical Services 1977c). Main plantation species 
arc ('upr'ssus Iusitanica, P.ntis radiaa, P. pltula, Grerilhea robusta and Euca
.rpttis spp. The plantations are managed in a rather haphazard manner: 
C'upressus lusilanica has been re'garded as a .aillure uinder the semi-arid climate 
of Jebcl Marra, and the risk of fire could not be reduced. Apart from some 
part-time employment for plantation work, the forestry plantations are of 
little for the local population.value 


In addition, 2,283 ha of fallow land have been declared 
a forest reserve for 
conservation purposes, where cultivation, grazing and wood cutting have been 
restricted. Although grazing continues and fires still occur periodically, a 
noticeable regeneration of woodland has been achieved in the submontane 
part of the forest reserve. 

.'tg'r or 'sltri 

Silt npasoral s.'istems. These widespread over the Jebel Marraare all where 
livestock graze in wooded grasslands. Occasionally transhumant Arab herders 
enter the subnionlane zone the end season caseat of' the dry in the lowland
 
pastures do not 
provide enough fodder, but they are regarded with mistrust 
and not welcomed by the mountain Fur (in contrast to the Wadi Azoum area, 
no manuring contracts exist). The stocking rate of livestock in the highlands 
above the millet-sorghuml zone is rather low ( 1 13 LSU/km 2). and the fodder 
provided by the gZrifSland is usually sufficient. Thus the Acacia alhid/a trees, 
though locally abundant, are only occasionally lopped by the herders. Goats, 
however, climb up and browse all accessible trees and shrubs, even of Oa 
aptlrriflci. 

,-grisih-icultural.vst'ens. With the introduction of fruit trees to irrigated 
cropland, a -taungya" type of agrisilviculture was developed by the Fur. 
During the establishment phase of fruit-tree plantations, herbaceous subsis
tence and cash crops are interplanted on the same irrigated terrace fields: 
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maize, sugarcane, onion, garlic, tomato, chilli pepper, okra, sweet potato 
and herb species are the usual crops. 

Agrosilropastoral .vstems. These are only maintained in the most densely
populated areas of traditional rain-fed cultivation. 

3. Structure of the system 

The AF system described in detail here consists of semi-permanently
cropped village fields where the staple cereals are grown under preserved
multipurpose trees, especially Acacia albit/a. The distant montane grasslands
with scattered Acacia alhida trees can be regarded as a supplementary 
sub-system of the main system described.
 

A good example 
of the Acacia a/bih/ system developed by the Fur cultiva
tors in the .ebel Marra massif was studied in a 20 kil 2 area in Koronga
region (13 N, 24.2 E), extending between 1,600 and m in1,800 a.s.l. the
submontane NW aspects of the massif. Average annual rainfall is estimated 
to be less than 800 im. Close to the ground, night frosts occur in winter. In 
comparison with the overall population density of 37 persons/km 2 in the
Jebel Marra massi\ the population concentration in this area is estimated to
be between 120 and 250/km 2 . Koronga holds a rather important position
within the well-developed network of week!y markets in the area, especially
for marketing of locally produced and salt. Allmeat goods must be trans
ported by burden animals (camels, donkeys), but marketing facilities are 
fair. The nearest major supra-regional market is Nyertete (1,160 m a.s.I.),
10 km (trade) westward!:, recently connected with the Province capital by an
 
asphalt road.
 

Koronga has one each 
 of the few governmental schools and dispensaries
within the massif. The village community belongs to the traditional District 
Lewinge, at whose disposal a certain area of rouL,,. grazing land in the Jebel
Marra highlands is placed. These pastures are located above m2,000 a.s.l. 
up to one day's walk away. 

The village area itself forms a topography-dependent mosaiL of more or
less agglomerated compounds, village fields and uncultivated marginal areas,
intersected by numerous valleys and ancient gullies with seasonal or peren
nial watercourses where small irrigated orchards may be found. As sloping
ground prevails, most of the village fields have been established on terraces 
stabilized by dry-stone (basalt) walls, whereas the compounds prevail on ash 
(plateau) sites (see Fig. 22.3). 
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ig. 22.3. Zi:ipha. .kpita-/Iri.%Iitree (on the right) that has been lopped to obtain fodder and 
poles. Notc the straight grow th of branches. On the left are sonie leafless Acacia albida (photo 
taken in August 1982). 

3. I. Components of/ the rillage .fieds 

The commonly cultivated crops are bulrush millet (Pennisetum g/awucu1), 
sorghun (Sorghum bicolor), hot (chilli) pepper (Capsicumn frutescens), cherry 
tomato (Lveo'ersic'on tes uh'unti var. cerasi/orne), roselle (Hibiscus sab
dar/Th), groundnut (Arachis h'pogaea), many types of beans, maize (Zea 
mat's), fenugreek (7' ,om, hemn-gracmn), melons and squashes (Cucur
bitaceac). Millet as the preferred food grain dominates on the light soils. 
Several local varieties are known which may be divided into two groups: a 
dwarf (90 130 cm) variety with many lateral shoots, and a tall variety 
(210 295 cm) with few lateral shoots, 120-day growing period and even 
ripening (Hunting Technical Services 1977c). The former dominates in the 
mountains. Sorghtu is only cropped in small quantities near the compounds 
to provide flour for brewing the local beer, which is regarded as a staple food 
in addition to the millet porridge. Also maize (eaten unripe and slightly 
toasted as a relish vegetable in the "'hungry season"), groundnuts and 
cucurbits are cultivated on a small scale around the huts, whereas peppers, 
cherry tomatoes, roselle, beans and fenugreek are the commonly associated 
minor crops on millet fields. They are grown mainly for home consumption 
(as ingredients of the asida sauce), some surplus may be sold on the local 
market. 
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Fig. 22.5. Millet fields protected with thorn against animals that graze on uncultivated slopes and ridges. Cordia ahyssinica dominates in the field, but it did seem to have affected the vegetative growth of millet (photo taken in the 
not 

rain' season in August 1982). 
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7hh,22.1. Woody components of' Fur village fields in Ko'onga and their uses. 

Species Characteristics and uses 

)ominant species 

Acacia alhida l.eatless during the c'tppiig period: leaves/pads as animal lodder 
itid green nranurc; branches lr thrn tences; hark Iar mledicinal 

purposes; ashes tr tanning;
branches and iod forfuel; fair 
regenerationC'ordiaah'Y.r.ini-
 Evergreen seasoial*; browse, dry-srason fodder reserve; fruits eaten 
and boiled forsyrup, swCes and drinks; wood torconstruction
(turniture), most appreciated firewiod; overexpojited, poor
regeneration

liziphus .pina-chrivti 
 Evergreen; browse (goas, cariels); excellent lire- and construction 
wood (poles forhut rooling). thioruenclisures; truits eaten;
ahttndait regeneration: fallow invader; potential live fence (not
paonted as such in Koronga) 

Less dominant species 

,'lisa/i .'t ra Deciduous; browse, thorn enclosures:l'allow pioneerAcacia .arirerrina Deciduous; pods aud leaves excellent lodderforall stock; browse 
(important when Acacia alhi/is leafless arnd the grass layer not yetdeveloped), thorn enclosures; esp..trirgr, . %idley slopesvAss hir'arpu. )eciduous; fire%%(od (imost appreciated besides Cordia and Zi:iphus),
construction wood (ptle::leaves anid bark for anning, twigs for 
tea; ver-explited iii Koronga bit iist comrton tree of 
su lnnontare /ohre,A-:rur garck'ana Evergreen seasonial* truits edible(boiledih syrup); browse esp. for 
goats; second miost conniron tree species iii thesu -niontane lone; 
dominant i fallow pioneer on basaltBahin r rire'grptiairt 
 Evergreen: wood for fuel, writirg slates and construction; tlhorn tar 
fencing; leases less appreciated as browse inKoronga; weedy
invader nifdegraded sites./ihro.%ta/hy.
c'in'rva Deciduous: browse (camels, goals);bark for ropes; reputed to improve 

Euphorbia irmralli 
the soil; coninmn fallow pioneer (basalt)Aphyllous succulent; occasionally live-fence around the compounds; 
introduced/.icr.1 pah aia Evergreen; fruit edible; bark for cordarse; woird for fencing, hut-roofing 
and fuel in case of rin-avai lability of other wood; restricted to the 
highlands (abaseFirit.rIt'oorus 1.800 ina.s.l.)Deciduous; browse for all stock;shade tree; comonu in the village 
area/on valley slhpes/'itoI/onningii 
 Evergreen; shade tree of cnpotnd area; browse; dry-season fodder 
for all stock; epiphytic germination on Ar'acia albidr and Cordia 
rbrs.%inir
; kills tire hostKha'a wn ,gl'/nsis Evergreen seasonal;* young leaves fur firdder/ browsed; fire- and 
construction wooid; over-exploited: aliuost disappeared from 
Koronga areaOl/ru /iup'rrinei Evergreen; excel~en tire- and cornstruction wood; browsed by canels, 
sheep and goats; highland pastures above 1,9(X)Phoenix reclinatl rla.S.I.;
over-exploitedPossibly unce retained or cultivated paln (fruit, sweet sap, seedlings 
as vegetable) frequent intie valleys and on.xasirrnal remnants in
ahandrned conporund areas; preseitt use untknorwn apart fiom 
goats browsing young leavesI'ite.v
Lhriana 
 Evergreen seastinal;* fruit edible, browse fi all stock; rielwood; rare 
relics oi basalt in reach ofgrrundwater (ancient AF cii. ranoent?
potential: fruit processing, flowers mast attractive for bees) 

Partial shedding of leaves or facultatively evergreen, or immediate succession of young leaves after shedding. 
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compounds traditionally consist largely of wood (mostly trunks), heoiped on 
the remnants of former stone walls. These woody fences also serve as fuel 
reserves. Large, less badly lopped Acacia alhidhi trees are also kept in the 
compound area, being appreciated for their shade during the dry season. Even 
though the practice of collecting Acacia albia leaves for manuring the fields 
has been mentioned (Wickens 1969), this was not observed in Koronga, nor 
mentioned by its inhabitants. Very few of the present-day Fur cultivators seem 
to reali/e the fertilizing effect of Acacia albia on croplands; they ascribe the 
fertilization of the fields rather to the animals leaving their droppings in the 
shady places under the trees than to the trees themselves. Felling of Acacia 
a/b1ida trees is forbidden by law, but people seldom care about these restric
tions on comna1l lands. In Koronga, only dead trees may be cut to use the 
wood. Theoretically, in the rough-giazing areas of the highlands lopping is 
free to al people with land-use rights in the respective district, except in the 
section which has been declared a forest reserve. Nowadays, no religious 
taboos influence the attitUde of' the Fur people towards Acacia albtki, even 
though this was probably the case before Islamization (15th- 19th century), 
when spirits played in important role in their religious life. Some minor uses 
of *.'4fciaa/bida have L,:en reported (Wickens 1986), such as the use of bark 
for medicinal purposes, and occasionally to construct beehives, and ash for 
tanning. ,4cacia albi/a regenerates abundantly as a fallow pioneer on ash soils 
in Koronga as well as from seeds, from stumps or root suckers. 

Ziziplhus .vina-christ.', a weedy fallow invader in its spiny shrubby form is 
widely distributed over arid Sudan, often forming impenetrable thickets. In 
Koronga it grows into a medium-sized tree (10 in) with atwell-developed trunk 
which is valued as fuel and construction wood. Ziziphus is primarily retained 
for its wood: the straight branches are cut periodically when they are long 
enough to form the basic construction for the thatched roofs of the local 
round huts (see Figs. 22.3 and 22.6). Smaller branches are lopped as dry-sea
son fodder for camels and goats and later used for fencing. Though the species 
regenerates vigorously, it is susceptible to strong browsing pressure during the 
late dry season. Also heavy destructive cutting of' fencing material and fuel 
affects its regrowth and encourages the shrubby form of growth. 

The fruits are sweet and are eaten. They are collected by children and 
women, after having been blown to the ground by storms, and sold on the 
local market. Once they were important substitutes for sugar and were made 
into various sweets and syrups before being replaced by sugar. 

Fruits of' Codia ah'vssinica are also valued for this purpose. Sweets prepared 
from the pulp and nuts are still regarded as a delicacy during Ramadhan and 
' mixture of fruits from Ziziphus, Co'r/ia and Azanza garckeana makes al 
appreciated drink during the holy month. Cordia leaves have been reported to 
be used for cooking and to ferment C/come viscosa and other wild herbs are 
used as ingredients for the ask/a sauce. At present, the leaves of Cordia ahYssinica 
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it ' '2] (9 A d~eln, sll'nd o "~f lrn~ic (o r over-nm ditnre , rn od crniicv lopped ,Ii (U'ia o ,d , trees \ ihiiIci indlet i t il .h Nol \o11IIn ilrcc':shia~e bLeen re a hted i nl ti s ieMd In itheforeg round is a dlalin ecd
Lrd uun ioi the roof1 of h ijeh /i-ip1u poles hiaI\ c isid.en 

aric primailyv appreciated as dry-season fodder for catle. Thus, the nore-orles evergreen (' rdia al~',i3"inia trees are even more severely lopped than
A1cacia a/ ida. In addition, the wood is 111sl high ly valuted fo~r fuel purposes;however, no advanitage is taken of' its potential for frn itutre and construct ion.hough oftein cut ack to the trunk, 'm'e/ia ahyu'sxica may regenerate bycoppici ng. Fair regenera tion froni seeds has been observed on enclosed

fallows, ut due Ito its palatabiliy this tree is most endangered on tinprotected
plots where it is hard ly likely o at taini a good size. In thle A nglo- Egypt ianiperiod., 'oriawas also protectedI by law,' btt plantation trials were given tpmnainly becau-e the imber quality remained too low to allo.w commercializa
tion according to European furni tutre tim ber demands, anrd also beca use frost 

damage occurred ( Ahiied I1979). 

Independent of' the Arab pastoral tribes of he surrounding plains, the
mountain dwellers keep a 

Fur 
itn er of' their own animals, alt hotugh they are lessskilled animal breeders. 

('at tie are kept mainly as an investrment and s~ving. Cow milk (prodtctionis 2bout day)3 lilres pel is a seasohal and minor constiticnt of te Fur diet. 
Only where there (where 
products 

is no time to the marke fisitt nomads sell milk 
dring lahour peaks in the rainy season is a sinarl proportion of 
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milk taken from their -wn cows, the majority being left for the calf. Cattle 
meat is sold on the market. The best males may be sold for breeding purposes; 
calves are never slaughtered or sold. Cattle also commoniy make up a 
proportion of bride price. The dung is highly valued for manuring the fields. 
The number of cattle averages three per family for the whole massif (Watson 
et al. 1977); in Koronga, 3 10 were reported to be usual, with the richest 
families owning 40- 50. 

The Fur cattle kept within the massif differ from the Zebu-type prevailing 
on the plains; they are somewhat smaller and have previously been character
ized as "poor" even thoign 'hey are well fed. But they are well adapted to the 
cold and cold-wet conditions of the highlands, where the lowland type would 
suffer. Average stocking rates have been estimated at between 10 and 36 LSU 
per ki 2 in the submontane zone, depending on whether the season is wet or 
dry (Watson et al. 1977). 

Goats are kept by each domestic unit (average for the massif: 5; in 
Koronga, 4 goats are the minimum). They are much more important for 
human nutrition (milk and meat) than cattle. Donkeys are commonly kept for 
riding and transport of goods to market ( 1.4 per compound). They graze on 
the fallow plots of' the village area and are additionally fed with sorghum
during the working period. Horses and white mules are kept for the prestige 
of the household head rather than as well-adapted beasts of burden. Sheep are 
kept within enclosed grazing grounds in the highlands, usually all over the 
year, and thus do not belong to the system proper. There are an average of 
three sheep per family over the entire massif. The animals are sold and the 
males eaten occasionally, especially during such festivities as those following 
Ramadhan. Poultry usuall,are kept in the compound area. 

3.2. Arrangenn and interaction of components 

The spatial arrangement of the components is indicated by the schematic 
projection given in Fig. 22.7 and the photographs given as Figs. 22.4, 22.5 and 
22.6. The spatial structure is simple due to the limited number of components,
which are arranged randomly according to edaphic or topographic conditions. 
On the village fields, the only persistent feature is the presence of a tree canopy 

average coverwith an crown of 14% of the total area (range 5-30%), and 
reaching heights of 7 10 ni. 

Well-established tarrace fields on ash soils have a tree density of 9-19/ha; 
these comprise mainly (80%) Acacia alhit/a with an average height of 9 m and 
stem diameter at breast height varying between 0.6 and I m. Tiees often grow 
near the stone walls of the terraced fields, but are also retained on the flat 
portions of terraces. Mo~t trees are mature to overmature, estimated to be at 
least 100-170 years old. 
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The temporal arrangement of components is governed by the growing 
period of millet (90-120 days between July and October). During this time, 
starting in May with land preparation and sowing, the fields are protected 
from trespassing of animals by thorn fences. Donkeys, horses, some goats 
and lactating cows with calves graze on fallow plots during the day (herded 
by children or old people), returning to the enclosures at night; others such 
as horses, mules and camels are kept in the compound and fed with collected 
forage. The larger proportion of livestock migrates to the highland pastures, 
returning after the harvest (October--December) to graze and manure the 
fields. 

The dispersal of seeds from Cordia ahyssinica and Ziziphus spina-christi is 
largely due to birds and human consumption of fruits; but Acacia albida 
seeds pass the intestines of' grazing animals. Feeding and germination trials 
in Khartoum (Wickens 1968) showed that the seeis remain up to six days in 
the cattle's intestinal tracts, 66.5% being excreted undigested. The germina
tion rates and durations are not much enhanced by this treatment. But 
during the 6 days which the seed, are within the intestines, the cattle may 
migrate over considerable distanceF. This fact explains the widespread an
thropogenic distribution of Acacia alhid (Fig. 22.1) and is also assumed to 
be the reason for its common occurrence in the extensively grazed highlands 
of Jebel Marra. 

Competitire ih'tractin between the components are negligible. Since 
A,,'acia alhih crowns are leafless during the vegetative growing period of 
millet, they do not shade the millet. The shade produced by the small 
persistent leaves of Ziziphus spina-christi trees is also sparse. Cordia 
a)yssjhica is the only tree broad, whichfarm with large leaves potentially 
produce very compact shade when fully developed in the wet season, but it 
is generally lopped to such an extent that the crown is reduced to a 
few isolated branches (this is usually true for Ziziphus also) (compare Fig. 
22.5). 

The extent of competition for water is not fully recognized yet. It might be 
negligible ior Acacia albida because it has a reduced demand for water 
during the rainy season and later it utilizes water reserves from deeper soil 
horizons by means of its deep taproot 

Competition between trees is genera!ly negligible because of their low 
density. But several adult Acacia alhida and Cordia abyssinica trees have 
been observed to be adversely affected by Ficus thonningii, a shade and 
fodder tree, which is usually confined to rive: banks, valley slopes and 
compound areas (Table 22.1). It germinates as an epiphyte and kills its host 
tree by strangulation and shade. Since Ficus thonningii is also a useful fodder 
tree, the farmers do not stop this process of infestation of A. albila by F. 
Mwtlhniflgii. 
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3.3. M!anagement aspects 

Under present-day conditions, the agroforestry techniques applied by the 
mountain Fur people appear to be rather poorly developed and exploitative.
The most common aititude of the small-scale subsistence farmer is to produce
his few sacks of staple millet in the easiest way. Thus, only traces of that skilful 
management well known from other African tribes sustaining Acacia albida
based AF systems (Felker 1978) may be found among the contemporary Fur. 
The trees are usually not protected or replanted nor are they properly managed.

The common cultivation practices are such that clearing, land preparation
and sowing start in April/May when crop residues would have been grazed 
away leaving only the stalks, animal droppings. some trash and tree litter on 
the soil. The organic material is heaped on the terrace surfaces in piles a few 
metres apart and burnt (to destroy seeds of weeds, earwigs and blackworms).
The ashes are dispersed and incorporated during the subsequent loosening of 
the soil, which only scratches the surface to a depth of 10-15 cm.
 

Simultaneously, the terrace walls 
 are repaired by cleaning the field from 
eroded stones. The whole family is occupied with this work, especially at the 
onset of the rains, when sowing (usually broadcast) is combined with tillage.
All cultivation work is done with a short-handled hoe in which two types of 
blades are common, the pointed small one being used on stony soils and a larger
truncated one on light soils. After germination, one or two weedings are done,
which may be combined with intersowing and thinning. Weeds and remaining
stools are pulled up and aligned on the periphery of the plot or heaped at the 
base of a tree, being used later as manure. 

Harvesting of millet starts in October and continues, due to uneven ripening,
till December. Selected heads are cut with a reaping knife and collected, most
stalks remaining on the plot. Successively, the thorn fences are removed to 
allow the animals to roam freely about the terraces for stubble grazing.

Information about the duration of cropping periods in Koronga varies 
considerably: soils basically derived from basalt are ciltivated continuously for 
at least 10 years, e.g., 16-18 years/2 years fallow, whereas ash soils may be 
converted into fallow after 4-5 years for a period of 3-4 years. Those ash soils
which arc most intensively manured may be cropped semi-permanently. Crop 
rotations are not practised. 

4. Functional aspects of the system 

4.1. Resource ttilization 

Land 

Common sizes of rain-fed village fields managed by one domestic unit vary
between 0.62 and 1.25 ha, depending principally on the number of active 
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persons and the degree of their other occupations. A maximum of 2 ha is said 
to be manageable by large or well-off families. 

According to Sudanese law, the State is the ultimate title-holder to all land. 
Fields revert to the State if"a plot lies fallow for more than two years, but 
more ancient ancestral systems of land tenure and heritage overlap and still 
govern the practices in Jebel Marra massif, where land belongs to those 
ancestors who were the first cultivators and is inherited by the collective group 
of descendants. The local chiefs, as the representatives of the title-holding 
descent group, decide about land distribution and allocation of usufruct (on 
the basis of need), which is principally of a temporary nature. 

A female child also inherits farm land, though only half of the male child's 
share. Fallow land (e.g., the rough grazing areas in the Jebel Marra highlands) 
is de./acto divided Lp into four traditional districts coIfined to different Fur 
groups. Within each sector, grazing and wood cutting are free to all members 
of the respective community, whereas cultivation needs the permission of the 
chief. Grazing rights are obtained through payment of annual head-taxes on 
animals to the State (represented by the chief). As the village fields in 
Koronga are semi-permanently cropped and the remaining fallows utilized as 
well, they have become effectively private lands, consisting of rain-fed fields, 
the trees growing on them, orchards and "salt-gardens", of the valleys, and 
enclosed fallow plots. Marginal areas such as uncultivated and "waste" village 
lands and the supplementary grazing grounds. including their woody vegeta
tion, are communal. Within the village areas, however, trees may only be 
lopped, harvested and eventually cut by their effective owners. Monetarization 
of land is actually still confined to irrigated (cash-crop) orchards. 

Labour 

A special feature of the traditional Fur society is the economic independence 
of the individual. The expectation among Fur villagers is that each person will 
cultivate what he or she needs of staple food grains and earn what he or she 
needs in the way of cash. Husband and wife have their separate grain stores 
and separate purses. Despite this situation, the "family" is conveniently 
referred to as an economic unit in socio-economic analyses. An average family 
unit consists of seven persons. Women are responsible for providing food for 
unmarried children, thus being forced to cultivate larger areas, but the general 
sexual division of labour is largely limited to the domestic sphere, where 
special female services towards men are expected, besides fetching water, 
cooking or making beer. Women plaster the walls of the huts, clean the floor 
and share with their children the duty of caring for cattle and goats kept in the 
village area. 

Men build the hut and terrace walls, clear fallow land and thatch the huts. 
Until half i century ago, they also used to weave home-made cotton cloth. 
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Only men trade as middle-men and at auction markets and undertake
long-distance transport, highland herding and large-scale cash cropping.
Administration and public life is also confined to men. Children participate in
all agricultural and domestic work, especially collecting wood and herding
village animals. Herding is done communally, the surplus of village livestock 
which is sent for wet-season grazing to the highlands is united to the 
communal cattle and sniallstock herds. 

Weeding represents the main bottleneck in terms of labour availability,
which, of late, is becoming scarcer because the villagers have started managing
additional cash-crop fields in the highlands. On the plots planted late in the 
season, weed control may therefore be inferior due to failed weedings. Thus,
the maximum size of millet fields is limited by labour availability rather than 
land shortage. 

Rough estimates of yields run to 400 kg of grain which may be cultivated 
per active adult inhabitant per year by means of labour (land preparation and
sowing 10 man-days/ha; weeding - 20 man-days/ha; harvesting - 20
man-days/ha), half of' a man's labour and most of a woman's labour being
tied up in millet cultivation in the rainy season (Barth 1967; Hunting
Technical Services 1977c). On the other hand, there is considerable underem
ployment during the winter months, especially in Koronga where orchards 
play a subordinate role, and no special handicrafts are being produced.
Women, however, pursue their independent small businesses such as produc
tion of salt-cones and diverse ingredients for asida which they sell on the 
markets. 

4.2. Capital and inputs 

Whatever little capital there is in the traditional rain-fed cropping of staple

cereals is mobilized by sale of livestock. Besides, savings include grain surplus,

which is kept in foodstores, and cash, which is secretly hidden in 
a pot in the

ground under the hut. Investment, however, does 
not play a crucial role in
 
Koronga wi "re the subsistence economy prevails.
 

The only traditional investments in cultivation 
are blades for the hoes which
 
are offered by smiths on the markets. Seed is taken from the "savings" of the
 
previous harvest.
 

Camel-drawn iron mouldboard ploughs, 
 which had been introduced by
1965 on the piedmont plains and became widespread within the region, are of
limited importance for the Koronga farmer because of the small dimensions of 
the terrace fields. Nevertheless, a Koronga farmer reported athat maximum 
area of 4 ha (instead of the current 2 ha) may be cultivated in a year by larger,
well-off families if soil preparation/sowing and first weeding are done partially
by ploughing. In 1982, a locally produced plough cost 50 Sudanese pouads, 
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but camel prices were between 300 and 800 Sudanese pounds,* and camels need 
much care and browse provision. Some farmers who do not owp camels and 
ploughs hire them for land preparation at the rate of 40 Sudanese pounds per 
ha (1982). 

Piece and wage work is the dominant form of cash investment for those 
domestic units which need labourers in addition to the members of the family. 
Labourers are paid cash and provided with food, beer and tea during the period 
of work, which in 1982 cost the employer about 80 Sudanese pounds per ha 
in one cropping period. 

The largest amount of cash (or equivalents) is still spent, however, on social 
functions such as weddings (bride price: the equivalent of about 400 Sudanese 
pounds), birth, naming, circumcision, funeral and religious festivities (e.g. the 
Haj). 

4.3. Proliction 

Information about crop yields within the submontane belt of Jebel Marra is 
scarce in contrast to the lowlands where extension activities and agricultural 
stations arc concentrated. According to farmers' estimates, millet yields varied 
from 3 to 4 sacks per feddan (about 650-800 kg/ha) in 1982 which was a rather 
bad year agronomically. "Good years" allow yields of more than 900 kg/ha. 
Production of mille: straw in Jebel Marra massif in 1976 varied from 5.5 to 6.9 
tdry matter per hectare, and that of sorghum straw between 6.8 and 7.5 t/ha, 
whereas the productivity of the highlands wa- much lower (675--875 kg/ha); 
(Hunting Technical Services 1977b). Production levels of the tree component 
have not been investigated. However, annual litter production of Acacia alhida 
in Senegal in a population of 30 80-year-old trees was reported to be (t per ha 
covered by Acacia alhie, crowns): leaves 2.5, flowers 1.7, fruits 5.4, wood and 
bark 1.9 (Jung 1979). Foliage production was between 50 and 100 kg per adult 
unpruned tree, and 12 20 kg for pruned trees (Le Hourou 1980). Most 
estimates of pod production range between 10 and 75 kg per tree per year. As 
the adult trees in Koronga only reach half' of the dimensions of those in the 
alluvial valleys, and are more intensely lopped, average production for both 
pods and leaves is likely to be between 20 and 50 kg per tree annually. 

The chemical composition of the products of Acacia alhida, using mean 
values obtained within Western Darfur (Hunting Technical Services 1977a, b) 
and also from other regions, is presented in Table 22.2. 

Comparison between nutrient content of Acacia alhida products and the 
herbaceous components highlights the high absolute as well as complementary 

* I US dollar = 0.4 (1.5 Sudanese pound (1982/83). 



Table 22.2 Available data on chemical composition and nutritive values of the components. 

Components of Acacia albida Crop residues Herbaceous fallow/ -
Montane grassland

Fraction* Young green Flowers Mature Pods Seeds Entire Entire Entire Entireleafleis 	 Millet Sorghum Below Aboveentire only only pods pods pods podswith stalks leaves 	 c. 1.600 c. 1,600 
m. m .s6.
 

Moisture content 
 63.7 82.2 8.6 8.7 9.4Caloric value 	 6.0 9.2 8.0 6.7 
Crude protein 17.1 19.0 14.1 13.0 27.2 	 1,824 1,63515.5 10.6 104Digestible protein 	 10.0 2.4 3.8 3.0 3.712.8 7.7 19.7
Ether content (oil) 2.3 1.6 5.1 	

9.8 1.2 3.5 2.4 2.21.4 1.9 0.5 	 1.4N-free extract 12.4 12.5 	 0.9 0.9 1.5 1.5 1.049.5 44.0 45.3 22.9 57.7 50.0Crude fibre 	 56.3 45.4 54.759.7 57.2 	 52.0 55.014.7 28.7 12.2 57.0 26.7Total ash 	 27.4 33.1 43.4 29.28.4 9.7 8.1 	 38.0 35.04.3 4.2 4.1 3.7Soluble ash 6.7 7.8 1.7 	
3.3 12.6 7.5 9.8 10.0 9.12.9 1.8 3.4 12.3 2.6-* 3.1*Silica 	 5.6** 5.3**0.6 1.9

Calcium 0.43 
1.8 0.4 0.4 0.7 0.1 0.2Magnesium 	 0. I 

SodiumPotassium 	 0.I 0.1 
0.004 0006 

Phosphorus Potssum1.5 
0.1 0.2 0.4 	 1.5

Copper 	 0.2 0.03 0.03 
0.1 3 3 2 2CobaltManganes 
1.4 2 2 2 210.7 33 45 65 61

Iron 
11.8 12 3221.4 	 37 23 

460
Source Boynes 	 366

Boynes Wickens Wickens Wickens Boynes Russel Codd HTS HTS(1940) (1940) (1968) (1968) (1969) (1940) 	
HTS 

(1947) (1951) (1977) (1977b) 
 (1977b)

All are measured in percentage of weight except for copper, cobalt, manganese, zinc and iron which are in parts per million, and the caloric value (in Kcalig)** HCL - insoluble ash. 
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values of this tree within the system, due to the high protein content of its 
L,tves, flowers and fruits. Seasonal availability of carbohydrate and protein 
pi,oJuced by the system components has been calculated in 1976/77, evaluat
ing production data of the entire project area of Western Darfur, where 
,Clacia albhid populations of 20 mature trees per ha were estimated to cover 
4% of the area (Hunting Technical Services 1977c). The results are presented 
itFig. 22.8, which clearly demonstrates the unusual peak of protein availabil
ity inthe mid- to late dry season when most extensive livestock systems suffer 
from a severe lack of protein. 

The diagram represents minimum values concerning Acacia albitla in so far 
as foliage production has not been considered at ,ll, probably because of lack 
of reliable data. As Acacia alhida sheds its leaves in July, lopping will fill t.he 
fodder gap in June ( Fig. 22.8), as is being practised in Koronga. Here, Cordia
 
ah.vssinica, Ziziphus and Ficus leaves are still available during the critical
 
period when Acacia albida becomes leafless, the fallow herbs not yet fully
 
developed and the fields not accessible to stock.
 

Even though it is quantitatively different, the production pattern shown by
 
Figure 22.8 is a basic representation of the submontane conditions in Ko
ronga. It should be emphasized that the availability of crop residue and
 
ACltwia albit/a products not only depends on the season but also on the
 
farmer's management (fencing and lopping operations). 
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Fig. 22.8. Seasonal availability of animal fodder interms of carbohydrates and protein, estimated
 

for the entire Western Darfur region.
 
S5ource: Adapted from Wilson et al. (1980), with kind permission.
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Animal production parameters are only available for the whole area ofWestern Darfur (Wilson et al. 1980). According to these sources, financial
returns to labour come to 0.68 Sudanese pounds per man-day for both
sedentary millet and noomadic livestock production. The conditions in Ko
ronga, where farmers manage their own livestock in an economic way. are
quite different. The proportion of people to livestock is larger (about 1:1)
compared with tile lowlands (about 1:2), and livestock play a minor economic
role. Some prices recorded in 1983 on Koronga market are listed in Table22.3. Agricultural returns for an average family in Koronga ( I man, I woman,
3 children) may be outlined as follows: in 1982 (low rainfall), tilefamily
harvested 1,530 kg millet from 3.3 ha of which they would keep 450 kg for
home consumption and sell 1,080 kg at the rate of 0.5 Sudanese pounds per
kg. The financial return per ha from millet production will thus amount to 164 

Tah 
22.3. Recent market prices of some commodities in Jebel Marra/Darfur (Sudanese pounds). 

Commodity 1982/83* 
 1984"*
 
(drought) (severe drought) 

Cows (4 years old) niax. 200
 
Young camels 
 150 200 
Adult camels 400 > 1.00)
Sheep 50 70 40
Goats (male) max. 20 30 6 10 

('cmale) 15 60

Meat (Ikg, various qualities) 1.5 3 
 3
 
Millet (I kg) 
 0.5 max. (September) 2.5Sorghum (I kg) 0.6 max. (September) 2.0
Wheat (I kg) 1.2 1.3 1.6

Rice (I kg) 
 0.7 3 
Oil (I kg: groundnut and
 

sesame oil) 
 max. 4 5.7
Tea (I Og) 

1.4
Sugar ( 1 kg) 1.5 3.3
Sardines ( I tin) 0.85-1.1
 
Instant milk powder
 

(full fat, 300 g) 
 3.5 4
 
I bundle lirewood ( 10 kg) 0.4
 
It0poles ,htogei.sus
 
h'iocarpus, Irnlong/
 
5 cm diameter 
 0.5 

I pole Euclt.i('tpressus 
6-10 in long. 10 cm diameter 
(sold from plantation) 10.0
 

Wage work (per man-day) 3 -8 
* Prices during the rainy season 1982 and dry season 1983 within the massif; results of interviews 
with farmers in Koronga. 
** 
Prices recorded in the piedmont and foothills of Jebel Marra (F. Ibrahim, pers. comm.). 
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Sudanese pounds (or a total of 541 Sudanese pounds if all cultivation work is 
done by the members of the domestic unit). From this income, taxes have to 
be paid as well as additional food (at least 1,000-1,200 kg millet per year) 
purchased; in addition, some reserves are needed for donkeys and horses and 
for seed in the following cropping period. However, eventual income from the 
sale of animals, irrigated cash crops, salt-cones and processed agricultural 
products will provide additional income. 

5. System dynamics 

5.I. Shrinkage/ldegradationof the system 

A significant degradation and shrinkage of the system has already taken place, 
as indicated earier. The main causes are of a socio-economic rather than 
cnvironmental nature, although the former might have been accelerated by the 
recent drought. Monetarization, commercialization and seasonal wage work 
cause initial inequality and destroy the traditional attitude towards local 
authorities, values, dietary habits and customs. As in other African countries, 
political security has caused the mountain population to move down-slope. 
Due to rapidly increasing monetary values of wage and piece work, it becomes 
much more attractive for men to follow these occupations. Consequently, the 
most intelligent and innovative of the population leave those areas where 
farmers sustained this former intensive AF system; the remaining people 
switch over to simple extensive bush fallow or shifting cultivation practices 
because pressure on land decreases. 

The rate of the system degradation and shrinkage is very difficult to assess 
in the area. Aerial photos taken over the past 30 years exist and some 
evaluation might be possible using these. But this evaluation has not been 
done yet for the Acacia alhida system. 

The older inhabitants interviewed in Koronga reported that population 
densities were much higher 50 years ago, and larger areas were cultivated 
continuously for more than 20 years. Despite the pronounced pressure on 
land, the density of farm trees was much higher, whereas the species composi
tion remained nearly the same. The inhabitants have no explanation for the 
present decline of the tree canopy except drought. This indicates that system
atic tree-preservation and propagation measures have not been practised over 
the past 60 years, most of the present mature farm trees beirg older. 

5.2. Sustainabilit, 

Even though the Acacia albida sysrem in Koronga is not yet seriously 
endangered, the situation becomes more critical with every dying or cut adult 



378 

tree. If present management continues, only coppice regrowth and small 
shrubs will remain. Acacia alhida and Ziziphus spina-christi are not expected 
to face extinction, as long as regeneration and seed dispersal abundantare 
within the entire region. Cort/ia ahv.'ssinjca is apparently more endangered.

The shrinkage of the montane Acacia albith/-based AF system of Jebel 
Marra contrasts with increasing demands for agricultural land and animal
grazing resources in the surrounding plains, where rapid population growth 
rates in the plains force numerous Fur settlers back to the mountains again, 
or the present mountain population must produce increased quantities of 
grain to nrovide the lowln d population with their staple food. The 1984 
drought already indicated these tendencies. 

Despite these promising preconditions for sustainability and extension of 
the Acacia alhi/a-based AF system in Jebel Marra, it is sad that most of the 
knowledge and management techniques gathered and refined over the ages
and handed down from [eneration to generation have been forgotten with the 
passage of time. This and several similar cases among other African tribes 
show that this process is irreversible, and a restoration of AF techniques now 
depends on external initiatives. 

Despite its weaknesses, the Acacia alita-based A F system of the Koronga 
area must be regarded as an optimal land-use alternative in the submontane 
zone of Jebel Marni: it represents not only a productive and versatile 
agricultural system, but is also assumed to provide effective protection and 
conservation of soil and water resources. In order to realize the full potential
of the silvopastoral subsystem, lopping and herding practices should be more 
systemitized. A1(acia albit/a pods are storable and could thus be collected and 
kept as a fodder reserve. Potential production of wood within the system has 
not been assessed yet. The estimates available from Senegal show that 40-60 

3-Acacia alhida trees/ha produced 1.8 -4.7 nm of harvestable wood per year,
according to rainfall gradient and age of trees (Jensen and Kon6 1982). This
 
means that 2 3 ha of cropland containing Acacia alhida may provide the same
 
amount of wood as does one hectare of a pure EucalVptus plantation in the
 
same environment. 

The wood of Cordia ahyssinica and Ziziphus spina-christi is of much higher
value, and in view of the general wood demand within the region, considerable 
economic advantage could be taken of this potential. On the level of small
holder production within this AF system, the ideas and initiatives of the early
forestry period in Jebel Marra, namely, the plantation of indigenous Khaya
sencgah'nsis and Cordia abh*'ssinica, could be revived. 

Regeneration of trees, especially of Acacit albida, can be encouraged by
systematic management. Single young trees or entire plots lying fallow must 
be enclosed with thorn or grass mats, as is usually done with fields during the 
cropping period. Natural regeneration of Acacia albia and Ziziphus spina
christi is abundant enough to provide both seedlings and fencing material. For 
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Cordia ab'ssinica, transplantation of seedlings may be necessary locally, but 
once protected it is reported to grow fast (von Breitenbach 1963). In case 
entire plots are kept enclosed for several years for soil and tree regeneration 
purposes, the fallow grasses may be harvested to obtain fodder, as is already 
a common practice in the dry season. During the wet season, the nutritional 
value of the grasses is much higher, but the labour bottleneck at this time 
would probably prevent grass harvesting. From this point of view, direct 
wet-season grazing of fallow fields in combination with individual fencing of 
selected tree regrowth would be preferred. 

In order to reduce labour peaks during the weedings, the introduction of 
camel-drawn chisel ploughs has been proposed (Hunting Technical Services 
1977c). In Koronga, only about 50% of the fields are estimated to be large 
enough for an economic application of this technique. 

6. Extrapolatability 

The Acacia a/hida-based AF system described here reaches its climatic limit in 
Jebel Marra at altitudes between 1,900 and 2,200 m a.s.l. (the temperature 
limit of sorghum and Pennisetum). The uncultivated grasslands in the sub
montane and lower montane zones provide suitable areas for extending the 
system. The silvopastoral potential of this area has so far been underestimated 
and underutilized. 

The agrosilvopastoral system as practised on village fields in Koronga may 
be extrapolated to the montane zones (above 2,000 m a.s.l.) with the following 
variations of components: 

Introduction of wheat to replace millet and sorghum above 2,000 m a.s.l. 
Wheat is less appreciated by the Fur for preparation of the asida staple, but 
is partly mixed with millet for this purpose, or with sorghum to prepare the 
flat traditional bread (kisra). 

- Trees such as Ziziphus spina-christiand Cordiaabyssinica may be extended 
to the highlands up to at least 2,300 m a.s.l., where mature trees have been 
seen in the village areas. Olea laperrinei, adapted to highel altitudes, is 
another useful tree species. The tree is very resistant to fire, drought and 
grazing and its wood is of outstanding value for f'uel and construction 
purposes. 

Considering a wider extrapolation of the Jebel Marra types of Acacia 
albida-based AF systems, the wide ecological adaptability of this tree must 
again be emphasized: although its natural occurrence was probably restricted 
to gallery forests, it is now spread all over the African savanna zones in a wide 
range of habitats (Fig. 22.1). 



Table 224. Examples of present AF practices and remnants of historic cultivation systems in Africa and Agro-Orientalspecies dominant in the Jebel Marra systems (from arid to humid climatic conditions, roughly).
 

Location 
 Tree species and uses 

Israel: Acacia albida. Zi:iphus spina-christi:spreading on arable lands (rootUpper Jordan valley suckers coppice iegrowth)
Cape Verde Islands Acacia albida remnants on maize'bearns croplands. at present silvo-200 m (NNE-expos.), 1.400 m pastoral over-exploitation. Ziiipius mauritianaaccompanying fallow(SSW-exp.) - max. 1.900 m a.s.I, invader. V-y rare wild olives (Olha europaca). All species may have 

been introduced by manYemen A.R. Cordiaalvssinica: shade tree for indigenous (Mocha) coffee 
--Humid aspects.
valleys 1.000-2,000 m a.s.l. Cordia ahvssinica. Ziziphus spina-christi:with Acacia spp. (other than-Humid aspects, abov:- lbb, A. albida spp. remnants of former intensive cultivation systems
above 2.500 m a.s.l. 

Cameroon (NW)!Nigeria (NE) Acacia albida, Ziziphus spina-christiamong many other trees preserved/Mandara Mountains, cultivated on terraced millct,sorghum/legume fields. permanent cropping800-1.400 m a.s.l. and stall-fed cattle. pcDulation densities reaching 300!km 2. Cordia 
aby.,inia not mentioned, but might be Fresent 

mountain areas, which include the tree 

Sources
 

Karschon (1961)
 

Chevalier (1935,: Da Silva 
and
 
Barbosa (1958): White (1983)
 

Hepper and Wood (1979) 

Hallaire (!976) 



Sudan 
Kordofan, Nub. Mountains 
1.000-1,500 m a.s.l. 

Acacia albida (also grown as a live fence), Ziziphus spina-christi andCordia ab'ssinica among many other multipurpose trees: similar to 
Mandara mountains (above) 

Lebon (1985); Wickens (1968) 

Ethiopia 
Rift Valley, 1,600-2,200 m a.s.l. 

Acacia albida abundant between 1,800 and 2,000 m a.s.l. and Cordia
abyssinica in farmed parklands created by Galla and Arussi tribes: 

Le Hou&rou (1980); 
v. Breitenbach (1963) 

N.;reria 
Jos Plateau 1,000-2,000 m a.s.l. 

Cordia is cultivated in an orchard-like manner and retained on
farmlands (natural montane forest remnants). Ziziphus spina
christi probably present as fall-w invader 
Acacia albida retained (or spontaneaus fa;low invadei) in acha 
(Digitariaexilis) - millet cultivation of Biron tribe, with cattle present 

Gosden (1978) 

(Fulani herders). Trees rare 
Tanzania 

-Mbeya district, Southern 

Acacia albida on arable 

Shade tree for coffee 

lands; regarded as an indicator of fertile soil. Wickens (1969) 

Hi- lands Province, 
750-1,500 m a.s.l.-Northern District, 900-1,900 
m.a.s.. 
Mt. Kilimanjaro 

Cordi. abyssinica in Chagga homegardens as shade tree for coffee, 
fuel, construction wood, beehive construction. Acacia albida recorded 
on the northern flanks of Kilimanjaro 

Fernandes et al. (1984) 
Wickens (1969) 
(compare Fig. 22.1) 

Guinea
Fouta Djallon 500-1,500 m a.s.l. Cordia abyssmica in afro-montane forest remnants; utilization other Aubreville (1950) 

than silvopastoral (Fulani cattle) unknown 

00 
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Although Acacia al,kia-basedAF systems may have their greatest potential
in the drier sav:inna areas, where cattle play a major role, they are flexible 
enough to he practised almost all over Africa, and to be adaptable to winter, 
sum-mer, monomodal and bimodal fainfall regimes and tropical and sub-trop
ical climates. 

Traditional AF systems similar to th,: Jebel Marra example occur in various 
other places (Table 22.4), \-tich also gives an idea of its potential extrapo
latabilizy. 

Acacia alhida-based agrosilvopastoral land-use systems thus appear to be 
well suited for restoration, conservation and increase of productivity in 
degraded, over-exploited African highlands. Even though such highlands 
cover a relatively unimportant peicentage of land within tropical Africa (6.8%
above 1,500 in a.s.l.; Getahun 1979), they are favoured for their potential 
productivity. 

7. Research needs 

1.In order to improve the Acacia albida-based AF system as practised at 
present in Koi .,,/Jebel Marra, and to assess its true potential, the following 
data need to be gathered: 

- Basic hydrology of the'ash- and basalt-derived soils prevailing in the area in 
order to estimate the optimum densities of Acacia albida (is the degree of 
crown coverage limited by water supply?); 

- The effects of closed Acacia albida stands on agronomic factors affecting 
crop growth, and crop yields, compared with open stands; 

-- Productivity of Acacia albidca (pods, foliage) under the specific conditions 
within the area; influences of lopping techniques and intensity; 

- Beneficial or comlp.etitive role of the other farm trees (Cordia abyssinica,
Ziziphus .'pina-chri.st): their shading and fertilizer effects on crops, competi
tion for soil moisture within those layers rooted by the crops; 

- Crops: selection and improvement of local millet varieties, trials with more 
systematic legume mixed cropping; 

- Animals: determination of optimum size and composition of village herds; 
- Labour: possibilities of rationalizing weeding procedures; and 
- Socio-economic/ethnologic preconditioins: assessment of the possibilities of 

introducing tree planting and protection measures by means of economic/ 
ecologic motivation. 

2. In order to transfer the system to the Jebel Marra highlands, it is essential 
to undertake: 

- Trials to assess the climatic (temperature/aridity) limitations for the tree 
components; 
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- Agronomic studies concerning the interactions betweet the highland crops, 
transferred trees, Acacia albida atid Olea spp.; 

- Determination of effective carrying capacities of the highland pastures
regarding different kinds of animals, without albida andAcacia with 
integration of lopping and browse utilization; 
Socio-economic and technical considerations regarding the introduction of 
rotational grazing/conservation of plots and fire control, in order to in
crease the woody resources in the area, besides the ecologic investigations 
mentioned above; and 
Trials to develop optimal crop associations/rotations which reduce the weed 
competition (bracken invasion). 
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23. An evaluation of the Acacia albida-based
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eastern Ethiopia* 
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Abstract. Growing Acacia albita as a permanent tree crop on farmlands, 
with cereals, vegetables and coffee underneath or in between, is an indige
nous agrof'orestry system in the Hararghe highlands of eastern Ethiopia.
However, there are practically no data on the merits and benefits of this 
practice. 

The paper presents the results of an investigation into the effects of the 
presence of A. allida on farmlands on the yield of maize (Zea mays) and 
sorghum (Sorghim hwlor). Twenty-seven plot pairs, each consisting of one 
plot under the A. albida foliage cover anc the other in the open away from 
the "rces, on fields in a 40-km radius around the Alemaya College of 
Agriculture were sampled and the yield components analysed. An increase of 
56% in crop yield was found for the crops under the tree canopies compared 
to those away from the trees. The improvement was in 1,000 grain weight
and number of grains of plants under the trees, indicating that the trees 
ennanced the fertility status of the soil and improved its physical conditions 
in terms of crop growth. 

Additional benefits from the A. albida trees include supply of fuel
wood and fodder. Quantitatve estimates of these outputs, as well as their 
monetary values, are presented in the paper. However, in order to realize 
significant benefits, stand densities of the tree should be higher than at 
present.
 

Based on an enquiry about farmers' attitudes towards A. albida, the 
prospects for extension of this promising agroforestry technique are dis
cussed against the background of the state and trends of development of 
agriculture in the area. It is surmised that despite some shortcomings, such 
as the relativ, y slow and highly variable growth of A. albida and a conflict 
with the spreading cultivation of ch'at (Catha edulis Forsk.), the prospects
for extension of this technique are good. It is recommended that its propaga
tion should be incorporated into the programmes of the extension agencies
of the various governmental agencies concerned with land use. 

Originally publishcd in Agro/restrY Systeos 4:129 143 (1986). 

P K.R. Nair(ed..Agroforcnsry Systemsin the Tropics. 385-400. 
I 1YK9.Kluver Academic Publishers. I)ordrecht - Printed in the Netherlands. 
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1. Inlroduction 

A. 	albida is well known as a tree crop grown with agricultural crops such as 
sorghum, maize, groundnuts and others in the mid-altitade, low-rainfall areas 
of western Africa. Research findings on many aspects of this traditional 
agroforestry tech:.,ique are fromavailable this region (Charreau and Vidal 
1965; Felker 1978). The extensive presence of the tree farmlands has alsoon 

been reported from other 
areas such as Israel and the Near East, Eastern 
Africa and the Horn of Africa. Recent reports reveal that the tree thrives well 
in highlands up to 2,300 m a.s.l. (Miehe 1986; Chapter 22).

Acacia albida also occurs extensively on the Hararghe highlands of 
Ethiopia, where it forms the basis of v traditional agroforestry practice.
However, there is no systematic record on the merits and benefits of the 
practice. Information available other ecosystems, asfrom such the West 
African Acacia alhida system, may not be extrapolatable to the highland
conditions of Hararghe region. At the same time, detailed information on the 
functioning of this system became necessary in the context of developing
appropriate agroforestry models for the Hararghe highlands, a task initiated 
by the Alemaya College (Forestry Section) in co-operation with the Ethiopia
Forest Authority (FaWCDA). Therefore an investigation was undertaken to 
study and document the system with special emphasis on: 

I. 	The influence of trees on crop yields;
2. 	The extent of farmers' motivation to use/accept the tree and the conditions 

hampering or facilitating the incorp(,ration of the tree into cropping 
systems; 

3. The shortcomings of the current practice, and ways of overcoming them; 
and 

4. 	The reasons for the limited distribution of species and agroforestry tech
niques at the moment, and the scope for the extension of this technique in 
particular and agroforestry models in general. 

This paper focuses on the first aspect, followed by a general discussion on 
the other aspects. 

2. 	 General description of the area 

2.1. Geographic location 

The study area is situated in the Hararghe Administrative Region in eastern 
Ethiopia. It represents the eastern part of a mountain chain which on maps
usually appears as "Ahmar mountains". The town of Alemaya, where the 
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Alemaya College ot Agriculture is located, is in the centre of the study area at 
926' N latitude and 4203' E longitude (Fig. 23.1). 

2.2. Biophsical enrironment 

Most of the highland area of Hararghe is situated at altitudes between 1,800 
m and 2,400 m a.s.I. On parent materials consisting of granites and partly'
sand or limestone, six major soil types have developed, four of which are 
important in extent: Entisols (Regosols) - (50--60% of the area); Entisols 
(Fluvisols) - 10- 15%; Lithosols ( 10%) and lnceptisols (Cambisols) - (5
10%). While the fertility status of Cambisols and Fluvisols is relatively better, 
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Regosols are low in organic-matter cohtent (1.5-2.3%), total nitrogen, avail
able phosphorus and cation exchange capacity (Tamirie Hawando 1982).

Rainfall in the region varies from 600 to 900 mm per year on average but 
is subject to large variations. With mean monthly temperatures of 16-17'"C 
and rainfall concentrated from March to September, the annual growing
period is 210-270 days (FAO/UNDP 1982). The area is very densely popu
lated. Alemaya and K'crsa districts support the highest rural population
densities in the whole of Ethiopia with more than 400 inhabitants per sq km. 
The rate of population growth is about 2.3% per annum. 

2.3. Agriculture 

As a consequence of the high population density, as much as 90% of the land 
is cultivated in the central part (Poschen 1983). The size of holdings varies 
generally from I to 2 ha. The most common crop is sorghum, covering
50-60% of the total area under cultivation. It is sometimes grown mixed with 
maize (5 -20% of the stand). Both sorghum and maize are also usually
intercropped with beans. Ch'at (Catha edulis), is a very important crop of the 
locality both in terms of the extent of area under cultivation and its contribu
tion to the cash economy. It is a shrub, the leaves of which are chewed as a 
stimulant. Sweet potato, potato and vegetables are the other common crops.
Ch'at and vegetables are the principal sources of cash income (Ministry of 
Agriculture 1974; Poschen 1983; Tamirie Howando 1982).


On average, a family keeps two head of cattle, a goat and 
a sheep. This 
livestock population is much smaller than in the central highlands of Ethiopia
(Agro-economics Dj-partment 1980). The main for the low livestockreason 
population is the r/erall shortage and/or non-availability of fodder, the 
situation being particularly serious during the dry season, making animal 
rearing uneconomicd -ind time consuming. 

As a consequence of this low livestock population, oxen draught is inade
quate, which often result- in failure to do timely sowing and weeding.
Moreover, the amount of manure produced is far too little to meet the 
agricultural needs for sustainable crop yields. Sorghum appears to be the crop
that is best adapted to the climate. Each part of the crop is economically
useful: grain for human consumption, thinnings, leaves and thin stalks for 
fodder, and stubble for fuel. However, because of the prevailing land scarcity,
sorghum is cultivated continuously in monoculture; crop rotations and fallow
ing are hardly possible, and less than 10% of the cultivated land is left to 
fallow. 

At the same time, of all the cereals, sorghum removes from the soil the 
highest amounts of nitrogen and potassium per unit yield (Rehm and Espig
1976). With all parts of the crop and all weeds removed from the fields year 
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after year, soil under the crop is continuously being depleted of nutrients. 
Moreover, sorghum takes a long time to cover the ground adequately after 
sowing, and during this period the soil is exposed and prone to rain erosion. 
Consequently most of the Hararghe highlands are badly degraded by erosion 
and gullying. 

The present trends in land use are characterized by decreasing size of 
holdings, diminishing numbers of livestock per household, and conversion of 
the remaining, marginal, communal land from grazing to arable land. Empha
sis on cash needs as well as intercropping is on the increase in order to provide
for cash needs and simultaneous production of several products from the same 
plot. Some efforts are also under way to intensify production of potatoes,
vegetables and ch'at through irrigation and adoption of soil- and water-con
servation measures such as terracing. 

3. The effect of acacia trees on understorey crops 

3. I. Aethoi of investigation 

The only feasible approach to assessing the effect of the acacias on the yield 
of crops grown beneath them in farmers' fields was to select a series of "paired
plots" representing a range of factors likely influence outcome.to the The 
factors considered were: length of the growing period, soil type, size, density
and shape of the trees. At each site, a pair of plots consisting of one uder the 
canopy of a tree and one in the open away from the tree, were demarcated. 
Plot size varied from 30 to 80 M 2 .The paired plots were equal in all respects 
except for the presence of the tree. A total of 27 sites (pairs of plots) spread 
over a distance of 80 km were selected. 

In the study area, Acacia albidca is not confined only to alluvial plains with 
access to ground water, but can be found on all soil types. Seven sample pairs 
were from Fluvisols, eight from Cambisols and 13 from Regosols, the latter 
being at various stages of degradation. Tree densities in the plots varied 
greatly from I to 10/ha. Ten samples were taken from fields where the tree 
densities were higher, and 17 from single-tree plots. Size and shape of trees 
also were %-ry variable, ranging from small-sized trees with dbh 20 cm, height
about 5 m, total volume 0.8 m' and crown projection area 49 m2, to large 
ones with dimensions of 67 cm, 10.6 m, 2.65 M 3 and 155 M 2 It, respectively. 
was difficult to assess the age of the trees. Based on interviews with older 
people, and using the period of Italian occupation of 1939-1941 as the 
reference date, it was estimated that trees with 40-45 cm dbh were around 40 
years old. 

Of the 27 plots included in the sample, 12 had a sole stand of sorghum as 
the crop, two a sole maize stand and 13 a sorghum and maize mix. 
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FI.2?.2. A pholograph of' one I"tihe study sites shlmiing ;ill it, alida tree with the crop 
unoderneath. 

Figure 23.2 shows one of the study sites. From each pair of plots,
observations on crop-growth parameters were recorded prior to crop harvest 
in October November I983. Site conditions and tree size were also recorded. 
From each plot, 20 plants were harvested randomly and each plant analysed
individually. Based on plot yield, the yield per ha was cal culated: yield/Ia = 
no. of plants/ha x no. of grains plant x weight grain. Yields per hectare refer 
t j .ss area for crops under the tree canopy. i.e., including the area occupied
by trees. In addition, weight of stalk and root, and extent of stalk-borer 
infestation and bird damage assessed.were 

The data were analysed statistically using Fisher's i-test (Fisher 1970,
Snedecor 1956). pairFor each of plots, the differences were tested for
significance. From the total of all pairs, plot means were used to calculate the 
overall mean and standard deviation as well as to compare these overall mean 
val IeS. 

The method had some drawbacks and disadvantages. For example, it is 
diflicult to persuade the flrniers to allow 40 plants (o" 0 in a mixed stand)
to be taken Out for observation. On the other hand, a smaller number of 
plants per plot would not allow precision in stitistical comparison. Further
more, direct comparison between different sites is very difficult because of
several other variable site factors. There were, however, no means to overcome 
these shortcomings and limitations. Nevertheless, the trends in yield response
of crops as influenced by the presence of' trees could be :.tified based oI the
significance tests for individual plot pairs. The results of the investigation were 
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complemented by an inquiry into farmers' treatment of the plots, their opinion 
about the acacias and their use, and some socio-economic information oil the 
farmer and the farms. 

3.2. Illuence 0" acacia on crop viel 

Crop yields are expressed on a per-hectare basis to facilitate comparisons both 
between plot hairs and with regional yield data. While comparing the data, it 
has to be borne in mind that usually the canopy cover is limited to a fraction 
of aifield only. 

Table 23.1 and 23.2 present an overview of the influence of Acacia alhida 
cover on crop yields. The yields of both crops were, on average, substantially 
higher under the tree canopy than outside. Averaged over all the 27 plot pairs, 
the grain yields (consisting of' sorghum and maize) under the tree were 2.42 

ha (gross area occupied by the tree) compared with 1.55 t/ha in "without
tree" plots, an increase of 56% under the canopy. Table 23.1 shows that this 
increase was higher (relatively as well as absolutely) for maize than for 
sorghum. In order to express the difrerence on a unit-area basis, yields of pure 
stands were calculated based on the total density of plants and grain weight 
per plant from both mixed and pure-crop stand', Compared this way, maize 
yield under the trees was 3.4 t/ha as against 1.92 t/ha in the "open", the 
figures for sorghum being 2.13 and 1.57, respectively, representing a 76/0 
increase in grain yield for maize and 36% for sorghum Linder the canopy 
over that in the open. All differences were statistically significant (Tables 23.1 
and 23.2). 

This improvement seems moderate compared to the published data from 
Senegal, where the reported increase in yields under acacia trees is 250% for 
millet (Charreau and Vidal 1965) and for sorghum (Poschen100% 1983). In 
absolute terms, however, the increase of almost I t/ha of sorghum under the 
trees over the "no-tree" plots in Hararghe is twice as high as that in Senegal, 
where the recorded yields without and with tree only 0.5 and 1.0cover were 
t/ha, respectively. 

Analysing the yield components, it appears that the increase in yield tinder 
the trees is caused by the cumulative effects of slight improvements in 
i,000-grain-weight and the number of grains per plant coupled with the 
somewhat higher plant densities under the tree. Increases for maize are higher 
than for sorghum both in absolute and relative terms. The vegetative growth 
of sorghum was also stimulated under the acacias, with stalk weight being 
about 50% more and roots almost twice as heavy (Table 23.2), as compared 
to the plants in the open. 

Although the average data (Table 23. 1) showed a very clear trend regarding 
the difference in crop yields under and away from the trees, the data from 



Table -3.1. Grain yield of maize and sorghum under and away from Acacia alhida trees in Hararghe highlands. Ethiopia. 
Crop No. of Computation Density (plants ha) Grain wtplant No. of 1.000 grain Yield (t/ha)samples of (g) grains plant weight (g) 

A B A B A B A B A B
 
Maize (I) (2) 15 
 mean 33.800 31 600 99.9** 63.1 328** 221 305 277 3.39** 1.92s.d. 8.100 8.000 30.9 35.8 70 93Sorghum (1) (2) 25 mean 	 52 49 1.29 1.0431.100 29.809 72.0 55.2 174 153 39 36 2.13* 1.57s.d. 8.200 7.200 36.8All plots (2) 27 mean 	 23.3 69 68 8 8 1.07 0.6031.100 29.g00  - - - .42** 1.55s.d 7.900 7.000  - - - 1.06 0.57 
Maize (1)(2) Increase (%) of 7 
 58**

Sorghum (I)(2) A 	over B 

49** 10 76**

4 
 31*
All plots (2) 	 13 9 36*
4 
 -	 - 56** 

1.Yield data per ha for maize have been recorded from 13 mixed stands of sorghum and extrapolated based on the density of the mixtureand from two pure stands. Yield data for sorghum are frc--:: 12 pure sorghum stands and 13 mixed stands with 	yields extrapolatedfor maize above. All yield data at 15% moisture content (dry weight basis).	 
as 

2. There were 12 plots of sorghum alone,3. Abbreviations: A = under canopy (gross 
two of maize alone and 13 of sorghum -- maize mixture.area including the area occupied by the tree): B = in the open (away from canopy) s.d. = 

standard deviation 
4.* Significant at 5% level: ** significant at 1%level
5. Yield range: sorghum 	A 0.6--5.2 tha B 0.6-3.0 t/ha maize
 

A 1.3-5.5 t ha B 0.6-4.2 t/ha
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Table 2..2. Comparison of maize and sorghum stalk and root weight under and outside the 
canopy cover of Acacia alblda. 

Crop 	 No. of Statistics Weight of Weight of Inczease of 
samples stalk per roots per A compared 

plant (g) plant (g) to B (%) 

A B A B Stalk Root 

Maize 12 mean 66 53 - -- 24 -
s.d. 22 29 -- I 

Sorghum 25 mean 145* 97 29* 15 49* 954 
s.d. 41 43 15 7 

A under the tree; 3 away from the tree. 
* significant at I% level of probability. 

individual pairs of plots were more divergent. Table 23.3 gives a summary of 
the variations. For maize, the range varied from no difference to an almost 
six-fold increase in yield under the canony. For sorghum, the highest increase 
in yield under canopy amounted to 400%, but there was one instance when 
the yield was significantly higher in the plot away from the tree. Further 
analysis of the data indicated that maize yields showed the highest compara
tive advantage for the plots under trees where no manure had been applied, 
and particularly where drainage problems were prevalent, suggesting that 
enrichment of the soil with organic matter and improvement of drainage by 
the tree's roots were the key factors. The observation that the number of 
grains per plant was 48% higher under the canopy suggests that moisture 
availability to plants was substantially greater just before and during flowering 

iatih !?. Grouping of pairs of plots according to relative increase or decrease in sorghum and 
maize grain yields under and away from the tree canopy. 

Range of % increase in grain yield in Number of cases 
plot under the canopy over that away 
from the (onopy Sorghum Maize 

+ 200 2 3 
+101 + 200 3 2 
+ 51 +200 	 5 5 
+ 21 +50 4 3 
- 20 -20 9 2 
- 21 -50 1 0 
- 51 - 100 0 0 
-101 -2)) 0 0 

- 200 1 	 0 

Total no. of cases 25 	 15 
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and grain development. Previous studies have reported soil structure andmicroclimate to improve under A. alhida (Dancette and Poulain 1965; Dugain 
1960; Jung 1967). 

The morphology and shape of' the tree apparently exert a decisive influence 
on crops, especially sorghum. Yields under the tree are most favourable when
the canopy is dense to medium dense, i.e., organic matter and nitrogen influx 
are high from leaf-shedding at the onset of the rains. It is important, however,
that the tree branches should be well above tile sorghum heads; very low tree 
crowns can lead to depressions in sorghum yields. This was identified as the
likely cause in six cases out of eleven in which yields were not influenced or 
were actually reduced by the presence of' trees. Only in one of' the remaining
live cases was a higher damage by birds the likely reason. Another farmer on
whose yield treehirm the under the foliage was lower admitted to having
neglected weeding in his plot and attributed the outcome to this. 

3.3. Ahliiinalbentfitsfi'om frees 

While crop-yield improvement constitutes the most important single benefit of
having acacias on crop lands, some other advantages such as supply of fuel 
and fodder are of substantial importance well.as 


Fuel from A. alhil 
 is obtained through pruning and eventually by felling
old tree,. The pruning yield comes to c. 0.4-0.5 m - per mature tree, when 
about 20 35% of the total tree volume is removed. Most farmers prune once 
every 4 5 years; thus an average 0.1 m3 of fuelwood is obtained per mature 
tree annually. This wood is almost exclusively used as fuel for home consump
tion. Felling acacias is not very common; only seven out of 17 farmers 
admitted to felling the trees in the past. Two of them mentioned tile need for
fuel as the motive, live others used it for sale, mostly coverto unforeseen 
expenses. For a number of farmers, the acacias also fulfil an insurance 
function: acacia wood is in high demand, particularly as fuel for local
bakeries. Prices on the farm range from 30 to 40 Eth. Birr ( = US$ 15-20) per
In. The wood is also well suited to making house utensils like mortars or 
containers to store lb,)d. However, the amount of wood actually consumed for 
these purposes is negligible. 

The fodder value of the ac:icias is realized mostly by letting livestock cat the
pods from the fields during lhe ofr-season. The farmers do not regard leaves 
as a particularly valuable i'odder. Moreover, the amounts th,t could
obtained are perceived as being too insignificant 

be 
to cover a seasonal shortage

due to drought. The pods, on the other hand, are highly valued. Almost all
farmers use them for feeding; soeic even collect them from the fields for this 
purpose. They aare not stored, however, as reserve fodder, although this can 
easily be done. 



Table 23.4. Estimates of annual gross returns per hectare of sucghum and maize c.ups with and without A. albida cover. 

Outputs 

Crop 
- grain yield 
- stalk yield 
- fertilizer 

savings 

Wood 
- fuel (pruning) 
- fuel (stems) 

Fodder
 
- pods 

Total 

Amount 

Increase over 
case A (%) 

Baseline data: 

Without 4.alhida With 6 trees ha Wi a 20 trec:s ha With 65 tree,:/ha 
=9% cover =31% cover =100% cove-

A B C D 

Physical *Moneta.ry Physical *Monetary Physical *Monetary Physical *Moret .-y
returns (t) va:Jc returns value returns value returns value 

1.55 1,085 1.63 t 1.142 1.82 t 1,274 2.42 t 1,694
2.34 600 2.42 t 621 
 2.60 t 667 3.18 t 628
 
- - 0.02 t 15 0.07 t 
 51 0.24 t 163
 

14m 3
- - 0.4m 3 
14 47 4.4-.n3 

152
 
- - 3 3 5
0.2 m 5 0.6 M 18 2.2 m 77 

2
- - 0.6 t 30 2.01 100 5.0 t 250
 

1,685 1,827 2,157 2,929 

142 472 1 399
 

8% 28% 82% 

I. Production of cereals and trees corresponding to study sample mean. 
2. Canopy area of a mean volume = 155 M 2 

3. Fuclwood price: A. albida wood 35 Eth. S/100 kg. 
4. Grain prices: sorghum, maize 70 Eth. S/100 kg. 
5. Fertilizer response: 8.5 kg grain yield increase per kg urea (Murphy 1959; Tamirie 1983), urea price 

70 E'h. S/100 kg.
6. All moneiary figures in Ethiopian Birr; I Eth. S = 0.48 US $ (1983). 

http:Moneta.ry
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3.4. Eraluation of lt,,fits deriwed front A. albida in fields 

To compare tilebenefits derived from the trees on a common scale, !ncal costs
and prices aswere inserted shadow prices or opportunity costs to express thevalue of physical units in monetary terms: the results are given in Table 23.4.The calculations show that one A. albidi tree produces goods worth 25Birr ( = USS 12.9) per year. This return is high enough 

Eth. 
to almost double the gross return p-r ha of a sorghum and maize mixture if the field were fullystocked with trees. Harvesting of ',ood is the only activity that involvessubstantial inputs of labour in a plct with trees compared oneto withouttrees. But considering the difference in returns from the two, it is safe toassume lat the net returns per ha and per unit labour input increase much 

more in the plot with trees. Nonetheless, the density of 4.alhida in most partsof the study area is rather low, anid therefore the perceivable impact of thepractice is limited. Densities of about 20 trees per ha, i.e., a coverage
one-third or more of' the cultivated land, 

of 
are found in some areas (e.g., invillages east of the town of Harar). This density seems a reasonable target for 

an extension programme. 

4. Factors affecting the inrarporation of acacias into cropping patterns 

4. 1.Afotiration and alifudes offarniers 

The farmers of the study area have verya positive attitude towards thespecies. Seventeen out of 19 farmers stated that the advantages far outweighed
the disadvantages, two felt they were equal and none said that the disadvan
tages were overwhelming. 

However, this observation cannot immediately be ex'rapolated to largeareas. From an earlier study (Poschen 1983), it was clear that only thosefarmers already having acacias in their fields took a positive view. Forexample, in the Alemaya catchment, which is situated in the cenre of the
study area but largely devoid of :he ,ree, 
 the acacias do not have a goodreputation. The Alemaya farmers have another species, Cordia afric,.-a, intheir fields and of which they are rather fond. It offers shade for the farmer torest underneath (one of the most compelling reasons for the farmers to retaintrees in their fields), it has no neL:ative efflcts on crop yield; its leaves are used 
as fodder ani the pruned brar.hes as fuel.

A. alhida is exceptional, however, in that once its positive effect on cropproduction is recognized in an area it is allc.wed to become established indensities much higher than of any other tree species growing in fields.Farmers' views about a particular tree species tend to depend on the experience gained with it personally rather than anticipation based abstracton 
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reasoning. To a certain degree this will make extension work difficult in some 
parts of the highlands. 

4.2. Derelopment trends in agriculture 

Another difficulty arises from the importance of ch'ai and the probably 
well-founded contention of farmers that A. albida is detrimental ch'at.tc. 
While the unusual phenology of the tree (leaf setting at the beginning of the 
dry season, grovth throughout the dry season, shedding of leaves at the onset 
of the small rains) and the deep root system largely avoid competition with 
shallow-rooted, rain-fed annuals, this does not hold true for a shrub of which 
the leaves are the product. (h'at thrives best at moderate fertility levels, it 
seems to be susceptible to leaf diseases Linder shade and its growth phases 
overlap too much with those of the trees'. Tie constant "shrinkage" of 
holding size will force farmers to increase interc:ropping of ch'al with vegeta
bles and cereals because cash and subsistence production have to take place 
on the samc plot. This might reduce the potential area for intercropping with 
acacias. So far, however, a gradual, but steady increase of area interplanted 
with acacias is observed all over the study area, including centres of ch'at 
production. 

4.3. Sihui ultural problems 

An efficient method of propagation of A. albida is a problem that has not yet 
been satisfactorily resolved. The problem has two facets: one is the survival of 
seedlings, the other the growth rate of those that survive. The species is very 
sensitive to mistakes during seedling production and outplanting. Conven
tional methods can result in high survival rates if proper care is taken. A trial 
in the Alemaya College showed 50--90% survival nine months after planting 
and 75/, after two years (Poschen 1983). Slight mistakes in timing, however, 
can reduce survival to 60% in first year and to 0%rates the in the second. 
Better results in this regard may be attained by using extra-long plastic 
containers with a length of 30 cm, instead of the normal 20 cm, for raising 
seedlings (Giffard 1964). Yet another problem that would remain witheven 
satisfactory survival rates is the vast differences in the performance of 
seedlings from one and the same batch because of the heterozygosity of A. 
alhida(Felker 1978). This can perhaps be overcome, for example, by propaga
tion from cuttings or by evolving appropriate methods for early testing in 
nursery beds. A. alhida is generally slow growing. However, some genotypes 
can grow as fast as 1.6 m per year in height and 2.9 cm in diameter. Assuming 
a mean annual increment of 1.2 m in height and 2 cm in diameter, it would 



398 

"'only" take 20 years to let a tree grow to a size at which it can substantially
improve yields of under-planted crops; this would still be an improvement 
over the 35 40 years that they probably take at present. 

4.4. The sparse stamd of A. albida 

The distribution of the species is rather limited in the highlands of eastern 
Ethiopia. This could be a result of the almost exclusive reliance on the natural 
spreading by migration which is a s!ow process given its moderate growth 
rate, relatively late flowering and heavy-sized pods. The rate of spreading is 
enhanced by animal droppings, but drastically affected by browsing goats. it 
is 	only in areas with high densities of human population, where most of the 
land is cultivated and free grazing restricted, tn'at the acacias can gain ground.
In the neighbouring Chercher highlands, where these favourable conditions do 
not exist, the acacias are hardly found despite the seemingly favourable site 
conditions as evidenced by the vigorous growth of i few surviving trees. Thus,
it is obvious that a good stand of acacias can be maintained only if rigorous
and concerted efforts are to plant andmade nurture the trees. 

4.5. Proper tree Pana~'euentpractices 

Pruning as practised at present, often results in unsatisfactory size and shape
of' the tree crowns. The lowest branch of the tree should be at a height of not 
less than 4 metres. Low-level pollarding leads to competition with crops and 
reduces nuch of the potential wood and fodder production. Regular pruning
is 	 desirable as it allows for the harvest of fuelwood and improves leaf
 
production, the main source of benefit from the tree.
 

4.6. The slow growth rate of the trees 

The time lag between the establishment of the trees and the time they begin to 
have an impact is an obvious disadvantage. However, given the benefits which 
can be obtained, and the cost-benefit ratio, which certainly compares very
favourably with those of other land-use options in the region, this time lag is 
not a serious drawback. Besides, it is not so different from what is generally
accepted for other extension items. For example, attempts to introiuce 
chemical fertilizers in the region were started more than 20 years ago and yet 
a 	major breakthrough has still not been accomplished.

From an economic point of view a long time-lag would only be prohibitive
if heavy investment at the outset entailed high interest costs during the 
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maturation phase. With very low establishment cost for acacia, even an 
extended period of compounding interest does not have much of a bearing. 
Farmers' reactions and decisions confirm this. 

The long maturation phase need not be an obstacle to popularizing the 
technology as long as the farmers can be convinced that this agroforestry 
technique will not be obsolete by tile time the newly planted trees become fully 
effective. The technology does not conflict with likely future developments or 
innovations, ch'at and irrigation being the two exceptions. Increased food 
production is an urgent need in Ethiopia, but most of the modern innovations 
in agriculture, such as Iniprovcd varieties, use of pesticides, and mechanization 
are fully compatible with this agroforestry technique. The use of renewable 
organic fuel is also likely to continue, hopefully in a more economic way. 
There is no reason why Ethiopia should wish to replace cheap natural s;ources 
of' fertilizer with expensive industrial ones, even if' this could be externally 
financed. Livestock keeping will be continued for a long time to come, 
entailing tile need for fodder for the animals. All these point to the importance 
of .4f. alida-based agroforestry systems. It is heartening to note here that 
farmers' reaction to a limited extension effort to popularize A. albida in 1984 
were very encouraging; there was a great demand for the limited stock of 
seedlings that was available for distribution. 

5. Conclusions 

A. alhua offers as much promise for agroforestry in the Hararghe highlands 
of Ethiopia as it does in West Africa where it is more popular and extensive, 
and in other places where it is less extensive yet very important and promising 
(Miehe 1986). The tree is fully complementary to crop and animal production; 
it increases yields of crops grown underneath ard enhances the overall returns 
from farmland. It also supplies fodder and fuel and simultaneously constitutes 
a form of'savings and security for the rural porulation. The incorporation of 
the tree does not require any substantial change in farming practices and 
involves practically no additional cost and labour. The presence of the tree on 
the farm does not present any impediment to the intensification and develop
nient of rain-fed agriculture. Nor is it a "second class" alternative meant for 
those farmers who cannot afford the -first class" innovations. Planting A. 
alhida in tihc Hararghe highlands is desirable on poor grassland, for the 
reclamation of wastelands and on soils with impeded drainage. In general, it 
can be extended to all arable lands except on ch'at-dominated fields and 
irrigated land. From a practical point of view, it seems particularly advanta
geous on plots further away fi ,. the cattleshed. This minimizes the need to 
cart manure over long distances and thus saves the manure to intensify 
production around the homestead. 
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24. The shamba system: an indigenous system of food 
production from forest areas in Kenya* 

PETER ALLAN ODIJOL 
International Cotincil fi r Research in Agrof10restrv (ICRAF), P.O. Box .70677, Nairithi, Keny-a 

.Ahstract. The shamba system, a form of taungya where agricultural crops are 
grown together with forest tree species, has been quite widespread in the 
"'high-potential" agricultural areas of Kenya since the early 1900s, and is still 
very popular. When properly practised, the system allows sustained, optimum 
production of food crops along with forestry species from tile same land and 
thus meets most of the social and economic needs of the shamba farmer. This 
paper briefly describes the system's productivity and functioning and analyses 
its ecological as well as socio-economic characteristics. 

I. Introdueion 

Tile taungya system is timethod of planting forest trees in combination with 
food crops. Its origin can be traced back to the 1850s in Burma, where it was 
used as a means of replanting teak plantations on badly degraded land (King 
1968). It is essentially a modification of the traditional shifting cultivation, but 
various forms of tile practice can be found in different parts of the tropics 
(Nair 1984). A highly developed form of this agroforestry system, known as 
the shamba system, is being practised on government (state) forest land in 
Kenya. the main difference between this sysiem and many other forms of 
taungya being the considerable integration of' the cultivators into tile Forest 
Department (civil service status) in the former. This short paper describes the 
salient aspects of the shamba system. 

2. Development of the shamba system 

2.1. Oriin 

Licenced cultivation in Kenya's forests started in 1910, and since then the 
number of such cultivators has been increasing rapidly. The main objective of 
permitting such farming in forests was to establish exotic forest plantations 

* Originally published in Agr/irestry Systems 4:365 373 (1986). 
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with minimum establishment costs. Several types of participants, such as 
serving and retired forest workers, landless peasants and those who live within 
the immediate vicinity of the forest area, used be involvedto in the practice.
Under the traditional shamba system, the resident workman would agree to 
work for the Forest Department for a period of nine months each year, to 
clear, in his own time, the cut-over, indigenous bush cover from a specified 
area ( usually between 0.5 and 0.6 ha each year). That would enable the Forest 
Department to trees the land (theplant in cleared "shamba") within two 
yea: s. Each participant would have four shambas each of about 0.5 ha area at 
different stages of establishment, ranging from recently allocated (cleared)
bush to those with two-year-old trees. The farmers would be allowed to 
cultivate crops (usually maize, potatoes, cabbages, carrots, etc.) for up to two 
or three years, the farmers having the sole right to all such produce. 

The system continued fairly successfully, mainly because of four factors: 

1.The availability of sufficient cultivable land; 
2. The presence of a willing land-hungry farming population; 
3. The availability of a market for surplus produce; and 
4. Security protection against wild animals. 

2.2. Changes over the .ears 

The shamba system has undergone substantial changes since its beginning in 
the early 1900s, the most significant being the increase in the number of 
participants. Table 24. I shows the situation in terms of the average area of the 
shamba and the number of people involved in each in 20 Forest Stations in 
Kenya during 1981 and 1983. In some areas the demand for shambas is 
extremely high, so that the problem is not in finding enough people to clear 
land but to control their number (Mburu 1981). The most radical change
 
occurred in 1976, when the resident workman status of the shamba 
 was
 
changed; instead of working as casual workers for nine months a year, they
 
were made full-time employees of the Forest Department (civil servants). This 
change in work status had two effects: first, there was a;significant increase in 
the d;rect tree-establishment cost incurred by the Department, secondly, the 
workers' status as civil servants (lid not oblige them to cultivate the land nor 
would the land be allotted to them automatically. If they wanted land they
would have to rent it from the Forest Department. This caused a considerable 
drop in the number of participants in some areas. 

2.3. Evtent o/' the si-stem 

The spread of the system is limited by the country's ecological conditions. 
About 75% of the country is arid or semi-arid. The shamba system is confined 
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Tahh 24. 1. Average size and number of people involved in some forest shambas in various areas 
of Kenva.* 

Location Total area Average size Number of rotal number 
planted (ha) of shanlbA households of people 

ha) involved involved 

Flgcyo 300 2.0 900 4,500 
(;tlhiluru 644 0.7 2.444 12.220 
I onibe 265 0.4 199 995 
Kanwe 
Kaptagat 

69 
232 

0.1 
0.8 

330 
240 

1,650 
1,200 

,ericho 85 0.3 157 785 

kitalalc 
ltrisoiI8 

1.100 
0.5 
0.5 

216 
104 

1,080 
520 

.ia.Ji Mauri 350 1.0 340 1,700 
Molo 
Muchcenc 

553 
165 

1.4 
1.0 

402 
165 

2,110 
825 

Nabkoi 
Nessuit 

660 
326 

2.0 
0.7 

282 
512 

1,410 
2,560 

N. Kinangop 20 1.0 163 810 
N. Marmanet 245 1.0 446 2,230 
N. Mt. Elgon 30 1.0 160 800 
N,oia 232 1.4 192 962 
Sorgel 
S. Marinanct 

213 
220 

1.0 
0.4 

621 
361 

3,105 
1,580 

Wanjerere 15 1.0 80 400 

Total 5,831.8 8,269 41,440 

Mean 0.9 413 2,072 

Aerage number per household = 5 people.
* Based on surveys conducted in 1981 and 1983. 

to the "high-potential" forest areas which occupy about 3% of the country 
and represent 12% of the total agricultural land (Fig. 24.1). These areas are 
at elevations of 1,000-2,000 m a.s.l. just south of the equator, and receive an 
average annual rainfall of over 1,000 mm (bimodal: approximately 60% in 
March May and the rest in October -December). The soils in the areas where 
the system is practised are, in general, of volcanic origin, deep, well textured 
and of medium-to-high fertility status. 

3. Functional aspects of the system 

3. 1. Prothtcuion aspects 

The shamba system has been used extensively for the establishment of many
forest plantations in Kenya. To date about 160,000 ha of forest plantatious of 
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F i. 24.1. Agro-ccological nap of Kenya showing Ihe spread of the shamba system (forest
localions from where data 'n the system were collected).
I. Mucheenc 8. South Marmanet 15. Nabkoi
2. Gathiuru 9. Nessuit 16. Kaptagat
3. Ilombe 10. Molo 17. Nzoia
4. Wanjerere II. Kerisoi 18. Kitalale 
5. North Kinangop 12. Kericho 19. North Mt. Elgon
6. Kamac 13. Sorget 20. Elgeyo
7. North Marmanet 14. Maji Mazuri 
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li. 24.2. The shamba system agricultural crops (maize and cabbage in the picture) being 
cultikated during the early period of establishment of a Cupressus lusitanira plantation (Photo: 
IC RAF). 

exotic species have been established through this method in the country. The 
tree species commonly found in these plantations are Cupressus lusitanica, 
Pinus patda, Pinus radiafa, EucalVptits spp., Araucaria, Acacia spp., Vitex 
keniensis and Fagara macrophyla. Examples of the shamba system in practice 
are shown by the photographs given in Figs. 24.2 and 24.3. 

tt (
 

Fiik. 24.3. Harvesting of the agricultural crops fronm a shamba plot (Photo: ICRAF). 
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Surveys conducted by the Forest Department in 1981 and 1983 to assess the 
benefits and costs of the Departmental shambas revealed that forest shambas 
made a significant contribution boih in terms of cash and lood production, 
locally as well as nationally. The locations of the forest stations sampled in 
this survey are shown in Fiig. 24. 1. 

The main agricultural crops produced are maize, potatoes, beans, cabbages, 
carrots. peas, wheat, .','rethrum and kale, which form the staple diet for most 
people in Keny:, Table 24.2 shows the annual production figures from some 
Iorest stations (e.g., Gathiuru) are tairly high, thereby reflecting the large
number of' people who practise the system. In some stations (e.g., Kamae) 
certain crops are grown twice I year. 

The major input ISseeds, supplied by the participating Carmers; fertilizers 
are rarely used. The major source of power is human labour. It is estimated 
that in the 1960s the shamba system accounted for about 18 million kg
(200,000 bags) of maize, which formed about 16% of the total national 
production. Similarly, 38'(', of' the potatoes produced in the country were 
grown in the forest reserves (Wanyeki 1981). A comparison of crop yields
from agricultural land and forest lands (Table 24.3) shows that forest land 
yields are almost the same as those of' agricultural land. It has to be pointed 
out that the production figures for individual crops are apparently low, 

Table 24.2. Total agricultural prodtOction from [he shambas i' different districts (t,/yr). 

Location Maizn Potatoes Beans Cabbages 

F.Igeyo 1,215 81 162 162 
Gathiuru 4,392 21,9610 1,317 -
Ilow. he 34 591 107 
Kamac 237 1,485* - 1,584*
 
Kaplagat 216 ..
 
Kericho 141 42 14 56 
Okcrisoi 194 2,333 II 19
 
Kitalale 384  15 -

Maji Mazuri 254 275 49 
 -
Molo 543 181 36 -

Mucheene 148 2,376 -

Nabkoi 507 
 761 28 -
Nessuit 2,765 1,152 230 338 
N. Kinangop 75 293 - -
N Niarmanel 80)3  80 -
N. Nit. Elgon 432 - 43 -

Nzoia 223 
 34 -
Sorgel 1,118 3,353 6 -
S. M irmanet 482 170 16 94 
Wanjcrere 72 -- 29 29 

Total 1.1.235 35,051 2,177 2,292 

* Two crops per year. 
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labl 24.. Average yield of maize and potatoes in agricultural land and Forest Department 
shambas* in differcnt districts (kg/ha). 

Potatoes Maize 
District Forest 

station Agricultural Forest Agricu!tural Forest 
land land land land 

Nakuru 
Elgeyo 
Laikipia 
Merw 
Nycri 

Nessuit 
Elgeyo 
Gathiuru 
Mucheene 
I lombe 

8,500 
-
11,520 
6,93) 

-

-
9,000 
7,200 
2,970 

2,700 
2,700 
--

1,800 
1,350 

1,800 
1,350 
1,800 
-
-

Kiambu 
Uasin Gishu 
Kericho 
Tram Nzoia 
N andarua 
Murang'a 

Kamae 
ahbkoi 

Sorget 
N. Mt. Elgon 
S. Marmanet 
Wanjerere 

6,300 
9,000 

.. 

1,800 
3,600 

4,500 
2,700 
5,400 

-

-

2,790 
3,150 
3,150 
3,600 
3,150 
1,800 

-
1,350 
1,800 
2,700 
1,530 

900 

Souruec.: Ministry of Agriculturc, District Reports for 1981 and 1984; Ministry of Environment 
and Natural Resources, Forest Department Reports, 1982 and 1984. 
* Intercropping. 

especially in forest lands, because of intercropping. The same plot produces
maize, potatoes and beans, though not in sole-crop stands. For example, a 
farmer at Mucheene in Meru District produced 7,200 kg of potatoes, 1,800 kg
of maize and 900 kg of beans all from the same hectare of forest land. Overall, 
the system contributes substantially to food production in Kenya. 

3.2. Biological aspects 

The trees and crops compete for the resources available. In a study conducted 
at Muguga in the early 1960s, it was found that trees grown on bare fallow 
soil showed a 15% increase in growth over those grown with maize (Mburu 
1981). This difference may be lower in areas with high rainfall and greater in 
areas with less rainfall. But in economic terms the substantial saving in cost of 
clearing and weeding easily offsets this initial setback in the growth of trees. 

3.3. Socio-economic aspects 

The economic advantages of the system are derived from the sale of agricul
tural products. Table 24.4 shows the average revenue per hectare for each 
flamily for the sampled stations. Family income is greatl3 improved, as they 
save cash which would have been spent on food. Table 24.4 also shows that 
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Table 24.4. Average monetary returns per hectare from the shambas (KSh/year). 

Location 	 Size of Costs/ha Gross Net Total
 
shamba 
 income 
(ha) per family 

Elgeyo 	 2.0 1,035 1,425 390 780
 
Gathiuru 0.7 5,300 6,675 0.375 
 1,375
Hombe 	 0.4 1,096 2,100 1,004 401 
Kamae 	 0. I 2,445 3,000 555 55 
Kaptagat 0.8 360 1,425 1,065 852
 
Kericho 0.3 
 680 1,440 760 228
 
Kerisoi 0.5 
 310 9,180 8,870 4,435
 
Kitalale 0.5 1,645 
 4,981 3,336 1,668

Moll 1.4 1,240 1,822 582 815
 
Mucheene 1.0 4,315 8,000 3,685 3,685
 
Nessuit 	 0.7 1,380 7,700 6,320 4,424 
N. Marmanet 	 1.0 2,105 2,497 392 392 
N. Mt. Elgon 	 1.0 1,629 2,850 1,221 1,221
 
Sorget 1.0 1,550 
 2,700 1,150 1,150

Wanjerere 1.0 
 575 1,530 955 955 

Average revenue per hectare = KSh 3,220.20
 
Average cost per hectare = KSh 1,834.15
 
Total average revenue per famil) - KSh 1,290.30/ha
 
I US S = KSh 16.00 (approx.: April 1986) 

the establishment cost per hectare varies: this is mainly due to differences in 
labour costs from area to area. Moreover. the farmers in different areas use 
some inputs, but in varying quantities, in order to sustain or increase yields.
The system also provides more or less fill-time employment to most partici
pants who have no other sources of income. For the Forest Department. this 
is a cost-effective method of tree establishment: apart from providing a 
weed-free area for tree planting, it also ensures weeding around young trees 
for 2-3 years so that tree survival rates increase. 

Othtr social benefits provided by the Department are: 

1. A free house or free building materials for the participant; 
2. Forest districts with welfare centres, schools, dispensaries, churches and 

shops, and free water supply; and 
3. Help with cutting down the large trees on the allocated plots. 

The participants thus benefit from free housing, medical facilities, schools, 
welfare and infrastructural development. The combination of arable farming
and timber crops offer; considerable scope for development of sustained rural 
communities and is more profitable than growing food and forest crops 
separately. 

The shamba system seems to be the most appropriate land-use system for 
rural development programmes. The combination of agriculture and forestry 

http:1,834.15
http:3,220.20
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when , operly implemented reduces environmental degradation and also 
provides means of reconciling the often conflicting interests of tropical 
foresters and farmers. The system also satisfies most social and economic 
needs of subsistence farmers who participate in it, and saves the forest from 
the destruction caused by shifting cultivtion. 

4. 	 Disadvantages 

The shamba ssterm also has several drawbacks. Notable among them are: 

1. About 40% of the reported forest fires in Kenya originated in these forest 
shambas, mostly at the time of clearing (Wanyeki 1981); 

2. 	The possible damage to crops by vild animals such as elephants, buffaloes, 
etc., diScourages some participants, particularly in remote areas; 

3. The cultivation of glades (grasslands) in forest areas has reduced grazing 
land] for both livestock and wild animals; 

4. 	 The system requires high levels of supervision, otherwise the laid-down 
regulations would not be followed, thereby affecting tree establishment 
adversely, 

5. 	In some areas the number of participants far exceeds th available land, 
thus leading to illegal ciearing. 

5. 	 Prospects 

The shamba system will continue to play a major role in forest plantation 
establishnxmt in vis-6-ris tackling theKenya food and fuelwood shortages. 
With high rates of population growth, unemployment and food shortages 
the system will continue to play a leading role in the economy. The continu
ing threat to natural forest is noticed in most areas but compensatory forest 
planting (clearing indigenous species to plant exotic species) should relieve 
the pressure in some areas. Crop yields in the system are bound to drop as 
most of the cultivation is now in second-rotation plantation areas. In view 
of the importance of the system, and the large number of people supported 
by it, it is essential to undertake research to evolve appropriate technologies 
to improve the productivity and sustainability of the system. One of the 
immediate areas for research could be the management of various crops, 
including fertilizer application to them, whi,,h could improve the productivity 
not only of the crops but also the trees and thus enhance the overall 
performance of the system. The provision of easy facilitiescredit to the 
farmers for the purchasc of fertilizers and other inputs also needs to be 
properly organized. 
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25. The compound farms of south-eastern Nigeria: a 
predominant agroforestry homegarden system with
 
crops and small livestock*
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Science, North Carolina Slate Unitversit.v, P.O. Box 7619, Raleigh. NC 27695-7619, USA 

Abstract. Compound farms are a homegarden-type of agrofbrestry system 
involving the deliberate management of multipurpose trees and shrubs in a 
multistoreyed association with agricultural crops and small livestock within 
the compoands of individual houses. In addition to the advantages of 
diversified production, risk minimization, improved labour and nutrient-use 
efliciencies and soil conservation, compound farms represent germplasm banks 
containing many of the useful tree/shrub species currently disappearing due to 
indiscriminate clearing of forests and woodlands. 

1. Introduction 

South-castern Nigeria is a region comprising Anambra, Imo, Cross River and 
Rivers States with a population density approaching 500 people per square 
kilometre. This high population pressure on the limited land resources has led 
to a breakdown of the traditional land-use practices of shifting cultivation and 
bush fallow which would need periods of up to 15 years to maintain stability 
(Floyd 1969). 

Compou.1' farms are a traditional land-use system that appear to have
 
evolved conconitantly with the shifting cultivation and bush-fallow systems.
 
Recent observations 
 by the authors in the sparsely populated rain-forest zone 
of the Central African Republic indicate the spontaneous establishment of 
compoijnd farms by shifting cultivators seeking to establish land tenure 
alongside new roads. 

Compound farms are fourd within the vicinity of the homesteads and 
comprise numerous multipu.rpose woody species in intimate multistoreyed 
associations with annuai crops and small livestock. The multistoreyed struc
ture and species diversity allow almost complete coverage of the soil by plant 
canopies, thereby promoting soil conservation. Soil fertility is maintained by 
the use of' household refuse, crop residues md animal manure. 

* Originally published in Agroorestry.S'stets 5: 153 168 (1987). 

11,KR. Nair (edj, Agiollremir) Si tcnhIin ite Jrorics. 411 426. 
I1 ). Khme,cr Acad mi, Publisher,. I)ordrccht Printed in the Netherlands. 
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The system has been recognized as a potentially sustainable form of land 
use (Lagemann 1977) with possible application for the entire humid tropics.
Over th. last 15 years, the Forestry Development and Investigation Branch 
(FDIB) of the Forestry Commission, Enugu, and more receny the National 
Institute for Horticulture (NIHORT), beenhave undertaking systematic
research and development of the traditional food and treefruit-producing 

species commonly found in the compound farms.
 

This paper identifies the major components of compound farms 
 and 
describes their uses, environmental variation, interactions and management
practices. The prospects for and the implicadons of improvements to the 
system are examined. 

2. General description of the area 

South-eastern Nigeria stretches from 4'15' to 7' N and 5 49' to 9'39' E 
occupying an area of'about 75,500 km 2 The. land surface is dominated by 
plains under 200 m a.s.l. 

Rainfall is high on the coast, usually monomodal and may reach 4,000 mm 
yr '.Further inland, the annual bimodal rainfall ranges from 1,250-2,500 mm 
with up to three months of mry season. Rainfall intensities are high, often 
above 50 mm hr ', with short-interval irtensities in excess of 100 mm hr 
(Kowal and Kiassam 1977). 

The region has high insolation with uniformly high temperatures through
out the year. Mean annual temperatures range fiom 25 C to 27' C. In coastal 
areas, mean annual radiation is low due to constart cloud cover.
 

Major soil groups include:
 

- Ultisols and Oxisols derived from intermediate and acidic rocks. These are 
the major soils in the low-altitude forest zone. They are susceptible to
 
compaction, low in nutrients and high in exchangeable Al.
 

- Alfisols and associated Inceptisols and Entisols. They have a higher base
 
status than Ultisols and Oxisols but are susceptible to erosion. 

3. Land-use systems 

Agriculture is the major form of land use in south-eastern Nigeria. Approxi
mately 90% of the farms, however, are less than 4 ha in area and about 55% 
are less than I ha (Okigbo and Greenland 1976). This small area of farmland 
is usually made up of two or more plots which are often scattered around the 
village. 

Both natural and plantation forests exist. Major plantation species include 
Ginelina arhorea L., Tectona granlis L.f., Nauclea (ilderrichii (De Wild. Th. 
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Dur.) Merril., Terminalia iorensis A. Chev. and Pinus caribaea Morelet. These 
are planted for fuelwood, poles and pulpwood. To a lesser extent, Cassia siamea 
Lam. and Eucal'ptus spp. are planted on poorer sites. 

In Imo, Cross River and Rivers States, timber is exploited from natural 
forests within forest reserves. The species extracted include Entandrophragma 
spp., KhaYa itiorensis A. Chev., Mitragyna ciliata Aubrev. & Pellegr., Nauclea 
diderrichii, Chlorophora excelsa (Welw.) Benth., Gossweilerodendron balsani
./crum (Verm.) Harms. Lind C.licodiscus gabunensis Harms. 

Traditional cropping systems range from shifting culivation in isolated parts 
of Ogoja Province (near the Cameroon border) to intensive sedentary cultiva
tion. Floyd (1969) reported tht following predominant farming systems in 
south-eastern Nigeria: 

(a) 	 Shifting cultivation (periodic movement of both cropland and settlement) 
(b) 	 Bush fallowing (periodic shifting of farmland only) 
(c) 	 Rudimentary sedentary cultivation (one- or two-year fallow rotations) 
(d) 	 Intensive sedentary cultivation 

- terrace farms
 
-- compound farms.
 

Compound farms are a good example of the homegarden type of agro
forestry as defined by Fernandes and Nair (1986). Due to the fragmented 
nature of land holdings, attempts to combine cash cropping with a regular 
supply of food for household use have led to the operation of different field 
systems and diversified production units: 

(a) 	 Compound farms involving multistoreyed cropping of staple food crops 
with multipurpose trees and small livestock in the immediate vicinity of the 
house; 

(b) 	 Near fields close to the compound but with fewer crops than compound 
farms; 

(c) 	 Outlying and distant fields. 

Associated fields are a common feature of the homegarden type of system 
(Fernandes and Nair 1986; Jacob and AIJes 1986; McConnel and Dharmajala 
1973; Michon et al. 1986; Nair and Sreedlharan 1986; Soemarwoto et al. 1976). 
These fields are often used to produce food or cash crops that are not suitable 
for growing within the multistoreyed homegardens, e.g., maize (intolerant of 
shade), rice or millet simply to supplement homegarden production. 

4. Structure of the compound farm 

The compound farms are predominant throughout south-eastern Nigeria 
where most homesteads have them. Variation of the composition and diversity 
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of tree species is noticeable, however, as one moves north from the rain forest 
to the drier savanna zone (Okafor 1982). 

4.1. Crops 

The dominant staple species include yams (Dioscorea spp.), cassava (Manihot
escuh'nta Cranz), cocoyams (.'anthosomna sagitt(f/lium Schott. and Colocasia 
esculnta L.), bananas (A!usa spp.), plantain (Afusa paradisioca L.) and maize 
(Zea naVs L.). These are usually grown in mixtures with several subsidiary 
crops such as okra (lihiscus esculentus L.), pumpkin (Cucurbita pepo L.),
melon (Co/ocvnthis cubgaris Schrad.) and leafy vegetables (Ainaranthus spp.,
Corchorus olitorius L., Telf'Ihiri occjd'ntalis Hook 1'.and SWann spp.). 

4.2. Trees and shrubs 

Several trees and shrubs are deliberately planted and managed on the com
pound farms for a variety of products or functions. Table 25.1 provides a li ' 
of recorded species and their uses or functions. A surprisingly high number of 
tree and shrub species (at leist 60) in the compound farms provide food 
products. Other woody species providing edible almostproducts certainly
exist: Okafor (1981) identified a total of 171 indigenous woody plants of
nutritional importance the forestin zone of Nigeria. The list comprised 53 
families with 119 genera and included 95 fruit-tree species. Table 25.2 presents
available data on the nutrient composition of the edible portions of some of 
these trees and shrubs and their potential contribution to human nutrition. 

4.3. Livestock 

Goats, sheep and poultry are commonly kept for meat, for sale and/or home
consumption. Other animals occasionally kept include cattle and pigs. Live
stock 
are fed with fodder from trees and shrubs, crop residues, grasses and 
herbaceous species growing in the compound farms or near fields. The animals 
are either confined in pens and stall fed or tethered in fields. Trypanosomiasis 
is a major constraint to livestock rearing. 

4.4. A rrangen; .ont,i tteraclion of components 

As is common in the homegarden system, the spatial arrangement of the 
various components appears haphazard. Nevertheless, the trees, shrubs and 
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other crops in the compound farm are positioned where they can be protected, 
watered and harvested with ease. 

Trees and shrubs that are regularly used for food, such as Treculia a.ricana, 
ChrI.1soph.II/un albidum. Davro*'/h's hU/is, Ptcrocarpus spp. and VeLrnonia 
aiogdalhna ~Dcl., occur at a higher frequency within and around the com
pound farms. Species that are not used regularly or are difficult to harvest 
occur at a higher frequency in the outlying and distant fields. 

The number of crops decreases as the distance from the house increases. 
The highest diversity occurs on the compound farms and is lowest on the 
outlying fields. This minimizes the time spent visiting distant fields. In a study 
of crop distribution on fields at increasing distances from the houses, it was 
found that 17.8 of' 20 important crops were onl the compound farm, 12.2 on 
the second. 1II. on the third, 8.( on the fourth and 5.6 on the fifth most 
distant field ( Ighozurika 1978). Figure 25.1 shows the intensity of cropping 
encountered in col pound Fairms. 

Vertically. several rclativcly distinct strata (canopy layers) can be distin
guished in the compound farms. Figure 25.2 is a schematic representation of 
the vertical str:mta in compound farms. The lowest zone (0 1.5 in) comprises 
f'ood crops like cocoyani, beans, cucurbits, okra and regeneration of over
storey trees and shrubs. Thc next zone (1.5 3 m) consists of cassava, maize, 
yams (onl stakes), I"Vvrnonia azmigdhilina hedges and castor. Next is the 
plantain banana layer (3 6 m) with pawpaw. Ahorimgae o,/era,Ficus capensis,
Ri i'hodchmr'on heudeulotii (us uaIINy pollarded), Psidium gmiuara and Crescentia 
'Uqetv. Above this comes the fruit vegetable tree layer (6 30 m + ) comprising 

I't('rocarpu spp., Cola actmiata and Eavis guin'ensis, and other species for 
timber. fuelwood and cultural uses, such its,-f/hizja./i'rruginea Benth., Canar
in schivehi/tirthii,Chlorophora e.xeiva and Hannoa kialneana. 

4.5. l'ariatin in cOnl/Omiond.firns 

A survey of' traditional farming sytems in southern Nigeria (Okafor 1981)
 
revealed that compound fIarms 
are rare or absent in most of south-western 
Nigeria. In south-eastern Nigeria. the intensity of cropping with compound 
firms generally increases with population pressure and land scarcity. Thus, 
in the densely populated parts of' Anambra such as Aguata, Idemili, Nnewi 
and Njikoka. cropping inteisity is greater than in the northern parts of the 
State. 

l)iffcrenccs in species composition of compound farms invariably reflect 
changing environmental conditions and former land use. Compound farms in 
the rain-forest zone are characterized by a greater diversity of woody species 
and a certain predominance of forest species such as Treculia africana, Irmingia
gab~onensvis, Dac'ro.vth,.s ethdis, Chrl'soph.rlhim alhhhnn, Cola acianinata,Elaeis 



Tble 25.1. Woody species recorded in compound farms of south-eastern Nigeria and their functions and uses. 
Species 


Functions uses
 
.4,'iou t'art,'ri(Hook. f.ex Oi ,s)Engl. F,,dder leaves, stakes,•4!-i/a 	 fallow species for restoring soil fertilitybc'ia Harms var. bella Fermented leaves asAlhi:ia vege'able, stakes
 
.4h'ho-nea corddi/ha Schumn 

Fodder leaves, stakes, building material, soil-fertility restoration
 
spp. 

& Thonn.) Muel. Arg. Leaf, vegetable. stake. structural material.Amurdiun occifidcn;ah,
L. Edible fruit, food nut. ielwood 
Edible fruit, beverage 

Annina muriata L. 
Anihnoiha ruiroph'lia P. Beau,. 

.ricicarptux corimunic Forst. 

Leaf wrappers, stakes, soil-fertility restoration
 
Raphia nitid Lodd. 	

Fruit cooked and eaten, fodder laves. fuelwood
 
Comsood of commerce.


Blr/cia .nwipaiaB nak. 	
fodder leaves, live fence, chewing sticks 

Leafy vegetable
(anariun, m/caejnurlhjj Engl.Cajanu.s wa/an (L.) Millsp. 	 Fruits eaten after softening in hot water, timber,Food seed. 	 veneer 
(ari,,cpapia L. 

fodder leaves, fuelwood, leaves used for measles cure
 
(Cibap'ntlandra L )gaertn. Edible fruit, leaves as vegetable and used to cure malaria
Leaves asChh,rophrrc escei.a (Weiw.) 	 vegetable, fodder leases, timber, fibre, for mattresses and pillowsBenth. Timber. leaves and female cztkins as(ctru p.Ihmz iit:", G. Don 	 fodder, young leaves as vegetable

Edible fuit, tree has religious significance as "god of maternity"
sp.Cit uci r
Cciicv ncir'ra L. Edible fruit 

Cuh acuminata (Btauv.) Sehott. & End'. 	
Edible fruit, thatching, wood as structural material 

C,,la 	
Seeds eaten, of great importance in social functionsgiianiea a ehey. var. gigantea 

Coia epidiia K. SLhum. 	 Seeds used to thicken soups, timber
 
Seed testa
Co/i nitida 	 eaten fresh, stimulant, socio-cultural importan.e(Vent.) Schott. & Endl. 

Cola pachciiarpa K. Schum. 
Seeds eaten, stimulant. socio-cultural importance 
SeL testa eatenCre.mceniia 	 fresh, stimulant.ete 

Dacrayoid , dulis Fruits used to make calabashes, fuelwood 
u L. 

(G,. on) H.J Lain. Fruit eaten afterDaniel/ia olirri Hutch. & Dalz. 	 oftening inho, ashes or hot watr.fodder leavesTimber. structural material, fodder leaves, tender leaves asDcneitia iuin,,la Bak. f. vegetable, soil-fertility restoration
Dia/junt ruinc'ns,' Willd. Peppery fruits eaten with kolaVitamin C-richEteis guine'nsis Jacq. 	 fruits eaten, beverage, fodder leaves, wood for tool handles, stakes, fuelwood, charcoalPalm oil extracted from kernels. sugary exudate from cut flower fermented into "palm wine", fronds as thatching. 

fodder and mui hFi-us spp.Garcinia koa Heckel Leav,, as segetable. fodder leavesSeeds eatei. chewing sticks. seeds as snake repellant
Gn'un spp.

Gwa'rcinc!na latooliun Benth. Leaves as veq7'sble


Leaves as vegetable 



1l1,,11, A ain'anaPierre & Englc. 

1/the'ardiii tircrt4I\as;.) Koi,'rn. 

i1tin,s Iit1inr pithiandia K. K rause 

InIeui e.w,i' %ar. cihtisirsc0A 


I/rtieihi iuairtrt t t ielagl ar. 

Jatropta ,1ri as L. 

Kigeia lrianti (IL. Benth. 

Landolpiia fntarienmi. P Beau%. 

laoianthera if/ri-ana Heauv. 

ha'wioitruu pp-


.Iitiei,,'ra tdic, L. 

A,m,tia it hitei Illook. f.) Steels 

.'uiiuora mirislia Dunal. 

Afuirtn.a oli'ra Lain. 


A.i rintht iirhriiet P. -ecauv. 
Naph'utwna impterialiA P. Beauv. 

.atI'u atifiliaSmith. 

.VeurIuldiaharis seem. 


O('iin.utm ,grtji.isintm L. 

Parkii, hilohoma Benth. 

Penthacl.'traitacrophillaBenth. 


Persiaaiericana Mill. 

I'rr.opis alkicana Taub. 

Psiditum gut-aitt L. 

Ptero,'arpt. ntiflraedii Hat ns. 

Pterocarpussantalinoies (,". & D.) L'rer. ex. d.c. 

P'ter'curpus,o.vrauxii taub. 

Riuirtnndronhcndelotii (Bail.) ex Pax. 

Spondias tiomhin L_ 


Sitrcutia tragauantla L.indl. 

Tetracarpidiumiitiophorum (Muell. & Arg.) Hutch. & dalz. 

Teirapicuratetraptera (Schum. & Thonn.) Taub. 

Th'ouhrotun t'ucaf L. 
Utari, charst, P. Beauv. 
itev t asianaSweet 

.:ilopia aethiopica(Dunal) 

Ttber. tiekkood
 
Sc..ds is Cordiment o. roasted and eaten. stem proides fibre foTrropes. gum
 

a ...

Edthe" !ruil. kernel as soup condiment. 

le. c, I od sirappers. foddcr leaves. lie slakes 

foddr leate,. vs'ood for tool handles, utensils. carvings. roots. leaves and 
bark medicinal use,


Kernel highl. saluCd is soup condiment and source of oil. vsood for tool handles and utensils
 
li%, lence, leases for ringsorni ireatment. seeds fermented and used as soup condiment
 
Flo crs a, \egelable. bark used nedictna I for irealng ,ores
 
Acidic fruit pulp eaten
 
leaes as ecetable
 
Fruit edible, suitable for jams and jellies
 
Edible fruit, fodder leatc fuel. iiod
 
Edible fruit. bark pro, ides libre for ropes
 
Seeds used as substitate for the spice nutmeg

Flow ers. leases and .oung pods as tcgetable. fodder leaves, live stakes used in boundary demarcation. Seeds used for 

purification of water.
 
Lcases as vegetable. seeds edible after cooking

Edible fruit pulp. fodder leates. leases used medicinally as anti-emetic, wood a chewing stick
 
Edible fruit, rodder leases. wood as stakes. fuclwood
 
Trees used for boundar_ demarcation. tse fence, wood used to build yam stores, fodder leaves, stem and roots used 

mediciunalls
 
Lea\es its vegetahle
 
Seeds fermented and used as condiment, fodder leaves and pods. timber. 
 fuelwood, fertility restoration
Seeds processed and used a condiment, fodder leaves, wood for tools, utensils, staking or structural materials, leaves
 

aIsmulch
 
Edibi- fruits, fodder leaves
 
Seeds used as condiment, fodder leaves. fuclwood
 
Edible fruits, fodder leaves. fuelwood
 
Leases as vegetable. cam\4ood. dye 
Leaves as segetable. trees for boundary demarcation, fodder leaves 
Leaves as vegetable, timber. camwood. dyes, sacred tree 
Fodder leaves, live stakes, seeds as condiment and oil 
Edible fruit, jams. jellies. fodder leaves. live stakes, boundary marking, fences 
Wood lor building material 
Edible seeds (raw or cooked), source of canophor oil 
Pods used as spice. fuelwood, bark and pods used medicinally 
Seed processed into cocoa, leaves as vegetable
Edible frt;' pulp, lcases as vegetable, fodder leaves, fuelwood P
Leaves as vegetable, edi;,te fruits. timber, fuelwood Z 
Seeds used as spice, substitute for pepper. timber, fuelwood 



Table 25.2. Nutrient composition of the edible portion of some tree/shrub species in compound farms. 
Species Edible part Calories ,6 Fresh weight (unless 

otherwise stated) 
mg per 100 g fresh weight 
(unless otherwise stated) 

Vit. A 
(in international 

Thiamin 
(1.g 

Riboflavin 
(kg gamma) 

Water Protein Fat Carbohydrate Ca Fe Nicotinic Astorbic 
units gamma) 

acid acid 

Annoca muricata 
Artocarpus comnmunis 
Carica papaya 
Cola acuminata 
Cola nitida 

Daniellia oiireri 

Fruit pulp
Fruit pulp 
Fruit pulp 
Nut 
Nu 

Dried leaves 

109 
38 

309 
--

--

70.0 
89.0 
12.0 
83.0 

9.4 

1.5 
0.6 
9.0 
1.5 

5.5 

0.3 
-

1.0 
0.6 

-

25 
9 

66 
-

-

25 
10 

-
3.1 

1.0 
0.5 

-
1.4 

-
0.1 

-
0.7 

15 
60 

9.8 

35 
2,500 

31 

200 
20 

II 

-
20 

47 

Ficus 
gnaphalocarpa 

Iningia gabonensi.s 
Dried leaves 
Dried kernel 

11.6 
-

13.8 
-

-
54.0 

-
-.. . .. 

Alonodora n-risica Residual 

Aforinpa oleif'ra 
seed meal 

Fresh seeds 
212 1.0 17.6 2.8 29 

.foringa ohl,'ira Fresh leaves 
Pentraclethra 

.%acrophyrlla 
Prosopis airicana 

Kernel 
Pod pulp 

569 
279 

10.0 
9.6 

22.0 
9.2 

45.0 
3.0 

17 
53 

90 
160 

-
70 

-
- -

Prosopis alricana Dried stems 

Pterocarpus pp. 
Spondias -nombin 

Telfairia pedata 

+ leaflets 
Dried leaves 
Fruit pulp 

Kernel 

300 
218 
-

517 

7.9 
10.1 
72.8 

6.6 

10.2 
17.1 
1.3 

19.6 

6.8 50 
2.4 32 
0.1 -

36.0 28.5 

--
500 
31.4 

-

-
70 

2.8 

-

-
-
0.9 

-

-
46.4 71 95 50 

V'itex doniana Dried leaves 

Source: Irvine (1961). 
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i~z 

F. 25. . Iligh intensity, multistorcycd cropping in compound farms (Photo: E.C.M. Fernandes). 

gianeensis, Plerocarpus so.Vauxii, P. santa/inoides, Fic:.s capensis, Spondias 
MOrahin and Garcinia kola. 

In the derived savanna zone, Alansonia digitata, Ceiba pentan(Ira, Moringa
oh'i/t'ra. Tainarjinhs iticva, Prosopis africana, Parkia biglobosa, Detarium 
'ic rot ar/n~ttI.,toqi isstus /eiocarptts, Daniel/ia olh'eri and Er'ulhrophleum suave
(/lens are more common. 

Differences in species composition within compound farms result in substitutio1 of species for particular uses. 
six 

For example, kernels of Irr'ingiagabonen
u:Scd as a soup condiment in the first zone are substituted by kernels of 
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Fig. 25.2. Spatial distribution of crops on mounds in Abakaliki, Anambra State, Nigeria. 

Detariutn Inicrocarpum in the savanna areas. Similarly, fermented seeds of 
Ricinus communis are commonly used as a condiment in the forest zone while 
Parkia higlohosa and Prosopis qfricana are used for the same purpose in 
savanna areas. 

5. Management aspects 

Farmers make use of changes in soils and topography and this results in 
definite planting patterns within compound farms. Root crops are usually 
planted on ridges and mounds and climbing crops such as yams and cucurbits 
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I,. 2.3. Ricnodendron hendeotii trees as live stakes for yams (Diosworea spp.) (Photo: E.C.N. 
Fernandcs).
 

are usually staked or planted close to trees which act as supports. Figure 25.3 
shows the use of tiees like Ricinotlem'on hewudelotii as live stakes for yams. 
Maize is usually planited in furrows on the lower sides of the ridges or 
mounds. Figure 25.4 shows the distribution of crops un mounds. Creepers 
such as Colocrnithis rulgarisSchrad. and pumpkin are used to provide ground 
cover. Fruit species such as oranges, avocado and pineapple may be planted 
along pathways of the compound farm. Cowpeas and linia beans are often 
planted along fences to facilitate harvesting. 
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Fig. 25.4. Schenwt ic presentration of er t ia sl ra t. in1compound hi rnis. 

Due to diffrcrent m~aturity periods, crop species are invariably planted and 
harvested at differe-nt times. Yams, for example, are planted before the onset 
of the rains, while maize and millet are planted a few months after the rainy 
season has begun. Cassava is planted about four weeks after maize and 
harvested the following year. This diversified and continuous production of 
food is importa,:t not only nutritionally. bu1t also because storage of harvested 
products is diflicuht and post-harvest losses are high (Ruthenherg 1980). 

Planting patterns are also related to the light requirements of component 
crops. Thus, the great majority of crops in the compound farms are at least 
moderately shaO. tolerant, e.g., yams, cocoyam and beans. Heliophytes (light
lovers) such as maize, and to some extent cassava, are usually planted in the 
outlying fields where tree and shrub density is lower and hence shading is less. 

6. Evaluation 

6. I. Merits 

Numerous advantages ar' inherent i-. the multispecie, multistorcyed cropping 
systems such as those of the compound farms. These include diversified 
production, risk minimization, enhaancedl labotur efficiency, continuous produc
tion (thereby minimizing post-harvest losses due to poor storage facilities), 
better nutrient cycling and nutrient-use etficiency than in monocropping 
systems and good soil conservation dtie to continuous ground cover. 

In addition to being nutritionally important, many GI the tree/shrub species 
provide products with considerable economic value. It has been c !mated that 
the total revenue [tor a single mature tree oF h'tuing~ia gahonensis var. 
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gahonensis (valued for its kernel) is around US$ 300 annually (Okafor 1982). 
The high local demand for frringia kernels, coupled with the scarcity of 
supply, illustrates the cash-generating potential of seme of these tree/shrub 
species. 

The genetic diversity of the compound farms is important not only for risk 
minimization but also because some of the species present have potential to 
substitute for currently imported products. Thus, Monodra m vristica is a 
good replace:nent for imported nutmeg (Myristica .Iraran.v). Piper guiflense 
":an substitute for P. niifrutn (black pepper). The drying oil obtained from 
Tetracarpidiumconphorum compares very favourably with linseed oil. Seeds 
of Treculia ati'icana can substitute for or supplement rice with considerable 
nutritional advantage. 
Due to the high rate of forest clearing in southern Nigeria, a large number 

of potentially valuable species are currently being lost (Denton et al. 1983). 
This enhances the importance of compound farms as invaluable germplasm 
banks of at least the traditionally important multipurpose tree/shrub species 
that are currently being destroyed in the forest zone. 

Although the present system is believed to have originated approximately 
ten centuries ago (Okigbo, pers. comm.), and remained relatively stable over 
the intervening period, rapidly increasing population and scarce land re
sources are now putting increasing pressure on the system. In order to meet 
the needs of the people, the emphasis in land use is turning to current 
productivity as opposed to sustainable productivity. 

Recently acquired wealth (during the "oil boom") resulted in some farmers 
clearing their compound farms with bulldozers and engaging in high-input 
monocropping. Removal of the canopy cover over the erosion-prone Alfisols 
and compaction by heavy machinery on the sandy Oxisols and Ultisols have 
resulted in soil degradation and poor yields. 

The presence of tsetse flies and trypanosomiasis is a major constraint to 
livestock rearing in the compound farms. Livesteck could play a major role in 
enhancing the productivity of compound farms both directly via the produc
tion of meat and milk and indirectly in nutrient cycling. 

Perhaps the biggest constraint of the compound farm or homegarden type 
of system is that it is perceived as a primitive form of substistence land use. 
This view is common both at international and local levels of land-use policy 
and decision making and has resulted in little, if any, resources being devoted 
to the study and improvement of the system as a whole. 

6.3. Potential,[orincreasing :he productiity of coinpound.firms 

Current research on crops and animals being undertaken by national research 
programmes, the International Institute for Tropical Agriculture (IITA) and 
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the International Livestock Centre for Africa (ILCA) has relevance to thecompound-farm system. It is important, however, suitablethat on-farmtrials be carried out to thetest suitability of new species, varieties and/or
technologies. 

Funds for systematic research into the tree/shrub components of compoundfarms are scarce and much need, to be done. The large-scale production ofseedlings of improved multip,:os., tree and shrub species currently availableat FDIB, and the cflicient supply of these to farmers, would be one method of
achieving improved productivity in the short term.


The abundant but seasonal availability of fiuits, widespread 
 waste of fruitsduring seasons of plenty, and lack of storage mean that the effectivenessproduction in compound of
farms could be significantly enhanced by adequateprocessing and/or preservation methods. For example, several of the indigenous fruit species can be nrocessed into jams or jellies (e.g. Ctiri'sophk/lhunalhhn, Irvingia ga/onensis va . gahonensis, Dialitn guineense and Spondiasnionhin). 

In the long term, exploitation of variation in phenology, both within andbetween species, could result in the longer availability of a product.desired
For example, the of' adultuse stem cuttings to propagate Pierocarpus spp.varying in pattern of leaf flushes could result in availability of Pterocarpusvegetables for home consumption sale throughoutor the year. Similarly,intensive selection methods could result in increased yields and quality
products.
 

The possibility 
 of importing species currently used in homegardens elsewhere in the tropics should be actively pursued. For example, the heniesteadgardens in the SouIi-western coastal parts of India (Nair and Sreedharan1986), Kandy gardens of Sri (Jacob andLanka Alles 1987) and the agroforests of Indonesia (Michon canet al. 1986) offer a wide variety of plantspecies that might be quite adaptable to the conditions of' south-east Nigeriaand other humid lowland tropics. Numerous food, fruit and other multipurpose species have been 
 dentified in andthese other such studies (e.g.,Fernandes et al. 1984), which could aplay significant role in enhancing

productivity and profitability of this system.


The potential of integrating genera such as Derris, Adhatoda and Lonchocarpts within compound farms for green manuring should be investigated.The species identified are recognized sources of natural insecticide and nematicide compounds and could play an important role in minimizing pre- and 
post-harvest crops losses due to pests.

It is important that a well co-ordinated and systematic research programmeis undertaken to obtain information relevant to enhancing the productivity and sustainability of the compound farms. Fernandes et al. (1984)identified several areas of research important to the homegarden system as a 
whole. 
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6.4. E.trapolatahilit.v 

As described pti'-iously, the compound farm or homegarden system is already 
widespread in many areas of the tropics. The system permits a considerable 
amount of tflxibility of management options allowing subsistence and/or 
commercial production. The high species diversity inherent in the system also 
allows for conservation of species which are at present being destroyed 
through improper land use. 

This concept of compound farms (homegardens) as multipurpose gene 
banks requiring little input but enjoying protection by farmers who derive 
benefits from them, may be the only way to minimize the current genetic 
erosion occurring in the tropics. In this context., the system would be invalu
able in areas such as the Amazon basin. 

Acknowledgement 

The authors would like to thank Dr B.N. O, igbo (Deputy Director-General, 
IITA) for his comments and information on compound farms. 

References 

)enton, L., Swarup, V. and Nath, P. 1983. 
(lenetic resources of vegetables in Nigeria 
and their contribution to crop improvement 
piogramnes. Sixth African Symposium on 
lorticultural Crops, lhadan, Nigeria. 19 25 
July 1981. Acta florticulture 123: 33 49. 

Fernandes, E.C.M. and Nair, P.K.R. 1986. An 
evaluation of the structure and function of 
tropical honareardens..4gritultural Sistenis 
21: 179 210. 

Fernandes, E.C.M., O'Kting'ati, A. and 
Maghembe, J. 1984. The chagga homegar-
dens: a multistoreyed agroforestry cropping 
system on Mt. Kilimanjaro. Northern Tan-
zania. 4,'grolfrestrc .Sr''tems 2: 73 86. 

lloyd, B. 1969. Patern Ni eria: a geographical 
reriew. MacMillan. London. 

Igbozurike, 	M.U. 1978. Polyculture and mono-
culture: contrast and analysis. Geo-fourpial 
2(5): 443 449. 

Irvine, F. R. 1961. oatdyplants of rGhan: with 
special reference to their uses. Oxford t'ni-
versity Press, London. 

Jacob. V. and Alles, W.S. 1986. Kandy gar-
dens of Sri Lanka. Agrq/oe.mj .Sv.oems 5: 
123 137. 

Kowal, J.M. and Kassam, A.H. 1977. Energy 
load and instantaneous intensity of rain
storms at Samaru, Norzhern Nigeria. Tropi
cal Agriculture 53(3): 185 189. 

McConnel, D.G. and Dharmajala, K.A.B. 
1973. The economic structure of K'andyan 
forest farms. Farm Management Report 7. 
UNDPiFAD Agriculture Diversitication 
Project, Peredenya, Sri Lan t:a. 

Miciron, G.. Mary, F. arnd Bompard, J. 1986. 
Nultistoreycd agroforestry garden system in 
'Vest Sumatra, Indonesia. Agroorestr; Six
tems 4: 315 338. 

Nair, M A. and Sreedharan, C. 1986. Agro
forestry farming systems in the homesteads 
of Kerala, southern India. IgroforesirY Svs
tems 4: 339 363. 

Okafor, J.C. 1981. Woody plants of nut- donal 
importance in traditional farming systems of 
the Nigerian humid tropics. PhD thesis, Uni
versity of Ibadan. 

Okafor, J.C. 1982. Prom.r.sing trees for agro
forestry in Southern Nigeria. In: MacDonald, 
L.II. fed.), Agrefrestr' in the African humtm 
tropic.%. Procee,;ngs of a workshop held in 
lbadan, Nigeriii, 27 April-I May 1981. UJNU. 

http:Agrq/oe.mj


426 

Okigbo, 13.N. and Greenland, D.J. 197(1. Inter-
cropping systems in Africa. In: Papendick, 
R.I., Sanchez, P.A. and Triplctt, G.B. (ed.),
Alulftiph, cropping. ASA special public.ition. 
No. 27. pp. 63 101 

Ruthenberg, I. 1980. Forming s vstems ill the 
tropics.3rd edition. Clarendon Press, W~ford. 

Soemarwoto, 0., Soenarwoto, Z., Karyono, 
E. and Soekartiredja, M. 197t. The Javanese 
homegarden as an integrated e,:oystcm. In: 
Sc',nee fo[r a Better Eni'ironmenit. Science 
Council of Japan, Tokyo. 



26. The dehesa: an agrosilvopastoral system of the
 
Mediterranean region with special reference to the
 
Sierra Morena area of Spain*
 

RICHARD JOFFRE," JEAN VACHERh CARLOS DE LOS LLANOS' 
AND GILBERT LONG 2 

I...sociat IAstarcers ofthe Cam 'ezqzw. id Unirer.taria,28040 Madrid, Spain; 
"presentl/ at ( enIre Etmbhrer, (NRS, Montpellier, Framce hDirtcoroa"Research; 
'Directr af Re.carch. Cenitre Epaherger, (NRS, BP 5051, 34033 Alontpellier, France 

Abstract. A multidisciplinary team undertook a six-year investigation on the 
agro-ecological and socio-economic aspects of the dehesa system in the Sierra 
Norte area, a part of the Sierra Morena of Sevilla Province, Western 
Andy t usia, Spain. This paper summarizes its findings on the various agro
ecological features of the system and evaluates the system's functional aspects 
ris-ta-cis the trends and developments in l,-nd use in the region over the past 
few centuries. The synergistic effects of tree cover on understorey grassland 
vegetation are discussed in terms of soil fertility build-up and favourable 
micro-climatic and hydrological features, and the potential use of this infer-
Ination in future research and development programmes to improve the 
dchesa system in the Mediterranean region is outlined. 

I. Introduction 

In south-western Spain the word "dehesa" is used to denote the land-use 
system in rural areas, mainly rangelands, which are occupied by scattered oak 
trees (Quercus romundifldia, Q. suher, Q..figinea). The system has been known 
for many centuries for its multiple. mainly silvopastoral, use of renewable 
resources, and its strong linkages to recurrent cereal cropping in rangelands. 

There are many bibliographical references to the past importance of the 
oaks in producing sweet acorns both for human consumption and to feed 
domestic animals such as pigs (see, for the Roman period, Bauer 1980). Early 
livestock farmers in south-western Spain had legal rights over grazing re
sources belonging to rural areas "with trees". These indicate the long history 
of the land-use system involving oak trees in the appropriation of rural areas 
in the Iberian peninsula. 

The scattered tree layer dominated by sweet acorn oaks has a strong link 

* Originally published in AgrofirestrY Systems 6: 71 96 ( 1988). 

1 K R Nair ied.). Agrifi eitr.%Sscrn. in the I ropic%.427 453. 
itt). Kll'er Acidenic Juhfiher.. Dordrecht Printed in [he Netlerlands. i 
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With animal husbandry and, as such, the dehesa could basically be considered 
as an orchard system which produces feedstuff for domestic animals. But 
looking more carefully, we can say that this orchard-like system is also a 
producer of fbrestry resources, such as timber for various uses, charcoal, 
tannin, cork (Q. suwr)., etc. Besides, it plays Ivery important role in improving 
soil conditions, and also in giving shelter for grazing animals. The system also 
contributes to the comprehensive ecological eqtuilibrium of the rural area and 
to its environmental quality and stability, both at regional and very local levels. 
These various characteristics of the dehesa system are described and evaluated 
in this paper based on the results of a six-year study undertaken in the Siera 
Norte area, northern Sevilla, Western Andalusia, Spain. 

2. The importance of the dehesa 

The dehesas cover approximately 5,000,000 hectares in south-western Spain 
(Campos Palacin 1983) (Fig. 26.1, Table 26.1) and more than 500,000 ha in 
Portugal ( Balabanian 1980) where they are called -montados". 

The study area from which results are reported in this paper, has an area of 
about 140.000 ha of the Sierra Norte (Fig. 26.1), which is a part of Sierra 
Morena (Province of Sevilla). The organization of the whole rural area 
dominated by the dehesas could be described as follows: 

2.I. Agricultural hinds of Ru'edo 

These are vey specific intensive agricultural areas close to the rural villages. 
They look like a cluster of polyculture units and are represented by many small 
fields under horticulture (mainly vegetables) and intensive fodder production 
(presently for dairy cows), mainly on fertile alluvial soils. 

Table 26.1. Sii face o!"grazing lands in south-kestern Spain (in thousands of hectares). 

Open Dehesas str. s. Matorrales Dehesas s.1. 
grasslands (open oak ( 1+ 2 + 3) 

woodland)
 
(I) (2) (3) 

Extrernadura 998 760 246 2,004 
West. Andalusia 394 722 281 1,397 
Other Proxinces 913 402 251 1,566 

Total 2,305 1,884 /78 4,967 

Source: Superficie occupados por Ins cultivos agricolas (1981) Ministerio de Agricultura, Madrid. 
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h . 26.1. Districution of open oak woodland (dehesa ssri)io seosu) in Spain as percentage of 
agricultural land, and location of the Sierra Nore study area (Western Andalusia). 

2.2. 0/ire -tree planftationts 

A typical form of landscape in Andalusia, extended sometimes to large areas 
in the vicinity of tle villages, on red ferrallitic soils. They constitute the main 
source of income for t hesmall land owners and employment for daily 
agricultural workers. Some of these olive-tree plantations are currently being 
abandoned for various reasons, and, consequently, they show some features 
that are quite similar to typical oak dehesas. 

2.3. Delwsas (stricto sensu) 

They represent tile (dominant landscape of the rural areas in the Sierra Norte. 
They look like very open oak forusts, with a d&nsity of 20-40 mature trees per 
hectare. The ground surface is covered either by cultivated cereals (oats, 
barley. wheat) or, more commonly, by native vegetation dominated by annual 
sp~ecies used ats grazing for both wild and domestic animals. Land-use maps 
(Vacher et al. 1983) show that 80% of' the dehiesas have a tree cover of 
between 5 and 20%. These statistics are used by the Ministry of Agriculture 
in Sp:'A;n to identify three categories of grazing lands: 
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2.4. AJla(',rrh'% 

hcsc ;irc represented h\ dense evergreen shruhiands. typical Mediterranean
\e'ctLttiorl t\pes. Composed mainv of' C*,.s spp.. lri a spp. ard Arhutxswwd1. lhc,, ae the retilt oft[lie forest deuradation. especially in 'cry shallo\wmnd polor ,oik . hich are qtjite lrequcrLt in the hilly areas of the Si,;rra Norte. or part ofl the progres',, ecdolgoical succession aflter a 'Iwyears. off bad
li III.aliIlntllof croppina aMId gra/i rig lIds. 

2.5. /P/,iwati,,i/,,re+.s. 

Ii Sierra Norte. thiese are represeited mostly hy ruoriospecific plantations ofLII1u/nph'u's (E. liAtUira. L' .l'/liu.') and PIlhus /)il Ua. 'he localizatior of such 
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',, 2o 3. PhotoLraph of an oats fieldis understorey to mixed oaks (Q.. SUltr .id Q. rotundi(hlia) 
deIChLsd. lPlloto: ( i. Iong.) 

forests corresponds to more specific social and land-tenure conditions than to 
,oil, xkiti good l'orestland capahilities. They represent areas that were origi-

I i urIder cither dchcsas .S/r. s. or ma torrales, owned by absentee farmers 
hcltI1Liii. to the "/ati/ldist'"cla ss. 

(Considerim tile C\ol[tiol of the ma in land-use types in relation to three 
period, bet en 17I foaid IQ56 (Table 26.2). there has been very little change 
in the areas occupied by each type. The dehesas have remained the most 
important aspect of rural laid use in the Sierra Norte over the last two 
CCnfriIeCS. MIdo/ (I 5)) in his dictionary describes such dehesas and empha-
Si/CS eI talIit \ of their gra/ing l'unction. Based on these facts, on the one 
harid, aMid [idlipresence of thlie trees in most of the deliesas of the Sierra Norte, 

11/h' 2e,2. ivolution of the fIid-use units ol"the Sierra Norte of Sevilla (percentage of tile whole 
.rca: sampled area: 140.i ii rha). 

if1hccnIur, 19th century 201h century 
175ff 1850 1956 1956 

.\gros slems of ruCdo I 1.5 I 
()fie irce planations 6 4.5 7 
I)clcas 53 6ff (1 

NIaiorrtIes 3S 33 32 
Ilantation forest, 2 I 

S,',,ric:
Vaclcr ctal. (1983). 
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on the other, we can say that the agrosilvopastoral dehesa system has been 
stable for many centuries. 

The evolution of this agrosilvopastoral system between 1956 and 1977 was
studied by Vacher et al. (1983). Aerial photographs (1956 --scale 1:33,000;
1977 - scale 1:18,000) were used to determine the main changes. Table 26.3 
shows the most significant data, of which the following can be emphasized: 

-
20-25% of the 1956 dehesas (various types) have been transformed, mainly 
to the advantage of the matorrales; and 

- The area under matorrales increased from 14,624 to 25,234 ha, i.e. 80% 
increase. 

The changes indicated in Table 26.3 are the result of three main anthropogenic 
factors: 

(a) Decreasing the agropastoral management practices in the dehesa areas;
(b) Increasing the deforestation and clearing process in order to extend 

cropping lands, and 
(c) Reforestation over about 10% of the total area surveyed. 

In summary, the most prominent changes in the dehesa landscapes have 
occurted in the past 20-30 years. There is a strong evolutionary process called
"nmatorralization" linked with a process of increasing cropping lands with 
heavy machinery. This is still not as common in the hilly region of the Sierra 
Nortc as in the other dehesa regions (i.e., Salamanca). To some extent, the
relief and poor soils of the Sierra Norte have preserved the dehesas in spite of
the general tendency of tree eradication to produce cropping areas. But, on 
the other hand, social and land-tenure conditions have favoured forestry and 
less care for many dehesa rangelands. 

Table 26.3. E'olution of the land-use units (in hectaies) of the Sierra Norte of Sevilla between
14156 and 1977 (sampled area: 140.000 ha). 

1956 1977 

Open grassland (without trees) 
Oak dehesa rangelands 
Matoralles (shruhlands) 

16,770 
63,890 
14,624 

11,026 
50,268 
25,234 

Shrubby oak woodlands 
(dehesas-matorrales) 

Olive tree plantations 
Agrosystems 
Plantation forests 

31,437 
6,317 
1,306 

0 

27,714 
6,681 
2,385 

11,036 

Sourre: Vacher eial. (1983). 
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Systems such as dehesas and "montados" also exist in various other 
Mediterranean countries, including Morocco, Algeria, Tunisia, Southern 
France (mainly Corsica), Italy (Sardinia) and Greece. But the system in those 
countries is usually not as well managed as in the Sierra Norte area. 
Moreover, in the warmer semi-arid parts of the Mediterranean regions, 
especially in limestone areas, the carob tree, Ceratoniasiliqua (Leguminaceae), 
takes the place of the oak tece. 

3. Analysis of the dehesa farming system 

3. I. radiional/.arming fli the dehesa regionsl.r'stem 

Many reports are availablc on the changes in the function of the dehesa 
farming system during the sixties (Fourneau and Roux 1974, Gomez Gurtier
rez ct al. 1982, 1966, Romero Candau 1981, Tanago 1982). Enquiries were 
made hv the rc:,.arch group of' the Casa of Velazquez in order to collect basic 
int'Ormation at the frmn level and the information gathered was checked 
aelainst docunentary sources (such as Galindo 1966, Garcia Fernandez 1977, 
Gonez Gurtierrez 0't al. 1982, Parsons 1966). Based on these, the following 
characteristics of' the system in the Sierra Norte test area can be emphasized: 

Lirestock ntltI,Ui'geit 

The livestock systems, either sheep, goats, cattle or pigs, are very flexible. 
Most of' them have zonal variability of pastoral and stubble resources and are 
adapted to various forms of migration. for instance transhumance from Sierra 
Norte to the fertile cereal cropping area near the Guadalquivir river. Sheep 
(for mutton, meat and wool) are the main category of grazing animals (Figs. 
2(i.4 and 26.5). Pigs are also associated in all dehcsa farms. The sheep 
production Systcm is shown in Fig. 26.6. There is only one lambing every year 
in the autun. Lambs are marketed and old ewes eliminated from the flock in 
early summer, which means just before any shortage of natural grazing 
resources or before taking the shcee; to tile stubble area of the lower plains. 
Destocking of' the rangelands, which means a Ion,- rest period, is a key factor 
in the management of the grazing lands. Thus, the maximum feeding require
ment corresponds to the nmaximum potential availability of the green grazing 
resources, between mid-autun and late spring. 

As regards pigs, the key question is how to make the best use of seasonal 
acorn production, between October and February, in order to get the maxi
mum liveweight increase. Ruperez (1957) reported that 9 kg of Q. rotundifolia 
acorns can lead to the production of I kg of fat pork meat. The period 
considered for acorn feeding is called "montanera". During 75 days of 
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Fig. 26.4. Photograph of sheep (Merinos) grazing the grassland (annual grasses) associated withscattered trees (Quercmu rottm'(i/dii(a). (Photo: G. Long.) 

,IS .....
 

Fig. 26.5. Photograph of cattie (mainly Retinta breed) in aQ.rommihfoia dehesa. The pictureshows that during the hot part of the day cattle are attracted by the shade of scattered oakcanopie. [ [ere the grassland is dominated by Phahoris aquaica and Dcltlis glomerata, twoperennial grasses. (Photo: G. Long.) 
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Fi"'. 26.6. Seasonal variamions of graizing and fodder resources in sheep and pig ivestock systems
in a fraditiornal Csroning area oI1the dehesa region, before 1960. 

montanera a pig can gain 60 kg livewcight before it is sold in the spring. On 
average, there is a stocking rate of I adult pig fo every 2 hectares of mature 
oak dehesa with 20-40 trees per ha. Pigs are also grazed with herbaceous 
fodder and. as such, are competitors of sheep. Thai means a minimum 
rotating system is implemented in such a way that the two main categories of 
grazing animals are present at different times on a :;iven piece of rangeland. 
Sh,"n,goats and pigs are all herded. There are no fenced areas, except for 
night corrals. 



436
 

Optimization of the traditional feeding systems for the two dominant 
categories of grazing animals - sheep and pigs - is done as follows: 

The more fertile lands in the dehesa region are cropped with cereals (grain, 
straw and stubble are considered as feeding materials) and fodder legumes
(Lupinuis, I 'iia, h'dica,' saliva) unless facilities for summer irrigation are 
available; 
Summer stubble grazing in the Guadalquivir plains is a very important part 
of the livestock system. mainly for sheep. 

The necessity of improving soil fertility in the medium-quality grassland 
area led to the practice which corresponds to the "majadales". These are areas 
which correspond to the si,,c of small :orrals frequirently Moved from place to 
place and in which sheep are somekept nights in order to increase natural
organic turn-over, thus leading to a significant inprovemu:nt of grazing quality
tile following year. Fences were quite absent before tile sixties and the rule was 
herding during the day and penning ( majadales) at night. All the grazing areas 
were grazed more or less continuously with the exception of the night
enclosures and the rest period during the transhunmnce time. 

Eylablishmntn and nmaintcnanc oif the d'hesa 

Sowing of sweet acorns is undertaken if the native oaks have too poor initial 
conditions. Young oak stands arc protected against grazing for about five 
yea rs. 

Trees are pruned, first during their early stages to give them their special
architecture, with a verticil of 2 7 main branches at 1-2 m above ground when 
the tree is mature and then to fatvour the horizontal spread of' tile fruiting
branches. This allows opening of' the canopies and facilitates increase in 
canopy size and better acorn production. An oak tree of the dehesa is pruned 
many times during its life with the objective of continuous control of the shape
of the tree, to im pros,. its fruitilg capabilities and also to collect wood for fuel 
or charcoal, which is one of the main "forest" incomes from these very open 
Forests. 

A mature Qtcrcus suher tree also gives the opportunity for cork production. 
A Q. suher dehesa of 40 50 trees per ha produces 600-I,000 kg of cork every 
nine years. 

Oak dehesas are considered good rangelands unless they :ire invaded by the 
shrubs of' tile adjacent matorrales, which is a natural ecological succession if 
the farmer gives little care to his land,. 'Fhe fight against the invasion of
shrubs, especially Cistus spp., a regular operation on the farn, is carried out 
by hand pulling of the individual young plants fiom the areas that are close 
to the farmn. In more distant areas this process is done through special 
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contracts between the farmers and groups of peasants, the "pegujaleros", who 
are allowed to clear the lands invaded by matorrales for their own fuel needs 
and then to plough these lands for cereal cropping. in doing so, native oak 
trees are selected and protected in such a way that they contribute to the 
build-up of a dehesa-like landscape. 

All these establishment and maintenance techniques are possible when 
manpower is available, and because most of the rural population concerned 
are poorly paid and have little security. The long-term strategy of the 
production system could be considered a testimony to the compatibility 
between the rules proposed at the national !evel (cf. legal rignts given to the 
latifundists) and the traditional heritage of the families who have been th, 
owners of the big farms ror centuries. 

A summary of the functioning of a traditional farming system in the 
dehesas of the Sierra Norte is given in Fig. 26.7, emphasizing the production 
of renewable resources. 

Syaoa majadales 

shrub clearedadhsmatorral
 
* stbbls heb. R *Timbr lmbs) chacoa 

irrigated cropping land shrub cleared dehes grazing high 
zone majdales deheso lands mtorrol(4,-8 years rotation) (15-20 years rotation) maiadales 

fodder crops ,foddei crops .cereals (grains) herb. GR ,herb. GR .shrub fodder 
cereals (grains) stubbles acorns, pruning GR (only for resources 
stubbles herb. GR Tim ber lam bs) ch acoal 

•herb. GR .charcoal .charcoalI 

•cork 

herb. GR= herbaceous grazing resources 

Fig. 26. 7. Schema ic representation of the functioning of a traditionai farming system. 
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3.2. Recent h't'elopments in the Sierra Norte 

The main ./'eatures in the earl' 1960v 

These can summarized as follows: 

Emigration of more than 30% of the total population of the Sierra Norte, 
mainly the daily workers depending on big farmers; 
Rapid increases in the wages of agricultural workers; 

- Higher rate of incidence of pig diseases;
 
Decreasing 
 demand for charcoal because of the development of other 
ene;gy sources at the level of small urban systems; and 
Breakdown or the tran1shumance system between the Sierra and the cereal 
growing plains according to big changes in cropping systems (industrial
agriculture, sugarbect, sunflower, etc.) and also because the cereal culture 
itself was modified (wheat cultivars with short straw led to low stubble 
productivity; burning of stubble was preferred to using it for sheep grazing). 

New trends thiing the past ti(o decades (1965-1985) 

The weakness of the socio-economic situation in the dehesa areas led the
Ministry of Agriculture, represented by its Agency for Animal Husbandry
Development, to try to implement a programme for improvement of animal
production. The targets were mainly animal products, but very little rangeland 
management. The scenario be summarizedcan as follows: 

Partial substitution of small grazing animals by cattle; 
- General efforts to improve cattle breeds by crossing local Retinta cows with 

Charolais or Limousin bulls which are better for meat production; 
- Sheep production (local Merinos crossed with many other improved breeds)

oriented to a system which is characterized by three lambings in two years 
for every mature erie; and 

- Health improvements in all categories of domestic animals. 

These animal production systems, which are relevant to fertile grassland or 
farmland areas, are a result of a policy of increasing animal products for the
benefit of regional and national markets. As a consequence, there is an
increase in the demand for grazing and fodder resources from cropping areas, 
or foodstuffs from agro-industry, and greater areas are brought under a
Icy-farming system based Australianupon cultivars of Trifolitut subter
raneaum (see below). The prerequisites lor such a ley-farming system are good
cultivation of the soil surface, availability of commercial seeds at fair cost, and
fertilization by grazing animals in order to guarantee the perennial nature 
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(more than two years) of the ley. Along with these efforts, all ti;e farnicrs are 
encouraged to use fences, mostly in large size plots (10-50 ha), in order to 
control the grazing animals with the minimum of manpower. But, unfortu
nately, the grazing-management system did not change: it remained a "year
long continuous grazing system", and much less care has been taken for most 
of the areas not considered cropping lands. 

All the components of this national and regional programme were accom
panied by very substantial subsidies from the government. Some farmers,
being incapable of Lontrolling the intensity of tlhe new system of production,
disappointed with the programme, or often absent from their farms, preferred 
to change their production system drastically. Some of them decided to plant 
pure stands of forest trees (Eucalvprus, Pinus); others developed wildlife and 
game resources for hunting. 

The situation in the mid- 1980s 

The dehesas represent about 50% of the whole surface of the study area of the 
Sierra Norte. They correspond to livestock farms, mainly cattle, sheep, and
rarely goats (for milk) and pigs. Grazing resources are poorly managed (if
managed at all). Average size of the farms is about 500 ha. Stocking rates are 
I 2 equivalent sheep units per ha per year (De los Llanos 1983). The sheep
population decreased from 240,000 to 87,000 head during the 1970s, mainly
because of the disappearance of many livestock farms. The goat population
also decreased from 77,000 to 34,000 head, although there might have been an
increase of productivity in some livestock farms. At the same time the cattle 
population increased from 28,000 to 41,000 head (all these figures, from 
Agencia de Desarrollo Ganadero, 1983). Cattle are linked with the farms 
which are mure than 500 ha. 

In the present management practicer for sheep production, relations be
tween feeding resources produced on the farm and those from outside are 
taken into consideration. To meet the new target of at least three lambs in two 
years for every mature ewe, there is a requirement of an average of 30 kg of
 
improved feedstuff produced outside the farm for every lamb, so 
as to adjust

the lamb growth rate to the present conditions. Furthermore, lambing can be
 
at different times of the year, 
even in a season when there are no grazing 
resources. 

A summary of the functioning of the present dehesa farming system is given
in Fig. 26.8. The main aim of the new cattle livestock system is to raise young
steers and market them 5-7 months after calving. Here again, the improve
nient of the growth rate depends mainly upon artificial feedstuff.
 

Consequently, 
 the dehesa systems are neglected; they become areas mainly
to confine the grazing animals and to feed at minimum levels. Continuous 
grazing is the rule. Range rotation with corrals at night, leading to an 
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Fig. 26.8. Seasonal variations of grazing and fodder resources according to sheep production in 
the present dehesa farming system (1980). 

improvenent of the value of the grassland (see majadalcs), is no longer 
practised. Furthermore, some of the dehesa hinds are converted into cropping 
lands for ley farming with Trifblium suhiierranew cultivars (such as Clare, 
Mount Baker, Woogenellup, from Australia). The more-or-less total failure of 
this new cropping system is quite obvious in the Sierra Nor~e area for many 
reasons: low persistence capability of the cultivars used, bad management of 
the ley, a succession of years with low rainfall, etc. Most of the areas cropped 
with T. suhterranwtin arc today grasslands with very poor grazing value. There 
is still a controversy in Spain about this question, but based on the authors' 
observations, the Icy-farming system as presently practised in the study area 
of the Sierra Norte has serious inadequacies. Other ways have to be explored 
for improving grazing value and persistence of the natural grasslands belong
ing to the dehesa system. 

The failure of the ley system is unfortunately linked with less care for the 
tree layer of the dehesas. Because of higher costs and scarcity of manpower 
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the trees are neglected even when the farmers are using more sophisticated 
pruning techniques. The gathering of pruned material is a very expensive task 
with a small return: sometimes this leads to burning on the spot, especially if 
the demand for charcoal is high. Eradication of invader shrubs is only done 
with heavy disk ploughs which adversely affect the most fertile soil horizons and 
lead to the extinction of all stands of perennial grasses with good grazing value. 
But stil! the matorral continued to be extended (matorralization) during the 
past few years, with an increasing tire risk. Techniques for the regeneration of 
the tree layer in the dehesas are no longer available at farm level. 

In conclusion, the new system of production, with elements of moderniza
tion. has many had effects on the management and reproduction of the 
renewable resources of the dehesas. Ecological deterioration of this very specific 
agroforestry system is today an acute problem which requires careful attention, 
beth at research and technical-managerial levels. 

4. Agro-ecological analysis of the dehesa landscapes of the Sierra Norte 

Though not immediately obvious, there is a considerable amount of regional 
as wvell as local heterogeneity in the dehesas. The relationships between 
ecological variables at regional levels, such as topography and climate, and the 
vegetation of the dehesa landscapes, are not very easy to investigate. It has been 
proposed to consider the dominant species composition and the distribution of 
matorrales associated with the dehesas sir. s., to determine the links between 
the main ecological variables and natural vegetation of the Sierra Norte taken 
as a test area. 

Morrales are frequent in all areas, from lowlands to upper altitudes. They 
have climatic gradients from semi-arid (600 mm/year rainfall) and warm winter 
niesoclimatic conditions at lower altitudes (100-300 m) to more rainy (more 
than 800 mm) and cold winter mesoclimatic conditions at higher altitudes 
(550--770 i). There are three types of matorrales, viz. motorral-dehesa,
 
matorral-jaral, matorral-alto, and they represent three land-use conditions
 
associated with five vegetation series and regional environmental variables. The 
five vegetation series from low altitude to high altitude are: (a) Olea europea, 
(b) Quercus rotundi/blia + Olea europea, (c) Quercus rotundiblia, (d) Quercus 
./Jaghiea + Q. rotundiolia, (e) Q. faginea. The matoralles linked with these 
series are described in Table 26.4 according to decreasing cover for the 2-4 
dominant evergreen shrub species among the 13 types of matorrales that have 
been identified. Thus, matorrales are indicators for regional ecological zoning, 
but they indicate very little about the ecological interactions between tree and 
grassland layers of the dehesa sir. s. 

Available literature (Garcia Novo 1968, Gomez Gutierrez et al. 1978, 
Gonzalez Bernaldez and Pineda 1980, Gonzalez Bernaldez et al. 1976) 



Table 26.4. Schematic distribution of 13 types of matorrales belonging to tve vegetation series in respect to main abiotic factors and present land us"in the Sierra Norte of Sevil!a. (In conditions.each block representing one type of matorral, dominant shrubs species 
are listed according to decreasing cover.)
 
Vegetation series 
 Oea europeu Quercus r(;iundifolia Quercus rotundifo/ia Quercus faginea Quercus faginea

Oca europeaRange of altitude 00 30(1 200 400 Quercus rotundifo/ia300 500 550700 550-700(m) 

Mesoclimatic gradient from -less rain warm winters" to "more rain coiol winters" 

Matorral-dehesa: I. Cistus nonspelienses 1. ('i.sius .uhia-i liusgrazing main use 2. Chainaerops iuni/is 
1. Ctstus sahiaefolius I. Cistus sah/ialefoiu.%2. Cisius nionspeliensis 2. Daphne gntidium 2. Daphne gnidium

3. Phloinus purpurea 3. Phlomis purpurea 3. Cistus Popufolius
Matorral-jaral: I. Cistus ludan(iirus I. Ci.ius lac/ud 'erus I. Cistus ladanifrus I.no present use 2. Cistus nionspeliensi. Cistus /,dan/f'rus I. Cistus populifolius2. Rosiarinu.s oflicinalis 2. La'andu/a stoechas 2. Lariandua stoechas 2. Erica arborea3. Querrus coccile'ra 3. Genista hirsuta 3. Rosinarinus oflicinalis 3. Erica umbellata 
Matorral-alto: 1. Oca curopea I. AfMrtus coninunis I. Quercus cocciferagame for hunting L Quercus coccifera2. Pistacia /entiscus 2. Oa europea 2. Pistacia terehinthus 2. 'ihurnum tinus3. Quercus coccifra 3. Arbutus unedo 3. Arbutus unedo 3. Ctisus grandiflorus 
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emphasizes the interaction between grassland composition of dehesas and 
local ecological conditions, mainly soil conditions. But very little has been 
reported on the role of human action in changing the floristic composition, 
struCtUre, function and evolution of the grasslands. 

Based on the ecological responses of grasslands in .I'fferent sites, the 
distribution of the main species according to their grazing or fodder values in 
ecological groups along a gradient of variation for trophic and hydric
conditions have been determined (Fig. 26.9a). These grazing categories are: 

G: Grasses, with GI: very good; G2: medium; G3: bad.
 
Leg: Leguminous (mostly annuals)
 
DF: Species of various families, with good fodder value.
 
NF: Species of various families, with no fodder value.
 

Figure 26.9b shows how the agricultural use of the rangeland and the 
intensity of grazing-land management can have an impact on the quality of 
the grassland associated with a dehesa. It is also obvious in such a situation 
that the floristic composition is quite variable. One of the main variables 
which is important for differentiating floristic components (and consequently
grazing value) at site level is the "date of the last ploughing" (for cereal 
cropping); that means the age of the present grassland vegetation, after cereal 
culture, combined with grazed stubble and then fallow. Due to continuous 
ploughing during the last decades, most of the plant species belon, to the 
therophytes category - annuals - and the chances of obser',ng a plant
succession with good perennial grasses are meagre. The perennial grasses are 

60 60 60 60. E0 

9a1 1 140 
20 

G3C GiLm of Nf 

0W 

20 

G 2G1Ugrt5 Nr 

40-

20 

GG 1i n r W% 

40 
W 

20 
G3G2G IL DO F 

40 

20 
G3 G2 G1S i "okF 

group I group2 group 3 group4 group 5 

hrm themoreoligotophic 
and xericsite conditions 

to the more mesotrophtc 
andmeo-hydric site 
conditons 

60 G0 60. 

9b 40 4o 40
20- M]- 20-

G3 G? G L-91),N; GS GI US Nf G Ga2 iG1Lq9 NF 
etfect of recent effect ofphosphate effect ofngth ports 

ploughing fertilization (Imalodoles) 
(< 3 years) 

Fig. 26.9. Responses of species composition according to species foddr values, considering two 
sets of main variables. (a) Responses of live groups of species (frequencies of species fodder 
values) according to a tropo-hydro gradient. (b) Effects of management practices on the 
frequencies of species fodder values. 
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only present in areas where no ploughing has been done for many decades and
only if invasion of the shrubs from the matorrales has been prevented. Such 
areas where tile soils have good water-holding capacity and where grazing 
resources are a minimum rotating grazing system, have a used with seasonal 

perennial grass cover 
(Lolium per'nn). Dciv/lis glomrtu, Agrosts castellana 
etc.). This suggests that the very low yields of the unstable annual grasslands, 
a characteristic of the post-cultural succession, could be replaced by more
stable and productive grassland vegetation, i.e., with perennial grasses having 
a good todder Value. [ nfortunately all the techniques recommended for
agricultUaII development during past decadcs were in favour of Tr/olit;n
sulcrranunn yevl*i rm ing, and since these have failed, it is important to 
understand the place of perennials in the dehesa :d how they coul con
tribute to the productivity and stabilitV of this complex system.

Before analysing the responses of perennials, it is essential to understand the 
effects of tree canopies, taking into account the horizontal patterns of floristic
composition in a grassland associated with scattered oak trees. Some inlorma
tion is available in the literature on this aspect, lor example: 

Changes in floristic composition and species frequencies (Gonzalez Adama 
and AIle 1982: Gonzalez Bernaldez et a/. 1969: Montoya and Meson 1982: 
Peloche and Puerto 1969: Puerto c al. 1980: Yavitt and Smith 1983):
Species pheno:cgical variations ((onzalez Aldaina 1982, Montalvo et al. 
1980, Montoya and Meson 1982):
Variations of the chemical composition of the herbaceous layer (Montalvo 
cI al. 1980); 
Influence of the tree in relation to tile ecological variables which determine
 
tile functioning of tile herbaceous 
 layer:

With specific relerence to soil properties (Gonzalez e al. 1969: Montoya

19 82a: Peloche and Puerto 1979, Puerto et al. 1980: Zinke 
 1962):
Microclimatic conditions (Montoya 19 82a; Parker and Muller 1982),
 
The effects of grazing animals (Montoya 1982b).
 

Analysing the above information on the dehesas of the Sierra Norte. Vacher 
1984) concluded the t'ollowing: 

There exists an important tree effect on the herbaceous layer: two different 
kinds of phytocenosis can be described, one under the tree canopy cover 
and the other outside the direct effect of canopies: the pattern is more of a 
mosaic than a continutlm. 
Limits between the two phytocenosis areas are approximately at the vertical 
projection of the limits of the tree canopies. Considering exposure, this can 
vary to some extent: the northern limit is situated a little outside the 2rtical 
projection: the southern limit is situated more inside the vertical projection.
This demonstrates the microclimatological effects of the tree canopy. 
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- The heterogeneity of the herbaceous vegetation is of the same magnitude 
unider the tree canopies as outside the tree canopies. 
Under tree canopies, plants show better adaptation to soil conditions (both 
fer fertility and water balance); outside tree canopies xero-oligotrophic 
conditions lead to more xerophytic responses in annual grasses and Com
positac. 
Perennial g,-asses, i.e., Agrostis castellana, Dactylis glomerata, Phalaris 
aquatica and Loliun perenne, are more frequently present under the tree 
canopies than outside. This has also been observed in the dehesas of 
Extremadura and Salamanca (Gonzalez Aldama and Allue 1982; Montoya 
and Meson 1982: Puerto ei al. 1980; Romero Candau 1981). 

5. Contribution to the knowledge of soil fertility and hydrological balance in the 
sub-systems of a dehesa 

5.1. Sone changes in soil properties 

Thirty-two sets of samples (one each under the tree canopy cover and outside 
the canopy cover of the same mature tree) were collected for two soil horizons 

0 5 cm and 5-20 cm -- each, and the samples analysed. Some soil analysis 
data are shown in Table 26.5, from which the following conclusions can be 
made: 

Under tile tree canopy cover, the values for organic matter content, total
 
exchange capacity, potassium, phosphorus, total nitrogen and carbon con
tents are twice those of the same variables outside the tree canopy cover;
 
Exchangeable calcium and magnesium values are 1.5 times higher under
 
than outside the canopy;
 
Such trends are observed both for the surface horizon (0-5 cm), which is the
 
most biologically active, and for the second horizon (5-20 cm);
 

--	 The role of trees in the improvement of soil conditions is more marked in 
very poor soil conditions such as in the El Pedroso area, in comparison, for 
instance, with Castilblanco area. 

The inLrease of organic and mineral components in soils located under 
the tree canopies is due partly to leaf shedding and other litter fall but also 
to animal excretion because grazing animals are always attracted by isolated 
trees in a grassland (cf. behaviour responses to the environmental conditions). 
Consequently. if a rest period is allowed to the grassland under the canopy 
cover, a very obvious improvement of soil fertility is observed under 
the tree-canopy cover. Such observations had been reported for Quercus 



Table 26.5. Main characteristics of soils in the two dehesa subsystems. 

El Pedroso Castilblanco 

Oak canopy Grassland Oak canopy Grassland 

0-5 cm 35-20 cm 0-5 cm 5 2 - 0 cm 0-5 cm 5-20 cm 0.5 cm 5-20cm 

Organic matter (%) 7 5.2 4 3.2 9 5.8 5.8 4.2Cationic exchange capacity (ppm) 14 9 8 6.5 19.5 15 13.5 11.2Exchangeable K (ppm) 0.75 0.50 0.34 0.32 0.90 0.29 0.60 0.12Exchangeable Ca (ppm) 10 6 5.1 3.8 14.5 11.7 8.4Exchangeable Mg (ppm) 7.4 
2 1.2 1.3 I 2.8 2.1 2.6 2.3Organic C (%) 42 24 24 15 52 30 26 17Total N (%) 3 1.65 1.8 1.1 3.5 2.1 1.8 1.2P,O, (%) 0.16 0.09 0.07 0.06 0.89 0.73 0.51 0.46 
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rotundifolia (Escudero et al. 19S5; Gonzalez Bernaldez et at. 1969; Montoya
1982a). The oak trees also extract minerals from the deep soil layers and 
concentrate them into the surface horizons, which renders them available for 
nutrition of herbaceous plants, and consequently to grazing animals, depend
ing on management practices. 

These data for the dehesas of the Sierra Norte confirm the beneficial effect 
of isolated oak tz.'es on soil conditions in semi-arid and sub-humid Mediter
ranean areas of south-western Spain. 

5.2. 	 Prohctionat utilization of mineral nitrogen 

Promhction of N 

A research programme was undertaken to study the N cycle related to the 
herbaceous-layer requirements under the tree canopy and outside. 

The 	following sub-systems were studied: 

(a) 	Grassland dominated by annuals such as Vulpia geniculata and Bromnus 
hordeaceus; 

(b) 	Grassland dominated by perennials such as Phalarisaquatica (an area 
which is managed with a rotation grazing system) outside the tree canopy 
cover; 

(c) 	 Grassland dominated by perennials such as Phalaris aquatica, Lolium 
perenne, under the tree canopy cover. 

The N production was determined in situ and in laboratory experiments 
(incubation of soil samples and measurement of the ammonium and nitrate 
production), and the net N absorption by plants calculated. 

Variations of mineral N with in situ measurements for the 0-10 cm horizon, 
after four weeks of incubation, show that: 

- Higher N mineralization is observed in grasslands with perennials; and 
Higher"N mineralization is observed undcr the tree canopy cover. 

These results are indicative of better biological activity in the soils under the 
tree canopy cover than outside. 

The results of ;n vitro experiments are similar to those of in situ measure
ments. We observed that all year round the N mineralization is weak in areas 
with annual grassland outside the tree canopy cover. Conversely, high N 
content is observed under tree canopy cover, especially during the December-
February period. Maintenance of fairly good conditions is also observed all 
year round; this allows perennial grasses to grow better in conditions of water 
availability. 
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Fig. 26.10. Mineral nitrogen uptake for the 0-10 cm soil layer under three types of grassland 
cover during the vegetation growing period (data itippm). 

Utilization of N 

By comparing in situ N production for the same time increment, the same 
period and same soil samples, we can get a good idea of the plant Nutilization. Figure 26.10 shows how this varies according to the three grass
land sub-systems we have dealt with. curvesThe show very clearly that 
perennial grasses are always more N-efficient than annuals, and that peren
nials under the tree canopy cover are the most efficient for N utilization. 
Seasonal variations in N utilization by herbaceous plants show a definite 
advantage for the complex "tree - perennial grasses" system. 

5.3. Efficiency in the use of wtater 

Measurements (by the neutron probe technique) of water availability in
various soil conditions and grassland sub-systems under the tree canopy and
outside were undertaken in some dehesa systems of the Sierra Norte (Joffre 
el al. 1987). 

Table 26.6 shows how the water balance varies according to measurements 
of various water parameters. We observed the following:

Aftc: the third year, the percolation is six times higher for anniual grass
land than perennial ones. This means that there is a loss of 200 mm for plant
production in the former because the rooting systems of annuals are 
not capable of utilizing such percolated water in the deep soil horizons. 
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Tlabl 26.6 Value of some waler-balance parameters (in mam) daring the vcgctation growing 
period of 1985-1986. The values are expressed for the whole soil profile from ground surface to 
150 cm depth. (omparison between open habitat and oak canopy habitat. 

Open habitat* Isolated oak canopy** 

habitat: perennial 
Annual grasses Perennial grasses grasses 

Rain 602 602 602 
Actual evapotrans

piration tAET) 334 543 539 
Dccp drainage 251 40 20 
Soil %saterstorage 

change 18 18 43 

Outside the canopy cover, annual grassland efficiency vs. perennial grassland efficiency.
** Under the tree canopy cover. 

Conversely, perennials use more water and are capable of deep-water utiliza
tion. Consequently: 

The total dry-matter production, on an annual basis, is higher for peren
nials than annuals;
 
The growth period (green photosynthetic stage) for the perennials is five
 
weeks longcr than for annuals which dry out earlier.
 

The percolation is also reduced to the same magnitude as with perennials 
outside the canopy cover. Considering the data obtained for perennials 
outside canopy cover, the perennials under the tree canopy show better water 
elticiency: more water is used, but the improved soil structural conditions lead 
to a better response of' the soil water reservoir and also be:ter water diffusion 
into the whole sol profile. Furthermore, the inicroclimatic conditions under 
the tree canopy (shade and shelter effects, which result in a reduction of 
evapotlnspjriration and an early rewarming just before spring) favour a better 
growth of perennials during a longer period than outside the tree canopy. 

6. The future of the dehesas 

Considering, on the one hand, the very rapid ecological changes during the 
last two decades, and the powerful techniques available today to contribute to 
these changes, on the other, the dehesas become a very sensitive agro-ecosys
ten. Looking at the ecological advantages, in terms of biological productivity 
and metastability, as we have demonstrated in the case of our Sierra Norte 
research programme in south-western Spain, it can be said ,h.at some positive 
synergctic effects can be observed when scattered oak trees atc associated with 
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various components of grassland vegetation. unless managcment practices
favour mainly tree and perennial grass associations. However, much more
research is required in order to provide substantive data for decision-makers, 
managers and farmers. 

Taking into consideration the new socio-cconomic opportunities of Spain as 
a 

Man and tie 
member of thre EEC, and its participation in the international 

Biosphere programme of UNESCO, we hope that our results, however 
preliminary, could help in the conception and implementation of an interdisci
plinary R + 1) programme dealing with sustainable rural uevelopment and the 
long-term conservation of renewable resource!; in dehesa areas. 

The dehesa-like systems could he considered for adoption as potential
multiple use agro-ecosystems for all the fragile areas of the Mediterranean 
region ( Fig. 26.11). from semi-arid to sub-humid conditions. This means
millions of hectares in the countries bordering the Mediterranean basin, as
well as millions more hectares in the rest of the world where Mediterranean 
climates occur. For instance, in Chile the dehesa-like lcacia caren system in 
semi-arid and sub-humid regions has the same ecological and socio-economic 
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Fig. 26.11. Schematic represenralion of the relationship between land utilization pattern andenvironmental variables in a delhesa farming system. 
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role as that of oak dehesas in the Old World. Positive synergetic effects 
between the tree canopy of A. caren (a legume tree) and the best grassland 
conditions (Lolium muliflorum) have been demonstrated in farm systems with 
sheep and cattle (Ovalle 1986). 

More experiments at farm level need to be undertaken with a new set of 
management practices applicable to the complex phytocenosis of the dehesas, 
both for the benefit of environmental conservation and of the farmers and the 
countries concu-ned. New management-technique packages must be imple
mented. They will comprise, for instance: 

(a) 	 Examining carefully the biological potential of local or native species, 
both trees and herbs; 

(b) 	 Adoption of grazing systems which allow rest periods, either for the 
reproduction of the tree layer or for the maintenance of many perennial 
species with high fodder value; 

(c) 	 Fertilizer application to the impoverished rangelands according to their 
past utilization; 

(d) 	 Relevant livestock systems; 
(e) 	 Appropriate training of decision-makers, managers and farmers. 

Adoption of these management techniques could lead to better conservation 
of' renewable resources, land, water and genetic pools. The socio-economic 
benefits from such a programme should I- considered on the basis of 
long-term benefits for the whole society, rather than being vitiated by the high 
cost 	of early investments. 
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woodlots: an agroforestry alternative for the small
 
farmer in Paraguay*
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Abstract. This paper describes the salient aspects and analyses the potential of 
tile "Paraiso Woodlot" System which is becoming popular as an agroforestry 
alternative to land use in the degraded acid sandy soils of' the humid 
sub-tropical Guayaybi area of Paraguay. The system consists of a combina
tion of paraiso (Melia azedara:Ih var. "gigante") with other trees, especially 
Lcutc'na /CM 'ocepha/a. and annual crops. 

The fast growth habit, deep root system, addition of large quantities of 
organic matter through leaf and litter fall, compatibility with agricultural 
crops. high value of the sawlogs and prod uction of substantial quantities of 
poles and firewood make paraiso an excellent specie!, for agroforestry combi
nation. Preliminary results of' the trials indicate that the -woodlots' are 
successful, and with increasing efforts of the extension agencies they are being 
accepted as a viable alternative to traditional agricultural systems. 

Besides discussing the potential of these '-woodlots" based on initial results, 
the paper identifies the constraints of the system and highlights the priority 
research areas. 

I. Introduction 

The Paraguay Agroforestry Extension Project is a co-operative effort between 
Paraguay national agencies and international technical assistance organiza
tions. Initiated in June 1981, the project aims to better address the problems 
of rural farmers in Paraguay by introducing new, more sustainable systems of 
land culture. 

The most promising system developed by the project is a mix of "paraiso" 
(Alelia azed/arach var. "gigante") with other trees and annual crops and is 
popularly known as "paraiso woodlots". Where well tended, the paraiso 
woodlots have performed with excellent results. With increasing popular 
acceptance through the efforts of the extension agencies, the woodlots seem 

* Origiailly published in Agrql/restry Ssiens 2: 199 214 (1984). 

V.K.R Nair Ied ). Agrol.rctrN S. tcim, in the I ropi4.457 473. 
( 1I9W.KhumcrAcade ic 'iith1,hcrs. )ordrcchl Prin d in the Netherfand,. 
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to be establishing themselves a; a viable alternative to traditional agri:ultural
practices. This paper describes tile salient aspects and projects the potential of 
paraiso woodlots as an agroforestry alternative for land use in Paraguay. 

2. General description of the area 

2.1. Ge'ographical location 

Th. longest established paraiso woodlots are located in the Department of 
San Pedro, in the locality of the town of Guavaybi (24 S latitude, 56 W 
longitude). This area was first settled 20 years ago by small farmers moving
from older, more crowded regions. With no electricity, running water or paved
roads, Guayaybi remains a simple, undeveloped area. 

2.2. Biopslicaleniron it'nI 

GIuayaybi lies within the Paraguay River watershed. The topography is gently
rolling, with almost flat valleys drained by slow-moving rivers. The average 
elcvation ranges between 200 and 250 m. 

(hnat c 

Guayaybi has a humid, sub-tropical climate. The annual rainfall averages
1,500 mm and is well distributed throughout the year. Much of the precipita
tion occurs as intense downpours. The yearly temperatures in the area average
24 C. Frosts are variable; some years are frost free and others have several 
light freezes, the average being two frosts a year. 

Soils 

The soils in the area are sandy red-yellow podzols derived from Triassic and 
ipper Permian red sandstones. Most of the soils are acidic sandy loams with 

a variable clay fraction and pH in the range of 4.2-6.5. Soils of the areas that 
have been cleared for agriculture are more acidic, have a lower organic-matter 
content and are more extensively leached than corresponding soils under 
forest cover. Bedrock is encountered at depths of 15-25 m. 

Ve'getatiov 

A tall, humid, semi-deciduous forest forms the climax vegetation of the 
Guayaybi area. This forest contains many hardwoods highly valued for their 
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quality lumber. Scattered emergent trees, such as "tajy" (Tabehuia ipe),
-yvyra-pyta" (Peltophoruni dubhitm) and "kurupay-kuru" (Anadenanthera 
macroceirpa) rise above a layer of co-dominant species, characterized by
"guatambu" (Bal/urdhndron riedelianun), laurel (Ocotea spp.) and 
..yvyrapepe" (IlolocalVx halansae). The understorey is dense and woody. 

2.3. Land-use s v tms 

,Agriculture 

The land around Guayaybi is owned by smail farmers. Most of the farms in 
the area are 10 20 ha in size. The farmers practise agriculture at a rudimentary 
level. They cultivate maize (Zea maVs), groundnut or peanuts (Arachis hypo
gaca), cassava (Mauihot escuentu) beans (Phaseohs rulgaris) and bananas 
(Alusa spp.) for their own conSumption or to sell locally. In addition, cotton 
and tobacco are planted as cash crops for export. The families depend greatly, 
but 
not entirely, upon their farms for subsistence. Sour orange (Citrus 
aurantium) is grown in plantations for a fragrant oil used in perfumery. 

Typically a form of slash-and-burn agriculture is used. To start, forested land 
is divided into lots. Each farmer periodically clears a portion for his lot and 
plants cotton or tobacco as the first crop on the new land. These crops grow 
well for 2 4 years, thereafter their yields decline sharply. Subsistence crops are 
then planted on such "'oldland" and more forest is cleared to plant cash crops. 
Eventually, when the cash crops have to be planted on the leached, nutrient-de
pleted soils which had long since had their forest cover removed, the farmer 
either sells his land at a low price and moves to a new area, or stays, faced with 
the prospect of steadily dwindling crop yields. 

Each family has a small number of pigs, cattle and chickens. Pigs are fed table 
scraps and allowed to roost in the fields. Cattle are crowded on small over-used 
pastures. They gain weight slowly on forages high in roughage, low in protein 
and insuflicient in quantity. Milk yields are low. Chickens yield small amounts 
of meat and eggs. They graze around the houses and occasionally are thrown 
some corn, but are otherwise left uncared for. 

Fo'es'.Ir
 

Thirty percent of the Guayaybi area is covered with natural forests, the rest 
having been cleared for agriculture. In the 1960s this forest was selectively cut. 
The valuable species such as "tajy" (Tahehuia ipe), "peterevy" (Cordia tri
chotoma), "yvyra ro" (Pterogyne nitens) and "cedro" (Cedrela tuhIflora) were 
removed. The remaining forest contains species for which there is little or no 
market outside local use. For this reason the cut-over forest is not valued. There 
are few industries based on wood products from the natural forest in Guayaybi. 

http:Fo'es'.Ir
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3. Structure of the paraiso woodlot system 

Drops in productivity to as little as a third of what was harvested previously 
indicate agriculture, as currently practised in the area, is not sustainable in the 
long term. This drop in productivity is primarily due to soil and climatic 
conditions that predispose tile land to fertility loss after deforestation: 

The sandy soil is rcvdily leached: 
Organic matter. abundant in tile natural forest soils, diminishes rapidly 
after forest clearing: 
Intense., erosion-causing rains are common; erosion losses range from 30 to 
100 t ha ' of soil, or even more. 

In ineffort to rebuild soil fertility and use their degraded lands farmers are 
turning towards agroforestry (paraiso woodlots) as a land-use alternative. 

3. 1.Coiynone'tts 

Crops 

Common subsistence crops grown in the woodlots include bananas (Musa 
spp.). beans (Phascolus ru/giuris), cassava (Maniho esculenta), maize (Zea 
ma .'vs) hpogwav). Vegetable c,'ops for urban marketsand groundnut (.,h'aclWhi 

are also sometimes grown. such 
as onion (Allium cepa), [ell pepper (Capshuin 
annululi), tomato (Lvcop'rsi'oa escul'ntu) and watermelon (Cilrtl/hs tul
garis).
 

Crop management consists primarily of weeding with a hoe. Two crops are 
grown each year: one inearly summer and another in the fall. Groundnut, 
pepper, tomato, onion and watermclon are early crops. Maize, beans and 
cassava are grown year round except in t~ie cold months (June-August). 
Beans are often grown in combination with cassava and/or maize. 

Trees 

Paraiso (Melia azedarach var. "gigante") is the main tree component of the 
system. It is a fast-growing exotic with an erect growth form. Little shade is 
cast by tle crown. Paraiso produces an attractive wood that can be used in 
furniture making, plywood, veneers and interior carpentry. 

Planting. Paraiso is planted as a bare-root stump. The planting site should 
be freshly ploughed. A crop is planted between the tree rows and the trees 
are kept weed free through the periodic weedings done for the crop. 



461 

Pruning. The tree requires pruning for tile first two years, enough time to 
develop a limb-free 6 m bole. 
Thinning. Paraiso is shade-intolerant and should be maintained at low 
densities Ibr fast growth. At a 4 x 3 m spacing at least two thinnings will be 
required: first in year 3,and next in year 6,50% of the trees being removed 
with each thinning. 
Harvest. In 12 years, 200 trees will be ready for harvest, with an average 
DBH of 40 cm. All the trees may be harvested at this time, or 50% may be 
removed and the remaining trees harvested in year 15, with an average 
DBH of 50 cm. 

Leucaena (Leucaent leucocephala var. K-67, K-28 and Cunningham) is also 
planted to produce forage, firewood, posts and poles. Leucaena has failed to 
nodulate in the Guayaybi area, probably due to high soil acidity. Nonetheless, 
it grows well. 

Planting. Leucaena is planted as a bare-root stump, either inter-mixed with 
paraiso or in separate rows. 
Pruning. If the leucaena is to be used as posts or poles it is pruned for the 
first four years. If it is to be used as forage the top is cut off periodically at 
1.5 m. 
Iar'est.The leucaena is harvested on an as-needed basis for firewood, posts 

and poles. 

"Peterevy" (Cordia trichototna), "timb6" (Enterolobium contortisiliquum), 
".yvyraro" (Pterogyne nitens) and "yvyra pyta" (Peltophorin dubium) are 
native hardwoods valued for high-quality lumber. "Timb6" and "yvyra pyta" 
fix nitrogen and are good soil improvers. All produce posts and firewood as 
secondary products. 

Planting. They are planted as bare-root stumps, either intermixed with the 
paraiso or in separate rows. 
Pruning. The native species (with the exception of "peterevy") grow with 
poor form. Constant pruning is required to ensure the formation of a single 
trunk. The paraiso overstorey, once formed, will shade the native hard
woods, inducing superior growth form (but slower growth). 
Thinning. Trees with poor form or slow growth should be thinned out. 
Harvest. The native species should be of harvestable size (40 cm) in 25-35 
years. 

(lhe.v
"Yerba mat" paraguay'ensis) is a small, shade-tolerant evergreen tree. 
The leaves and small branches are dried, ground up and used to make a mildly 
stimulating tea (terrer6, the national drink). 
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Planting. -Yerba mat " should be raised in containers and planted during
winter one year after the paraiso has been established.
 
Ilarrest. After live years of growth 
 "yerba mat&" is for itsready first
harvest. The foliage and twigs are cut, leaving the trunk and larger
branches. Trees are harvested once every two years and harvest continues 
for about 30 years. 

Aninalv 

On average, each farm supports an average of six head of cattle. Of these, two 
are oxen used to work the fields and haul the produce to market, two are milk 
cows, and the remaining two are young animals. The cattle - unimproved 
crosses between Zebu-type and European breeds are not good producers of 
meat or milk, but are resistant to diseases and are adaptable to the local 
climate. 

3.2. Arrangement qf components 

The arrangement of the woodlot components is flexible; it varies according to
the needs of' the farmer. Two combinations will be explained in detail. 

Paraiso with "yerha ,tnatct"and hananas 

Year I. Paraiso is planted at 4 x 3 m spacing. At the same time four rows
of groundnut are betweenplanted the paraiso rows, to be followed by 
beans. 
Years 24. "Yerba mat6" is planted in the paraiso rows in the second 
year at 3 rn spacing. Maize, beans and cassava are planted between the tree 
rows. 
Years 514. One row of bananas is planted in the fifth year with 3 m 
between each banana plant. Paraiso can be cut in year 12.
 

- Year 15.Final harvest of paraiso for sawlogs.
 

Schematic presentations of this arrangement in years I and 7 are given in Fig. 
27.1. 

Paraiso with leucaena andI "lim6'" 

- Year I. Rows of paraiso are planted 3 m apart from rows of leueaena
(var. K-67) mixed with "timb6". Trees within the paraiso rows are spaced
3 m apart, trees in the leucaena rows are spaced 2 m apart. Three rows ofgroundnut are planted between the trees, to be followed by beans. 

- Years 2 3. Maize, beans and cassava are planted between the trees. 
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NNe 

P~~' 27. 1. (top) Schematic presentation of plar, ting arrangement of Paraiso (Afelia aedlarah var.
"'iante)wih "yrba mat&(1I/.\praguarien'i.)and bananas: year 1. (botom) Same combina
tion its in Fig. 27.1 (top): year 7. 

Years 4 14. Grass is planted and two head of cattle/ha are allowed to 
graze the kkoodlot. The eLeucacna is harvested as needed for forage, posts, 
firewood and poles. Harvest or paraiso for sawlogs can be started in year
12,
 

Yewr /5. Fnal harvest of paraiso for sawlogs. The primary component of 
the woodlot is now "'timb6". 

Figure 27.2 shows tile schematic pattern oi* this combination in years I 
and 7. 
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Fig. 27.2. (top) Schenutic presentation of planting arrangement of paraiso (Afelia azedarach var."'gigante-) with leucaena (L eucaena leucocephala) and tirnb6" (Enterolobiuno conlortisiliquum): 
year I. (botton) S:mi combination as in Fig. 27.1 (top): year 7. 

3.3. hIleraction 0/ componenIs 

The most readily observable interaction is competition for light between: 

- Trees and weeds. Paraiso's growth is stunted when weed competition is 
intense. Growth is more than double when a crop is planted between the 
tree rows and the field is kept free of weeds. 
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Trees and crops. In the iErst year, a tall, fast-growing crop such as naize will 
shade the paraiso and slow its growth. Later, when tile trees an: taller, the 
opposite occurs and it becomes no longer possible to plant sun-loving crops. 
Trees and trees. If allowed to become too dense, paraiso's growth is slowed. 
Likewise, without ptriodic thinnings of the paraiso overstorey, little light 
reaches the intermcdiate layer of leucaena and native hardwoods (if these 
components were included). 

Thus, it is important to carefully plan spacings and thinnings to optimize the 
performance of the system's components. Another important interaction is the 
amelioration of the environment by the tree overstorey. Frosts, high winds and 
intense solar radiation are mitigated to some extent by the crowns: 

The partially shaded bananas have a lower incidence of sigatoka (Cer
co.pwra Iusae) disease;
 
Under shade, "yerba Inat(" grows better than when in full sunlight;
 
Cattle grazing beneath the overstorey are less stressed by heat;
 
Crops (melon, tomato, pepper, etc.) interplanted with trees are protected
 
from late frosts and can be planted earlier.
 

Other interactions include the production of foliage for cattle and of nectar
 
for bees (if a bee component is included). 

4. Finctional aspects of the ,ysteni 

4. 1. Resource input and uili-ation 

Land 

The size of the paraiso woodlots ranges between 0.25 and 2.0 hectares, with an 
average of' about 1.0 ha. Thirty-seven families in the Guayaybi area have 
planted woodlots in a land area of about 35 hectares. These families have 
bought land, from the government and are full owners of their farms. The 
:,crage population density is 0.7 persons/ha. This population density is 
currently increasing, due to immigration from older areas and a high birth rate 
(4. I%). In the future it is expected there will be a diminution of farm size from 
the current average of 12 ha/family to about 7 ha/family as land holdings are 
subdivided. 

Capital 

Only a small capital expenditure is required. Trees are sold at 10 guaranies ( 100 
guaranies = US$ 0.30 in March 1984) a piece. All technical assistance provided 
by the project is free. 
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Labour 

The largest investment is the labour required to establish and maintain the 
plantation. To plant one hectare, the following labour inputs (man-days) are 
required: ploughing 2; tree planting 2; sowing of crops I;weeding/hoeing 
(four times) 16: pruning 2 days the first year and 3 the second year. 

4.2. ,Seasonal patttern 

In Paraguay agrororestry activities are best undertaken during the cool 
months ( May September). During this period thLre is little work to be done 
in the fields. Also. dluring the winter, trees experience less stress after trans
planting. From October to April the farmers are busy planting, tending and 
harvesting their cotton and tobacco crops. 

Seeds are collected inside the country and are distributed free to the 
agro'orestry extension nurseries. Trees from these nurseries are then sold at a 
low price to interested flrmers. All traction power is supplied by oxen. 
Pesticides are sometimes used oJi vegetable crops intended for the market. 
Fertilizers art- not used because of their high cost and limited availability. 

4.3. Prothi'tion 

Though no accurate data are available on the yields of agricultural commod
ities from the paraiso woodlots, estimates indicate that a paraiso woodlot 
(4 x 3 in spacing), underplanted with bananas and "yerba nmat&", will have 
produced 110 1

1
3 ha i of posts, poles and firewood and 176 m 3 ha ' of 

sawlogs hy year 15. A woodlot of paraiso (3 x 6 i spacing) mixed with 
leucaena and native species will have produced, by year 15, 75 m1 ha ' of 
posts, poles and firewood from leucaena and the native trees and 176 m3 ha 

"labe'27.1. Early growth of paraiso and ]eticaena inthe Guayaybi area. 

Woodlot Age Paraiso Mean t)Bit Leucaena Mean DBH 
(mllonths) mean height (cm) mean height (cm)

(n) (m) 

(asere 9 3.34 
Acosta 6 2.98 
Soria 8 2.93 3.08 
Ronan 8 2.24 2.25 
Ortiz 12 3.76 3.32 3.22 2.50 
Ortiz 19 7,00 5.75 
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of paraiso sawlogs. Preliminary data on the growth of paraiso and leucaena in 
the Guayaybi area are given in Table 27.1. Photographs of the 6- and 
12-month-old trees are given as Figs. 27.3a and 27.3 b. 

Initially the primary output of the woodlots is food crops. As the trees grow 
taller the emphasis is shifted to shade-tolerant crops (banana, cassava) and 
wood products. The sawlogs are grown for the local market and/or export. 
The other outputs are intended for home consumption. 

4.4. Protectire and ser,,ice ,peCts of t/he system 

One of the primary goals of the woodlots is the improvement and productive
utilization of degraded soils. Mo.,t farms more than 10 years old (after first 
forest clearing) have fields that are either producing very little or have been 
taken out of production altogether. The paraiso woodlots have the potential 

Fig. 27.3:i. Photograph of a six-month-old paraiso woodlot. 
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.~.J. 

Fig. 27.3h. Photograph of one-year-old paraiso + leucaena (K. 67) stanod. 

to improve soil in the following ways: 

Organic matter is added to the soil through leaf drop and root decomposi
tion; 

- Nitrogen is added to the soil by nitrogen-fixing trees included in the 
woodlot; 

- Aeration of the soil through the action of tree roots;

Retrieval by deep tree 
 roots of nutrients leached below the root zone of 
annual crops,
Prevention of further soil erosion and subsequent fertility loss byformation of a permanent 

tbe 
protective vegetative covering. The paraisowoodlots are re-vegetating and utilizing formerly unproductive farmlands.

The quantitative effect of the woodlots on soil quality is not yet known.However, qualitatively it cani be observed that humus layers are beingrebuilt and that soil structure is becoming less compar, and more porous
where woodlots have been planted. 
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4.5. Socio-economic description 

In rural Paraguay, incomes ebb and flow with the tobacco and cotton harvest. 
Little income is realized from the sale of other crops. From October until 
Janu:ry farmers spend iarge amounts of capital on seed and pesticides. By 
harvest time most families owe money to local merchants for food, clothing, 
tools and agricultural products. If the price for cotton and tobacco is good, 
the farmers earn enough profit (average harvest income from 2 ha of 
cotton = USS 800) to pay off their debts and buy needed items. Often, though, 
the price of cotton is low and families have problems meeting their debt 
obligations. These are the times of greatest emigration out of the rural areas 
as the less-successful farmers sell their lands and seek work in, urban centres. 

The paraiso woodlots add a long-term dimension to the economic outlook 
of the rural farmer. The system has a real potenti;'l to provide large amounts 
of income 10 15 years after planting. The value of the harvested sawlogs has 
not been established on the Paraguayan market. However, in Argentina 
paraiso is replacing cedro (Cetr'ela uhiflora) - one of the highest priced native 
hardwoods on the mark-4et, largely because the supplies of cedro are almost 
exhatstcd. Based on this, the value of a mature paraiso woodlot is estimated 
to be LISS 5,100 6,800 per hectare. The prospect of this long-term profit adds 
security to families' futures and encourages them to view agriculture as a 
long-term, sustainable enterprise. 

4.6. Orerall pe'rianceassessmient 

Paraiso has demonstrated its potential as a fast-growing reforestation species. 
When degraded land units with the woodlots are compared to similar land 
units without the trees, the advantages become obvious: formerly unproduc
tive units of land are now supporting fast-growing trees and crops and are 
directly adding to the well-being of the families who work the land. 

5. System dynamics 

5.1. Rate of gro/ith 

The paraiso woodlots are a new land-use alternative and are expanding at an 
impressive rate. The demand for trees to plant woodlots is outstripping the 
production capabilities of the extension nurseries. According to an FAO 
study, Paraguay's wood products industry has 15 years of life left before it 
runs out of reserves of commercially valuable species. Paraguay's forests are 
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being destroyed at the rate of 3.3% each year, the fastest deforestation rate inthe Western Hemisphere. At the same time, it is projected that the demand forParaguayan wood products will be 14 times greater in the year 2000 than it was in 1970. On top of this, Paraguay has a high population growth rate and
limited arable land. These factors add impetus to the push towards sustainable 
systems that produce both wood products and food, such as the paraiso
woodlots. 

5.2. Degradation of the system 

The first two years of the woodlot are critical. The trees must be kept free ofweed competition or their growth is stunted. This is the stage where the
extensionist has a key role. Farmers who have been well supported by a forest
extensionist have confidence in the woodlot and are willing to work hard tokeep the trees free of weeds. Other farmers who have had weak support often
develop doubts, concentrate their labour elsewhere and let the weeds grow,
choking out the trees. It has been observed many times that when a woodlot
failed, it happened because the farmer believed it would fail and did not invest 
the necessary labour. 

5.3. S'stem sustainabilit, 

Since the paraiso woodlots are new, no data are available at this time on their
 
sustainability.
 

6. Evaluation 

6. I. Merits 

I. Paraiso grows rapidly, quickly establishing a vegetative cover and produc
ing wood pi. .*':cts in a short time (see Table 27.1).


2. The woodlots effectively combine food crops and trees to provide products
for home consumption and the market on formerly unproductive lands.

3. The system shows promise as a means of rehabilitating degraded soils and 
protecting against erosion. 

4. A prospect for long-term stability and security is gained by the farmers 
who plant the woodlots. 
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6.2. Veaknesses
 

Bioiogical
 

In some plantations paraiso has been attacked by an unknown pest or disease.
The attacked trees develop a horse-tail-shaped brooming of the growing tip.
Apical dominance is lost and the trees cease active height growth. Up to 10%
of the trees in some plantations have been attacked. Leaf-cutter ants are
another major pest, sometimes causialg complete defoliation. 

Climatic 

In the sapling stage paraiso is susceptible to frost damage. 

Edaphic 

When used as a component of a woodlot, leucaena has exhibited little
tendency to nodulate on acid (pH : 5.0) soils. Nevertheless, it grows rapidly. 

lcological 

Paraiso does not compete well with weeds. 

Technical support 

Paraiso woodlots are a new land-use method that farmers are unfamiliar with.To be successful, the farmers need strong technical support from well-trained 
extensionists. Due to institutional constraints, this support is often difficult to 
p.ovide. 

6.3. Constraints 

The lack of strong governmental support for an agroforestry programme is
the primary constraint limiting the success of the paraiso woodlots. Without
this support, it is difficult to provide the minimal level of technical assistance 
necessary to manage the woodlots. The spread of the woodlots in the field is
outgrowing the institutional capabilities to support them. 

Another constraint is the uncertain market for paraiso sawlogs. In Mi
siones, Argentina, a province along the southern border of Paraguay, paraiso
is the second major reforestation species (after eucalyptus), and there is an
ample market for the sawlogs produced. A similar market could be developed
for paraiso in Paraguay, but does not exist as yet. 
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6.4. Potential 

With greater institutional support and a firm market, paraiso woodlots could 
become a common type of land use in Paraguay. The woodlots could be made 
more productive by: 

- Using improved strains of pasture grasses; 
- Including an apicultural component if nectar-producing trees are planted in 

the woodlot; 
Including more shade-tolerant crops, such as coffee, papaya, etc.; 
Incorporating more nitrogen-fixing, soil-building leguminous trees other 
than leucaena; 

- Collecting paraiso seed from superior trees and initiating a tree improve
ment programme. 

6.5. Extrapolatabilit), 

In Paraguay and Argentina, paraiso is cultivated on acidic clay and sandy 
soils, in climates ranging from warm temperate to subtropical, with precipita
tion between 1,409 mm and 2,000 rm. While extrapolatable to areas with 
similar conditions, it is not known how the tree would grow in more tropical 
climates or at higher elevations. 

6.6. Research needs 

The paraiso woodlots and their management could be improved through 
research. Some research needs are: 

- Growth predictions for different site conditions; 
- Quantitative outputs of the crop component and how the tree component 

affects this yield; 
- Effects of azedarachin, a compound contained in paraiso leaves, on crop 

pests; 
- Growth rates of native species that could be used in the woodlots; 
- Effects of the woodlots on soil fertility over time; 
-- Cost/benefit analysis of the woodlots; 
- Timing of thinning; 
- Pests and diseases of paraiso, focusing upon the horse-tail brooming and 

upon the relationship between root damage due to ploughing and root-rot 
proliferation. 
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Abstract. Land-use systems in the Northeast Region of Brazil are dominated 
hy large holdings and exiensive cultivation of perennial crops such as cashew, 
coconut, carnauba wax palm and babassu palm. The common feature which 
links these crops is the silvopastoral system of livestock (chiefly cattle, sheep 
and donkeys) grazing under them. Agrisilvicultural systems involving cultiva
tion ol annual subsistence crops, and in some instances other perennials, in the 
stands of these perennial crops are also common. This paper presents the 
available information on the management, production, rate of growth and 
economic importance of these agroforestry systems involving cashew, coconut 
and carnauba palm. 

These systems are of considerable merit in the environmental, agricultural 
and socio-economic conditions of Northeast Brazil. However, practically no 
research, or even systematic data collection, has been done on these so that 
there is an almost total lack of information on them. In order to improve the 
systems, they should be studied in detail and research undertaken on various 
components (crops, trees and livestock) individually as well as on the system 
as a whole 

Selection of suitable species of grass and other herbaceous crops, appropri
ate management techniqutes for both overstorey and understorey species in 
relation to the age of the overstorey species, optimal stocking rates of animals, 
etc., have to be determined so as to enable plantation owners and operators 
to realize the full potential of these systems. 

1.Introduction 

Perennial cropping systems are found throughout the Northeast Region of 
Brazil under a wide range of rainfall conditions. Since the earliest period of 
Portuguese colonization, the Northeast has also been characterized by exten
sive livestock grazing, especially in the interior. In the present century, 
agriculture has become more intensive as a consequence of the burgeoning 

* Originally published in ..Igrn/trestrv Systems 2: 281 292 (1985). 

VK R, Nair led.i.Agroforestr Systems in the tropics. 475 47. 
Klumer Acadenmici'uhlishers, PrintedI9h5). )ordrecht in the Netherlands. i 
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human population of the region and increasing opportunities for agricultural
exports. This has resulted in a trend toward combining certain perennial crops
and livestock grazing into definable silvopastoral and other forms of agro
forestry systems. The major perennial crop components of these systems are 
cashew (I nacardiun, occih'ntal,).coconut (Cocos nucih'era), babassu (Orhign 'a
Inarliana), cacao (Theohromat cacao), carnaiba wax palin (Copernicia 
prunfera)and African oil palin (Ehiis guineensis).

To date, only a modest amount has been published about agroforestry
systems involving these plantation crops. Of these, coconut-based systems
have received the most attention. Coconut intercropping systems have been
studied and reported from India ( Nair 1979, 1983; Nelliat and Bhat 1079) and 
Sri Lanka ( Liyanage et al. 1984), and cattle and grazing inder coconuts from 
the Far East and the South Pacific (Plucknett 1979; Smith 1983; Smith 
Whiteman 19 83a, 1983b: 

and 
Steel and Whiteman 1980). Warui gave briefa 


account of the crop combinations 
 with cashew and other perennial crops on 
the Kenyan coast in East Africa (Warui 1980). Torres has mentioned the 
viability of the practice of cattle grazing Linder cashew and coconuts (Torres
1983). But none of the reports contains any information on the systems in 
Brazil. 

The purpose of' this paper is to describe some subtypes of the agroforestry
(mainly silvopastoral) systems in the Northeast of Babassu-basedBrazil. 
systems in Maranhio State and cacao-based systems in Bahia State beingare 
studied in greater detail by researchers in the two respective research institu
tions and these systems are described in Chapters 29 and 30, respectively.
Information on oil-palrn-based systems is too fragmentary to be reported.
Therefore, this paper concentrates on the systems based on cashew, coconut 
and carnauba wax palm. 

2. General description of the area 

The Northeast Region of Brazil has a land area of over 1.5 million km 2 and 
extends over tropical and equatorial latitudes from 18 S in the State of Bahia 
to I S in the State of' Maranhio. Although representing only about 18% of 
the national territory, it contains approximately 30% of Brazil's 125 million 
people. 

Precipitation is the key environmental factor of ecological significance for
the region and can be characterized by three major zones trending north-east 
to south-west. First is a narrow humid coastal strip in the east which receives 
an average of' 1.250 min to over 2,000 mm of rainfall per annum. Second is a 
middle zone of moisture deficiency which accounts For the largest portion of 
the Northeast. Most of this zone receives less 1,000than mm of annual 
rainfall, with an extreme low of less than 300 mm in one small area. The third 
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zone is one of high rainfall, over 2,000 mm per year, in western Maranhao. 
Reflecting this wide diversity of moisture conditions are natural vegetation 
patterns ranging from tropical rain forest to semi-arid thorn scrub. 

Given such a large land area. only very broad generalizations can be made 
about soils. The FAO Soils Map of the World shows that the region is 
dominmted by highly weathered, leached Luvisols, Ferralsols and Acrisols, 
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with dry sandy Arenosols and Regosols common along the coast (FAO
1971). Topography in those locations where cashew, orcoconut carnauba 
occur or are cultivated is nearly flat. 

Land-use systems in the Northeast are dominated by large holdings, a 
pattern which has its origins ir the earlv land grants by Portuguese colonists. 

areas, wasIn coastal land most often, devoted to sugarcane monoculture,
whereas in the interior large livestocl ranches were the rule. Traditionally, 
beef cattle have been driven to the better-watered coast during the long
dry season in the interior. Recently harvested sugarcane fields, as well as 
areas of cashew, coconut or carnauba have been used for such seasonal 
grazing. Even with the modernization of perennial-crop agriculture in the 
present century, these systems have been retained because of their benefit to 
both the land-owner and the cattleman. Increased raising of' dairy cattle 
along the coast is also associated with plantation agriculture. Along with the 
improvement of' the perennial crops themselves has cone the improvement
of cattle breeding stock and the cultivation of better grass species for 
planting beneath the tree crops. Figure 28.1 is a sketch map of Northeast 
Brazil showing the areas where the systems being described here can be 
f'ound. 

3. Structure of the system 

The common feature which links cashew, coconut and carnauba is livestock 
grazing (silvopastoral system). Cultivation of annual subsistence crops, and 
in some instances other perennials, in the stands of these perennial crops
(agrosilvopastoral system) is also common. 

Both cashew and carnauba are native to Northeast Brazil and wild stands 
have a long history of' exploitation. The Portuguese introduced the coconut 
to coastal Brazil during the sixteenth century where it quickly became
 
naturalized. Thus, under conditions of sub-spontaneous growth, it is equiva
lent to the stands of' the 
 two native species. In addition to gathering the 
economic products of' these three trees, the land areas they occupy are 'Ilso 
traditionally uscd !or other agricultural purposes. Locally raised livestock 
chiefly cattle, goats and donkeys are grazed on spontaneous grass and 
shrub growth beneath the trees and, as already mentioned, so are cattle 
brought in from the interior for seasonal grazing, and these tree stands 
provide much-needed shade for the livestock. Livestock removedare from 
the fields during the harvesting of' cashew fruits and carnaunba palin leaves. 
Figure 28.2 shows a coconut plantation with spontaneous grasses, typical of 
the type used lor cattle grazing. Figure 28.3 is of a natural stand of 
carnauba palms with donkeys grazing. The crowns of the palns are sparse 
because of leaf harvest. 
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2_,ig.. A cultivated coconut plantation near Aracaju. Sergipe with spontaneous grasses, typical
of the type used for cattle grazing. (Photo: D.V. Johnson.) 

It is also a common practice to clear small plots within the stands of 
carnauba to plant subsistence crops during the annual rainy season. Typically,
maize, beans and cassava are grown. Individual plots are fenced to keep the 
livestock out; however, once the crops have been harvested they are allowed 
to browse on the stubble. 

Under formal plantation cultivation of cashew, coconut or carnauba, the 
components arc slightly modified. Basically the change involves cultivation of 
subsistence catch crops between the rows of trees for the first few years of 
their growth. Once again, maize, beans and cassava are the rule. On very large
holdings which are mechanized, industrial catch crops such as grain sorghum, 
peanuts, sesame (Saisamtm indicum) or cotton are planted. This industrial
catch cropping is most often found on cashew plantations. The choice of a 
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F,. 28. A natural stand of carnauba wax palm near Fortaleza, CearA, with grazing of donkeys.
The palm crowns are sparse because of leaf harvest. (Photo: D.V. Johnson.) 

particular crop depends upon environmental conditions and the presence of 
local demand for the commodity.
 

Once catch cropping is phased out 
as the trees increase in size, spontaneous 
grasses replace them or pasture grasses are planted as permanent ground 
cover. Nalive ginger grass (Paspalum maritimum) and African Guinea grass
(Panicum Inaxhinua) have proved to be successful on cashew plantations
(Johnson 1974). Thus, in contrast to what occurs with native stands, when 
these perennial crops are formally cultivated grazing replaces annual cropping
after a Iw years rather than coexisting with it. 

Occasional intercropping of cashew, coconut or carnauba with other peren
nial crops is also practised in the region. But this represents a variation of the 
system where the high planting densities of the main crop exclude livestock 
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Fi'. 2,4. Agroforestry system of growing coffee under (tishade of cashew on a farm near 
Garmihuns, Pernam buco. (Photo: I).V. Johnson.) 

and annual cropping. For example, in southern Bahia, there is limited use of 
coconut to provide cacao with shade and protection from wind. In the 
elevated areas ,fPernambuco, where coffee is grown, some older plantings are 
shaded with cashew trees (Fig. 28.4). In Cear, cashew trees reportedly are 
utilized to provide support for pepper vines. On very small farms one can see 
ci"conut and cashew, cashew and citrus, and cashew, banana and coconut 
interplanted. Carnauba is not found in association with other perennial crops. 

4. Functional aspects of the system 

In Brazil, as in most other countries, agricultural statistics are given under tle 
separate headings of annual crops, perennial crops and livestock. However, in 
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Brazil statistics are also published on the quantities of products gathered fromwild plants. Cashew is included as both a perennial crop and a gathered
product, coconut aas verennial crop only, and carnauba as exclusively agathered product. Under such circum tances it is impossible to determine thearea of the respective crop which is currently associated with livestock grazing,
or the degree to which intercropping of annual crops exists. Nevertheless, thestatistics available on perennial crops can be examined to gain a rough idea ofthe situatica. The figures in the following discussion are from FIBGE (1981, 
1982). 

In 1980, an area of 184,151 ha was enumerated for cashew plantations inthe Northeast. Also that year, 18,387 t of unshelled nuts were gathered fromnatural stands. Conservatively, a cashew tree in Brazil yields about 2 kg ofnuts per year. Thus 9,193,500 trees can be estimated to have provided thetotal. Using the common plantation density equivalent of 100 trees per ha, thiswould represent 91,935 ha. Therefore 276,086 ha of cashew trees can be used as an approximate total. The coastal areas of Ceari and Rio Grande do NorteStates account for more than 70% of' this national total (Fig. 28.1). In
addition to the cashew nuts which furnish high-value kernels and the industrially valuable cashew-nut shell liquid, the fleshy peduncle or apple of the fruitsupports small local industries which produce juice and several types of preserves for the domestic market. Kernels and shell liquid are exported.

The area under coconut is less complicated to determine, ind in 1980totalled 164,779 ha for all of Brazil. Over 60% of Brazil's total production ofcoconuts is from the coastal strip, about 50 km wide, in the states of Alagoas,Sergipe and Bahia (northern parts) (Fig. 28.1). About 10% occurs outside theNortheast Region. On the average, a coconut palm yields 25-30 nuts per yearin Brazil. Green coconuts are harvested for direct consumption of coconutwater as a beverage. Mature nuts support an industry which produces coconut

milk and grated coconut; copra 
 is not made. Locally th' palm leaves areutilized for thatching and fencing. Brazil does not export coconut products.


As far as the carnauba palm is concerned, no statistics on area are available,

although the stands of native trees are estimated 
 to number in the hundredsof millions. Major concentrations are foundto be in the river valleys andcoastal lowiands of Piaui, CearA and Rio Grande do Norte (Fig. 28.1), which

account for more than 90% 
 of the carnauba wax produced in the country. Anindeterminable number of palms have been planted, at densities of 800-1,200
per ha, but the practice apparently ended in the 1950s. The palm furnishes twoeconomic products: wax from the leaf surface which has many industrial uses,
especially in food industries because it is edible; and leaf fibre which is the raw material for a small, exclusively domestic, cottage industry makinghats, baskets, etc. In 1980, wax production amounted to 18,857 t, all fromthe Northeast. At a wax yield of 5 g per leaf, and each tree providing 20 leaves per year, a single palm would produce 100 g (Johnson 1972). Thus 1980 
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production involved 188,750,000 palms. Wax has been a Brazilian export since 
the middle of the nineteenth century. Carnauba leaf fibre production in 1980 
was reported to be 1,398 t. Although no statistics are collected, carnauba 
wood is widely used in the Northeast for construction purposes. 

According to information obtained in the field, livestock raising is most 
often found in associations with cashew, coconut or carnauba on large land 
holdings. On cashew plantations, grazing is not practised all the year round; 
cattle tend t., be found in coatal goats in theareas, interior. Typically, 
smallholders do not have to invest in cattle, run fewthe capital but may a 
head of goats or donkeys and an occasional hog or two. No information on 
stocking rates for plantation grazing is :ivailable. Plucknett states that the 
carrying capacity of one hectare of coconut plantation in Sri Lanka is 1.25-5 
head of small Sinhala cattle (Plucknett 1979). 

In socio-cconomic terms, these three perennial cropping systems are quite
labour-intensive, but o:',y on a seasonal basis. Harvesting of cashew nuts and 
apples, coconuts and carnauba leaves is all done by hand, as is a significant 
portion of the subsequent processing. Fortunately for these agro-industries, 
Northeast Brazil has a sizeable rural population which does seasonal harvest 
labour to supplement their income as subsistence-leve! farmers. 

6. System dynamics 

Over the past of these threefew decades, each tree crops has experienced 
d-fferent rates of change. Area under cashew has increased considerably due to 
the establishment of large-scale plantations. Before the Brazilian government
initiated a major programme to encourage cashew cultivation in the late 
1960s, there were probably no more than a few thousand hectares under 
actual plantation conditions, and prior to that virtually all of the cashew nuts 
came from natural stands. The new programme proved to be a powerful 
stimelus to agri-business and led to the establishment of some 180,000 ha of 
modern cashew plantations, most of which were at a density of 100 trees per
ha. Many of the new plantations are engaged in catch cropping of subsistence 
and industrial crops, and some have subsequently converted the areas to 
pasture for grazing. 

Below-average rainfall during the period 1979-1983 led to some losses of 
cashew trees, particularly on plantations in areas of poorer soil. Not unexpect
edly, insects and diseases affecting cashew have also become more serious. 

lhese facters have prompted a period of retrenchment with plantations 
placing greater emphasis on cattle raising. In order to make this more feasible, 
new plantings are at a density of 51 trees per ha to allow more open area for 
grass growth. On some plantations, the earlier more dense plantings have been 
thinned. It is difficult to generalize about the state of cashew cultivation today 
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because, on the one hand, some plantations are without livestock and, on theother, there are establishments which have livestock as a primary objective
and cashew growing as a secondary activity.

Area under coconuts has also undergone a strong and steady expansion.
From 73,583 ha in 1960, it increased to 117,193 ha in 1970 and to 164,770 ha
in 1980. Currently the Brazilian Government has a major programme under 
way to encourage the establishment of new large-scale plantations of coconut,
which, a!though focused on the Northeast, also includes the Amazon Region.
Part of the programme is to make available improved coconut varieties,
including dwarfs, for the new plantings as well as for the needed replacement
of older plantings. Since this programme involves large holdings almost
exclusively, there exists the potential ' expand the practice of plantation 
grazing. 

Quite a different pattern is found with regard to the carnauba palm. Wax
production, which stood at 10,982 t in 1980, nearly doubled to 20,378 t in
.970, but declined in 1980 to 18,857 t. The major reason for this decrease is
the substitution of artificial waxes for carnauba in many of its non-food uses.
However, this decline in production does not reflect any decrease in the
number of palms. When demand for wax is slack, the trees are simply notharvested. Some minor losses of palms do occur when land is cleared for other 
purposes, but since the carnauba's native habitat is poorly drained sites and
floodplains there is minimal conflict of land use. Moreover the palms repro
duce vigorously. 

The performance of the perennial-crop-based system appears to be favourable in the case of cashew and coconuts, but marginal for carnauba
because of economic factors. Even without much wax harvesting, however, the
multiple utility of the carnauba and its compatibility with grazing and annual
cropping assures a continuation of the sub-type. High demand for meat on
domestic and foreign markets has made livestock more and more attractive to
agri-business concerns. In fact, properly managed livestock raising on planta
tions should increase their sustainability and avoid over-reliance 
 on a single

commodity.
 

7. Evaluation 

The system discussed in this paper has considerable merit in the context of the
environmental, agricultural and socio-economic conditions in Northeast
Br.zil. From an environmental standpoint, in most areas establishment of new
plantations of cashew or coconut represents an upgrading of the vegetative 
cover from what currently exists. There is a strong justification for protection
of native stands of carnauba because of their multiple utility. Plantation
grazing is an environmentally sound practice, and adheres to the general 
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recommendation that grazing is a preferred system for the dry savanna 
climates characterizing so much of the Northeast (Nair 1982). 

Agriculturally, the diversity of this perennial-crop-based agroforestry sys
tem offers the advantage of making more eflicient usc of labour and equip
ment over the entire calendar year, thereby avoiding the peaks arid stacks of 
activity associated with monoculture. Plantation grazing does, however, have 
a few disadvantages too. Careful management practices must be followed to 
prevent animals fronm physically damaging young trees. Moreover, when 
natural stands are utilized, such as with the carnauba, grazing may, over time, 
hinder natural replacement of trees due to browsing on young leaves and 
trampling of seedlings. Livestock grazed beneath cashew trees can eat unuti
lized cashew apples, but excessive quantities should not be allowed because of 
their high tannin content. Domestic animals also feed on the small carnauba 
fruits which flall to the ground. There is no general agreement among 
agronomists as to the advisability of grazing on plantations. Ohler (1979) 
recommends against it, though from a rather narrow monocultural viewpoint. 
Plucknett views grazing on coconut plantations as an acceptable practice, and 
one which especially benefi:s smallholders (Plucknett 1979). Similar results 
have been reported from studies in the Solomon Islands (Smith 1983; Smith 
and Whiteman 1983a. 1983b; Steel and Whiteman 1980). With respect to 
Northeast Brazil, the long tradition of a variety of'successful grazing systems 
cannot, in any case, he ignored. 

There are a number of socio-economic benefits from this system in the 
Northeast. The international market for cashew kernels is strong and elastic, 
and good potential exists for increased domestic utilization of the cashew 
apple. Coconut products enjoy high demand within the country, which is 
providing an incentive for expansion of the crop. The future of carnauba wax 
as a raw material is not very promising. Apparently international markets are 
undergoing an adjustment which will likely stabilize demand at a level below 
current production. Economically, livestock raising is profitable in the North
east, and the combining of it with cashew or coconut should strengthen the 
economic base of the individual plantation. In social terms, the growth of 
agro-industry in the region creates new industrial employment. Given the 
large rural labour pool, there is not a strong incentive to mechanize plantation 
operations. In the rural areas, local inhabitants also benefit to a degree from 
having free or very inexpensive sources of thatch, wood, etc., from the 
plantations. Social may, fact, be thereasons in overriding justification for 
encouraging the expansion of perennial-crop-based systems. 

8.Research needs 

It is obvious from the above description that although the system is practised 
over extensive areas and it has a number of merits, there is an almost total 
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lack of information on its various management details. Practically no re
search, not even systematic survey and data collection, has been done on the 
system, so that no quantitative information is available on many, if not any,
of the basic aspects. Therefore the first essential step in improving the system
will obviously be to collect quantitative information on ihe functional and 
dynamic aspects. This should include current levels of production of various 
components, as v ellas the rate of change of production of components with 
time. It is important to note that not only will the production of grass or other 
understorey specie, vary depending upon the age (and consequent interaction 
effects) of the overstorcy species, but also the pattern of production of 
components of the system at a given growth stage or age of the overstorey
species will have changed over a span of a few years in a given region. Once 
these data are assembled, the logical next step will be to examine the reasons 
fo: the observed behaviour and see how the efficiency of production could be 
improved. This wili involve research on a large number of management 
aspects of the individual components as well as of the system. 

The role of livestock in this system needs to be studied in more detail. 
Research must be conducted to ascertain optimal stocking rate, which, in turn, 
will involve al! the related aspects such as the species of grass, the type and 
breed of livestock, mantgemcent of overstoey and grass species, and so on. 

Plantation owners and operators need to have better general and crop/site
specific management techniques so that the full potential of this system can be 
realized. 
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Absiract. Babassu palms (Orhignya spp.) cover nearly 200,000 km 2 in Brazil, 
providing cazil, income, fuel, fibre, edible oil and food to a large number of 
tenant farm households. Babas;su is closely integrated within pastoral and 
shifting cultivation systems of Mid-North Brazil. In pastures, babassu pro
vides shade for cattle, aids soil moisture retention, produces organic matter, 
generates supplementary farm income at little cost, and offers year-round 
employment. On the other hand, the persistence of juvenile palms reduces 
pasture grass productivity due to plant competition, and therefore there is a 
trend Lo eradicate babassu through clearcuttirng and understorey suppression. 
At moderate densities of less than 100 individuals per ha, mature babassu 
palms in crop land do not appear to hanm crop productivity. In such cases, 
palms are thinned and leaves of the remaining ones are cut back, supplying 
fuelwood and soil nutrients. However, reduced fallow cycles due to pasture 
conversion threaten babassu as well as crop productivity. 

I. Introduction 

The babassu palm (OrhignVa phalerata Mart.t) and related species occur 
widely in Brazil, Bolivia, Colombia, Mexico and other parts of Latin America. 
Kernels extracted manually from babassu's thick-shelled fruit are a source of 
lauric oil having both edible and industrial uses. Figure 29.1 shows the 
distribution of babassu in Brazil. Over 80% of babassu kernel marketed in 
Brazil comes from the north-east states of Maranhao and Piaui, known as the 
Mid-North region, which produces about 200,000 t of kernels annually ([able 
29.1). A major industry that expresses oil from from these kernels is concen
trated in the region. In 1980, over 30 oil factories operated in Maranhao alone 

* Originally published in Agrof/irestry,SexS.O, 3: 275 295 (1985).
 
t Also referred to in the scientilic and popular literature as Orbignya inartiana, 0. harhosiana,0.
 
sp. and other names. 

P K R Nair (ct lAillotctrN inS)ie nis the1ropic,489 51W)
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Fig. 29.1. Areas of occurrence of babassu palms in Brazil. States where babassu occurs arelabelled. HIeavy dotted liiot ncloses the mid-north region (Drawn by R. Alvares based on maps
in Anderson and Anders,.,r 1983; MIC/STI 1982.) 

Tahh, 29. /. Area of babassu stands and their commercial exploitation in the Mid-North region
oF Brazil. 

Region Are., of stand occurrence. Kernels marketed (1980) 

km- % Metric tons % 

Maranhio 
Piaui 
Mid-North (subtotal) 
Other areas 
Brazil 

103.040 
19,78(0 

122.820 
73,550 

196,370 

53 
10 
63 
37 

100 

183,455 
20,214 

213,669 
37,282 

250,951 

73 
8 

81 
19 

100 

Sources: I1GE (1983); MICiSTI (1982). 
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(Amaral Filho 1983). Kernels constitute less than 8% of the fruit by weight, 
although strains containing up to 17% kernel have been encountered. The 
remaining parts can be used industrially for production of charcoal, feedmeals 
and other by-products for which efforts have been initiated recently. These 
technological developments permit breaLing babassu fruits mechanically and 
separation of' their components for further processing. 

Babassu kernels are third only to timber and rice in gross agricultural 
product value in Maranhao, where the economy relies on the primary sector 
for ovcr 60)% of its GDP. The palm also provides non-market goods and 
services to the rural population of the Mid-North region in the form of fuel, 
fibre and food. 

Babassu palms are seldom planted, but are managed within regional 
agrolorestiy systems, performing a vital role in the local economy. 

2. General description of the area 

2. I. Geographical location 

The babassu zone of Mid-North Brazil includes portions of Maranhao north 
of 6 S and east of 46 W, and of Piaui, west of 42' W bounded on the north 
by the Atlantic Ocean (Fig. 29.2). Although most of the babassu zone is under 
200 m altitude, palms are found up to 1,000 m. Babassu stands occupy over 
120,000 kn 2 in this region, some on upland sites and others in galleries along 
valley bottoms. 

2.2. Historical e'olution 

The indigenous tribes which originally inhabited the region identified their 
territorial rights with stands of fruit-bearing palms such as babassu which 
provided fuel and fibre as well as a reserve against famine (Steward 1963). 
After colonization by Europeans, the region bccame an important producer of 
sugarcane and later cotton on slave plantations. After slavery was abolished in 
1888, the plantation economy collapsed and freed slaves and new immigrants 
established homesteads in unsettled areas where hunting, gathering and fishing 
complemented subsistence agriculture. The settlers relied on babassu palms for 
food, fuel and shelter. Since the 1920s, a steadily growing market for babassu 
kernels has contributed to inhabitants' cash incomes. 

Most residents today are landless tenant farmers on properties controlled by 
a relatively small number of people (in Maranhao, 85% of the land is owned 
by 15% of the enterprises [IBGE 1980]). The landless pay in kind for the right 
to live on the property and use the land for shifting cultivation; they must sell 
the babassu kernels they extract to the landewner or his agent. 
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lI: . 29.2. lBioc:limatic zonecs of hah~issu ocCurrcnc in Mid-North Br~tziI. (Drnwn hy R.M. Limal 
afi'lr nmap in Golfairj and Catser 1977.) 

2.3. Biophlrsic.al 'm'irol~mn 

The Mid-North habassu zonc is one of bioclimatic transition between Amazo
nian humid overgreen forests, savannas and woodlands ((Cerrado(), and semi
arid thorn scrub (Caafi a).. of the north-east. Annual mean temperatures
rainge from 20 to 27 C. Seasonal rainfall varies within three pluviometric
regimes (Fig. 29.2) from 700 to 2.100 mm annually (Golfari and Caser 1977). 
90% of which falls unimodally from January to June. 

Within the eastern dry ('errado) belt (700-1 .300 mmi)babassu occurs in 
galleries along river banks whose alluvial sandy clays retain water during a 
6-8 month dry season. Soils of the upland CerradoJ are deeply weathered 
sandy laterites. Babassu is sparse on these dry lands, whose vegetation consists 

http:Biophlrsic.al
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mainly of leguminous trees and scrub with carnauba (Copernicia prunifera) 
palms appearing on unimproved range. 

A more humid sub-region (1,500- 1,800 mm) lies to the west, where alluvial 
deposits from three major rivers create well-structured Alfisols with moderate 
P and N content, high cation-exchange capacity and base saturation. Over 
80% of the land is covered with babassu pahns in this Cocais (palm forest) 
sub-region. 

The "Pre-Amazonic" zone (1,600- 2,100 mm) h _s on Maranhfo's western 
frontier. Patches of tropical moist forest are interspersed with young sec
ondary forest (Capoeira). Babassu is present in the former and dominant in 
the latter. As rapidly accelerating settlement encroaches on the Pre-Amazonic 
zone, dense babassu stands spread into the frontier. 

2.4. Land-use s.vstenis 

,4griculture 

in the Cerrado, mixed-enterprise farms involve shifting cultivation within 
bottomland stands of babassu with beef cattle grazed on upland unenclosed 
range. In the Cocais and Pre-Amazonic regions, babassu and primary forests 
are being converted to improved pasture and some mechanized crop produc
tion. There are many dairy farms in the Cocais. Construction of paved 
highways in this region has strengthened rural-urban communications, yet 
most babassu-zone farm land remains inaccessible to vehicles during the rainy 
season. 

Forc'strY 

Hardwood timbers from native forests are extracted to defray the expenses of 
clearing new pasture and crop land at the frontier. National reforestation 
incentives have prompted landowners to plant eucalyptus (Eucalyptus 
urophil, E. hraciana,and E. elata) on poor Cerrado soils. Bamboo (Bamnbusa 
rulgaris) and pine (Pinus carihaca) are being planted in lowland areas cleared 
of ba assu. Cashew (Anacardium occidentale) and coconut (Cocos nu[cfera) 
are also being established. Total area reforested between 1978 and 1983 is over 
35,000 ha in Maranhfo alone (Table 29.2). 

The government has supported reforestation efforts using babassu in several 
states with strongest impetus during a period in the late 1970s when babassu 
fruit mesocarp first began to be considered as a potential source of fuel 
ethanol. None of the attempts to establish babassu plantations have been of 
notable success. One reason for this is the lack of knowledge of appropriate 
agronomic techniques for nursery and field planting or management. Recent 
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Table 29.2. Area reforested per year by species: Maraihio (ha). 

Species 

Year Cashew Coconut Eucalyptus Pine Bamboo Total 

1978 250 .. .. 2 5 0 
1979 1,100 250 - 1,350 
19811 1.900 1,400 200 - 3,500 
1981 1.71(0 930 2.800 1,600 1,500 8 540 
1982 3,088 870 5.920 2,400 1.500 13.778 
1983' 3,270 850 3,25(0 700 900 8,970 

Totals 11.318 4,300 12,170 4,700 3,900 36,388 

S Purce: comnmunication: Brasileiro de Desenvolvimento Florestal (IBDF).personal Instituto 
I)elegacia Estadual do Maranhao. 

"FFigures for 1983 are based on areas proposed for reforestation under IBDF programmes, and 
not area actually reforested. 

studies have found that babassU, like most palms, flourish best if first planted 
tinder nursery conditions in polythene bags which allow for the deep root 
growth characteristic of the species. 

Trees are seldom planted for fuel or fencing. Secondary forest fallows 
provide for most polewood, and bahassu husks are the major source of 
cooking fuel in rural areas. Tbe majority of rural households use babassu 
charcoal as their principal fuel (Table 29.3). 

Tluhh' 29.. Proportion of rural families using babassu products in Maranhio municipios. 

Percent of families interviewed 

Municipio Thatch Basketry Charcoal Milk Oil Palmito 

Bacahal 86 96 96 44 53 n.a. 
(n - 104) 
Lima (ampos 94 83 92 70 66 
(n = 64) 
Sao I3enlo 76 72 49 72 74 16 
(n = 57) 
(hapadinha 86 90 96 89 91 42 
(n = 98) 

Average 86 85 83 69 71 22 

Sour''ce: Bacabal. Anderson and Anderson (1983); data for other areas P. May (unpublished). 

N = sample size. 
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Algroforestry'-tVpe sivstems/practices 

There are two general agroforestry practices involving babassu: (a) palm 
pasture, and (b) palm -- shifting cultivation. These systems are associated and 
together cover much of' tihe region. The first involves pastures planted under 
native palm stands thinned of senescent and unproductive palms; babassu 
shades cattle and it protects and replenishes soils. The second involves shifting 
cultivation within native babassu stands where babassu leaves provide fuel
wood for cooking and mature palms are retained over crops to provide a 
range of' subsistence and market products during the fallow cycle (Anderson 
and Anderson 1983; May et al. 1985). 

3. Structure of the system 

3.1. Components babassu agroforestr 5Vstes 

Crops 

Shifting cultivation typically consists of intercropped rice (Orza saliva), 
maize (Zea mays), cassava (Manihot esculenta) and several bean species under 
babassu palms. Rice is by far the region's most important crop and is used as 
a payment for land rental, a cash crop, and a principal source of sustenance. 
Over 125 regional upland varieties are in use (Fonseca et al. 1982). Maranhdo 
is one of the major rice producing states of Brazil, even -with traditional 
methods. Dried maize is used as feed for animals and rarely sold. Bitter 
cassava is used for making flour ("dry" or fermented '/frinha d'agua"),which 
is a basic staple. Cowpeas ( Vigna sitensis) and lima beans (Pha.ohs lInatus) 
are also primarily for subsistence consumption. Among other cultivars planted 
are squashes (CIucurhita spp.), watermelon (Citrths lanatus), West Indian 
gherkin (Cucunis anguria), locally known as "machiche", okra (Hibiscus 
esculcntus), cucumber (Ctwunmis saliva), and banana (Musa spp.). 

)'ees and other wo,/i' perennials 

Dominant species found in babassu-associated secondary forest and their 
principal uses are listed in Table 29.4. Regrowth cycles of secondary forest 
correspond with long fallow periods of shifting cultivation, after which useful 
tree species are harvested as polewood or timber during land preparation for 
cultivation. Other palms, such as carnauba, buriti (Afauritia fh'xuosa) and 
tucum (.'Vr0car'U1n i'VU/are) occur in varying abundance in association with 
babassu and furnish oils, food, waxes, fibre and construction materials for 
rural households. 



496 

Tahh 
19.4. Uses of principal woody species found in babassu agroforestry systems. 

Species Local Usesname 

Sponlias momhim C//il Edible fruit
 
higa spp. 
 nghi Edible fruit 
Cecropia spp. inbauha Leaves eaten by sloths (game meat) 
.t- cia spp. Unha thgado Construction, fence posts
 
Talbhiia spp. Paut d'arco 
 Construction, fence posts
Cedrella oraia Cedro Construction, fence posts 
.-sirocarviitm rtilgare Tcii Oii, basketry
 
AMauritia Buriti Edible fruit, thatch, basketry
ihe.vousa 

('opernicia priun l'ra 
 Carnauba Wax, basketry, construction
 
..(rocomia ch'rocarpa Aaiaiha 
 Oil, neal
 
Euierpe olhacea Juotara Palnito, edible fruit
 
Orh,nya phah'rata Bahat'i 
 Oil, charcoal, thatch 
o. :eixeirana Feed, basketry, construction 
0. cichl'ri Piia1ara Basketry, brushes 

By far the dominant woody species encountered in these systems is the 
babassu palm (66% dominance in I ha of secondary forest in the Cocais 
(Anderson 1983). Babassu dominates the landscape due to its cryptogeal mode 
of germination in which the growing point (apical meristem) initially grows 
undergr-iind remaining until the stem emerges several years later. This 
adaptatton permits juvenile palms to survive the cutting and burning associated 
with shifting cultivation. 

According to local farmers interviewed, babassu palms attain fruiting stage
after 10-12 years under optimal conditions (although there have been no 
controlled trials to confirm this). Adult palms produce a single inflorescence 
with each new leaf. Panicles contain about 200 fruits averaging 190 g eact
(range: 80-450 g). Fruits are mostly collected from the ground and broken 
manually by women and children by hitting with a club and breaking the fruit 
against the upright blade of an axe. Most kernels extracted in this way are sold 
and the husks used to produce charcoal. The importance of babassu products 
in the subsistence economy of the region has recently been assessed (Anderson 
and Anderson 1983; May el al. 1985) (Table 29.3). 

Animals
 

Landowners typically have more numerous and varied livestock than their 
tenants. Prosperous families raise guinea hens, turkeys, ducks and geese, along
with pigs, goats and sheep (all consumed by the family and slaughtered during
local festivals). Most families have a few chickens; some have mules, donkeys.
horses and oxen as beasts of burden. There is very little use of animal traction 
for cultivation. Small farmers rarely own cattle; those that have a few head 
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frequently rent pasturage rights from landowners at monthly ratei which 
averaged thle equivalcnt of USS 2.75 per head in early 1983 (Funda5o Getulio 
'Vargas 1984). Animals are fed babassu lea,:.: ;rom juvenile palms, kernel 
esidus, palm heart and mesocarp meal, as well as cassava peelings, corn and 

crop residues. 
Ranchers raise herds of cattle and some water butfalo. Ranchers have been 

investing gradually in improving their local "pi, duro'"mixed cattle breeds. The 
prelerred cattle species are Zebu and "Nelore'" breeds of f.raliman stock and 
"-!olands'" dairy cows. Cattle are generally range-fed on native and planted 
pastLu res aiid on young secondary forest regrowth in l'allowed crop land. There 
is little use of silage or stored grains aI;feed. Pastures are managed at low 
stocking rates. sCldoml exceeding one animal unit per ha. More modernized 
operations Inolve pasture rotations. Thle most populr pasture grasses are 
fluraeuu (1 prrhienia rtpu),l,o/ie, (Pwuicum mahximum), and one or more 
species Af Brahhuria.Fodder grasses, particularly clephant grass (Penniselum 
P/1np:lrcunlu) are also planted insmall areas, cut into forage and fed to cattle 
duLing the dry seison. along will cassava chips .iid babassu oil press cake. 

Game an/d ./l/ 

Small farmers rely to a conside-able extent on hunting and fishing for animal 
protein. Several large rodent species such as cotia (Das.*'procta punclata) and 
piIcd .liottti poca) abound in the paln !Orests. feeding on the mesocarp of 
fallen habassu fruit (Smith 1974). Game potential in babassu forests is 
enifhanced by this feed source. Rodents' removal of the inesocarp also appears 
tO stim hiteCermina tion if- babassu (Anderson 1983) thus making the relation
ship somehat symbiotic. Fishing is done in even the smallest freshwater 
streams. Game animals and lish are cooked in bahassu kernel milk and 
home-made oil. 

S"rnthcsis of1traditionalsi~steins 

Figure 29.3 schematically describes the composite structure of traditional 
bahi ssu agrolorestry systems foilowing a format developed for descriptions of 
similarly integrated crop and animal production systems throughout the tropics 
(McDowell and Hildebrand 1980). This diagram, which is self-explanatory, 
sho'as interconnections betwcen different enterpriscs of landowners and ten
ants, as well as the -cial relations of production through which these 
enterprises flnct on. 

3.2 ,,tr(ungt'nu',is/in/Crawjon if components 

In babassu-associated cropping systems, stands of senescent and unproductive 
palrns are thinned to between 50 and 100 adult palms per hL:. The leaf biomass 
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Fig. 29.. PrfinciplI interact ions in traditional babassu agroforestry Systems in Mid-North Brazil. 
(Drawn by J. Barki based on a diagram by 11.May.) 

in babassu stands is exceptionally high. Oi a I ha site in thie Cocais region the 
leaf biomass totalled 52.7 t dry weight (DW) and an annual leaf production 
of 16.8 t DW was recorded (Anderson 1983). A burned stand requires about 
four years to recover its full complemcrt of leaves. After the annual burn in 
October. emergent (but stili immature) pnicles exposed to fire are worthless 
for krnel ,'mtraction as the liquid enclosperm is destroyed by excessive 
heat. However, productive palms quickly regain productivity and recover 
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completely after 2-3 years, according to local farmers. This occurs because 
non-emergent inflorescences are protected from fire by heavy leaf sheaths. 
Cutting of leaves, which is also a common practice to meet the farmers' 
storage and shelter needs, also serves to increase light penetration during the 
subsequent growing season. 

Harvesting of babassu fruit from fallow sites is a regular aspect of regional
farming activities. Fruits commence to mature and drop from the panicle in 
August, continuing up to the beginning of the rainy season in January when 
planting of annual crops commences. People contin!,e gathering babassu fruit 
from the ground during the rest of the crop cycle as a secondary activity which 
is limited by labour requirements in weeding and harvesting annual crops, as 
well as reduced accessibility of stand!; due to flooding. 

In the crop field, farmers plant rice densely in holes about 20 cm apart and 
maize in hills in rows up to 2 m apart among the rice. Cassava is also planted,
sometimes between these maize rows. Beans are either planted around maize 
stalks and babassu trunks, drilled in rows in a separate destumped plot, or 
scattered in a previously cropped site. Earlier in the season, farmers randomly
plant the other crops (e.g., watermelon, okra, squash, etc.) within the annual 
crop field. 

Harvesting of annual crops begins in late March after two manual weed
ings. Farmers first harvest early rice vai .ties, green corn and beans for 
household consumption. Most of the harvest period is devoted to rice cutting
after completion of an average 120-day cycle. Farmers store rice on the sheaf 
in shelters covered with babassu leaves. After breaking stalks during the rice 

li,'. 29.4. Bana."is growing under h ibassu palms in Lime Campos, Maranhao. (Photo: P. May.) 
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harvest, maize dries in the field until August-October, when it is harvested and 
stored as grain. Farmers usually plant additional cassava at the end of the rice 
harvest, which extends the life of the crop field. Cassava varieties in use 
typically require up to 18 months to mature, after which household members 
harvest tiletubers as needed for flour production, which peaks in the slack 
period before new land clearing. Once they harvest the .assava, they abandon 
the plot to secondary forest fallow dominated by babassu. Banana planted 
under babassu also extends the life of the cropping system (Fig. 29.4). 

In most planted pastures, palms are retained at 50-120 stems ha i.Ranch
ers also tend to thin unproduc.ive palns. This appears to promote the growth 
of pasture grasses and increase palm yields. Total fruit productivity of palms 
per unit area inventoried within 136 blocks in a uniform-aged stand on a 
yellow latosol in the Cocais increased linearly with stand density to about 120 
stems ha ', beyond which yield tended to drop off with increased stand 
density (tFrazaio and May, unpublished data). Palin stands with pastures 
underneath, as compared with secondary forest, facilitate safer collection of 
fruits bc ausc of reduced undergrowth and the ease of sighting snakes. 
Ranchers interviewed asserted that pastures under palms retained moisiure 
better and had higher productivity in comparison to open conditions. On the 
other hand, juvenile palms must be frequently cut back to avert competition 
with pasture grasses, representing a major cost to the rancher (averaging the 
equivalent of USS 15 ha ' yr ' for manual cutting). For this reason, some 
ranchers considcr babassu a serious weed problem that they attempt to 
permanently eradicate with herbicides or soil grading. Suppression of juvenile 
palmis, however, will result in stand degradation of babassu after about 50 
years due to senescence of the remaining palms. 

4. Functional aspects of the system 

4. 1. Resource input and utilization 

Land
 

According to the 1980 census (IBGE 1980), fallows and forest account for 
66.5% of agricultural lands in the Cerrado. In the Cocais, pastures dominate 
(47.9%), with proportionally smailer areas in fallow and forest. The 
landowner allocates land annually to tenants for shifting cultivation at his 
discretion. Unwritten tenancy contracts involve a fixed rent which represents 
up to 30% of average rice yields in traditional intercropping systems for each 
land unit cultivated by the tenant farmer. The area of annual shifting 
cultivation plots averaged 1.0 ha in the Cerrado and 2.3 ha in the Cocais in the 
period 1982-1984; this may be lower than normal due to drought (May, 
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unpublished data). Area under crops per household is more for landowners 
than for tenants, but usually involves similarly rudimentary technology. 

Labour 

Households average four persons, but show a considerable range in size and 
are not stable in composition. This is because active males migrate Lo mining 
and urban areas either seasonally or year-round, so there are usually 
more women, children and older people in permanent residence within 
landless households. Land preparation (clearing, burning, fencing) is done 
by adult males. Given labour shortages, the household may employ daily 
workers (50% of' families surveyed used this tactic), or engage in labour 
exchanges (*troca de dias") with other households to reduce labour costs 
and assure timely completion of essential tasks. Daily wages averaged 
USS 1.50 in 1983- 1984. Women and children are occupied in babassu 
fruit collection and breaking during the entire land-preparation period 
(August - December). Agricultural operations in February and March (weed
ing) and May June (harvesting) may require more family members to be 
involved so that the quantity of babassu fruit harvested declines during this 
period. 

This pattern of labour allocation ensurcs the availability of a steady 
labour force throughout the year. Landowners employ their tenants and, at 
peak periods, hire non-resident labourers whose wages will be paid in cash 
or kind (usually a fixed amoun of' the crop ha.vested, but also in meat; 
labourers customarily receive a meal as part of their wage). Although no 
labour otligations to the landowner are built into the tenancy contracts, the 
estate residents arc generally regarded as a reserve labour force that can be 
called upon when needed. Tenants are also employed in herding landowihers' 
livestock, for which they receive a share of the calves - typically one in every 
four calved. 

Capital 

Small farmers accomplish most tasks with the help of little more than an 
axe, a hoe, sickle and machete. Sales of babassu kernel finance the house
hold's cash requirements up to the next harvest (Table 29.5). 

Most frequently landowners use the cash from sale of babassu products 
and other revenues to invest in the expansion of the cattle herd or pasture 
rather than in mechanization. Nevertheless, there has been considerable 
growth over recent years in tractor utilization for pasture establishment and 
management, as well as some mechanization of rice production. These 
projects have largely been financed by banks and Federal Government 
subsidies rather than capitalized from revenues of current production. 
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Table 29.5. Per capita weekly income by source: average of 75 households in three Maranhao 
municipios, October December 1983. 

Source Cash Non-cash Total 

Cr5" % Cr .% Cr$ % 

Babassu 597 21739.7 26.0 814 34.8
 
Non-babassu 906 60.3 617 
 74.0 1,323 65.2 

Totals 1,503 64.3 834 35.7 2,337 100.0 

Source: May et al. (1985). 

. Exchange rates averaged Cr$ 1,000 per US$ during this pericd. 

Inputs 

Chemical fertilizers are rarely used in crop production, though most producers 
use manures and decomposed babassu stems as a planting medium for kitchen 
gardens. Pesticides are in more frequent though sparing use. Many rely on 
spells and prayer to ward off crop failure, though these are of little help in 
combating the drought cycles which have begun to affect the region from the 
neighbouring semi-arid zone. Most seed is retained from the previous harvest 
by farmers who prefer to perform their own seed selection rather than rely on 
government sources. Large landowners have easier access to bank credit than 
do their tenants, using either land or anticipated production as collateral. The 
national bank has special credit schemes at low interest rates to help cover 
small farmers' production costs. Nevertheless, most farmers complain of 
problems in securing or obtaining timely release of production loans. 

4.2. Production 

Outputs vary widely among farmers, agro-ecological regions, and over time; 
average figures are given in Table 29.6. They may be slightly biased by output 
from non-intercropped or mechanized production, which represents a small 
proportion of overall crop output. Cassava and bananas are successional 
species in annual crop fields. Babassu output is for normal fallow cycle
production of 2 t ha ' in average regional stands (fruit yields range from less 
than I to over 6 t ha 1). 

P' duro cattle breeds raised on the Cerrado seldom achieve marketable beef 
weight over 100 kg in 3-5 years at extremely low stocking rates; this output is 
somewhat lower than the Brazilian average of about 125 kg, most raised on 
comparably extensive range. Superior breeds raised on improved pastures in 
the Cocais yield considerably more meat in a shorter period at higher stocking 
rates, which helps to explain why much of this region is giving way to pasture. 
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Tabh 29.6. Production and value of principal crops and babassu per unit area. 

Crop Average output/ha Gross value/ha (US$)" 

Rice (unhulled) 1.63 t 150.40 
Maize (grain) 0.47 t 45.37
 
Beans 0.31 t 
 184.63
 
Cassava (roots) 6.40 t 128.83
 
Banana 1.102 bunches 517.94
 
Babassu kernel 10.14 t 74.31
 
Babassu charcoal 10.45 t 
 26.87 

Sourc.s: CEPA-MA (1984); IBGE (1980); McDowell and Hilderbrand (1980); and P.H. May 
(unpublished data). 

In April June 1984 average market prices. Net revenues would be somewhat lower. 

The Mid-North region rarely experiences drought. Abnormally dry rainy 
seasons between 1980 and 1983 resulted in significant crop land and herd 
adjustment. Small farmers were unable to save sufficient quantities of seed for 
planting; to avert risk they planted considerably less area than normal. Sale of 
babassu kernel and off-farm income were crucial to maintain household 
income. 

4.3. Protective and service aspects 

Besides a number of important subsistence products such as thatch and 
basketry, babassu leaves contribute to the sustainability of shifting-cultivation 
systems. Given a period, babassu leaf biomasslong enough fallow provides 
sufficient fuel and nutrients so that mature palms may be retained when clearing 
secondary forest for crop production. High leaf productivity enables shifting 
cultivators to return to the same site within four or five years. In addition, 
microclimate conditions under palms may promote moisture retention in soils. 
On hillsides, palms appear to prevent soil erosion, both through crown pro
tection against exposure to erosivity caused by direct rainfall and root binding 
of soils. Utilization of babassu fruit husks for charcoal reduces deforestation 
pressure on other woody species that would otherwise be used as fuel sources. 

- 4.4. Socio-economic description 

Small farmers incur mounting indebtedness during the period between harvests. 
Capital peaks at the termination of the rice production cycle in July. Cash flow 
from babassu kernel sale is fairly constant from September to January, 
providing an important supplement to stored grain. When goods stored from 
the harvest and babassu income become insufficient, goods are purchased on 
credit from landowners and local shopketepers. This debt is sometimes not 
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fully defrayed at harvest time. This creates strong dependency relationships
which go beyond purely economic ties to the landowner or other source of 
credit. Formal organizaion among small tenant farmers is minimal, probably
due to their fragmentation and dependency on their landlords. Rural workers' 
unions have been formecd, attempting to assure job security for wage workers 
and to mediate land-title disputes between smallholders and speculators. Such 
disputes are particularly ievere in the Pre-Amazonic region where squatters 
are losing battles to secure legal title. 

5. System dynamics 

5.1. Rate of growth - e.'xpan.ion/degradation 

The historical growth in bL'bassu kernel production is directly related to 
population increase and frontier expansion in the region. Migration from 
drought-stricken and mechanizing areas of Northeast Brazil swelled Maran
h~o's population by 430,000 between 1950 and 1970. Land-use change and 
rural employment shifts have affected areas of the babassu zone at different 
times. During the 1960s, the '-ocais was the area of most rapid population 
growth; during 1970s, highest growth rates inthe the were observed the 
Pre-Amazonic region. Conversion to pasture in the Cocais forced many small 
farmers to migrate to the west where there were then relatively more free 
lands. Accompanying this migration has been a gradual expansion of babassu 
stands into the Pre-Amazonic region as primary forests are cleared for shifting 
cultivation. 

The amount of land availabk for shifting cultivation has been reduced by
widespread conversion to pasture, resulting in a decline in productivity of 
crops, as well as of babassu pahns, in remaining areas available for cultiva
tion. With degradation of shifting cultivation sites, the rural poor are becom
ing increasingly dependent on pasture stands of babassu as Lsource of income 
and subsistence products. Despite babassu's beneficial attributes, ranchers 
often treat it as marginal to tlheir overall enterprises. People who gather
babassu fruits are perceived as interfering with pasture management, being
blamed for starting wild fires, cutting fences and leaving behind fragments of 
fruit husks that can cause injury to the hooves of cattle. To rid themselves of 
such incursions ranchers are increasingly clear-cutting the palm forests. 

Ranchers who receive government subsidies for pasture establishment are 
encouraged to remove native forest, which in practice represents a further 
incentive to clear babassu. From 1967 to 1980, 72 such projects were approved 
for financing in Maranhao on area totalling overalone an I million ha 
(Amaral Filho 1983). Babassu stands are also being felled to make way for 
mechanized rice operations as well as plantations of sugarcane and bamboo. 
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These projects correspond with national efforts to stimulate agricultural 
exports to service international debt or substitute for imported fuels. Babassu, 
an indigenous plant resource of considerable local economic significance, is 
being substituted by export crops from the region. Though state laws prohibit 
clear-cutting of babassu in an attempt to preserve moderate densities of palms
in pasture systems, these laws are unenforceable. We suspect that the rate of 
deforestation is increasing exponentially in more humid and fertile areas due 
to the combined pressures of pasture conversion, breakdown of shifting 
cultivation and establishment of permanent agricultural systems. 

5.2. S'nstem sustainahilit), 

The future role of babassu in r ,ional farming systems largely depends on the 
attitudes of the people wo own and manage land. In regions where land uses 
are intensifying, such as the (ocais and Parnaiba Valley, the palm is often 
considered marginal due to its low yields and slow growth. In these relatively 
fertile areas, babassu's continued dominance of the landscape appears to be 
seriously threatened. Yet the palm has shown a remarkable capacity to 
recover and eventually dominate landscapes where intensive forms of land use 
were practised in the past. 

In drier, less fertile areas, such as the Cerradoregion in Maranhao and most 
of the babassu zone of Piaui, the palm is still an integral part of traditional 
land-use systems and will probably remain so. 

6. Evaluation 

6. I. Merits 

The productive and service functions of babassu in traditional systems are 
ranked as follows: 

1. Babassu is an important source of vegetable oil and feed cake and has 
considerable unrealized potential to supply fuels as well as other industrial 
products such as starch and tar. 

2. Cash income from sale of babassu products (principally kernels and 
charroal), constitutes a significant share of small farmers' income obtained 
during the period between harvests of annual crops. This income, which is 
generated principally by women and children whose labour is not critical to 
agricultural activities in the land-preparation phase, strongly complements 
that derived from other activities and provides a risk cushion in the event 
of crop failure. 



506 

3. 	A wide variety of subsistence products, consisting chiefly of charcoal,
thatch, basketry, edible oil and food products, feed and fodder is obtained 
from the palm by small farm families. 

4. 	 High biomass production provides farmers with sufficient material for fuel 
in shifting-cultivation systems without requiring drastic thinning of the 
stands. 

5. 	Land coverage by babassu palms appears to promote soil-moisture reten
tion and improve pasture productivity, as well as providing shade for 
cattle. 

6.2. Weaknesses/constraints 

1. Low current fruit productivity in wild stands of babassu leads to their 
replacement with open pastures, mechanized crop production and even 
other trees. 

2. 	Pasture encroachment diminishes the land available for shifting coltivation 
and reduces the duration of fallow cycles, which compel shifting cultivators 
to drastically thin or clear-cut the very palm stands on which they depend
for a sizeable part of their incomes. 

3. Ranchers consider juvenile palms noxious weeds that compete with pasture 
grasses due to their capacity to survive cutting and burning.

4. 	 Stands maintained over pastu-es are subject to gradual deterioration as 
new growth is suppressed.

5. Utilization of existing stands for kernels accounts for only about 30% of 
total fruit production, due to low value of product, inaccessibility, and 
prohibition against collection. 

6. 	Efforts to develop technology for processing whole babassu fruit and 
marketing them threaten to reduce employment and subsistence benefits 
from the existing cottage industry.

7. Inequitable land distribution constrains the prospects for developing ba
bassu-based agroforestry systems. 

6.3. Potential 

I. 	Babassu's attributes as provider of a wide range of products, its ease of 
establishment and maintenance, and its current close integration with 
extensive production systems on marginal lands could be enhanced by a
breeding programme to upgrade productivity of apparent natural hybrids
of 	babassu with palms such as inajhb (Maximiliana maripa) and piassava
(Orhignp a eichleri) to select strains more tolerant of dry and nutrient-poor 
soils. 
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2. 	Babassu paims could be retained on hillsides in fertile regions as a means 
of preventing soil erosion, increased market demand for whole babassu 
fruits will make this attractive to landowners. 

3. 	There is a potential for stand and yield improvement through dissemination 
of seed from prolific stands encountered in the wild, or genetically improved 
strains. For example, there are reports of babssu fruits containing up to 
17% kernel, in contrast to the average of 7%; exploitation of such strains 
for oil would prove advantageous. Corresponding variations have been 
noted in fruit size, endocarp weight and hardness, all of which affect 
industrial viability. From the firm production perspective, recent fieldwork 
in Pirapora, Minas Gerais has identified babassu palms demonstrating yields 
500% higher than average viclds in the Mid.-North region (M. Balick, J. 
Fraziio. I. Costa, J. Veira, unpublished data). Occurring in a palm-pasture 
combination, this population of a distinct species (Orbign.va oleifera) was 
estimated to produce about 10,000 kg fruit ha ' yr 

4. 	 Available technology for mechanical processing of whole babassu fruits can 
be scaled down to the level of the producer, fruit components can be more 
completely utilized within the farm system for feed, fuel and fibre, with 
kernels and charcoal still being supplied to regional industries. With such 
a technology, part of the estimated 70% of fruit output that is currently 
underutilized could become economically harvestable. 

6.4. E.trapolatahiliti 

Babassu-related agroforestry practices with present productivity levels show 
greatest promise in areas having marginal soils and sparse population, where 
the palm's multiple products can contribute to diversified shifting cultivation 
and pastoral farming systems. With crop improvement efforts already under 
way, the palms are also promising as fuel-, food- and fibre-generating compo
nents of nmre intensive production systems in a wide range of tropical 
environments. 

6.5. Research needs 

I. 	Highest in priority should be a focus on the potential of apparent natural 
hybrids of babassu with inajii and piassai'afor reforestation of marginal 
areas. This would involve selection of seed from promising native stands or 
individual trees, development of seed propagation techniques. and testing of 
growth performance on representative soils. 

2. 	Development of technology for processing babassu fruit at the farm 
level would involve engineering studies to scale down available peeling
separating-breaking equipment and adapting locally available charcoal kilns 

http:Orbign.va
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to facilitate recuperation of tar. Such developments should go hand in hand 
with market research to identify potential users of non-traditional babassu 
products, and study of alternative organizational and financial arrange
ments for fruit collection and processing. 

3. Continuing research is needed on management of native stands and studies 
of the most efficient crop and pasture species combination in a farming 
systems context. Trials examining the palm's productivity response under 
varying levels of soil fertility and water availability are also needed to serve 
as the basis fbr recommendations re2garding environmental conditions to 
speed growth to maturity, improve the ratio of' fenale to male inflores
cences, its well its the number of palms bearing fruit and the number of 
panicles per tree. 

4. Since many factors affecting productivity appear to be genetically deter
mined in babassu, research is needed to distinguish between environmental 
and genetic conditions affecting characteristics important to industry such 
as kernel content. To do so, seed specimens from prolific populations such 
as that of Orhin.Va oh'i/'ra in Pirapora, Minas Gerais, described above, 
must be secuied before the palms are cut for crop and pasture develop
ment, a real threat in the Pirapora case where the present population 
appears to be gcographially restricted and endangered, and perhaps 
comprised of only a few dhousand individual trees. 

6.6. Data/ihqlriation base 

The Brazilian National Corporation for Research on Agri'ulture and Live
stock Husbandry (EMBRAPA), through its National Center for Genetic 
Resourc:es (CENARGEN) and state-level activities in both Maranhao and 
Piaui, has begun a broad-based pogramme of research and development with 
babassu and associated palms. A National Babassu Research Programme 
(PNP-Babau) has been established with staff based in EMBRAPA's Special 
Unit for State-Level Research (UEPAE) in Teresina, Piaui, responsible for 
overseeing nine local projects under way in 1984 on paln phenology, taxon
omy, germination and seedling production, and forage combinations, among 
other concerns ( EMBRAPA 1984), and for disseminating results in its publi
cation series. A bibliography on babassu literature has been published (EM-
BRAPA 1983) as well as a collection of current and historical literature. 

CENARGEN, with local resources as well as a USAID grant to the New 
York Botanica! Garden (NYBG), has established an active Babassu Germ 
Plasm Bank in the Mid North region in collaboration with EMBRAPA staff 
and state agencies in Maranhio and Piati. Specimens collected from other 
parts of Brazil and Latin America have been planted a.s a base for genetic 
improvement. Voucher specimens for seed are also rctained in CENARGEN 
headquarters in Brasilia, at the Museu Goeldi in B&!em, and at the NYBG. 

http:Orhin.Va
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Data on babassu phenology, taxonomy, ecology and utilization were obtained 
recently by Anderson (1983) and Anderson and Anderson (1983). 
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Abstract. Brazil's production of cocoa accounts for about 20% of world 
production, and abeut 95% of the cocoa oroduced in Brazil is from the 
south-castern part of Bahia State. Traditionally, cacao is grown in monocul
lure (though under the shade of various other species). But various crop 
combinations involving cacao have recently been undertaken by the farmers 
with encourageniont from the Brazilian Government. 

As a part of the crop diversification programme ipthe traditional cacao 
growing arca and thir surroundings, extensive areas are being planted to 
other plantation crops, mainly cloves and rubber and, to some extent, 
coconut. Crop combinations have been adopted in some of these new plant
ings and cacao is an important component of most such combinations. 
Whereas sev,-ral other crops are combined with clove trees, cacao is usually 
the only species grown with mature rubber trees. Young rubber trees are, 
however, interplanted with a number of other species. Productive coconut 
areas are foun mostly in sandy soils along the coast so that there is little 
intercropping. However, scattered farms are found where coconuts are under
planted with guarana. black pepper, cacao, cashew, etc., as is done commonly 
in cthcr parts of northeast Brazil. 

This paper presents some data on the performance of some of the combina
tions involving cacao and other plantation crops based on a field survey, and 
discusse-s the potentials and constraints of extending the system to more areas 
in the region. 

!. Introduction 

Bahia State, situated in the south-eastern part of the Northeast Region of 
Brazil, has an area of about 570,000 sq km and a population of 10.28 million 
(1980). The major economic activity in the State is cacao production, which 
extends over 650,000 ha and involves about 2 million inhabitants in south-cast 
Bahia. The total annual production is 350,000 tonnes of dry cocoa, which 

* Originally published iaAgrolbrestry Sysins 4: 3 15 (1986). 

K R.Nai: !cd..Agrolorestry S%ternsin the Tropict51 -523. 
, 19W). Klhm~erAcademnicPublishers. -Prin:edDordrccht in theNetherlands. 
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contributes an estimated US$ 700 million annually to the national economy.
Brazil produces nearly 20% of the world production of cocoa and about95% of the cacao produced in Brazil is from south-east Bahia. Cacao is 
now being extended to other parts of Brazil also, especially Amazonia (see 
Fig. 30.1). 
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Traditionally cultivation of cacao presents a good example of the agro
forestry approach. Being a shade-tolerant plant, cacao is grown in association 
with other species, either in selectively cleared secondary forest or, more 
commonly, along with food crops that provide early shade until the shade 
trees planted along with the cacao take over as the overstorey (shade) species.
Thus, the eventual combination of cacao with shade/forest species provides an 
excellent illustration of compatibility and complementarity of various species
with one another and of the sustainability of such multistoreyed production 
systems. This paper describes some such crop-combination systems existing in 
south-east Bahia. Owing to the long tradition of cacao cultivation in the 
region, cacao is an important component in all cropping systems, and it will 
inevitably be suggested as a component of any potential (new) system. 

2. General description of the area 

The area, located between 13 S and 18" S, and longitudes 39' W and 40' W, 
has a humid tropical climate. Total annual rainfall ranges from 1,200 mm to 
2,200 mm with a dry season (when evapotranspiration exceeds precipitation) 
not exceeding three months a year. The annual temperature varies from 23'C 
to 24 C, with a difference of 8-10'C between the average maximum and 
minimum temperatures. The soils of the main cacao growing area are deep, 
reddish-brown to red, well-structured Alfisols (ferric Luvisols and eutric 
Nitosols). They are acidic but only moderately to strongly leached with a base 
saturation of over 50%, are well structured and permeable and fairly fertile. 
Although they possess good aggregation, and particulariy so the Nitosols, 
there is a fairly high erosion hazard owing to the heavy rainfall and moderate 
slopes. However, the major soil type of the area, where other plantation crops
such as rubber and clove are planted, is leached and weathered Oxisol. Cacao 
is also planted as a mixed crop in these areas. 

In most parts of tie region, cacao is grown in monoculture (but under the 
shade of various timber species). However, the year-round production poten
tial offered by the favourable climatic conditions of the region has encouraged 
the local farmers and the Brazilian Government to adopt crop diversification 
in order to counterbalance the socio-economic and ecological risk of cacao 
nonocropping. The traditional crcps chosen to expand regional agriculture 
over the past 20-30 years include rubber, oil palm, coconut, piacava or Bahia 
piassava palm (Attalea.iinIfera), black pepper (Piper nigrum), clove (Syzygium 
aronmaticum), and more recently, coffee and guarana (Paullinia cupana). In 
some places, small areas have also been planted with papaya (Carica papaya), 
vanilla (Vanilla p/am//bia), cardamom (Elettaria cardamomum), nutmeg 
(A!vristica r'agritms), patchouli (Pogosteion cablin), passion fruit (Passiflora 
eth/is), peach palm (Bactris gasipaes), allspice (Pinenta dioica) and mangos
teen (Garcinia inangostana). Although most of the areas planted with major 
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plantation crops such as rubber, oil palm and coconuts are in monoculture, 
crop combinations have been adopted in some instances. The factors that 
favour such crop combinations are: 

- Ecological requirements of some species like clove, cardamom, vanilla and 
nutmeg which necessitate provision of shade at least during their early 
stages of growth; and 

- The advantages of crop combinations and multiple land use are clear to the 
local farmers from the experience of cacao cultivation (under shade). 

Combinations of these diffeient crops, with cacao as one of the components 
in most, if not all, of them. present a multilayer pattern of canopy admixture, 
and it is often difficult to distinguish them according to their species composi
tion. However, based on the predominant cash-crop component involved, 
three different sub-systems can be identified, namely, multiple cropping sys
trins with clove, rubber and coconut as the major component:. 

3. Multiple cropping with clove 

The clove tree (Svzygiun aromaticum) is being established large scale inon a 
the region; over 5,000 ha have already been planted with clove in the past 25 
years, 50% of which are already bearing. Clove is usually established under 
the shade of food crops, most commonly cassava or in combination with 
black pepper (Piper nigrum). 

3. I. Clove with black pepper 

Clove is planted at 8 x 8 m or 10 x 10 m spacing in an already established
 
stand of black pepper at 2 x 2 
m or 2.5 x 2.5 m. The pepper vines, trailed
 
on to wooden posts, provide lateral shade 
to young clove trees and protect 
them against wind. The pepper plant is usually affected by a disease suppos
edly caused nematodes fungi, that die 4-6by and so they in years after 
planting. However, within this short period, it yields heavily providing cash 
b.nefits to the farmers when cloves are still not yielding. The cloves benefit by
the heavy fertilization given to the pepper, and they start bearing from the 
sixth ye,- so that continuity of cash income is maintained after the decline of 
the t--, . 

Three main problems are encountered in this crop combination: 

-- Under the usual management given to pepper, which involves frequent 
weeding, the soil is seriously exposed to erosion; 
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The large number of wooden (dead) posts required to support pepper
 
makes pepper cultivation very expensive;
 
Following the removal of the dead pepper and posts, weeding of inter-row
 
spaces becomes necessary, which exposes the soil under cloves.
 

Leguminous live posts have been tried as support for pepper so as to offer 
better soil protection, improve soil fertility and reduce establishment and 
weeding costs. Er'thrina ./iisca, Gliricidia sepiun and Leucaena leucocephala 
have been found very successful. These voody species are lopped periodically 
to provide more light to the pepper and the loppings are applied as mulch to 
the pepper. Experiments are in progress in whichi herbaceous crops such as 
cowpea and pineapple are also being tried in between rows of these legumi
nous live posts (Fig. 30.2). Sc far the results have been successful. 

3.2. Cacao after pepper in clove stands 

Some farmers plant cacao after the removal of pepper in order to avoid 
erosion-prone bare interspaces between cloves. But this would necessitate 
frequent pruning of cacao branches so as to minimize overlapping of cacao 
and clove canopies (that can lead to inflorescence deformation in cloves). 

Fig. 30.2 Experimental plot showing crop diversification and mixed cropping in south-cast 
Bahia. The picture shows a combination of Leucaena h'ucocephala and Pejibaye palm as the 
woody components with various agricultural species. (Photo: P.K.R. Nair.) 
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Another possible component in this scheme would be cinnamon (Cinnano
mum zevllanicun), the stems of which need to be periodically removed to 
obtain the bark, which is its main econbmic product. 

3.3. Some production datafrom farmners' plots 

In "Sitio Jurema", located near Ubaitaba, clove was planted 8 m apart in a 5
ha plot in 1973, initially under the shade of cassava. After two years, cassava 
was replaced by oranges, and when the cloves started giving too much shade 
for the oranges, they were removed and cacao was established irregularly in
the clove inter-rows. Figure 30.3 is a 1983 photograph of the farm. Only cacao
plants are fertilized in this combination. In 1982, the nine-year-old clove
plants yielded an average of 3 kg dry cloves per plant. By 1984, the average

yield went up to 5 kg/plant, and cacao, which was 
 then seven years old,
produced .600 kg (dry beans) per hectare. The market price (1984) was the
equivalent of US$ 4/kg of cloves and US$ 1.6/kg of cacao beans (these being
the prices paid to the farmer).

Jn some other farms in the region, nine-year-old cloves are interplanted with
coffee and chillies (Capsicum spp.). There are also mixed plantings of clove
and coconut. Since coconuts cast little shade when they are over 30 years old
(Nair 1979), this kind of permanent mixed cropping will possibly result
realizing the full yield potential of both the species. "Fazenda 

in 
Boa Esperanca"

in Valenca and "Fazenda Auxiliadora" near Taperoa are two of the most
organized and apparently remunerative examples of multiple systems 

PVI
10'r 
Fig. 30.3. Crop combination involving mainly clove (ten , rs old) and cacao (six years old) in a private farm near Ubaitaba, south-cast Bahia. Other crops such as black pepper, coffee andpapaya, as well as the leaves of a coconut palm on the border, can also be seen in the picture.
(Photo: P.K.R. Nair.) 
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with clove. In the former, cloves planted at 7.5 x 7.5 m spacing are inter
planted with passion fruit, papaya and coffee. Data on the yield and other 
growth parameters are, however, not available as the owner is too reserved to 
divulge such information to outsiders. "Fazenda Auxiliadora" consists of a 
4-ha plot of clove 'n multistoreyed combination with Pejibaye or peach palm 
(Baciris gasipaes), papaya, coffee, patchouli, cardamom and vanilla. Figure 
30.4 is the schematic arrangement of different crops, and Fig. 30.5 is a 
photograph of a section of the farm showing patchouli, vanilla, pejibaye, 
cardamom and coffee with clove trees. 

The cloves were planted 8 m apart in 1974. Vanilla cuttings are trailed on 
to dead wooden posts as well as pruned coffee plants. Shade-tolerant species 
like patchouli and cardamom form the lower storey of this crop mix. As a 
consequence of this intimate plant association, weed growth is almost totally 
suppressed. Vegetables and other food crops are grown in an adjacent area 
along with coffee, cardamom, patchouli and vanilla. Pigs reared in a separate 
site and fed with crop wastes provide organic manure that is added to the soil. 
Chemical fertilizers are given only to coffee, patchouli apd papaya, but the 
quantities given were not disclosed by the farmer. Patchouli, harvested once 
every three months, yielded about 3 kg of commercial product (fresh leaves 
and stem) per metre row length; yield of clove was 937 kg/ha of the mixed 
garden. Yield data for cardamom and vanilla were not disclosed by the 
farmer. Patchouli was sold at the equivalent of US$ 0.5 per kg of fresh 
produce, vanilla S 80/kg and cardamom $ 20/kg. 
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Fig. 30.4. Schematic arrangements of the various components of crop combinations with clove at 
the "Fa enda Auxiliadora" in Taperoa. south-east Bahia. (A) with peach palm, coffee, papaya, 
beans and patchouli: (B) with peach palm, coffee, papaya, cardamom and vanilla on wooden 
posts; (1C)with patchouli and vanilla on wooden posts and on coffee. 
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I 3 i 

F .. 30.6. Inlerplanting of Cto in mature (20-year-old) stands of rubber trees. (Photo: R. 
Akixi.) 

management. The yield of rubber trees in the mixture is also comparable to, 
if'not better than, that of trees in pure stands. The rubber trees in the mixture 
benefit from reduced weed competition as well as from the fertilizer applica
tion and other aspects of cacao managemert.
 

Because of the dense canopy of rubber 
 trees and the convenience of 
management, commercial rubber plantations always consist of sole-crop 
stands (except for the legume cover crops). Until recently, crop combinations 
with rubber were even considered not feasible (Hardy 1961). However, 
intercropping with rubber is a usual practice in smailholdings, and research 
efforts are now tinder way in Mflaysia and other rubber-growing countries to 
improv c this practice (Pushparajah and Weng 1970; Wan Embong 1976). 
Crop combinations with rubber se:em particularly suit.ble in Bahia conditions 
whcre rubber trees are usually severely defoliated (in addition to their natural 
leaf' shedding) by' fungal diseases and insect damage. Improved clones of 
rubber having a synchronous leaf-fall pattern will be more suitable for this 
crop combination. 

New rubber plantations are now being est.blished in the flat lands ("Tab
tdeiro.) of souh-east Bahia as a consequence of the subsidy and credit 
schemes implemented by the Brazilian Government. In these areas, especially 
near market outlets, the farmers interplant a variety of food crops and 
vegetables with young rubber trees, and most of the field operations are 
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Table 30.1. Average yields of cacao and rubber in south-cast Bahia. 

Cacao Rubber 
kg dry beans/ha kg dry rubber/ha 

I. Pure stands 
(a) General level 650 600 

(conventional farming 
practices; unregulated 

(b) 
shade for cacao)
Improved management 1,000 1,200 
(cacao under moderate 
shade, usually Erdthrina 

(c) 
trees 18 rn apart)
Experimnint station yields 2,500 2,000 

2. Atixed stand o "rubber aui cacao 645 588 
cacao 4 10 years old 
(average of data from several 
farms) (range 195--1,155) (range 488--671) 

mechanized. However, the choice of intercrops with rubber is rather limited in
the hilly areas nearer the traditional cacao producing areas which have few
possibilities for mechanization. Local practices by some farmers indicate the
suitability of some intercrops for these areas. For example, on relatively poor
soils in Una, aqai palms (Euterpe oleracea), planted at 3.5 m x I m spacing
under old rubber trees, yielded commercially valuable hearts of palms (2.5 cm
in diameter and weighing 400 g per plant) four years after planting, even
without addition of any fertilizers. Moreover, the palms suppressed weed
growth after they were about 30 months old. Another potentially promising
crop mixture in the region is a combination of black pepper and patchouli
between the rows of young rubber trees. However, this combination needs
considerably higher levels of inputs and management attention than in the 
case of aqai palms. Old rubber stands are also being interplanted with guarana
(Paillinia cupana), but yields are considerably lower than in pure (unshaded)
stands. Passion fruit (Passiflora spp.) is another cash crop that is being
popularized thanks to the establishment of passion-fruit juice industries.
Sometimes rubber and mangosteen (Garcinia mangoslana) are planted between 
rows of passion-fruit vines. 

5. Mutiple cropping with coconuts 

There is very little to report on mixed or multiple cropping with coconuts in
Bahia, mainly because productive coconut areas in the region are found
almost entirely in marginal sandy soils along the coast. Recent plantings on 
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better soils are still too young for the introduction of shade-tolerant species 
like cacao under the palms. Scattered farms, however, are found where 
coconuts have been underplanted with guarana, black pepper and, on a small 
farm on the coast, with cashew, similar to the practices in areas further north 
in the Northeast Region (Johnson and Nair 1985; Chapter 28). 

Mixed coconut and guarana is an interesting combination in view of the 
yields obtained from both crops and the reduced costs of weeding. Some small 
farmers are underplanting single or double rows of guarana spaced 4 or 5 m 
in the row when the coconuts are 3-5 years old. 

6. Evaluation and research needs 

The crop combination systems described here have several advantages in the 
agricultural and socio-economic context of south-east Bahia. As discussed by 
Nair ( 1979, 1984), crop diversification systems can make more efficient use of 
labour and equipment over a calendar year or other relevant time span, reduce 
the cost of weeding that would be required in sole-crop stands, make 
complementary (and thus more efficient) use of sril-fertility resources, reduce 
erosion hazards and increase the land's total productivity on a sustained basis. 
Socio-economic advantages lie not only in increasing the overall productivity 
but also in avoiding over-reliance on a single commodity and the other risks 
of monocultural cropping. Some of the additional crops that are being tried or 
are potentially feasible (e.g. various species and medicinal plants) have a 
strong international market, whereas the various fruits and vegetables enjoy 
high demand within the country. Environmentally also, crop mixtures are 
preferred over monocultures (Nair 1982). 

The feasibility of expanding crop combinations with various tree crops is 
evident from the success attained by the few farmers who adopt these 
practices, as already cited. Among the three tree crops examined here, crop 
combinations are most popular with clove and least with coconuts. However, 
this is possibly a reflection of the soil conditions under which these crops grow 
and the managerial skill of the farmers involved rather than the suitability or 
amenability of the particular tree crops for intercropping. Morphologically, 
among these three crops, rubber, which has a dense canopy that easily closes, 
is the least suitable for intercropping and coconut the most. Because of the 
high proportion of light reaching the plantation floor during the early and late 
stages of coconut's growth, intercropping with coconuts is particularly feasible 
during these periods (Nair 1979). Weed competition in monoculture stands of 
coconuts is a serious problem, but it can be overcome to some extent through 
intercropping. Livestock, such as sheep feeding on food-crop wastes or 
grazing on interplanted cover crops, could also keep the growth of weeds in 
check. Such crop-diversification practices and animal integration with coconut 
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palms are popular in several other countries (Nair 1983; Liyanage et al. 1984),
and even in the northern parts of Northeast Brazil (Johnson and Nair 1985).
Failure to expand these promising pr'etices to the desirable extent in south
east Bahia can be ascribed to the Lck of suflicient technical and scientific 
know-how on the subject. 

Obviously a great deal of research and development effort ne,:ds to be
devoted to the realization of the full potential of these systems. As already
mentioned. there are qJite a few examples of very promising crop mixtures
with cloves. But the practitioners of these systems would not divulge informa
tion on the agronomic management and production particulars of their farms.With some tactful persuasion, however, these details can be gathered and
could form the basis For further studies on improvement of the alread,
existing systems on the one hand, and for extension of the method to other
potential areas theon other. in the case of intercropping with coconuts, a
great deal of research information is already available from elsewhere (Nair
1979, 1983, 1984), which could be tried extensively in the region. The main
tasks in popularizing these practices Would be the choice of appropriate
intercrops, deciding their agronomic requirements, training the traditional 
monoculturist farn:,i s in [lie management and processing of several crops,
and ensuring the marketability of the various products.

In addition to the three main crops listed here, a large number of other 
crops can also be combined with cacao. An excellent illustration of this
possibility is the complex system of agroforestry combination being practised
%cry successfully by farmers of Japanese origin in T"om6 Aqu near Belem inPara State of' Brazil An inventory of the commonly cultivated plants in these
mixed systems li'its 32 specie:; ranging from the tall Brazil nut tiee (Berholletia
e.vCeLva) to herbace)us crops like rice and soyabean in various types
intimate plant association ( EMBRAPA 

of 
1982). Several Brazilian agencies such 

as EMBRA.A (the Brazilian National Council for Agricultural Research),

CEPLAC (ExecutivC Commission 
 for the Development of Cacao) and others
 
are now 
undertaking such perennial-crop combination experiments in various 
parts of the country.


These crop-combination 
 systems are, understandably, more demanding
than monocultures not only in terms of labour and capital but also technical
and managerial skills. Care and management of a large number of crops
where one or two grew before involves considerable amounts of technical
knowledge and competence. Processing the various products and their market
ing can also pose serious problems. Lack of possibilit es for mechanization of
various farm operations is another issue that is often cited as a disincentive 
crop-combination schemes, 

to 
so that the feasibility of' such practices is seen asbeing confined to small-scale farmers who usually undertake most of their

farm operations manually. Nevertheless, the agronomic, socio-economic and
environmental advantages of' the systems are so vivid and appealing that they 
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are potentially very suitable for the traditional smallholder cacao-production 
areas of south-east Bahia (and possibly other such areas). Researchers ana 
development experts need to be encouraged to give more attention to sur
mounting the technical and operational constraints in popularizing these 
systernl S. 
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31. Promising agroforestry systems in Venezuela* 
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Abstract. The main agroforestry systems in Venezuela are the nimltispecies 
plant associations in the integrated coffee production system and the silvopas
toral system. This paper describes the functional and structural aspects of 
these systems. The multi-layered coffee production systems are practised 
mainly in the moist pre-montane forest of the Andes region, but are also 
found in other areas of the country. Various tree species are used for shade 
and as fences in big coffee plantations, whereas in small units with a 
traditional production pattern, coffee is planted along with many other 
species, often constituting a 3-4 layer canopy. Available data are presented on 
the production a; well as some socio-economic aspects. 

The silvopastoral systems are found in the tropical dry forest (savannas) 
andtinthe very dry tropical forest of the semi-:w.rid zones of the country. A 
large number of trees ;.nd shrubs are found in these pastoral areas where they 
play both productive (fodder and feed) and service (shelter) roles. 

Although both these systems are practised over large areas of the country, 
practically no research has been done to improve them. In order to strengthen 
national capability to undertake such research, international support in the 
lorm of cash as well as technical advice is needed. 

I. Introduction 

The Republic of Venezuela is located between 0 40' and 12"28'N and 60) and 
73 30' W. It is bounded by the Caribbean Sea and the Atlantic Ocean to the 
north, Gu.5 ana to the east, r "azil to the south and Colombia to the south-west 
and west. The physical relief varies from the level topography of the plains to 
the peaks of the Andes. About 20% of the area falls within the .. mazon basin. 
Three broad geographical regions can be discerned: 

The coastal mountain region reaching a height of 5,030 m a.s.l.; 
The plains tip to 300 in a.s.l.; and 
The "forest" region up to 2,500 m a.s.l. 

* Originally published in .Agru(lirstrYSvstemns 3: 209 221 (1985). 
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The coastal mountain range that represents only 3% of the national 
territory contains the greatest concentration of people. The plains occupy
approximately a third of the country's territory, extending about 1,300 km 
from the mouth of the Orinoco River to the foothills of the Andes and varying
in width from 100 km in the east to 400 km in the west. About half of 
Venezuela is cevered with forests of various kinds. A little less than half of the 
area is under the "Llanos" (savanna) with wild grass, though much of this is 
used for occa.ional grazing. Only about 6% of the area, mostly in the valleys
3f the Andes and of the coastal ranges, is under permanent cultivation. 

Venezuela has a tropical climate with seasons marked more by differences in 
rainfall than in temperature. There is an enormous vi:"iation in rainfall, 
ranging from 125 aim to over 4,000 mm per annum depending on location,
altitude and aspect. Average annual temperatures vary from 28 C at sea level 
to 18 C at 1,600 in a.s.l. (10.3 at Mucuchies in the Andes at 2,980 imlas.l.).

In Venezuela agroforestry systems exist in many ecological regions of the 
country. In the semi-arid environments, trees have a special role as fodder. In 
the tropical moist forest of the humid environments, timber trees are very
important ;vhere they are used as shade inthe coffee/cacao plantations. In the 
highlands, trees are used in pastures: a typical example being "'aliso'"(Alnus
Jorullt'nsis) which is very important in supplying shade, fodder and fuelwood 
to the small fairmer and his animals. A map of Venezuela showing the major 
ecozones and the spread of major agroforestry systems is given Fig. 31.1.as 

Most of these agroforestry systems have developed empirically within the 
limitations of the natural environment, and they need to be improved to make 
them mor,"eflicient. As a basis for initiating such improvements, this paper
aims at describing and evaluating the two most prominent agroforestry
syitems in Venezuela, namely, trees in perennial cash-crop systems and 
silvopastoral systems. 

2. Trees in perennial cash-crop systems 

Perennial cash crops such as coffee and cacao have been very important in the
 
Venezuelan economy for a long time. In the last few centuries, large-scale
 
coffee plantations were established traditional farmingunder techniques,
mainly in the Andes region. Today, it is the largest coffee producing area 
representing 57% of the total coffee production in the country. 

2. I. Generaldescription of the area 

The area is located in the Andes mountains of Venezuela, made up mainly of 
the States of Tachira, Merida and Trujillo, and the northern parts of Barinas 
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State. The total area under cultivation in this region is about 120,000 ha, 
which represents 43% of the national total under coffee production (Fig. 
31. 1). Lara, Portuguesa, Auzoategui and Sucre are the other important coffee 
producing States. 

The coffee production system is mainly located in the area classified as 
"Premontane moist forest" according to HoldlidgCs classification (Ewel et al. 
1976). The average Mnual rainfall (RF) rang-.s f~om 1,000 to 2,000 mm and 
the average annual temperature ;s 18 24 C, with potential evapotranspiration 
(PEF) of 1,100 12,000 mm per year and PET/RF ratios of 0.5 to 1.0. There 
is a dry season of 2- 5 months duration from January to April, and the rainy 
season lasts for 7 9 months from May to December. Other climatic character
istics of the area arc: eact wind velocity - 8 kin/h; average relative humidity 

76 84%. 
The soils of the area are mainly light in texture, shallow and stony 

(sometimes rocky) with slightly acidic to slightly alkaline reacticn. Erosion is 
light to moderate: the topography is variable, slopes range from 5 to 20%, but 
there are also places with steeper slopes of 40-60%. Slope is the nain limiting 
factor for using the land for agricultural systems other than coffee production. 

The other main agricultural systems of the area include: 

Pasture/cattle grazing - small farms in which grass productivity is low; with 
increasing erosion problems in areas with steep slopes; 
Shifting cultivation - smallholdings of 2-3 ha area are deforested to 
establish monocrops of subsistence crops such as maize, beans or cassava, 
but the yields decrease over time. 

In steep areas in the State of Trujillo, there are some primary forests which 
have a three-to-four-layer canopy stratification. Frequently the highest layers 
reach 40-50 i in height. Some of the main species are "ceiba" -- Ceiba 
lentaldh'a ( Bombacaceae), "muco" -- Co,:roupita guianensis (Lecythidaceae),
"sarrapia" -- Coumarounia punctata (Papilionoideae), and "carapa" - Carapa 
gttianensis (Meliaceac). Secondary forest consists of two layers, with domi
nance of leguminous trees; among them are "roble" - Plai-,miscitam 
polvstachtun and "drago" - SamnaneaPterocarpus podocarpus,and "saman" 
sanan. The non-leguminous tree species include "vera" - Bulesia arborea 
(Zygophyllaceae), -rmijao" -- Anacardium excelsum (Anacardiaceae) and "In
dio desnudo" - Bursera sinaruha (Burseraceae). 

2.2. Structure at the system 

Coffee (Coka spp.) is usually grown under trees that provide shade and 
fuelwood. Most of the big farmers use Inga spp. and Erythrina spp. as shade 
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trees. A large percentage of the farmers also use living trees as fences around 
coffee fa rms; the most common species so used are Inga spp., Ervthrina 
glauca, Ervthrin, poepphaqhia and S.|'-rgium naaccense ( Myrtaceae). Figures
31.2 and 31.3 show some of the typical coffee production units under the 
shade of various tree species. 

lu'.31.2. Coffee under the shade of "Bucare" (E.vthrina poeppigiana). 
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The average yields of coffee in the four main coffee producing states are: 

Tachira 320 965 kg/ha 
Marida 140 370 kg/ha 
Trujillo 215 310 kg/ha, and 
Barinas 140 kg/ha. 

In some exceptional areas or farms, yields of 1 500-2,000 kg/ha are ob
tained. 

The average size of the management unit is 3--5 ha. In most of the 
production areas the range is from 0.5 ha to 100 ha; however, 90% of the 
production units are less than 10 ha. 

An estimated 55,000 people are directly involved in and supported by the 
system. Most farms (over 700) are owner cultivated. Other socio-economic 
features include a population growth rate of 2.8% per annum, an unemploy
ment rate of 7 10%, and an estimated migration rate of 1.2% of the 
population leaving the region every year. 

Marketing facilities are poor to fair; the small farmers who i'epresent a large 
percentage of the producers have to sell their produce to intermediaries for 
lower prices. The remoteness of the area of production and the lack of good 
roads are the major bottlenecks. 

Since 1936 there has been a programme to improve the traditional coffee 
farms by which farmers were given credit facilities and other forms of help. In 
the last 15 years. 20% of the area under coffee has been renewed or improved. 
The farms so improved have an average size of 4.6 ha. In general, it can be 
said that the programme is successful. 

2 3. System dynamics and erahtion 

The coffee production system was the mainstay of the Venezuelan economy 
until the beginning of the twentieth century. Since the oil economy started 
to grow, agricultura! activities in Venezuela have declined coffeeand has 
been no exception; big farms have disappeared and many became old planta
tions with low productivity. However, the system is still efficient and profitable
in sonic places where technical advice is available and better technology 
adopted. 

In the traditional diversified production system of the smallholdings, the 
farmers also get various other products such as fruits (bananas, avocados, 
oranges, inga fruits), timber, fuelwood, etc., which are used for home con
sumption and/or sale. Quantitative information on the production of these 
subsidiary products is not available. 

This integrated production system enables the small farmer to meet many
necessities of daily life from his own and to obtain income.farm cash 
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Ecologically, also, the system is a sound one. It has good potential in 
Venezuela. The country has 50,210 km2 of premontane moist foreEt, represent
ing 5.52% of the national area (Ewel et al. 1976). Shifting cultiation is the 
major land-use system in most of these areas. With proper planning and 
sound technical assistance it will be possible to bring thousands of hectares of 
these premontane forest lands under coffee production according to the 
agroforestry approach. This will provide thousands of small farmers with a 
sound and adoptable alternative to resource-depleting and under-productive 
shifting cultivation. 

Concerted efforts are needed on the research side to improve the system.
Some experimental stations such as "El Laurel- (Central University of
Venezuela) and "'Bramon" (National Fund of Agricultural and Livestock 
Research), and a few others, are currently undertaking research in coffee 
production systems. But most of this research is on coffee varietal production
with very little on shade trees or other associated species. Future efforts should 
concentrate oniall aspects of the interrelationships among the different compo
nents in order to improve the overall productivity of the system. 

3. Silvopastoral systems 

The main livestock-raising areas of the country are located in the savannas 
("Llanos"), a region classified as "tropical dry forest" according to 
Holdridge's classification. The tropical dry forest, with a total area of 342,660
km2 is the most extensive life zone of the country. This includes about 90% of 
the savannas, which represents around 20 million hectares. Other important
regions of animal production are located at the southern parts of the 
Maracaibo Lake (Zulia State), and many fertile valleys and small plains in 
different zones of the country. In all these pasture lands several species of trees 
pla an important role providing the animals with not only shade and shelter 
but also feed (foliage and fruits). At times the fruit are even more valuable
 
than foliage due to their high protein content.
 

.I. General description of the area 

General climatic conditions of the area are as follows: altitude: 0-1,000 m 
above sea level; average annual rainfall: 1,000-1,800 mm; average annual 
temperature: 22 -29 C; the rainfall is almost always lower than the annual 
potential evapotranspiration with PET/RF ratios ranging from 1.0 to 2.0; 
there are four to six months of' severe drought (Ewel et al. 1976).


This zone consists mainly of the big plains of the 
savannas. The soil types 
vary greatly: they are mostly acid laterites, but there are also very recent 
alluvial soils, for example in some valkys of the northern rivers. 
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Vegetation
 

Floristically the tropical dry forest is an extensive formation threewith 
distinct vegetation forms: primary forest or climax vegetation, secondary 
forest and savanna. The climax vegetation preduces high-value timber and is 
found on the afluvial soils in the north of Barinas State and the central parts 
of Portutgucsa State. The climax forest has three layers. up to 35 m in height; 
most of the species are deciduous, with a high vertical density. In alluvial soils 
some trees have a breast-height diameter ( DBH) of 150 cm and a basal area 

2of llore th-ti100 m per ha ( Ewel etial. 1976). The dominant species of trees 
inuclude caob;a", Swic'tenia nacrophylla ( Meiiaceae); "ccdro amargo", Ce
(h'cla od rati (Mleiacea i); "apaniate", Tahehuia pentaphylha ( Bignoniaceae); 
"Leieado"..A.stronitlm .ren'ol'nas (Anacardiaceae); "betun'", Calicophlhv//n 
.aldidissirnt1n( Rtubiaceae); "trompillo", Guarea trichiliothes ( Meliaceae) and 

..palo de norit", C'hlorophora tinctoria (Moraceau). 
The secondary f'rest:: are mole common than the climax forest; they are the 

result of '(rest exploitation or fires, but morc frequently are the consequence 
of intensive agricullural activity, which is why the soils have eroded and lost 
fertilitN. Depending on the age of development, these forests can have one, 
two or three layers; some trees reach 30 n1 in height. Most of' the species are 
decidtuou:;. Frees with a wide canopy are typical in this formation, such as 
"sanan" . SSoinlle' llcmllam; "'capaiba",Copal'erao/icinalis, and "caro", En
tro/ohiun, cvCh Warp:UM, which are all legumes. Saman is widely used as shade, 
shelter or for the pods which have a crude protein content of about 15% 
(Armas and ('hicco 1978: French and Chaparro 1963). It is generally found in 
places with good alluvial soils, high fertility and good drainage; it is very 
common in the savannas and valleys of Aiagua,Carabobo, Yaracuy, Miranda 
and Anzoategui States, and in the soutn-eastern part of the Maracaibo Lake. 
Figure 31.4 shows saman trees over pastures in Aragua valley. 

Other common tree species in the secondary forest are "yagrumo", Cecropia 
pltata ( Moraceae), "jobo". Spon/ia moinhin (A nacardiaceae); "ceiba", CeibaJ 
pcntunh'a ( Bor bacaceae): "'camoruco", Sterculia apetala (Sterculiaceae);
guacimo", Guaun(, uhnfilia (Sterculiaceae); "roble", Platvrmisciunm 

)ly/VstaIchum (Leguminosae); -'indio dcsnudo", ihursera sinaruha (Burser
accac): and -'habillo". ttura crepitans (Euphorbiaceae). 

The third type of vegetation common in tropical dry forest is the savannas. 
There are three types of savanna, one dominated by Trachypogcn spp., the 
second by I'aspa/un isciularm, and the third has a mixture of numerous 
graminaceous species. The first two are characterized by the floristic composi
tion and the third by topography and drainage. The savannas are usually 
burned each year and only a few species of trees survive the fire, such as 
tie -'curata", Curatel/a americana, "'alcornogue", Bo dichia rirgilohide,
"chaparro", B.rsonima crassilia and "carne asada" Roupala complicua. 
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Tahle 31.1.L Crude protein values of fruits and seeds of some trees and shrubs of the cattle region 
of Venezuela. 

Common (local) name Scientific name CP (%) 

Caro Enterolobium c clocarpum 19.50 
Jabillo H1ura crepitans 19.12 
Cuji blanco Prosopis juliflora 19.10-15.18 
Tianio Acacia glooerosa 14.40 
Saman, Lara Samanea saman 13.54 
Cuji negro Propanax Jlexuova i3.30 
Iliguera Ficus carica 13.20 
Guatacaro Beureria cumanensi 12.20 
Palo blanco Casearia decandra 11.63 
Canalistola Cassia moschata 9.99 
Guacimo Guazania uhnifolia 6.69-8.84 
Algarrobo H'menaea courharit 8.8 
Tamarindo Tanarindus indica 7.26 
Mercy Anacarditon occidentale 6.85 
Corozo .lcrocontascherocarpa 4.32 

Source: French and Chaparro (1963). 

Potential evapotranspiration is 1,800 mm, which is 4-8 times greater than 
precipitation, with nine very dry months per year. The soils belong to the large 
group of Aridiscols, and are highly eroded. However, the soils of the Tocuyo
and Baragua valleys in Lara State are alluvial and more suitable for agricul
tural activity. The most common species are trees that belong to the Cercid
int, Prosopis, Piteclohitun and Capparis genera. Some species seem to have 
been eliminated by goat overgrazing which is the main land use of the zone. 
The most representative species of the vegetation are "yabo", Cercidium 
praccox (Leguminosae), "yacure", Pithecolobium unguiscati (Leguminosac),
"guasabara", Opuntia carihaea (Caclaceae), and "olivo", Capparis odoratis
sinta (Capparidaceae). The average number of trees is 2A per ha with more 
than 20 cm DBH and an average height of 4.9 m. The inhabitants of the zone 
use some species as fuelwood and for the production of charcoal and tannin. 
Some cactaceous fruits. such as the frtitf3 of "carden de dato", Lemairecereus 
griseus, are eaten by people and goats (Ewel el al. 1976).

The very dry forest zone covers 26,630 kiM2, mostly in the northern part of 
the country in the Falcon, Zulia and Anzoategui States. Its main climatic 
characteristics are an altitudinal range of 0-600 m above sea level; average
rainfall 500-1,000 mm; average annual temperature 24-29°C, and potential 
evapotranspiration 1,600 mm. Because of the relatively high intensity of 
precipitation, soil erosion is a common problem. There are only five months 
of effective moisture, from July to November. The soil belongs to the large soil 
groups "red chestnut" and "desertic". In some places the climax vegetation
has two layers 8-18 m high, the most representative trees being "gatillo", 
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Capparis linearis (Capparidacea), "vera", Buhiwsia arhorea (Zygophyllaceae),
and others of the genera P/atvnisjhm, Pitheclohhitan and Tahehia. Thesecondary vegetation in this zone takes a long time to develop a closed canopy
because of four factors, namely fire, goat grazing, erosion and the selectiveexploitation of some species for fuelwood and posts. The erosion problem isclosely related to fire and goat overgrazing. The main land use of the area issilvopastoralisni for goats, sheep and beef cattle. Forestry products are alsoobtained: the main timber species include "'vera", Bultnesia arhorea;"granadillo", (a'salpnia granadillo; and "roble", Ph1*vmiscint pinnatm;
whereas "cuji', Prosopisjuliw.,ra, Popmna.v sp., "Curari', Tahehuia hillhergii
and Ta/uhuja srratlh)raare the preferred fuelwood species. From the re
search carried out in the semi-arid zones of L.ara and Falcon States (Garcia etal. 1981; Garcia and Bravo 1981), it has been reported tht there exist a good
number of species with a high nutritional value (see Tables 31.2 and 31.3).However, the main problem is their availability because 91'% of the species arearboreal so that the ainimals must wait until the fruits, leaves and flowers fall.It has alk;o been observed that some species are fast approaching extinction as:aconsequence of goat grazing. In course of time the dominant, if not thesurviving, species will be the thorny and less palatable ones (e.g., "tuna decabra" Opuntia .chumnannii, which is very thorny, and "carcanapire" Croton 
rhan'll'/ius,which is highly toxic to animals). 

3.3. Etahation 

The principal merit of the presence of trees and shrubs in the savannas andsemi-arid zones is that the animals can feed on their leaves, fruit and flowers 

Tahh 31.2 Crude and digestible protein values of dilerent parts of somne species consumed bygoats in the senii-ari zones of Falcon State. 

Common (local) Scientilic name Part of CP % DP% narme 
plant 

Yabo ('ercidium prvccox Flowers 27.6 23.06Olivo Caplaris dor'atissinta Leaves j,.3 11.74Vera Buhiwsjo ar,,r,,a Leaves 8.8 4.24Dividive (CuesalpiItia cariaria Leaves 12.5 1.94Cuajaro ('or 'ntaia Leaves 15.1 10.04Curari Tahbsia hillttgii Leaves 18.1 13.54Caudero Mimosa tcn'lilora Pods 15.8 11.24Cardon de dato Lemaireceretis gri.seus Bark 7.7 -Yacure Pilhecohbjiun onguiati Leaves 17.4Jebe Lonchocarpus atropurpurus 
12.84 

Leaves 21.0 16.44Cuji Prosopis.uli/tora Pods 10.8 6.24 

Source: Garcia et al. (1981 
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Ta/hh/ 3/.3. Crude protein content of plant parts of some species consumed by goats in the 
semi-arid zones of Lara State. 

Common (Local) Scientific name 	 Part of plant CP % 

Vera BuIwsia arborea 	 Leaves 15.6
 

Fruits 22.2
 
Platanico Cassia fruticosa Leaves 17.9
 
Yabo Cercdiumn praecoX Flowers 30.0
 
Curari Tahehila /illhergii Fruits 17.1
 

Flowers 24.5
 
Leaves 15.0
 

Cauderr, Minosa tenuillora Pods 22.A
 
Olivo Capparis odoratissitna Leaves 24.5
 
Yacure Pithecolohbun unguiscali Leaves 17.2
 

Source: Garcia and Bravo (198 1). 

in times of scarcity of pasture or forage. In arid and semi-arid zones, forage 
trees and shrubs practically sustain the few cattle in the area in the virtual 
abseace of pasture or forage. Another important aspect is the availability of 
shade or shelter provided by these trees, which is important in the extreme 
heat in the savanas or in the desert environments. Fortunately, many 
producers and cattle raisers know the advantages provided by these 
trees and shrubs and try to keep them in the pasture areas. However, the 
practice lacks technical knowledge. For example, it has frequently been 
observed that small trees are eliminated in th2 process of pasture mainte
nance. When bush control is carried out with a rotary plough or roller, the 
small trees are cut or broken at the base, thus impeding good natural 
regeneration. Thus, when the large trees die or are cut and removed, the 
density of vegetation diminishes. Moreover, in many regions, the introduc
tion of artificial pastures subst;tuting the natural ones has caused the elimi
nation of many trees on the grounds that their presence is an obstacle to 
pasture maintenance. 

Obviously a great deal of research needs to be undertaken on all these 
aspects. The highest priority is to undertake a general survey in the entire 
country and for each life zone to identify the most important and promising 
species. Following this, more specific work could be started on particular 
species that are good for food and wood supply. Some species such as 
Samanea saman, Gliricidia sepium and Cordia alliodora are already known to 
be valuable in this respect and their usefulness demonstrated in the cattle
grazing zones of the country. Support of international aid agencies and 
technical organizations is needed to strengthen the national capability in this 
regard.
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Part 6
 

Produztive and protective role of agroforestry
 



32. Food-producing trees in agroforestry systems 

P.K.R. NAIR 

Most of the agroforestry practices listed in Chapters 5 and 6 and the systems
described in Parts 3, 4 and 5 are currently being adopted in "agricultural
lands", or in transitional zones between farmlands and forests; but some are 
also in forest lands. The primary function of most of these practices and 
systems is food production, eitner directly (producing edible products) or 
indirectly (facilitating enhanced and/or sustained food production). The role 
and extent of contribution by trees to food production through major 
agrolorestry systems and practices will be examined here. 

1. Homegardens 

The word "homegarden" has been used rather loosely to denote diverse 
practices from growing vegetables behind houses to complex multistoreyed 
systems. Numerous terms have been used by various authors to denote these 
practices. These include, for example, mixed-garden horticulture (Terra 1954),
mixed garden or house garden (Stoler 1975), home-garden (Rainsay and 
Wiersum 1976), Javanese homegarden (Soemarwoto et al. 1976), compound
farm ( Lagemann 1977; Okafor and Fernandes 1987), kitchen garden (Brierley
1985), household garden (Vasey 1985), homestead agroforestry (Nair and 
Sreedharan 1986; Leuschner and Khalique 1987), and so on. Various forms of 
Javanese homegardens dominate in most of the writings on the topic so that 
the Javanese words "pekarangan" and "talun-kebun" are often used inter
changeably with the word homegarden. In an analysis of the structure and 
function of some tropical homegardens, Fernandes and Nair (1986) defined 
homegardens as "land-use practices involving deliberate management of mul
tipurpose trees and shrubs in intimate association with annual and perennial
agricultural crops and invariably livestock within the compounds of individual 
houses, the whole crop-tree-animal unit being intensively managed by family 
labour". 

The Javanese homegardens are usually cited as an excellent example to 
show the diversity and complexity of the structure and function of tropical
homegardens. However, it is important to point out that there are also several 
other types of homegardens in other geographical locations, each with its own 
characteristic feature,. In fact, homegardens can foundbe in almost 
all tropical and sub-'ropical ecozones where subsistence land-use systems 

P.K.R 	Nair (ed.). Agroforestry Systemsin the Iropics. 541-551. 
1989.Kluser Acadenic Puhl:,hers,. l)Drdrecht - Printed in the Netherlands. 
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predominate. The structural compositions of some homegardens have been
presented schematically elsewhere in this book (e.g., Figs. 16.6, 16.7, 20.3 
and 25.4). 

l-lomegardens display many agroforestry concepts: the intimate mix of
diversified agricultural crops and multipurpose trees fulfils most of the fun
damental needs of the local populations, and their multistoreyed configura
tion and high species diversity avoid the environmental deterioration 
commonly associatcd with monocultural production systems. Moreover, they
have been producing sustained yields for centuries in a most re-.f)urce
eflicient way. Thus homegardens are economically efficient, ecologically
sound and biologically sustainable agroforestry systems. According to the
classification of agroforestry systems based theon nature and type of com
ponents (Nair most1985: Chapter 4), homegardens are agrosilvopastoral 
systems consisting of*herbaceous crops, woody perennials and animals; some 
are agrisilvicultural systems consisting of the first two groups of these com
ponents only.
 

As said earlier, homegardens are found 
 in most ecological regions of the
tropics and sub-tropics, but a majority of them are in the lowland humid 
tropics. Similarly, except in (e.g.,some cases the Ka/Fuyo gardens of semi
arid Burkina Fasso and the homegardens in the Pacific Islands), the popula
tion density is gencrally high in most homegarden areas, and the average size
of a homnegarden management unit is less onethan hectare (thus indicating
the subsistence nature ot' the practice). 

Although the choice of species is determined to a large extent by environ
mental and socio-econoinic factors, as well as dietary habits and market
demands of the locality, there is a remarkable similarity with respect to
species composition among differe;it homegardens in "arious places.

A conspicuous character of the woody components of the 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 also combine well-
 biologically and environmcntally - with

other components of the sysiem (Nair 
 1984). While the fruit ttees such as
 
guava, 
 rainbutan, mango and mangosteen, along with other food-producing 
trees such as Morhga sp. and Sesbania grandifora, dominate the Asian
homcgardens, indigenous trees that produce leafy vegetables (Pterocarpus
spp.), fruit for cooking (Dacroydes edu/is), condiment (Pentaclethra
/na:rorhrla),and so on, dominate the West African compound farms. A
schematic presentation of the interactions among the different components of 
homegardens in wasKerala proposed by Nair and Sreedharan (1986) 
(Chapter 10, Fig. 10.2). 

The various food crops from the homegardens may provide a substantial 
proportion of the calorific and nutritive requirement of the local diet.
For example, Terra (1954) and Stoler (1975) reported that the Javanese 
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homegardens provided more than 40% of the total calorific requirement of the 
local farming cornunmies. 

It has also been recognized that homegardens are an important source of
nutrients. Covich and Nickerson (1966) reported that consumption of 100 g
each of A hilkara sapotilla, Persea americana, Manihot esculenta and
Guilicha uwilis grown in Choco Indian dwelling clearings in Darien, Panama, 
was equivalent to approximately I0, 12, 150, 15.5, 31, 25 and 113% of the 
minimum daily requirement of protein, calcium, carotene, thiamine, ri
bofllavin, niacin and ascorbic acid, respectively. Homegardens in villages in 
Lawang, East Java, produced a daily average of 398.4 calories, 22.8 g protein,
16.4 g fat. 185 g carbohydrate, 818.4 mg calcium, 555 mg phosphorus, 14 mg
iron, 8,362 IU vitamin A, 1,181.2 mg vitamin B and 305 mg vitamin C 
(-laryadi 1975). Soenarwoto and co-workers have found that rice fields gave
higher yields of protein and calories than homegtrdens, but more calcium,
vitamin A and vitamin C were obtained from homegardens than from rice 
fields (Socmarwoto 1987). 

Similarly, from a survey of 40 households of the Philippines homegardens,
Sommers (1978) found that nearly all the households could meet the recom
mended daily requirement for Vitamin A, Vitamin C, iron and calcium; over 
half could obtain a sizeable contribution towards their thiamine, riboflavin 
and niacin requirements: and one in four households could meet their protein
and energy requirements with the outputs and resources from the homegar
dens. Okafor (1981) reported from an analysis of the edible parts (fruits,
seeds, nuts) of"some trees in the compound farms in south-eastern Nigeria that 
most of them contained substantial quantities of fat and protein. He found 
that seeds of Ir'ingia gahonensis, nuts of Tetracarpidium conophorum and fruit 
pulp of Dacro rdes euhiis are rich in fat (44-72%), whereas nuts of T. 
conophoruin and Pentac/ethranacropvlacontain large quantities of protein 
(15 47'%,). 

Food production is, thus, the primary function and role of most if not all
 
of the homegardens and a large proportion of the production from homegar
dens is consumed by the gardeners themselves. The Chagga homegardens,
where arabica coffee is the dominant crop, are perhaps the only exception.
Even in that case, the system evolved as a subs.,ierice food production system
and it remained so until coffee was introduced as a, crnmercial component by
the Euronean settlers around the year 1890. However, the system has not lost
its food-production objective because the farmers maintain a careful balance
between coffee and food crops (banana, vegetables and tubers) and swi h 
over from one to the other depending upon the market price of coffee nd 
demand for food. 

Another aspect of the role of food production in homegardens is the 
maintenance of almost continuous production throughout the year. The 
combination of crops with different production cycles and rhythms is such 
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that an uninterrupted supply of food products is maintained. Depending upon
the climate and other environmental factors, there may be some peak and 
slack seasons for harvesting the various products, but in general there is 
something to harvest daily from most homegardens. Most of this production
is for home consumption, but any marketable surplus can provide a safeguard 
against crop failure as well as a security for the interval between the harvests 
of other agricultural crops of the homegardens (rice in Java and Sri Lanka,
coffee and maize in Tanzania, coconut and rice in S.W. India, and so on). All 
these harvesting and other upkeep operations require only a relatively small 
amount of working time from the members of the family. 

2. 	 Multistorey tree gardens 

These are mixed tree plantations consisting of forest species and commercial 
tree crops, forming a forest-like system. As opposed to homegardens, which 
surround individual houses, these tree gardens are usually away from houses, 
and are mostly on communally owned iands surrounding villages which 
consist of a dense cluster of houses, as in andIndonesia (Java Sumatra).
Depending upon the characteristics and conditions of the places where the 
systems are practised, various forms of tree garden systems can be found. 
Most important among these are: 

- tree gardens (kehun or tah) of Java (Wiersum 1982) and agroforest garden 
system of Sumatra (Michon et al. 1986; Chapter '6); 

- compound farms (gardens) of south-eastern Nigeria (Okafor and Fer
nandes 1987; Chapter 25); 

- Kandyan forest gardens of Sri Lanka (Jacob and Alles 1987; Chapter 12); 
- crop combinations with cacao and other plantation crops in south-east 

Bahia, Brazil (Alvim and Nair 1986; Chapter 30). 

Many characteristics and functions of all these tree-gardening systems are 
often similar, although their relative importance may change from one system 
to another. Wiersum (1982) lists the following common characteristics of tree 
gardens:
 

I. 	The tree gardens are characterized by a large variety of mostly multipur
pose plants in various vegetation layers (and sometimes animals, e.g.,
chickens, etc.), which provide for a good utilization of environmental 
factors like water, nutrients and sunlight. This variety ensures a varied 
production of different materials throughout the year. 

2. 	 Most of the systems are dominated by perennial rather than annual crops,
resulting in a relatively high ratio of nutrients stored in the vegetation to 
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those stored in the soil. This ensures an effective nutrient cycle and 
relativell, small leaching and erosion hazard. An effective nutrient status is 
further maintained by the uptake of minerals through deeply rooted 
perennials from deeper soil layers and effective catchment of mineral inputs
by rain and by nitrogen fixation of leguminous species.

3. The tree gardcns are only part-systems: mostly they form a part of a whole 
farm system, which also comprises annually cultivated fields. Normally, the 
latter are used to produce staple, high calorific food stuffs (rice, maize, 
cassava), while the tree gardens are used to produce supplementary prod
ucts with high nutritive Value (proteins, vitamins, minerals), medicinal 
plants and spices, firewood, and sometimes also forage crops and construc
tion wood. 

4. Normally, the tree gardens are used to produce a small, continuous flow of 
these supplemen:ary products for subsistence and a possible small surplus 
for sale to local markets. In time of sudden necessity (unfavourable
climatic conditions or social necessities) higher production and marketing 
levels may be attained. 

5. Although the general cultivation practices are somewhat standardized,
important regional arid individual variations in tree gardens occur. These 
variations occur in response to various factors like climate and soil, as well 
as socio-econonmic conditions. 

The role oi& these tree gardens in food production will depend upon their 
species composition. In general, it is not as significant as that of homegardens.
However, in most tree gardens, fruit trees are important components and are
 
exploited for their fruits. Table 
 16.2 gives a list of common fruit trees in the 
"agroforest tree gardens" of western Sumatra (Mi';non et al. i986; Chapter 16)
arid Table 25.1 gives the food-producing woody species in 'he compound
gardens of' south-eastern Nigeria (Okafor and Fcrnandes 1987; Chapter 25).

In most cases. the important value of the tree gardens is their contribution 
to the general cash economy of the farmers through the sale of various (mostly
non-edible) commercial products. Table 16.3, based on the study of Michon el 
a!. (1986) lists the value of agroforest tree gardens in two villages in Maninjau 
in West Sumatra. 

The tree gardens have potential utility as efficient buffer zones around 
protected forests. It is possible to develop interesting practices and strategies
for integration of forest resources into the tree-garden structure through
incorporation of forest species and protection of natural components. Sinmi
larly, growing cash crops under the canopies of useful trees, similar to the 
system in south-east Bahia, Brazil (Alvim and Nair 1986; Chapter 30) has good
extrapoiatability to many areas, subject to climatic and socio-economic limita
tions. The most significant contribution of tree gardens to food production will,
however, be derived from the exploitation of the vast variety of fruit trees. 
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3. Fruit trees 

Various fruit- and nut-producing trees and shrubs are important components
of many agrolurcstoy systems and they make substantial contributions to the 
dietary needs of' large numbers of people. Examining the biological and 
socio-econoniic attributes of fruit trees and their role in agrofolestry systems,
Nair (1984) noted that while some of these fruit trees are widely distributed 
in different geographical regions (e.g., mango, papaya), some others are 
highly localized and found only in certain specific geographic regions (e.g.,
rambutan - Nepheliuni hIppaceum - in south-east Asia; pejibaye palm -
Bactris gassipaes in Central and South America). Lists of such localized 
fruit trees that occur in tree-garden systems in Sumatra (Indonesia) and 
Nigeria hate been given in Chapters 16 and 25 (Tables 16.2 and 25.1, 
respectively).
 

Although most 
of these fruit trees are also eminent multipurpose species,
they are seldom haivested for non-edible vegetative parts such fuelwood,as 
fodder and green manure (unlike most other woody components of agro
forestry systems). However, fruit trees have a distinct advantage over other 
woody species in that they can Le harvested periodically and/or in a staggered 
manner, and thus be a source of cash income (in addition to food) to the 
farmer. Because of the location specificity o! these socio-economic values and 
benefits and their strong links with the prevailing social habits of the locality,
these values cannot be precisely assessed and expressed in quantitative terms. 

4. Other indigenous food- and fruit-producing trees 

Food- and fruit-producing trees that are commonly found in "managed"
 
agroforestry 
 systems, most of which are included in Table 32.2, have re
ceived sonic - in some cases substantial - attention. But in many developing
countries, rural populations derive a significant part of their food and energy
requirements from indigenous andvarious trees shrubs which are seldom
 
"'cultivated". 
 Many such species occur naturally in forest environments 
which are tinder pressure t( yield land for agriculture. Therefore, the variety 
and value of food and food products that are derived from such trees are 
not often appreciated, nor are any efforts made towards "domestication", 
improvement through breeding and better exploitation of the potential of the 
species. 

Evaluating this situation in Africa, von Maydell (1987) stated that the 
contribution of agroforestry to food production is generally not statisti
cally recorded for a variety of reasons. For example, the significance of the 
phrase "food from trees, shrubs and palms" is not fully understood. These 
sources are important in quantity as well as in quality in being in seasonal 
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complementarity with agricultural crops and animal products and as emer
gency supplies in times of drought, as well as part of the regular diet. The 
latter becomes evident from what is offered at local markets, although this is 
only a small friction of what is consumed overall. Moreover, most of these 
foodstuffs are obtained from "no-man's land", i.e., public lands, free of charge
and usually requin: only a small labour input, mainly by women and children. 
This social aspect of tree food must not be overlooked. 

Potential food production from trees and shrubs in northern Senegal
Ferlo) and northern Kenya (Turkana, Samburu) has been analysed by

Becker (1984). Her results can be summarized as follows: the annual har
vestable production of leaves and fruits amounts to about 150 kg per ha in the 
Saharo-Sahel, 300 kg per ha in the typical Sahel and 600 kg per ha in the 
Sudano-Saiel. This corresponds with the rule of thumb, derived from various 
observations in the West African Sahel, inthat "'normal" ecosystems the 
annual increment of non-woody biomass from trees, shrubs and palms in 
kilograms per hectare roughly equals the average rainfall in millimetres. 
Results from East and West Africa indicate that about 15% of that biomass 
can be classified as edible. Thus, in the above three ecological zones 23, 45 and 
90 kg, respectively, of edible material would be availabie per hectare annually. 
Correlating these figures with population densily of I per sq kin,an average 

and assuming ratio for leaves and
a of 4:1 fruits, 450-1,800 kg of edible 
tree shrub fruit could be utilized per caput. which corresponds to 1.25-5.0 kg 
fruit per adult human being daily. 

In the Ferlo, Senegal, "n inventory of baobab (Adansonia digitata) was 
made in a typical area in a German-Senegalese rural development project. The 
results showed 6,611 baobab trees and 1,200 people lived on 20 sq kin, i.e., 5.5 
trees per caput. The leaves of these trees are intensively used as a green
vegetable and dried as a powder and have a remarkable nutrient content: 100 
g of fresh leaves contain 23 g dry matter, 3.8 g crude protein, 700 mg calcium 
and 50 mug ascorbic acid. They provide 69 calories. Even more valuable is the 
fruit pulp which is rich in vitamin BI and C, and the flour produced from the
 
seeds contains 
 up to 48% protein and 2% vitamin B, on a dry-weight basis. 

This is only one example demonstrating the potential food production of 
woody perennials growing on agricultural and/or pastoral lands in the Sahel. 
From the many species available, merely a fraction used for food, and, inare 
normal times, people tend to be very selective about species, varieties and 
pa, ts consumed. Plants used by one group of people in one region may not be 
accepted by other groups in the same region or the same ethnic group in a 
different region. Moreover, there are pronounced differences in the quality of 
food, depending on varieties or provenances. Adansonia digitatamay again be 
cited as an example. There are trees with soft and tasty leaves and others with 
fibrous and bitter leaves. As no cultivation has been practised with these local 
species, selection and breeding have not yet started but may offer a hitherto 
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unknown potential for improvement., This should be tried with at least 30 
food-tree species in the various parts of dry Africa. 

Recent publications from FAO (FAO/SIDA 1982; FAO 1983a, b, 1984,
1986a, b) have brought out information on various food and fruit-bearing
"forest" species in different parts of the tropics. Some of these are relatively
better known "fruit trees" described in Table 32.2. But the majority of these 
species are quite restricted in their distribution and are virtually unknown 
outside their usual habitat. Since the above-mentioned FAO publications 
cover them in detail, a listing of' these species is not attempted here.
 

Another recent FAO study on "Forest 
 as a Source of Food: India, Malaysia
and Thailand" (FAO 1983a) reports that a large number of species of plants
and animals are uti!ized by forest-dwelling communities a', a sole means of 
sustenance. F-or example, the Jarawas, Sentinelese and the Onges of the 
Andaman Islands and the Kurumbas of Kerala in India still depend entirely 
on wild animals and plants for their food as they have practically no contact 
with the outside world. Depending on the season, they gather tubers, berries, 
leaves and shoots of' a large number of' higher plants, mushrooms, mammals, 
reptiles, fish, birds and honey for their food. 

Additionally there also severalare "emergency food plants" that are not 
usually eaten, but are c.:)nsumed as food at times of natural calamities which 
result in failure of common food crops. These inc'ude: 

(i) rhizomes. tubers and roots; 
(ii) leaves, flower stalks, flowers, 

(iii) fruits and seeds of trees and shrubs; 
(iv) grains of grasses, bamboos and reeds; 
(v) barks and starchy pith of' stems; and 

(vi) resinous and gummy exudates. 

About 150 species, representing nearly one-fifth of the number of species

consumed as food, have been identified as sources of emergency food at times
 
of natural calamities which result in 
 failure of food crops. The kernels of 
,.It'. Sclts indica and Shorea rohusta, and bark of .4cacia arahica, A. letuco
ccpha/la Bomba.v ceiha, Ehretia laer'is and Prenma mucii( are actually
ground into fine flour to make traditional chapati (normally made out of 
wheat or rice flour). The tubers and other underground parts of plants like 

,.i.'aetnta concinnitm, Dioscora spp. easily take the place potatoesof' and 
other tuberous crops. The grains of several species of grasses, particularly
bamboos, contribute to the bulk of the food in such periods of scarcity. The 
earlier-mentioned FAO study (FAO 1983a) lists about 700 such species that 
are used as "emergency food services". Whitmore (1975), from his studies in 
India, Malaysia and Thailand, recognized that these species with food value 
fall into the following categories in these three countries: 
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I. Species which are entirely wild and are gathered for local consumption or 
trade: 

Knewpa attenuata (India) 
Svzrgiuan cumiutii (India) 
Eiateriospermun tapos (Malaysia) 
Alimutsops ehagi (Thailand) 

2. Species which occur in the wild and also in cultivation, but without 
improvement: 

Emblica o[fichialis (India) 
Parkia spp. (Malaysia) 
Morhnha citrijoija (Thailand) 

3. Species cultivated in improved varieties but whose wild relatives are still 
popular and are gathered: 

Artocarpus heterophllus (India, Malaysia and Thailand) 
A-ang /'era spp. (India, Malaysia and Thailand) 

4. Species mostly known in cultivation but whose wild relatives also exist in 
particular localities: 

,4reca catechu (India)
 
- Garcinia mangostana (India, Malaysia and Thailand).
 

An important and sustained contribution to human food is made by the 
first two categories. The contribution of the last two categories is limited and 
often restricted to "tribal" communities within the forest as others have easy 
access to produce from cultivated sources. 

TImay be pointed out here that these lesser-known (if not unknown) species 
of food plants do not form components of any agroforestry systems. For 
example, ICRAF-s agroforestry systems inventory does not record "systems" 
that contain such species because they are not components of any definable 
systems or practices, nor are data available on their production, availability, 
gathering and marketing. Yet these Are species on which some isolated 
communities depend wholly or partly for their sustenance, and food scientists 
and forestry/agroorestry experts ought to take due note of them. 

The exploitation of these food-producing indigenous tree species, no matter 
whether they are domesticated, semi-wild or wild has wide implications not 
only for the nutritional status of the local population, but also in conservation 
of natural gene resources as well as their adaptation to present and future 
human needs. 
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33. Tree-fodder and silvopastoral systems* 

F. TORRES 

Various fodder trees play an important rose in human food security through 
their function as animal-feed sources, especially as drought reserves. Agro
forestry systems consisting of such trees and animals and/or pasture are called 
silvopastoral systems (Nair 198,; Chapter 4). Extensive silvopastoral systems 
consist of"browsing of grazing systems, and the discussion here is restricted to 
the former where the trees play a more direct role. 

1. Browsing systems 

Browse has been defined as the "'shootsor sprouts, especially tender twigs and 
stems of woody plants with their leaves, which are cropped to a varying extent 
by domestic and wild animals" (Torres 1983). However, the term can be 
broadened to include fruits or pods, which can be more valuable than foliage, 
particularly if the woody component happens to be a deciduous one. 

Gray (1970) highlighted the role of browse plants as drought reserves and 
their feeding value as sources of protein-rich fodder. Tile use of fodder trees 
mainly as drought reserves has been emphasized by Moore (1972). A compre
hensive discussion on the role of browse in the management of natural grazing 
lands, including the importance of fodder -trubs" (trees and shrubs) in 
different ecological zones and the potential of some components (Opumnia sp., 
Airiple. sp., etc.) has been presented by Le Hou6rou (1980), who postulated 
that technologies based on permment feed supply from fodder trubs could 
transform pastoral production systems into settled agropastoral ones. An 
extensive review by Ibrahim (1981) presents one of the most comprehensive 
listing of references (175) on factors affecting dry-matter yield, palatability, 
nutritive vdue and utilization of fodder trubs, including recommendations for 
further research and development on fodder trees and shrubs. The role of 
woody components in animal production has afso been discussed by Felker 
(1980), and McKell and Ma!echek (1980). Robinson (1985) reviewed the role 
of' trees as fodder crops and highlighted the problems involved as well as 
research needs for developing successful systems to integrate fodder trees on 
farmlands and rang,. lanJs. The importance of indigenous shrubs and trees in 
the silvopastoral systems of' Africa was evaluated, and the problems involved 
in managing them ,or sustai|ned production discussed by Le Hou~rou (1987). 

* Adapted from Torres. F. (1983). The role of' woody perennials in animal agroforcstry. 
,lgrolorestuY Systenis 2: 131 163. 

1 K R Natir(cd. I. Agrolrctr, S},tciIn in the I rt inc,. 553 565. 
IIA,. Kluime Academic Ijhi:hr. I).ordrcchtPrinted in the Nethelands. 
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The review of' Torres ( 1983) on the role of trubs in animal a;groforestry
outlines the various issues of relevance to the context here, and the salient 
aspects of that review are reproduced here. 

2. Trub species 

Probably as a reflection of' their importance in rangeiand management,
African fodder trubs have been described in several papers. Touzeau (1973)
described 42 species belonging 15to families for the Sahelian zone. That
description included not orly botanical and ecological characteristics but alsodistribution and utilization. Kadambi (1963) made a selection of' 10 fodder 
trees for the diflrent ecological zones of Ghana, based on their agronomic
and forage characteristics. Predominant browse plants in Evslthe African
highlands arc described by !)ougall a1nd Bogdan (1958) with emphasis on their 
use, including chemical composition. A list of the main browse plants in tile
Sudanian zone of West Africa Is gi',cn by Toutain (1980).

For the southern part of Africa, Jurriaanse (1973) described six species
uLseful to humid and arid areas. but concluded that they had not reached adevelopment stage making them worth propagating for economic fodderproduction. For the aridmore areas Il )1 500 mm rainflall), howevei, Kock
(1967) suggested that Opunthlia sp. and ,, triple. ,immlaria could play an
imporlant role in limiting fodder shortages during droughts.


A pioneer work on trees
fodder and shrubs of Australia is the on byEverist (1969), including more Lman 100 species. Seventeen important fodder
trub species for the arid grazing country in western Nexw South Wales were
described by Stannard and Condon (1968), who visualized their contribution
essentially as drought reserves and to prevent soil erosion caused by wind.
Carob, mesquite and honey locust were proposed by Eardley (1945) for south
Australia. The agrononlic charactcristics and uses of' the widely distributed
 
genus Leti'acna is described by Brewbaker (1987).


From the Americas the most relevant genus seems 
 to be Prosopis, whose
potential has been reviewed by Felker (1979). lie concluded that pod yield

could go tip to 10,000 kg ha ' and that selection could be developed for
 
various ecological niches and 
uses.
 

In spite of' the widespread use (if lodder trubs in the 
 Indian subcontinent,
the literature describirig useful spccies is not that abundant. Sharma (1977)
briefly characterized more than 30 winter and suimmer fodder trees ofHichachal Pradesh according to their palatability. A thesis by Panday (1975)
presented a systematic list of f'odder t rubs inl the Sindhupalchok District of'Nepal, as well as observations and comments on their occurrences andpropagation, production and utilization practices. After concluding that trub
leaves made up the bulk of the green f'odder available d.ting the dry season, 
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he proposed a selection criterion on the basis of chemical composition and 
farmers' observations. Mann (1981) has described the salient features of 
I'rosonis cineraria, the "'wonder" tree of arid N.V. India, used by the local 
population as a source of fuelwood and fodder and to impio,:e soil fertility. 

A comprehensi',e list of leguminous browse species for the tropics can be 
Found in the book by Skerman (1977), and it is complemented by the paper 
by Felker and Bandurski (1979). 

3. Trub productivity 

Should the more ample definition of browse be accepted, i.e., including pod 
utilization, it would be convenient to deal separately with leaf-twig and pod 
production. The difficulty involved in estimating "useful" production of 
leaf-twig (that accessible to the browsing animal) and the "substitution" 
approach (of woody by herbaceous components) that has prevailed in range 
iInprovenc' nt may have preclutided research on. trub dry-matter production. A 
valtnble review on production of browse in the savanna regions is that by 
Trollope (1981). Using data from other authors, he niet ioned that the mean 
tota; biomass of' such savannas is approximately 20,000 kg ha ' yr ', of 
which 1.500 kg are twigs and leaves, 600 kg stems and branches, and 1,000 kg 
come from growth of' the herbaceous layers. Applying available data, the same 
author cstimated that 33% of thosc browsable leaves andonly 76% twigs 
would be within reach of the animals, amounting to 500- 1,150 kg ha I yr 
As a result of this and other available information, Trollope (1981) conciuded 
that ". .. data emphasizes an important principle in savanna ecology, viz. that 
the herbaceous grass layer is potentially able to produce more edible plant 
material for domestic livestock than the browse layer. However, the grass 
sward can be extremely variable in its production, mainly in response tr 
scasoll fluctuations in rainfall. Conversely, it would appear that the produc
tion of browse by the woody component is much less variable and less 
influenced by short-term fluctuations in rainfall, presumably because the 
woody planis posse-ss deeper root systetns". 

Another interesting paper on primary production of fodder trubs in the 
African tropics is that by Bille (1980). who showed a relationship between 
stem circumference and foliage and fruit biomass for several browse species in 
the Sudano-Sahelian zone, within a rainfall range of 250-600 mam. The rela
tionship, log biomass = a x log diameter + c, has a mean value of 2 for a and 
I for c. It means that for trub stem diameter of' 5, 10 and 15 cm, biomass 
production will be 0.25, 2.2 and 6.2 kg respectively. An average tree in the 
Sahel would then produce a kilogram of leaves plus 0.25 kg of fruits and 4--5 
kg of branches; or about 1,000 kg ha ' of foliage. This productivity is affected 
by the browsing regime. 
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For the Sahel, Penning de Vries and Djiteje (1982) have estimated that the 
mean annual production of leaves of woody species ranges from around 50 kg
ha ' foi tile 500 mm rainfall zone (where soil cover of these species was of the
order of 5%) to 1,000 kg ha ' in the 1,000 mm zone (with a soil cover of 
100%). 

In 	the Mediterranean zone Le Houtrou ei al. (1982) also found a relation
ship between biomass and canopy diameter using data from 622 shrubs of
four species. The average production of leaves/phyllodes per shrub for 16 
species in those arid zones was 1.365 kg, ranging from 3.243 kg (4cacia
eirclops) to 0.136 kg (Periploca Iowviiata), Atriplex sp. being nearer the 
average. This value does not differ substantially from the 2.33 kg that was 
measured by Jones et a. (1970) for Atriph'x nunmnularia at 500 days from 
germination. 

Studies on the productivity of around 20 shrub/brush species in the native
grasslands of North America indicate that annual production ranges from 20 
to 6,000 g/plant, and is affected by intensity and frequency of defoliation 
(Williard and McKcll 1978: Lay 1965, and Garrison 1953).
 

The marked interest in L 'ucanahas led 
 to several experiments on its
productivity ( Brcwbaker et al. 1972; Hill 1971; Alferez 1977, Ferraris 1979). In 
humid Hawaii. Guevara et al. (1978) studied the productivity of shrubby and 
arboreal types of Leucuna hctuocepl ala under different plant populations and 
heights of cutting. A population density of 133,000 plants ( 15 x 50 cm) and a 
cutting height of 105 cm produced higher forage yields with both types, being
higher for the shrubby type (12.9 t ha ' yr ') than the arboreal type (11.5 t 
ha , yr 1), or 95 and 85 g plant ' respectively. At Los Bafios, Philippines,
Mendozi et al. (1976) expcrimentud with frequency and intensity of cutting on 
a cv. Peru planted at 3.0 x 0.05 in (66,000 pl ha '). Cutting height signifi
cantly affected total dry-matter yield, which was 10.7, 15.8 and 23.6 t ha ' for
 
0.15, 1.5 and 3.0 i, respectively, which correspond to 162, 239 and 358 g

plant , yr '.Under the sub-humid conditions of Queensland, Australia,
Hutton and Beattie (1976) reported a total production of 5 t ha ' (only 1.9 
tof edible DM) for a fertilized Peruvian type at density of 10,000 plantsa 

ha ' cut 
 15 cm high three times a year, or 500 g plant '. In the semi-arid 
region of India (Jhansi), Pathak et al. (1980) studied the effect of population
density and frequency and intensity of cutting. On a three-year average,
density was the most important factor affecting total yield, which ranged from 
5.4 t ha ' for 4 plants in 2 to 1.9 t for 1.5 plants m 2 (135 and 127 g plant 
yr 	 , respectively). 

For an Acacia anuura community in Queensland, Beale (1973) reported that 
foliage weight per tree varied from 3 to 5 kg depending on density (640 to 40 
trees ha '), leading to a production of 1,900 2,000 kg ha 

Thus the literature appears to be consistent in showing relatively less scope
for shrubs as components that can substantially increase production of edible 
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foliage matter, particularly in the arid and semi-arid zones. However, the 
important point to remember here is that the fodder that is available from the 
trubs in dry zones is usually obtained at critical times when ther- is little or no 
fodder from herbaceous species. Moreover, the trub fodder usually has better 
nutritive value than the herbaceous fodder (sec the following section). 

Information available on pod production is even scarcer. Data compiled by 
Felkcr and Bandurski (1979) indicate that species such as Prosopis sp., 
Gleditsia triWanthos and .Ac'aciaalhidci could produce of the order of 3-I0 t 
ha ' in different ecological zones. In the case of Prosolpis Iamtarugo in the arid 
north of' Chile, production per tree ranges from 20 to 70 kg for 14 to 22-year 
old plants at a density of 100 trees ha ' (Elgueta and Calderon 1971). 

4. Trub nutri.ive value 

The nutritive value of' any particular fodder depends not only on its nutrient 
content but ajio on the amonnt consumed and Lissimilated by the animal. 
Although there is a considerable wealth of information on chemical composi
tion of fodder trubs, f'ew of' them have been cva! iated in terms of animal 
response. A review on browse in nutrition of grazing animal outwas carried 
by Wilson (1977), wh C¢oncluded then that fodder trubs did not make a major 
contribution to the nutrition of' domestic or game animals andmost that 
further studies of' browse-grass comparisons were needed. 

The role of browsing appears to be particularly relevant for animal produc
tion systems based upon the utilization of rangelands in arid and semi-arid 
zones. Under these conditions protein content in the diet has been shown to 
be the most limiting factor affecting liveweight gains based on extensive 
studies in Botswana (Pratchett et al. 1977). Linear, quadratic and multiple 
regressions all indicated that livcweight change was influenced primarily by 
the crude protein content of the herbage selected, which accounted for 54% of 
the variation, while digestibility of the same samples accounted for 32%. They 
concluded that research efforts must be directed towards increasing the crude 
protein content of' the diet available to beef cattle. In a study carried out with 
steers in the mixed tree savanna of the Transvaai, South Africa, Zimmerman 
(1980) estimated that the intakc .. 'digestible crude protein accounted for 79% 
of the variation in daily livew iJlt change of the cattle. Less conclusive but 
still supportive evidence comes frc m the work by McKay and Frandsen 
(1969) in the .eni-arid upland areas of' Kenya, and that of Ward (1975) for 
the rangelands in Arizona, particularly during summer periods. 

An increase in the availability of crude protein to the grazing/browsing 
ruminant could be achieved through the introduction of fodder trubs, which 
-ire known for their high protein content (Rees 1973). Although the high 
standard error of this estimate by Rees (1973) in Zambia precludes any firm 
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conclusions, it appears that the fodder selected by four fistulated steers from
10 trubs contained 12 17% protein, while that of the grass was only 3%. A

compilation of some of tile available information on chemical composition of
trub leaves and pods (Gohl 1981) would ii-dcc-a itehir potential as a protein
supplement to the fodder available in the tropical and subtropical rangelands
(see Tables 33.1 and 33.2). An analysis of similar work (lone by Le Hou(rou
(1980) on browse species of' West Africa shows that the average protein
content of 55 non-legume species is 14.1 o/, while that of 36 legumes is 18.8%.
Carew et al. ( !98 1) found that in the humid zone of Nigeria the mean crudeprotein content of browse, i.e., trees, shrubs and herbs ( 18.3, 19.7 and 19.4,
respectively) was higher than that for grasses (1 1.11%).

This potential becomes particularly evident when protein content of browse
species is compared with that of grasses from the same piece of land and
harvested at the same time. Such a comparison was reported by Rose Innes
(1965) for monthly recordings between May and December in the coastal and
interior savanna of Ghana, including data from four browse species and
unidentified native grass. The average protein content in eight observations in
the coastal savanna was 18.1 and 5.8% for browse and grasses respectively. 

lable 33.1. Crude protein content of trub leaves and twigs. 

Species Region CP (%) 

A cacit a, ura Queensland, Australia 13.1
.cacia arahoa Pakistan 12.8A4clcia urabica Pakistan 20.0
A/lbi:h lhebek Pakistan 22.0.Albi-iah'lebrk (whole) Virgin Islands 16.2
,./Ihorneacordillia Nigeria 23.0
,.:adirachtaindica Pakistan 13.4

lhihti hequaertii Zambia 22.38
lhaphia pt,,besens Nigeria 24.3lJuhtihini r'rh'gaita India 15.6 

Ib'ish/ijn 'ari'gaia Pakistan 18.5
('ajollllscal.dll/ Nigeria 29.8
(Conihretoliigrian. Sahel 13.2
('onitniphora afticaa, Sahel 14.2Fi'us rel Eio,' Pakistan 10.8Gleditia tracanh/hos Pakistan 11.8
G/iliri himnlic/blia Ghana 15.7Glir'icidi sepiuln Virgin Is.ands 17.4
Greivj sp. Kenya 19.76Gueira.en'eaensis Sahel 13.9
Julbernart/iapaniculta Zambia 12.28
Letictuina h'tcocephda Virgin Islands 16.0
Prosopis spicigera India 15.4Zi. ".vphNs,oatrilajia Pakistan 11.3
Ziz'phtus nt.vol Argentina 25.9 
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Tabh' 33.2 C'rude protein content of trub pods and seeds. 

Species Region Pods Seeds 

Aicar a/ hIt Tanzania 13.5 26.6
 
Acacia ,/hia& Uganda 10.0 
 28.4 
Aicacia 11)i& Zambia 11.5 22.2 
.,Ia ,roma Argentina 14.0
 
i'acia carenia Argentirna 11.1
 

,.ach ni/alia Kenya 
 12.4 20.8
 
Acacia sieheriana Uganda I1.7 
 18.9 
,.mcia v.vno/vla Cyprus 30.7 
..haia litakutnasis Rhodesia 17.3 37.8
 
,Ahacia nihjli'a Siwalik 16.1
 
.cci' nihaftia Uganda 10.0
 

Acwia nhic'a Kenya 15.2
 
,. ariapoa/c'antha Zambia 10.4 
 27.4 
,4f'alia sellegal Uganda 19.6 
A'c acia .ic'hriafla Zanbia 10.3 18.5 
,hacia lortilis Kenya 14.1 
.l hiziat rtrsiolor Zambia 12.6 
BIaohinia carronii Australia 10.8 
Cralonia siliqoa Australia 9.3 

C'ratmta si/iquai Brasil(s) 7.5 13.1
 
( ' as//)iia paragaari'nsi. Argentina 4.6
 
/)a//herght .' . Agra 11.9
 
Iit hroa'hyvsi i'rica Rhodesia 11.4
 
Gcollr' d/''(orl/icals Argentina 6.4 
6h'ditxit, Iriacenihos Australia 14.3 

.jnna 

i'iihloltia honnlngii 


/'u/ '~rao jjjm Venezuela 14,6 
Rhodesia 6.4 

I'ro,x/L a//ta Argeistina 8.9 
/'ro.mpis juli[!ora India 10.1 
Pros isni igra Argentina 8.2
 
Ziz phiv mistol Argentina 5.4
 

Corresponding values for the inlerior savanna were 15.1 and 4.8%. Moreover, 
it should be mentioned that grass protein content was always lower than 50% 
of that in browse (and as low as 8%), with the exception of that for the 
coastal savanna in May, when it reached 61% of the browse content. 

As expected, protein content will change with season (Momin and Ray
1943; Rose Innes and Mabey 1964; McLeod 1973), but probably not nearly as 
much as that in grasses (Majumdar et al. 1967). Leigh et al. (1968) have 
shown that seasonal variation played a minor part in deterining the browse 
quality of four Australian fodder trubs. Pal el al. (1979) processing the 
information on chemical composition of 26 species of fodder trees from 
Himachal Pradesh, India, found that average crude protein content was 
significantly higher in April (16.7%) than in August and December ( 14.7 and 
14.3%, respectively). 
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Table 33.3. Protein digestibility of fodder trubs. 

Trub species 

Acacia aneura 
Acacia pewhla 

,Ailanthusexcelsa 
.Alhiialehbeck 
Albi:ia lebbeek 
.. ntiaris alicana 
.Atriplex ,mmularia 
Atriplex nummularia 
,.itriplex1tt11mtularia 
Atriplex ies'aria 
,,Itriph,.-re'itfaria 
.1tri lx resicaria 
Blanhuva artunlinatee 
Baphia nitiil 
iahssia diacantha 
taulhinia rariegata 
Brachychiton popidhwum 
Unsaarina 'rixtata 

Ficus bengalensis 

Ficus ihterata 
Ficus inh/ectoria 
Ficus religiosa 

Fim. relifiosa 
Greciia arpinifidia 
Grewia elastia 
Gri[onia simplicifilia 
Kochia pyramidata 
Mavreana pyromhilata 
Alellotus philippensis 
Ators indica 
Prosopis cineraria 

Sesbania aegrptiaca 
Zi::phus ju/uba 
Zi:yphus numnnularia 
Zi-typhus nummularia 

Animal 

Sheep 
Sheep 

Goat 

Sheep 

Cattle 

Sheep 

Cattle 

Sheep 

Sheep 

Sheep 

Sheep 

SLa,1 
Sheep 
Sheep 
Cattle 
Sheep 
Sheep 
Sheep 
Sheep 
Goat 
Cattle 

Goat 
Goat 
('attic 
Cattle 
Goat 
Cattle 
Cattle 

Goat 

Cattle 

Sheep 

Sheep 

Sheep 

Cattle 

Sheep 


Goat 
Goat 
Cattle 

Sheep 

Goat 

1 
Crude Protein 
CP(%} 

14.9 
16.9 

16.9 
16.2 
20.1 
16.8 
12.1 
20.6 
21.7 
17.0 
12.5 
18.4 
11.1 
18.6 
23.1 
12.5 
13.8 
14.6 
9.4 
9.4 
9.6 

9.6 
11.2 
9.6 

14.0 
14.0 
11.9 
15.8 
19.9 
18.6 
15.1 
13.1 
14.5 
11.5 
14.2 

14.2 
19.5 
8.6 

14.1 
10.5 

10.5 

2* 
Estimated 

CPD (%) 

66.5 
69.4 

69.4 
68.5 
72.9 
69.3 
60.8 
73.3 
74.2 
69.6 
61.8 
71.2 
58.1 
71.4 
75.3 
61.8 
64.5 
66.0 
52.1 
52.1 
52.9 

52.9 
58.4 
52.9 
64.9 
74.9 
60.3 
67.9 
72.7 
71.4 
66.8 
63.1 
65.8 
59.2 
65.3 

65.3 
72.3 
48.5 
65.1 
56.2 

56.2 

3
 
Measured 3/2 
CPD(%) (%) 

63.1 94.9 
63.2 91.0 

68.8 99.1 
80.2 117.1 
64.5 88.5 
65.0 93.4 
77.0 127.4 
82.0 111.8 
78.0 105.1 
83.0 119.3 
71.4 115.5 
74.0 103.9 
71.0 122.2 
72.4 101.4 
72.3 96.1 
49.3 79.8 
36.0 55.8 
75.8 114.8 
22.1 42.4 
32.3 62.0 
20.0 37.8 
42.5 80.3 
59.7 102.2 
56.0 105.8 
56.6 87.2 
54.3 83.7 
8.35 97.0 
77.8 114.5 
71.2 97.9 
81.4 114.0 
57.0 F5.3 
5.15 87.3 
53.2 80.8 
68.6 115.8 
22.0 33.7 
38.9 59.6 
80.8 111.7 
35.5 73.2 
53.5 82.5 
33.1 58.9 
36.2 64.4 

* Calculated as digestible crude protein (CPD)/crude protein (CP), DCP being estimated as: 
% DCP (CPD) = (%CP X 0.9115) -3.67 
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Laboratory analyses may be of limited value in assessing fodder nutritive 
value. As is well known, the Weende system may not reflect the availability of 
cell-wall constituents, which may be hindered by a high lignin or silica content 
(Van Soest 1969). A high protein content may not, therefore, necessarily 
represent a potential protein supplement. Nevertheless, data compiled in Table 
33.3 would indicate that actual protein digestibility of fodder trubs does not 
difler considerably from that estimated by a widely accepted regression 
equation for digestible crude protein on crude protein (McDonald el al. 1973). 
On the average, for the 38 sources measured, digestible crude protein would be 
only 90% of that estimated, but the lange of values (34- 127%) would suggest 
large 	variations between trub species. 

Bul even digestibility may not be a good indicator of nutritive value. 
Experimenting with dried leaves of four shrub and four tree species, Wilson 
(1977) found that those of higher digestibility were eaten sparingly, there 
being no correspondence between digestibility and organic matter intake, 
probably as a consequence of unpalatability factor,;. In a recent review on the 
nutritive value of Australian browse plants, Wilson and Harrington (1980) 
went even further, stating that "there are no browse species of both high 
quality and high palatability and perhaps we should not expect them to be 
(becausC they will succumb to over-browsing)". Ibrahim (1981) discussed 
different pknt and aninal flactors affecting palatability. 

Information on pod digestibility seems to be rather scarce. The one paper 
available on Prosopisjulilora( Kargaard and van der Merwe 1976) shows that 
whlen used as the only source of feed, dry-matter digestibility (DMD) was 
65'!/, while that for crude protein was 67.2%. It should be mentioned that 
pods were hammer-milled, otherwise seeds may pass undigested through the 
digestive tract. For Ceratonia siliqua, Charalambous (1966) reported a DMD 
of 82.6% and CPD of 80.1% from sheep digestibility trials carried out by 
others. Toxicity may be another factor limiting the nutritive value of fodder 
trubs. The toxic effect of mimosine contained in Leucaena leucocephala has 
been known for years (Brewbaker and Hylin 1965). The alkaloid could 
significantly affect animal response (Holmes 1981), which may be alleviated 
through mineral supplementation (Jones et al. 1978) or, better still, by 
breeding low mimosine cultivars (Winter and Jones 1980). 

Trials assessing the potential of fodder trubs in terms of animal production 
are scarce. The use of Leucaena sp. as protein supplement is probably the best 
documented. A recent review by Jones (1979) indicates that, for beef fattening, 
effects are comparable with those derived from concentrated protein sources, 
when limited amounts arc offered. Under grazing conditions the wide range in 
daily gains recorded (0.2Y-0.93 kg) was attributed by the same author to 
environmental factors influencing leucaena growth and mimosine content, as 
well as to the intake of leucaena and the corresponding alkaloid level. In the 
same review !eucaena was found to improve milk production, but also tainted 

http:0.2Y-0.93
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the milk produced; this can be reduced by preventing cows from browsing 
leucaena for several hours before milking. When leucaena was substituted 
for I commercial ration for growing pigs, Malynicz (1974) found that weight 
gain and feed conversion ratio were adversely affected at levels higher than 
20()/)
 

Experiments using Gliricidianoctulatta as a supplement 
to Brachiaria brizan 
thu in the diet of milking cows indicate that incorporating the tree foliage in 
proportions of 50 and 100% of the diet produces liveweight gains of 14 and 
10 kg cow ' in a month and yields of 6.6 and 7.6 I milk cow day' 
respectively, as compared to a loss of 12 kg and a production of 5.8 1 when 
cows were given grass alone (Chadhokar and Lecamwasam 1982). Reserva
tions on the experimental methodology throw some doubts ol the conclusive
ness of' these findings, but nevertheless point to tile high fodder potential of 
Gliri'idia.More reliable evidence of this potential was provided by Chadhokar 
and Kantharaju (1980) when Gi,'ricidia was used as a supplement to Brachiarita 
lniliifirmis in the diet of' pregnant ewes. Proportions of 25, 50 and 75% of 
Gliri/idia in the diet increased lamb survival from 33 (no Gliricidia) to 75, 71 
and 100",, and lamb weight at 15 weeks from 5.4 and 9.9, 10.0 and 1I.0 kg,
respectively. Using Gliri'idia Slpium, (arew (1980) found that sheep and goats
fed for four months made a liveweight gain of only 30 and 14 g day ', 
respectively, despite a DM I) of 66%, a CIP content of 26.1 0/o and a dry matter 
i'take of 3.2 and 3.1 as percent of metabolic body weight. Although a closer 
analysis shows an adaptation period of 9 weeks, after which liveweight gains 
were of' the order of' 64 and 25 g day ' for sheep and goats, respectively, tile
 
above-reported slow rates would suggest 
a mineral deficiency. 

Available information would indicate, therefore, that of the major nutritive 
components in a ruminant diet, foliage from fodder trubs should be mainly
considered as a source of' protein. Fruits. particularly pods from legume trubs, 
could be used as both energy and protein supplements, provided that seed 
protein is made digestible through mechanical treatment. 

In summary, the literature reviewed on the role of fodder trees and shrubs 
in animal production under rangeland conditions would suggest that: 

several species have been identified for different ecological zones, which are 
potential sources of fodder: 
although dry-matter productivity from the foliage of' trubs seems to be 
rather small, its reliability in bad years and its presence during dry seasons 
makes it particularly valuable; while pod-producing trubs may become a 
very useful source of energy and protein concentrate; 

- protein supply appears to be the main nutritive role of trubs, which could 
be limited by low intakes; 
there is a need to undertake studies evaluating the animal production 
potential of fodder trubs ris-ii-ris alternative sources. 
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34. The role of trees in soil productivity and protection
 

P.K.R. NAIR 

In the process of conceptualization and principle formulation of agroforestry, 
a number of hypotheses and attributes have been advanced in the recent past. 
One of the most significant and oft-repeated among these is the suggested 
potential of agroforestry as a major practical land management alternative for 
maintenance of' soil fertility and productivity in a variety of situations in the 
tropics. As stated by Sanchez (1987), the following hypothesis is strongly 
implied in the agroforestry literature: "appropriate agroforestry systems im
prove soil physical properties, maintain soil organic matter, and promote 
nutrient cycling". Most aspects of this hypothesis have not been tested and 
proven by research. However, past experience and accrued knowledge on the 
behaviour and management of tropical soils suggest that some of the agro
forestry options cz:n overcome at least a few of the drawbacks of monocultural 
(crop) production systems. 

An account of soil productivity and management considerations under 
agroforestry has been given by Nair (1984). Wiersum (1984) and Lundgren 
and Nair (1985) discussed the role of agroforestry in soil conservation, taken 
in its broader sense to mean conservation of fertil: y as well as prevention of 
erosion. This was followed by a detailed ICRAF review which elaborated the 
potential of agroforestry as a practical means of sustaining soil fertility, and 
discussed the research needs in this direction (Young 1987). The role of 
agroforestry in the context of "land clearing and development in the tropics" 
was discussed by Nair (1987c) as a part of IBSRAM (International Board of 
Soil Research and Management) activities. Research on soil fertility aspects of 
alley cropping is being undertaken vigorously by IITA (International Institute 
of Tropical Agriculture), Nigeria and other research groups (Kang and 
Wilson 1987). 

Thus, there is now a substantial volume of scientific activity related to soil 
fertility and productivity aspects of agroforestry, including field experiments in 
various phases of implementation at different places. As a consequence, the 
principles and concepts of agroforestry so far as soil fertility, productivity and 
protection are concerned, are gradually being translated into management 
technologies. 

P K.R. Nair (ed.). Agrofirestr System% in thc Tropics. 567-589. 
, 1989, Kluvser Academic Publishers , Dordrechl - Printed in the Netherlands. 
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1. 	 Suggested mechanisms of soil improvements in agroforestry 

I.I. Eridtence frtot e.visting land-use sstents 

Based on the evidcnce collated Irom other existing and relatively well
researched land-use systems that are r :lated to agroforestry, Nair (1984, 
1987a) postulated the following hypotheses about the expected soil changes 
under agroforestry. In doing this, the emphasis was on those systems 
where trees and other woody perennials did not form a significant coim
ponent of the existing land use, but where such species could be integrated 
without unduly modifying the production patterns of the main existing 
enterprises. 

I. 	The inclusion of compatible and desirable species of woody perennials on 
farmland can result in a marked improvement in soil fertility. There are 
several possible mechanisms for this, which include: 

" an increase in the organic-nmatter content of the soil through addition of 
leaf litter and other plant parts; 

" more efficient nutrient cycling within the system, and consequently more 
efficient utilization of nutrients that are either inherently present in the 
soil or externally applied; 

" biological di-nitfogen fixation or solubilization of relatively unavailable 
nutrients, for example, paosphate, through the activity of mycorrhizae 
and phosphate-solubilizing bacteria; 

" tin increase in the plant-cycling fraction of nutrients beyond the nutrient
absorbing zone of' the soil; 

" complementary interactions between the component species of the sys
tem, resulting in a more efficient sharing of nutrient resources among the 
components; 

" an enhanced nutrient economy because of different nutrient-absorbing 
zones of the root systems of the component species; 

" a moderating effect of additional soil organic matter on extreme soil 
reactions and, consequently, improved nutrient release/availability pat
terns. 

2. 	The improvement in the organic-matter status of the soil can result 
in increased activity of the favourable micro-organisms in the root zone. 
In addition to the nutrient relations mentioned earlier, such micro
organisms may also produce growth-promoting substances through desir
able interaction and cause commensalistic effects on the growth of plant 
species. 
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3. The inclusion of trees and woody perennials on farmlands can, in the long 
run, result in marked improvements in the physical conditions of the soil
in permeability, water-holding capacity, aggregate stability, and soil tem
perature regimes. Although these improvements may be slow, their net 
effect is a better soil medium for plant growth. 

4. 	 The role of trees in soil conservation and erosion control is one of the most 
widely acclaimed and compelling reasons for including trees on farmlands 
that are prone to erosion hazards. The beneficial effects of trees in this 
regard extend beyond protecting the immediate farmland under consider
ation, to imparting stability to the ecosystem and reducing the rate of 
siltation of down-stfeam aquatic ecosystems, dams and reservoirs. 

5. The influence: of' trees on hydrological characteristics can extend from the 
micro-site to the farm and regional levels. Although the effect of water use 
by a tree component on water availability to crop plants in different 
climatic conditions is not yet fully understood, there is evidence that the 
hydrological characteristics of catchment areas are favourably influenced 
by 	the presence of trees. 

1.2. EJct q/ trees on soils 

Sanchez ci al. (1985) examined the role of trees as tropical soil improvers 
primarily from the point of view of plantation forestry. They surmised that 
some of the beneficial effects of trees on soi!s after the trees close canopy are 
unexpected, particularly the influence on chemical properties, such as calcium 
accumulation by Gmeliha arhorea, and that the main deleterious effects of tree 
crops on soil properties occur during their establishment phase. Discussing 
this topic, Young (1986) identified several positive and a few negative aspects 
of trees on soil, some well proven and others reasonable suppositions. These, 
as well as the above-mentioned hypotheses of Nair (1984) that are summa
rized in Table 34. I, indicate the mechanisms by which the generally favourable 
effects of trees upon soils may be achieved under appropriate condijions (Nair 
1987). Kang et al. (1986) depicted these beneficial effects schematically under 
an alley cropping situation, as shown in Fig. 34.1. 

Table 34.1 should not be interpreted to mean that trees have only fa
vourable effects on soils. Some adverse effects have also been reported, notable 
among which are: 

" Fast growing species (of trees) may place a heavy demand on soil moisture, 
and unless properly managed, this can lead to adverse effects, especially in 
drier environments; 

" Nutrient losses from whole-tree harvesting may be excessive, especially in 
plantation forestry; 



Table 34.1. Summary of the potential beneficial effects of trees 

Nature of processes Processes 

Input processes (augment Biomass production 

additions to the soil)
 
Nitrogen fixation 


Rainfall 


Output process (reduce Protection against water and 

losses from the soil) 
 wind erosion
 

Turn-over processes Nutrient retrieval/ 


cycling/release 

"Catalytic" processes Physical processes 
(indirect influences) 

Root growth and proliferation 
(enhanced) 

Litter quality and dynamics 

Microclimatic processes 

(Bio) chemical'biological 

processes (net effec:'. 
of various processes) 

Source: Nair (1987a). 

on soils. 

Main effect on soi! 

Addition of carbon and its transformations 

N-enrichment 


Effect on rainfal! (quant;tv and distribution) 


and therefore nutrient additior, through rain
 
Reduce loss of soil as well as 
nutrients 

Uptake from o. p)er laye.s and "deposition" 


on surface via liter
 
Withholding nutrient,, that can 
be lost by leaching 

Timing of nutrient release: this can be regulated 
by management interventions 

Improvement of physical properties (water-holding 
capacity. permeability. drainage. etc.) at the 
microsite as well as at wa.ershed (macrosite)
 

Addition of (more) 
 root biomass: growth-promoting 
substances: microbial associations 

Improvement of litter quality through diversity 
of plant species: better timing of quantity, 
and method of application of litter possible 

Creation of more favourable microclimate: 

shelterbelt and windbreak effects 
Moderating effect on extreme conditions of soil 

acidity alkalinity. etc. 

Scientific evidence 

Available 

Available 

Not adequately demonstrated 

Available 

Not adzquately demonstrated 

Not demonstrated 

Available 

Available 

Partially demonstrated 

Now being increasingly studied 
alley cropping and other 
intercropping experiments 

Available 

Partially demonstrated 
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' , ' Lltterfall and pruningsprovide mulch Nutrient 

Runoff and are returned to soil when
 
erosion reduced /mulch decomposed

by mulch 4 
 Crop residue returned 

to the soil 

Soil erosion 
impeded by trees . 
and shrubs-.. 

- . 

Nitrogen contribution ;x pe:from. leguminous Nutrients absorbelspecies Nutrients absorbed by food crops I'
by deep-rooted trients leached 8 . 
trees and shrubs percolated to the subsoil 

New nutrients
from weathuring
rock 

Fig. 34.I. A schematic representation to show the benetits of nutrient cycling and erosion control 
in an alley-cropping systen,. Source: Kang ei al. (1986). 

" Nutrient depletion may temporarily deprive adjacent, less competitive spe
cies of nutrients (although litter fall, root biomass, etc., may compensate for 
this to some extent in the long run);

" A badly managed tree stand, as with any vegetation, can cause accelerated 
erosion; 

• Adverse chemical/biological effects may result from certain tree species,
leading to acidification, allelopathy, accumulation of toxic exudates, the 
provision of alternate hosts of pests and pathogens, etc.; and 

" Shading and changes in spectral quality of light on the growth of other 
species in close proximity (though not a direct effect on the soil, this can 
have considerable significance in agroforestry). 

Most of these attributes (both beneficial and adverse) are either inferred 
from land-use systems related to agroforestry, or are still only untested 
hypotheses. The magnitude of benefit adverse effect that could be experior 
enced will depend upon a number of site-specific factors. Moreover, many of 
the attributes of trees, as compared to annual crops, can be realized only over 
relatively long periods of time. One of the main issues to be considered here 
is the soil-fertility improvement in agroforestry through addition of plant
biomass vis-ii-ris other uses for the biomass (fodder, fuelwood, food, etc.).
Similarly, the proportion of space occupied by tree components in an agro
forestry combination, in order to derive the suggested benefits to any tangible 
extent, will depend upon several factors such as soil type, plant (tree) species,
tree-crop arrangement, etc. All these factors need to be taken into account 
while suggesting plant and soil management technologies in agroforestry. 



Table 34.2. Perennial legumes commonly used in Asian farming systems. 
Species 

Acacia albida 

Acacia 

auriculiforniis 
Acacia 'nangiun 

Acacia nilotica 

Acacia polvcantha 

(A. catcchu) 

Acacia saligna 


(A. cvanoplvlla) 

Acacia senegal 

Acacia seYal 

Acacia tortilis 

Acacia 

xenthophloea 

Ecological adaptation 

Dry zone 
drought tolerant 

Lowland humid tropics 

Lowland humid to 
sub-humid 

Dry zones 

drought tolerant 

Lowlinds. low drought 

tolerance 

Dry zones; low- and 
midlands; tolerant to 
salt. drought 

Dry zones: low- and 

midlands 

Dry zones 


Dry (arid) zones; 

tolerant to alkalinity, 
drought


Dry to sub-humid 

tropics 

Growth form and 

characteristics 

Tree to 20 m; 

thorny 


Tree to 20 m 

Tree to 20 m 

Tree to 10 m. very 
thorny; deciduous 

Tree to 25 m; 

coppices well
 
Tree to 10 m 


fast growing;
 

shrubby
 
Tree to 1 m; thorny; 

deciduous shruby
 
Slender tree to 


12m; long thorns 
Flat-topped tree 

to 15 m; thorny 

Tree to 20 m; spiny 

Major uses/functions 

(see footnote for 

explanation of notations) 

F. GM. A. SF,WLR 

PW, Or. SC. FW, ST 


FW, SC. T. PW,SB 


SC, FW, T,A, DS, 

WLR 


A. FW,G 

FW. T. DS, WLR 

FW,WLR, DS, G 

A, G. T, WLR 

FW,A, WLR 

0. Or,FW 

N.-fixations 

(nodu!ation) 

capability 

(+) 

(+ ) 

(+) 

(+) 

(+) 

(+) 

(+) 

(+) 

Other remarks 

Leafless in rainy
 
season. 
 very common in 
African farming systemsPulpwood species
 

upod pce
 

Plantation species;
 

fast growing
 

Widespread in dry
 
regions
 

Good fodder
 

Gum-arabic tree 

Important animal feed 

More popular in Africa 

Lopped fodder 



Albi-ia 


chinensis 


Albizia 


fialcafaria 

Albizia lebhhek 


Albizia odoratissina 

Cajanus cajan 

Calliandra 


calotkvrsus 


Cassia siamea 

Dalbergia sissco 

Erythrinaspp., 

Flemingia 

macrophylla 

Gliricidia 
sepium 

Up to 1,500 m, dry to 
suL-humid sub-tropics 

Humid to sub-humid 

lo%%lands 

Wide adaptability: 


dry-humid tropics 
Tropical highlands 

Wide adaptability 

Humid tropical 
midlands 

Semi-arid to sub-humid 

Tropical and sub-

tropical midlands; 
sub-huid to humid 

Humid lowlands to 
highlands 

Humid lowlands 

Humid .to sub-humid 
lowland tropics 

Tree to 15 m: 
deciduous: 

fast growing 
Tree to 30 m 

Tree to 25 m 

Tree to 25 m 

Annual to perennia! 

Shrub to 8 m; 
fast growing; 

acid tolerant
 
Shrub to 8 m: 


coppices vigorously; 
drought toleran. 

Tree to 30 m 

Tree to 20 m; often 
thorny; coppices 

well; propagated 
by stem cuttings' 

Shrub to 3 m 

Tree to 20 m; 
vigorous coppicing; 

fast growth 

T. A, ST 

SF, PW, Or 

FW, A, CT. Or 

A, Or 

F,GM, FW,SC, A 

FW,SC,BF, GM,A, 
Or, T 

FW. SC,FW,A 

T, FM, ST,A 

GM, ST,Or,WB, A 

GM,A 

GM, A, FW, ST,SC, 

(+) 

(+) 

(+) 

(+) 

(+) 

(+) 

(-) 

(+) 

(+) 

(+) 

Rapid growth 

Common in SE Asia as
 
plantation species
 

Rapid growth
 

Severely lopped for fodder 

Widely used for a variety of 

purposes
 
Low fodder value
 

Good for alley cropping 

Indian teak-wood 

Used as live standard 
for black pepper 

Common in SE Asia as a 
green manure crop in 

plantations 
Very commonly used 

multipurpose species 



Table 34.2 (continued). 

Species 

Hardwickia 

binata 

Leucaena 
leucocephala 

Pithecellobiumdulce 

Pongania pinnata 
(Derris indica) 

Prosopis cineraria 

Prosopis 

ulflora 

Ecological adaptation 

Dry tropics; 

drought-tolerant 

Humid- to sub-humid 
lowlands 

Wide adaptability from 

dry to humid zones 

Low- and mid-land 
humid tropics 

Dry zones, heat resistant 

Dry zones, heat and 
alkali resistant 

Growth form and 

characteristics 

Tree to 30 m; 

slow-growing 

Trec to 20 m; 
vigorous coppicing; 

fast growing; not 
acid tolerant 

Tree to 20 m; 

thorny 

Smail tree to 8 m; 
salt-tolerant 

Tree to 8 m; thorny 

Tree to 10 m; 
coppices 

Major uses/functions 

(see footnote for 
explanation of notations) 

W. SC, A, FW, DS, Fi 

GM. A, FW, ST, SC, 
PW, F 

A, FW, Or 

FW. A, CT, ST. Fi 

SF, GM, A. T, DS, FW 

FW, GM, A. DS, SC, 
WLR 

N,-fixations 

(nodulation) 
capability 

(o) 

( + ) 

( + ) 

(-) 

(o) 

(-) 

Other remarks 

Valued heavy wood 

Widely studied and 
extensively used 

nods and leaves browsed 

Highly valued in Indian desert 

Live fences 



Plerocarpus 
marsupiunt 

Dry to subhumid 
lowland tropics 

Tree to 30 m; 
coppices well 

A, FW, T (+) Widely lopped for
fodder in India 

Samanea saman Highland to 
tropics 

lowland Spreading tree to 
40 m; fast growth 

T, Or, CT, A, F (-) Pods good for human as 
well as animal 

Sesbania spp. Lowland humid to Low trees, very GM, A. SC. SF, FW, (+) 
consumption

Widely used 

hispinosa midland semi-humid fast growth, PW, Or 
grandiflora some are annuals 
rostralasesban (S. sesban) 

Tamnarindus indica Wide adaptability Largc trees to 30 m F, A, CT, FW, ST (-) Pods rich in vitamin C 

A - animal feed (pods. leaves, bark, etc.) Or - ornamental 
BF - bee forage PW - pulp wood 
CT - construction/craft timber T - timber
DS - dune stabilization SC - soil conservation 
F - food (human consumption) SF - soil fertility improvement
Fi - fibre ST - shade tree (over cacao, coffee, tea)FW - firewood WLR - waste-land reclamation 
GM- are~n (leaf) manure 

(+) =rcported to nodulate 
-) = reported not to nodulate 
(o) = no report available 

Source: Nair (1987b), based on NFTA (Nitrogen Fixing Tree Association) and ICRAF Library data base on N2-fixing/nodulatiag trees, ICRAF, Nairobi. 



576 

2. 	 Nitrogen-fixing trees 

Nitrogen-fixing trees are mentioned as one of the most premising sets of 
components of existing - and more importantly, potential - agroforestry
systems. By virtue of their ability to fix atmospheric nitrogen and contribute 
nitrogen to the soil via leaf and fallen litter (litter sensu stricto), or the 
release of 	root debris and nodules (root litter), this group of trees and
shrubs has a dominant role to play in the maintenance of soil fertility in the 
systems of which they form a part.

Nair (1987b) examined the N-fixing trees in Asian farming systems and
found that several of these trees are already important components of 
existing systems providing a variety of services and benefits (Table 34.2). The
situation is similar in other parts of the tropics as well (Dommergues 1987).
Reviewing the role of nitroge-fixation in agroforestry, Dommergues (1987)
concluded that the potential direct and ancillary benefits from the N-fixing
trees vary greatly depending on the species, climate, soil and management
practices. He suggested that six concepts seemed important in optimal uti
lization of biological nitrogen fixation in agroforestry: 

I. 	It should be mandatory to use species, provenances and/or clones exhibit
ing a high nitrogen-fixing potential and adapted to 	the site conditions;

2. 	Improving nitrogen fixation is a leading research priority and a goal that 
can be achieved not only by selecting the most efficient Rhizobium or 
Frankia strains, but also by improving the host plant, one of the quickest
methods being through clonal multiplication of elite trees. 

3. 	Nitrogen-fixing trees improved in the laboratory, glasshouse or even in 
the nursery are not necessarily able to reach their maximum potential in 
the field. Therefore, before deciding to include a nitrogen-fixing tree or
shrub in an agroforestry system, its nitrogen-fixing ability in field situa
tions should be tested. This type of evaluation obviously presupposes the
availability of accurate, simple methods to measure nitrogen fixation il 
silu. Progress has been made recently in developing such methods for 
annual crops, but more investigations are urgently needed to overcome 
the difficulties specific to perennial plants.

4. 	 Even the least demanding nitrogen-fixing trees exhibit requirements for 
nutrients other than nitrogen that should be met so that their nitrogen.
fixing potential can be fully realized. Fertilizer needs (mostly phosphate) 
are generally reduced, especially if the root system of the trees is properly
infected with efficient mycorrhizal fungi.

5. Secondary effects should not b,_ overlooked, especially those resulting in 
the development or the control of micro-organisms pathogenic to com
panion crops, or in allelopathic interferences. 
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6. 	 Finally the fact that research in agroforestry is a lengthy undertaking 
should be kept in mind. Banking only on short-term effects (namely the 
immediate yield increase of associated crops) without recognizing long
term effects (maintenance or progressive increase of soil fertility) is like not 
seeing the forest for the trees. 

3. 	 Nutrient cycling in agroforestry systems 

One of the advantages commonly attributed to agroforestry technologies is the 
potential for soil-fertility improvement via more efficient cycling of nutrients 
(Nair 1984), and it is often recommended to include nitrogen-fixing trees and 
shrubs in such technologies (Nair et al. 1984; Lundgren and Nair 1985; Young 
1987). 

Reviewing the available information on the topic, Sanchez (1987) reported 
good evidence from sonic experiments for nutrient cycling potential of agro
forestry systems on Alfisols and Andepts of moderate to high fertility. Such 
systems as the Er'thrina poeppigiana shade trees over Coffl'a arahica in Costa 
Rica are a good example (Glover and Beer 1986; Russo and Budowski 1986; 
Alpizar vi al. 1986). Similarly, Roskoski (1981) reported that hIgajinicuil,a 
leguminous shade tree in coffee plantations, fixed around 40 kg N ha , yr 

Juo and Lal (1977) compared the effects of a leucaena fallow versus a bush 
fallow on selected s:oil chemical properties on an Alfisol in western Nigeria. 
After three ycars, during which leucaena was cut annually and left as mulch, 
the leucaena fallow resulted in significantly higher effective cation exchange 
capacity and levels of exchangeable Ca and K as compared to the bush fallow. 
Similarly, in another experiment, an agroforestry system involving oil palm
with leguminous cover crops (Centrosema pubescens and Pueraria phase
oloihs) appeared more efficient at nutrient cycling than an oil palm plantation 
with no cover crop. In addition to fixing about 150 kg N ha ' yr-', the 
loss of nitrate nitrogen via leaching was significantly lower in the agro
forestry system than in the sole crop of oil palm (Agamuthu and Broughton 
1985). 

After six years of alley cropping with Leucaena leucocephala on a pH 6 
Entisol, plots receiving prunings had a higher nutrient status and twice the 
organic-matter content than plots not receiving prunings (Kang et al. 1984) 
(Table 34.3). This is a highly successful agroforestry system. 

However, attempts to extrapolate the IITA-leucaena alley cropping model 
to a highly weathered, sandy Ultisol in the Amazon basin of Yurimaguas, 
PerI, were not as successful (TropSoils 1987). The main differences between 
the IITA and Yurimaguas situations are (I) the susceptibility of Leucaena 
leucocephala to Al toxicity, and (2) the low nutrient base content of the 
Yurimaguas subsoil which reduced the recycling pool. 
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Tabh 34.3. Effect of six years of alley cropping maize and cowpea with b'ucaena h'ucocephala 
and nitrogen application on some chemical properties of surface soil of Apomu loamy sand 
(Psamnmentic Ustorthent). 

Exchangeable 
Bray 

Treatments Leucaena pl1 Org. C K Ca Mg P-I 
(kg N/ha) prunings (1120) (%) tme 100 g ) (ppm) 

0 Removed 6.0 0.65 0.19 2.90 0.35 27.0 
0 Retained 6.0 1.07 0.28 3.45 0.50 26.2 

80 Retained 5.8 1.19 0.26 2.80 0.45 25.6 
LSD.05 0.2 0.14 0.05 0.55 0.11 5.3 

Source: Kang et al. (1984). 

The poor performance of leucaena had been anticipated and a number of 
other woody species were evaluated in alley-cropping trials. These include Inga 
edulis, Codariocal'x(Desmodium) gyroides and Ervthrina spp. Although yielA 
data and soil properties are still under analysis, Inga edulis appears to be a 
highly promising agroforestry species for acid soils in the tropics. 

Although alley cropping works well in moderately fertile soils, current 
experience suggests that it will be necessary to use inputs such as lime, and 
possibly P, to allow successful establishment of alley cropping species and 
subsequent recycling of nutrients on acid infertile Ultisols and Oxisols (Trop-
Soils 1987). Much further study is required before this particular agroforestry 
system can be considered widely applicable to the humid and subhumid tropics. 

Some tree and shrub species can selectively accumulate certain nutrients even 
in soils containing very low amounts of these nutrients. Thus palms and palm 
litter are rich in potassium ( Foelster ei al. 1976), tree ferns accumulate nitrogen 
(Mueller-Dombois et al. 1984), Cecropia spp. appeared to accumulate Ca and 
P on acid sites (Odum and Pigeon 1970) and Gmelina accumulates Ca (Sanchez 
el al. 1985). It is important for researchers looking to incorporate such 
nutrient-conserving species into agroforestry technologies to appreciate the fact 
that such plant-nutrient responses will change with location and site/soil 
characteristics (Golley 1986). 

In addition to translocation of nutrients from soil layers beyond the reach 
of annual crops or pasture species, enhancement of nutrient status beneath tree 
canopies has also been attributed to canopy capture of precipitation inputs 
(Kellman 1979). Therefore, such factors may enhance nutrient recycling in 
agroforestry systems, but they need to be evaluated in such systems. 

4. Trees and soil conservation 

A review of measurements of erosion under agroforestry and related forms of 
land use has been made by Wiersum (1984), which was further improved by 
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Young (1986), and the present summary is based upon the latter. The review 
Isdivided into two parts, the effects of trees on the separate factors of erosion, 
and jbserved erosion rates under agroforestry practices. 

4. I. Ei'e'ts of trees on the fiwttors o/ erosion 

Rainhill erosh'it.v 

Energy is often increased by a high tree canopy through coalescence of 
raindrops into larger drops, which can reach their terminal velocity when 
falling from a canopy more than 30 m high. Higher erosivities have been 
recorded under forest plantations. Severe erosion has occurred under teak 
plantations, where the canopy is high and the leaves drop during part of the 
rains. An increase in erosion as compared with forest has been recorded for a 
homegarden (Soemarvoto 1987) and multistorey tree garden. It may be 
supposed that a low and dense canopy would reduce erosivity, but there are 
no measurements from agroforestry systems. Under alley cropping, although 
the canopy is low, it is not vertically above the cropped land. 

Soil crodihilit.)' 

!t is widely observed that soil structure is of a higher grade and more stable, 
detachability lower and infiltration capacity higher under forest than under 
cultivation. Under shifting cultivation, organic matter decreases and erodibil
ity increases during the cropping period. Under taungya systems, there is 
usually a decrease in organic-matter content and infiltration capacity and 
higher erosion during the cropping period as compared with a forest planta
tion without taungya. Higher erodibility has been recorded for a homegarden 
in Tanzania and a multistorey tree garden in Java, as compared with natural 
forest in the same areas. For the practice of trees in fields, under Acacia albida 
in Senegal, no significant differences in structural stability were found between 
sandy soils beneath and beyond trees. Alley cropping has the potential to 
maintain organic matter, or limit the rate at which it declines, compared with 
the almost invariable decline under pure cropping. After six years of maize
leucaena alley cropping at lbadan, Nigeria, topsoil organic carbon was 1.1%, 
compared with 0.65% when leucaena prunings were removed (Kang et al. 
1985). 

Re(hction o/ runof 

Where trees are planted on soil-conservation works, including grass strips, 
bunds and terraces, this of course reduces runoff and erosion, but no specific 
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added effect can be attributed to the presence of trees. Barrier hedges appearto be effective in limiting runoff, although there are limited data on this.Where alley cropping is established along the contour, the rowstree willpossibly limit erosion to the sarne extent as grass barrier strips, but again data 
are lacking. 

The ground surfice cover 

Under plantation-crop combinations, erosion is substantially reduced wherethe prunings are laid on the ground surface. In a multistorey tree garden inTanzania, when crop residues were left its mulch, less erosion occurred than
under forest. The surface litter cover is far more important than the leaf canopy in controlling erosion. Under trees on pastures, there are two reports
of higher erosion than in pure pastures, but there is no information on thereasons for this. Alley cropping can potentially provide surface cover from 
prunings. 

4.2. Observed erosion rates under agroforestr' practices 

Recorded erosion rates under agroforestry practices and other relevant forms
of land use are shown in Table 34.4. If rates of erosion are classed itslow = <2 t/ha/yr, moderate = 2 10 t/ha/yr, and high= > 10 t/ha/yr, the 
results may be summarized as follows: 

Low 

Natural rain forest 
Forest fallow in shifting cultivation
 
Multistorey tree gardens
 
Most forest plantations, undisturbed
 
Tree plantation crops with cover crop and/or mulch 

Moderate or high 

Cropping period in shifting cultivation
 
Forest plantations, litter removed 
or burned. 

A feature of the data is that in the systems which have high erosionpotential, the range of values is large, indicating the importance of manage
ment practices rather than the intrinsic properties of the practices.


In summary, 
 it can be said that the tree canopy frequently does not reducethe erosive impact of falling rain, and may increase it. Soil erodibility isgenerally lower under agroforestry than pure arable cropping owing to the 
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Table 34.4. Reported rates of erosion in tropical forest and tree crops systems. 

Land-use system 
Erosion, t ha-' yr-

Minimum Median Maximum 

Mullistorcy tree gardens 0.01 0.06 0.14 
Natural rain forest 0.03 0.30 6.16 
Shifting cultivation, fallow period 0.05 0.15 7.40 
Forest plantations, undisturbed 0.02 0.58 6.20 
Tree crops with cover crop or mulch 0.10 0.75 5.60 
Shifting cultivation, cropping period 0.40 2.78 70.05 
laungya, cultivalion period 0.63 5.23 17.37 
free crops, clean weeded 1.20 47.60 182.90 
Forest plantations, burned or 5.92 53.40 104.80 

litter removed 

Source: Wiersuin (1984). 

better maintenance of soil organic matter. By far the greatest effect in reducing 
erosion, however, can be achieved by maintaining a ground surface cover of 
litte:, which many agroforestry systems have the capacity to achieve. 

Among agroforestry practices, only multistorey tree gardens are by their 
nature always likely to control erGsiont (but even this could be untrue for a 
ftrtner with a passion for clearing away all plant residues!). Other practices,
notably planted tree fallows, alley cropping, plantation crop combinations, 
multipurpose woodlots and reclamation forestry have the potential to reduce 
erosion to acceptable levels, given good management. 

Trees, and hence agroforestry systems, do not necessarily lead to control of 
erosion. What matters is the way in which the systems are designed and 
managed. 

In the design of agroforestry systems for erosion control, the primary aim 
should be to establish and maintain a ground cover of plant litter. From the 
aspect of erosion control alone, maintenance of soil organic matter, and hence 
of soil physical properties and erosion resistance, is also important. It will not 
usually be possible to achieve erosion control by tree-canopy protection, 
unless possibly under systems having a low and dense cover. 

4.3. Examph's of agrofobrestr' i erosion control 

Examples where agroforestry practices have been employed or recommended 
with erosion control as a major objective are presented schematically in Figs.
34.2 and 34.3. These include experimental systems from Rwanda, Burundi, the 
Philippines, Indonesia, Nepal, Kenya, Cameroun, Malawi, Ethiopia and 
Vietnam (Young 1986). 
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Fig. 34.2. Examples of agroforestry in erosion control, a: Barrier hedges of double rows of
Leucaena with maize, developing 
 rows of maize into terraces, Philippines. b: Leucaena barrierhedges planted at 90 cm spacing in furrows betweens rows of maize, developing into terracettes,

Malawi (A. Young, personal observation). c: Trees on conservation 
works, Malawi; fruit trees ongrass strips, and Leucaena on marked ridges (ridges laid out along contour to guide cultivation
ridges below) (A. Young, personal observation). : Alternative arrangements for treees onconservation works, Cameroun;fosse (t retention -
ditch for retaining runoff,arbre d'ac'oinpagne
merit associated tree; ha, productl" t,,stabilisation productive hedge for stabilization. e,:Alternative positions for trees onfiouqn.jm structures, Kenya;.fcanJajuu (literally inchthrow (earth)
upwardsinch) are bunds in which the bank is above the ditch, promoting natural terrace formation. 

Source: Young (1986). 

http:onfiouqn.jm
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h tcltion fo ductr b slectiveclearon nE~roded hill.llo 
r to
 

on riseros ers,' (A.of irrioated Nepl Yug esnlosiato) :Alycopn ith 

Fig,. 34.3. Examples of agrof'orestry in soil erosion control a: Trees on terrace, Ethiopia. b: Trees 
on risers or irrigated terraces, Nepal (A. Young, personal obseivation), c: Alley cropping with 
Lew-acna laid out on uslope; after a photograph in Kang e'tal. ( 1984). d1:Model for land use as 
ainalternative to shifting cultivation, North-Eastern Hill region, India. e: Plan view of suggested

land use on slopes combining barrier hedges with trees on grass barrier strips, Philippines. ./*
Possible development of reclamiation forestry into productive use by selective clearance of contour 

strips. 

Sour'e: Young (1986). 



584 

5. Trees as windbreaks and shelterbelts 

5.I. Description 

Windbreaks are narrow strips of' trees, shrubs and/or grasses planted toprotect fields, homes, canals and other areas from the wind and blowing sand.
Shelterbelts. a form of' windbreak, are long rows of' trees and shrubs plantedmany rows wide and perpendicular to the prevailing wind. Where wind is ama-jor Cause 01 soil erosion and moisture loss, windbreaks can make sustain
able production possible. When properly designed and maintained, a wind
break red uces the velocity ol' tle wind, and thus its ability to carry and depositsoil and sand. It can improve the microclinm te in tie area it protects bydecreasing water evaporation from the soil and plants. In some cases windbreaks have been shown to increase the productivity of' the crops they protect.
In addition to these soil- and water-conservation eff'ects, windbreaks can also
provide a wide range of usefIl products, from poles and fuelwood to fruit,
fodder, fiire and mulch. 

Windbreaks usually Consist of niultistorey strips of' trees and shrubs plantedat least three rows deep. They are placed on tile upwind side of the land to beprotected, and are most effcctive when oriented at right angles to the 
prevailing winds. While their extent may vary dramatically, it is common inthe dry savannas and steppes of' Af'rica to plant windbreaks 100 in long or 
more. \withI a peak height of I0ill.
 

Small living fences and hedgerows can also act as windbreaks For small sitessuch as homegardens and nurseries. However, windbreaks are distinguished
from boundary plantings and living fences by their orientation, which must
face the wind, and by their muitistorey, semi-permeable design. They m,.ycoincide with roadside, boundary, and floodplain planting sites, but must be
specifically designed to slow down the wind. Very dense windbreaks may domore hari than good since they will tend to create strong turbulence that will 
scour the soil on the windward side and damage crops on tile leeward side.
Gaps it the trees will channe! tile wind actually increasing the velocity on 
 theleeward side and promoting soil erosion and damaging crops.


Throughout the Af'rican continent farmers 
use windbreaks to protect crops,
watcr sourccs, soils and settlements on 
plains and gently rolling farmlands.
Fiedgerows of' Euporhia thrttcali protect maize fields and settlements in the
dry savannas of' Tanzania and Kenya. Tall rows of ('asuarina line thousands
of' canals and irrigated fields in Egypt. !i Chad and Niger iiulti-species
shelterbelts protect wide expanses of' cropland f'rom desertification. The prac
tice is riot new, although the design of multipurpose windbreaks for small
holders will require new agroforestry skills. 

The protective and productive benefits of windbreaks at a given site should
be weighed against the costs before proceeding with detailed plans and 
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planting. Aside from the direct costs labour and plantingfor material, 
windbreaks will take some land out of crop production, and will compete for 
water, light and nutrients. Increased crops yields, soil improvement and 
by-products must be sufficient to cover these costs and still produce a net 
benefit. 

The distance between windbreaks is determined mainly by the height of the 
tallest trees in the row. A properly designed windbreak can protect a field at 
least 10 times as long as the height of the tallest trees. So if the trees are 10 
m tall, crops up to 100 m in the leeward direction will be protected. The 
protective influence will diminish with distance from the windbreak. A more 
permeable windbreak will shelter a longer stretch of cropland than a dense 
windbreak. 

5.2. Species 

The most effective windbreaks provide a semi-permeable barrier to wind over 
their full height, from the ground to the crowns of the tallest trees. Since their 
shapes change as they grow it is usually necessary to mix several species of 
different growth rates, shapes and sizes in three or more rows. Some fast
giowing species should be used to establish the desired effect as rapidly as 
possible. Eucal'ptus, Cassia, Prosopis, Lcucaena and Casuarina are oftei
 
planted for this reason. However, no tree will grow rapidly if it is not well
 
adapted to the environmental conditions of the site. In addition, some of these
 
genera 
are not as long-lived as Flowe," growing trees. Fast- and slow-growing
 
species should thus mixed extend useful of the
be to the life windbreak. 
Mixir species also provides protection against attack from diseases or insects 
that can easily destroy single-species stands. 

Diversifying the species in the wirdbreak can idso bring a wider variety of
 
useful products to local users. A fully developed windbreak 
can yield wood,
 
fruit, fodder, fibre and honey for and home use.
sale Where animals are 
allowed to graze nearby, at least some of the lower, outer trees or shrubs 
should be relatively unpalatable, while fodder species may fit closer into the 
centre or along an inside edge where they are not e'xposed to animals but can 
be cut by hand. Neem (A:adirachtaindica) has been used in Niger where its 
unpalatable leaves protect it from damage by livestock. 

Although some trees such as neem, Casuarinaspp. and EucalVptus spp. are 
widely used in windbreaks, they should be used selectively. Eucal'Vptus should 
not be uscd alone as it has a sparse understorey and may negatively affect 
water availability Ind crop productivity in the vicinity. Neem is known to 
shade crops and thus reduce the land available for crop production. On the 
other hand, people have constructed successful windbreaks with such unlikely 
trees as cashew (Anaccrdium occidental') and indigenous Acacia. The species 
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selected must fit together as a group into a larger overall design that in turn 
fits into the local landscape and land-use system.

While diversity is important, there are constraints on species choice both for 
indigenous and exotic species. The species selected will have to meet the
growth form, size and growth rate required for the windbreak as well as the
production priorities of the local people. Fnvironmental hazards such as insect 
pests (especially termites), wild and domestic animals, poor soil and drought
will narrow the choice as well as reduce the trees' growth rate. Water 
management, especially during establishment, will important, asbe in any
attempt to establish trees in a dry environment. Microcatchments, hand 
watering or irrigation should be planncd. 

5.4. Anticipated benefits 

AithoUgh very little information is available on ihe quantities of wood (as
fuelwood, poles or other form) from trees growing in windbreaks, some 
preliminary results are encouraging. In windbreak tests in the Majjia Valley in
Niger (with favo;!able soils and 425 mm mean annual precipitation), an
"average" neeni t.' ielded between 3 and 7 kg of usable fuelwood per year.
In this calculation the yield was averaged over the lifetime of the tree and 
proper management was assumed. Based on these calculations, a 100 m strip
of a double-row windbreak where trees are spaced 4 m apart within each row, 
would provide: 

5 kg wood (average) x 25 trees x 2 rows = 250 kg of wood, or enough to
give a family of five enough firewood to last for almost two months. This 
same strip would protect roughly one hectare of cropland. If the same
family protected 6 ha of cropland with windbreaks they would also meet 
their fuelwood needs .or the year. 

It should be noted that wood cannot be harvested for several years after 
planting. 

Cashews used in a windbreak in Senegal are yielding a fair amount of
fruit and nuts. Although not in sufficient quality and quantity to make it 
commercially viable on a large scale, this windbreak by-product provides
important 

an 
addition to local diets. Acacia scorpioides trees planted in wind

breaks in Niger are now producing seed pods used for traditional !eather
tanning. Since there is a steady market for this product, the windbreaks make 
a modest but much appreciated contribution to the local economy. In other 
cases where windbreaks have been established with Prosopis, seed pods are
collected daily for supplemental livestock feed and some are sold on the local 
markets. 
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In north-west China multi-row shelterbelts of Paulownia have been planted 
to stop desert encroachment. A 21--55% decrease in wind speed was measured 
in the protected area, together with increases of 12.5% in air humidity and 
19.4% in soil humidity (in the top 50 cm). Maximum summer and winter 
temperatures were reduced, crop yields increased and wood produced. 

Tile reported effects of windbreaks on crop yields vary considerably. In some 
cases grain yields have increased significantly, in other cases the competition 
for water and light, the land "lost" to the tree planting, or changed microcli
mate have been found to be slightly detrimental. The effect on yield is clearly 
dependent in large part on the design of the windbreak, and the particular crop 
and environment involved. Because of this, the multiple tree products and 
long-term soil conservation should be considered to - the primary benefits. 

In the Sahel, windbreaks seem to have a positive effect on the crop yield of 
protected fields. Though statistically valid results are still not available, it 
appears that millet and sorghum yields in fields protected by windbreaks of 
neem can be as much as 23% higher than in unprotected fields nearby 
(Bognettean-Verlinden 1980). In a year with poor rainfall, even relatively small 
differences in crop yields can be significant for the local population. It was 
estimated that pollarding these windbreaks every four years would bring Majjia 
Valley residents US$ 800 worth of construction poles and wood per kilometre 
of windbreak (USAID 1987). 

Plann,rs working on windbreaks for the Gezira irrigation scheme in the 
Sudan have estimated that windbreaks could increase the yield of existing 
irrigated fields and could save enougr' water to irrigate more land. A crop yield 
increase of 5% would be enough to cover all establishment and maintenance 
costs of' the shelterbelt. Additional crop yield increases, plus wood, fodder, 
honey and soil improvement would be clear profit. Planners estimate that a 
family with 10 ha of land would harvest 7.5 m3 of wood, 0.41 tons of extra 
cotton, and I ton of fodder fiom shelterbelts on their property. In addition, 
the savings in irrigation water would allow 2,000 new falni:es (at 10 ha each) 
to join the Gezira scheme on expanded acreage under irrigation (K. Openshaw, 
personal communication). 

A mini-version of windbreaks may also be quite useful for local vegetable 
gardens as well as small irrigaticn schemes. In these cases, they could be best 
combined with living fences. Here the design would have to take the relatively 
small size of the plots and their geometric layouts into consideration. The tree 
height will be less than the larger-scale versions designed to cover the entire 
plain or valley. Different species may also be more appropriate: Aoringa 
ole,/'era, for example, or Gliricidia, Markhania or fruit trees. Especially if 
supplemental irrigation water is available, the most productive (and mar
ketable) fruit trees are likely to interest farmers the most. For example, passion 
fruit (Passifloraethdis) functions as a windbreak on small farms in Kenya where 
it is trained along wire fences (USAID 1987). 
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5.5. Examples of successfid activities 

A fairly extensive windbreak research and testing programme is being carried 
out in the Majjia Valley of Niger (Tahoua Department) by the Niger 
Government, USAID and CARE. Yields from individual trees cut under 
different management cycles and farm crops (with and without windbreaks), 
and the distribution of benefits are being studied. The project began in 
with the establishment of large-scale windbreaks. A total of over 300 km of 
windbreaks have heen established to date, eventually protecting over 3,000 ha 
of farmland. These originally consisted of doubie rows of neem, but were later 
replaced and/or mixed with Acacia scorpioides and Prosopis spp.


Large-scale windbreak programmes have also 
 been undertiken in the 
central parts of Senegal, in some cases using cashew trees (Anacarditan 
occiW1tta,). 

In the Singida District of Tanzania farmers ha\- used tall hedges of 
Euphorhia to protect croplands. Throughout the highlands of Kenya tall 
shelterbelts of Grevillha rohusta ar used to protect tea plantations. Insect 
pests infesting the tea ha,,c been known to take refuge in these trees, reducing 
tile popularity of shelterbelts. In the dry and sub-humid savannas of Kenya,
Eucal.'vT11S. ('asuarinaand cypress species have been planted in windbreaks for 
large commercial Iftrms and homesteads. While there have been many system
atic experiments on species performance, very little is known about the actual 
effects on crop yields and soil erosion in Kenya. 

Some farmers and researchers also question whether shelterbest; will en
courage tsetse flies in infested savanna areas. Kenyan and Tanzanian experi
ence suggests that windbreaks need not shelter tsetse flies if the proper species 
are chosen and they are well managed. If the understorey is relatively open,
the overstorey high and the ground surface clean-weeded, then tsetse infesta
tion is not likely. 
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35. Agroforestry and biomass energy/fuelwood
 
production*
 

P.K.R. NAIR 

The fuelwood situation in many developing coun!ries has become so alarming 
that any discussion on farm productivity and land use cannot be complete 
without a treatment of this subject. This is particularly so in a discussion 
involving trees, and therefore forestry and agroforestry, because trees and 
shrubs constitute the main source of firewood and other forms of biomass 
energy. 

Examining the role of agroforestry (primarily the woody components) in 
energy production, Raintree and Lundgren (1985) identified the following as 
the major areas of its potential contribution: 

I. 	Woodfuels for direct combustion: firewcod, sawmill wastes, etc.; 
2. 	Pyrolytic conversion products: charcoal, oil, gas; 
3. 	Producer gas from wood or charcoal feedstocks; 
4. 	 Ethanol from fermentation of high carbohydrate fruits (e.g., babassu palm, 

breadfruit, carob or prosopis pods) or other tree parts (e.g., sage palm); 
5. Methanol from destructive distillation or catalytic synthesis processes using 

woody feedstocks; 
6. 	Other potential fuels from experimental technologies on biomass energy 

using tree products as feedstocks. 

Needless to say, the woody components involved in these systems, by virtue of 
their multiple output and multipurpose nature, will also play other functions. 
rl:ese include not only direct production roles (including production of other 
basic needs), but also indirect service and/or protective roles (whereas the tree 
enhances the output of other components as well as the long-term sustainabil
it) of production of the overall system). 

Although all the productive and protective functions of agroforestry are 
important in biomass energy concerns, the most conspicuous energy issue for 
millions of rural people throughout the developing countries is the daily 
scramble to find the wood they need to cook a meal. The terms "firewood" 
and "fuelwood" are used almost synonymously to refer to such wood. 
Although fuel for cooking is the most important use of firewood, tL'i-e are 

* Adaptcd from Nair, P.K.R. (1987). 

P.KR. Nair (cd.i. Agro orcstry S)stcms in the Tropics. 591-597. 
( 1919. -Kluscr Academic Publishers, Dordrcchl Printed in the Netherlands. 
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also other uses such as heating and lighting. Wood remains the main fuel 
source even in areas where forests are rapidly disappearing. The situation with 
respect to fuelwood availability and supply is worsening day by day, and
several studies have recently been published to highlight the gravity of the
situation and draw governmental and international attention to methods of 
tackling it. 

The problem of fuelwood shortage cannot be tackled in isolation from other 
aspects of rural development. The rather unimpressive performance of large
scale forestry and reallorestation programmes in developingthe countries 
offers a good lesson. Benefits resulting from forestry programmes are not
often readily and rapidly forthcoming so that it is dillicult to secure the 
co-operation of governments people,and the for whom the short-term per
ceived needs such as increasing production of' food crops and livestock 
freq Len ty Ioutwcih the long-term importance of forest resources. Recent
studies have iiidic:t,-d that fuelwood cutting is second only to clearing land for
agriculture as a major cause of deforestation (FAO/SIDA 1983). It seems,
therefore, that of athe chances programme for fuelwood production being
successful are greatly enhanced if it can tackle fle production not only of 
fuelwood per se but also of food crops. Agroforestry offers great scope in this 
context because one of its underlying concepts is simultaneous production of
food and wood ( King 1979, Lundgren f.nd Raintree 1982). Integration of
appropriate fuclwood species on crop- and livestock-production units thus 
seems to be one of the best strategies foi fuelwood production in the rural 
areas of the developing countries. 

1. Firewood species 

Any woody material can be considered firewood, and therefore any woody
plant can be a firewood species. However, the term firewood species, as used
 
in the current literature, denotes plant species suitable for deliberate cultiva
tion, especially in developing countries, to provide firewood for cooking,
warmth (heating) and sometimes lighting. An international expert panel on 
firewood crops constituted by BOSTID (Board Scienceon and .Technology
for International Development) of the NationalUS Academy of Sciences 
identified over 1,200 firewood species. Of these, about 700 were given top
ranking signifying that they are tie potentially valuable ones which deserve
increased research attention, and 87 of them were described in some detail in 
two volumes of a treatise on the topic (NAS 1980, 1983). In preparing these 
reports, special considerations were given to plants that: 

- have uses other than providing fuelwood;
 
establish easily and require little care;
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- adapt well to different ecological conditions as well as problem environ
mcnts such as nutrient-deficient or toxic soils, sloping areas, arid zones, 
troj)ical highlands; and 
ha~c special desirable characteristics such as nitrogen-fixing ability, rapid
growth, coppicing ability, ability to produce wood of high calorific value 
t0at burns without sparks or toxic smokes. 

Most of the plants described in these reports are little known in traditional 
forest production, some being many-branched, short-lived woody shrubs 
rather than majestic forest trees. The primary emphasis in these compilations 
was the suitability of the species for growing as firewood for individual family
needs. There are also several other reports on relatively little-known or 
underexploited species with immense value firewood species (Nairas 1987). 

2. Firewood production in agroforestry systems 

It has already been pointed out that a large number of woody perennial plants 
can bc grown as firewood species. But recent experience with low-input farm 
Forestry efforts have amply illustrated that the small farmer's preference is 
always for trees that yield multiple outputs however serious the fuelwood 
shortage is. Foley and Barnard (1984) put the problem in the correct 
perspective: 

Numerous programmes.. . have been based on the belief that because 
fuelwood scarcities appear to be getting worse, people will automatically 
want to plant fuelwood specie. Hence eucalyptus and other fast growing 
trees have been promoted, ofte, with very poor results. It now appears that 
people, in many cases, wo;uid ,ave been more enthusiastic about planting 
trees to meet their aniimal fodder and other needs, with fuelwood being a 
subsidiary benefit rather than the prime motive. 

One of the prime considerations in the choice of trees in agroforestry is their 
capability for improving microsite qim.lities and imparting sustainability of 
production, so that the land on which thcy grow is made z!better medium for 
not only their own growth but also of the other companion herbaceous 
species. As Hall and Coombs (1983) obseived, "the problem with integrated
fuel-food systems is that, since all parts of the plant can be used, all parts
could be removed". Leguminous trees are particularly important in this 
context because of their ability to fix atmospheric nitrogen. A large number of 
such leguminous woody perennials with agroforestry potential have been 
identified (Nair ei al. 1984, Doebereiner 1984) and the Nitrogen Fixing Tree 
Association (NFTA, P.O. Box 680, Waimanalo, Hawaii 96795, USA) and 
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several other agencies are involved in promoting research and development 
efforts ol this important group of plants. 

3. Programme options  lessons from forestry initiatives 

While considering agroforestry approaches to fuelwood production we need 
to draw from tile experience and results of the recent efforts in tropical
forestry and other tree-based land-use systems. Such results include not only
the failures and pitfalls of conventional forestry but also the strengths and
achievements of sote non-conventional approaches. The accumulated expe
rience to date Ias rccently been reviewed by Foley and Barnard (1984), and 
using that review as a basis, Raintree and Lundgren (1985) have identified 
ways in which agrolorestry might be used to improve existing programme
approaches in rural biomass energy production. 

3. 1. Farl 'l'resril 

Farm forestry, which is one of the major forestry initiatives of recent times,
refers, in common usage, to growing of trees by individual farmers on their
farmland, usually as cash crops. When undertaken by relatively resource-rich 
farmers, the basic strategy maximize profitis to the from the investment. 
This is accomplished through commercial production using higher levels of
inputs, better technical packages and short-rotation species. These ap
proaches to maximize profits can lead to effects such as low labour needs 
(and therefore reduction of local employment opportunities), failurc to in
crease local supplies of fuclwood and fodder (because the target is the more
lucrative urban market), and likely use of productive agricultural land rather
 
than the so-called marginal lands for tree planting (and thereby defeating the

expected environmental objectives 
 of tree growing). On the contrary, the
low-input approach to fIarn forestry is for relatively resource-poor farmers,

with the objectives 
 of' obtaining small, yet attractive returns wAith minimum 
additional investment. The number of trees per farm is low, and they are
planted around the housC and/or along the boundaries at very little extra 
cash cost to the farmer. Agroforestry can improve this sriall farm variant of
farm forestry by better integration of withtrees other components of the
farming system through agrisilvicultural options as, for example, in Nepal
(Fonzen and Oberholzer 1984, Chapter 7) or silvopastoral practices such as,
for example, in Venezuela (Escalante 1985; Chapter 31), and thereby reduce 
the opportunity cost of trees as well as make it possible for the trees to
benefit, in a non-competitive way, from the inputs normally given to the 
crops. 
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3.2. Comunity for'stry 

A wide range of activities falls under this general heading of community 
forestry, all with a common element of the use of public or communal lands 
for tree growing, though for a variety of objectives and often with considerably 
varying degrees of' community participation. Although they have the potential 
to address a wider range of community needs than private initiatives, these 
activities are more dillicult to design and implement effectively, mainly because 
of' the difficulty of mohi liziing a genuine community interest among diverse 
segments of' the local population. It Will also be difflcult to ensure equitable 
distribution of the communal resources, resulting in individuals and groups 
with better social and other "'powers" becoming disproportionately larger 
beneficiaries at the cost of the poorer or weaker sections. Coupled with this, 
some poorer sections of society who depend on such co1munal lands for free 
collection of fodder and fuel will be deprived of this meagre source of' income 
if' such communal lands are commercialized. 

Nevertheless, in spite of these drawbacks, community programmes offer 
opport unities tor broad-based rural development planning. The scope for 
firewood production through agroforestry in community forestry lies mainly in 
the silvopastoral and agrisilvicultural (living hedges) practices. The tree species 
selected for the plantation could themselves be M PTs with high fuel and fodder 
values such as many species of the genera Acacia and Prosopis. Careful 
management, including appropriate thinning and pruning regimes, can lead to 
production of large volmes of' high-quality reed material without any signifi
cant reduction in the eventual yield of firewood (or timber). 

3.3. !f'oodlots 

Woodlots are block plantings of trees. On most occasions, foresters think about 
tree planting as some forms of block planting, so that "community forestry" 
and "farm forestry- are generally perceived as community woodlots and farm 
woodlots. However, in areas where land is scarce, most farmers cannot afford 
the Iluxury of farm woodlots. The situation could be different if marginal and 
degraded lands that are unsuitable for Food production were available. In such 
situations, there are at least two tree arrangement alternatives, namely, block 
planting and row planting on farm or plot boundaries. There can also be zonal 
ar.:tainicnts of' blocks of trees and crops in alternate or regular strips, as well 
as mi:'d tree herbaceous-crop associations. Obviously, the choice of the 
arrangement will depend on site-spccific factors. But, as Raintree and Lundgren 
( 1985) have pointed out, woodlots are unlikely to be the first resort of 
agroforestry project planners, although they will contin ue to play a significant 
role in meeting rural energy needs in developing countries. 
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4. Some socio-economic factors 

4. I. Subsistence vs. colinnercial prohiction 

In most developing countries, infrastructure for markets and communication 
is so poor that commercial production of fuelwood is still a distant dream. In 
many cases, the scarcity situations have only recently come to be recognized 
so that there has noi been enough time for a marketing infrastructure to 
develop adequately. Moreover, in many impoverished rurat areas people still 
take free collection of firewood for granted and do not conider buying it. 
However, in some Situations refined fuels such as charcoal may be bought, 
which can minimize the transportation constraint to some extent. 

Potential agrofrestry and other tree-based systems span a wide range of 
opportunities, from commercial to p irely subsistence systems. The emphasis at 
present is more towards the subsistence end of the scale, and the situation is 
likely to remain so in the foreseeable future. Therefore, research and develop
ment eflorts that are planned will have to be oriented primarily to the 
subsistence farmers. 

4.2. Fuielwio1 prohiction in the context of competing land-use options 

Experts in biomass energy seem to accept that possibilities for diverting large 
areas of arable land for energy production exist only where land is abundant 
and the national need for indigenous production of energy, especially liquid 
fuels (Hall and Coombs 1983), is great. Forest lands are usually committed to 
certain forms of forest management designed to meet national targets for forest 
products. Policy planners also often repeat some "magic" statistics of a certain 
percentage of total land area that must be under certain types of forest, 
apparently without either examining alternative ways of producing the desired 
outputs with smaller areas under forest, or assessing whether such forested 
lands are being efficiently managed. At the same time, the demand for more 
land to produce food is increasing tremendously, not only as a consequence of 
the increase in population but also because vast areas of cultivable lands are 
being rendered unsuitable for sustained production because of defective 
land-management practices. Forestry departments are, therefore, finding it 
extremely diflicult to keep their lands under forest, and they often regard 
farmers as their "enemies". Taking agriculture or, for that matter, firewood 
crops to forest land with the blessing of the forestry departments, therefore, 
seems to be an uphill task. Moreover, shortages of appropriately skilled 
manpower and suflicient numbers of properly trained labour can also be a 
bottleneck in forestry departments' efforts to undertake innovative forest 
management. 

Thus, the scenario is such that forests (land under forestry departments' 
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control) are unlikely to be available for fuelwood production through the 
agroforestry approach in most developing countries. Similarly, food produc
tion will continue to be of top most priority so that it may not be prudent or 
feasible to envisage any substantial fuelwood production schemes on arable 
agricultural lands at the cost of food production. However, agroforestry can 
be of value in this context by: 

(i) 	 Incorporating and integrating appropriate species of woody perennials 
on farmlands along with other components of the farming system not in 
a competitive but in a complementary way; 

(ii) 	 Integrating herbaceous crops and livestock on forest land according to 
the agroforestry management schemes so as to facilitate simultaneous 
production of wood and food crops; and 

(iii) 	 Employing agroforestry techniques for reclamation of degraded lands 
and proper utilization of "wastelands". 

Some prototype agroforestry technologies for each of these situations are 
now available. Most of' these have evolved through the trial-and-error ap
proach of local farmers with practically no scientific input to improve them. 
The greatest scope for improving their efficiency and obtaining tangible results 
in such a programme lies with the integrated food and fuelwood production 
initiatives in smallholdings. 
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The state-of-the-art of agroforestry
 



36. Institutional and policy aspects of agroforestry* 

B.O. Lundgren 

I. Land-use institutions today 

The basic institutional structures established to deal with the use of land in 
virtually all the countries of the world today originate from temperate Europe 
and North America. There, in the late nineteenth and early twentieth cen
turies, the modernization of agriculture and forestry, which was necessitated 
by and dependent upon the rapid industrialization, led to the gradual emer
gence of government and private institutions to support the land users. Crop 
production and industrial wood production, which were carried out on 
separate types of land, required different professional skills, had different 
aims, and very often were managed by different owners (farmers versus 
governments or private companies). It was entirely rational, therefore, that 
agricultural and forestry institutions developed independently of each other. 
In the few cases where it was deliberately planned that trees, crops and/or 
animals ,;hould interact in specific technologies or land-use practices, for 
example in windbreaks, shelterbelts, hedges, grazing in fruit orchards, or game 
management for meat production in forests, there was never any difficulty in 
establishing which institutional sector was "responsible" for the technology or 
practice. With very few exceptions, anything done on designated farmland, 
even if it involved tree growing, was (and is) the responsibility of the 
agricultural/horticultural sector, and any use of forest land, including game 
management, rational utilization of wild berries, mushrooms, etc., falls under 
the forestry sector. 

As a result of these separate institutional developments, there are today 
different laws and policies governing agricultural and forest land use, there are 
separate training, education and research institutions; advice to land users is 
provided through separate extension services; agriculture and forestry nor
mally fall under different ministries or, if they are under the same ministry, 
under separate departments. 

Another important aspect of the land-use legacy from the industrialized 
countries is that all policies and disciplinary R & D efforts are aimed at 
maximizing, in a sustainable way, the output of products per unit of land -
this applies as much to wheat, maize, milk and meat as it does to timber and 
pulpwood. Commercially-oriented monocropping dominates the use of land 

* Adapted from Lundgren, B.O. (1987). 

11KR Nair (ed.), Agroforestry Systemsin the Tropics. 601-607. 
19N9. Klusscr Academic Publishers. Dordrecht - Printed in the Netherlands. i 
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and has been seen as very successful as markets for agricultural and forest 
products have continuously increased in volume over the last century. Subsis
tence use of land, in the sense of pep: being clependerit ol their own land for 
food, has virtually disappeared in industrialized countries. 

When the European colonial powers established their ,dministrations in 
Africa an] elsewhere in tropical and subtropical regions, the institutional 
structures, policies and aims related to land use and development used in the 
home countries were simp!V copied in the coloniei. This applied also to those 
countries which were not colonies, e.g., in Latin Americal, where governments
chose to adopt the industralized countries' institutional structure in land use.
The model has been continued after independence in all tropical countries and 
the post-war internatioaal organizations that were se( up to assist the emnerg
ing nations in improving and rationalizing the use of their land resources are 
all oriented on conventional-discipline lines. There is little doubt hat the 
concentration of R & D efforts on the pl.rticular commodities, technologies
and practices which the monodisciplinary 'approach leads to, has resulted in 
some remarkable success stories in trol ;cal countries during this centur: in 
agriculture, forestry and other land-use discinlines. However, in spite of these 
linwed successes, there are, quite obviously, many aspects of land use which 
are not successful: to mention a few: deciining food production per capita in 
most of Africa over the last 25 ye,-s, alarming rates of increase in man-made 
desert conditions, erosion and flooding, existing or imminent energy crises due 
to lack of fuelwood. etc. It is open to (IiscIssion whether the main causes of 
these conditions are demographi,:, political, technological, economic -nvior 
ronmental. It is generally agreed, however, that there is no single cause but
rather a complex interaction among several factors interactions which aic 
different from place to place and country to c',unlry.


A significant contributor to the failure !o solve many important 
 land-use 
problems is t'e inappropriateness of conventional- discipline-uriented institt
tions for identifying and addressing real problems in land-ase systems in most
developing countries. This particularly applies to the multitude of subsistence
 
or mixed subsistence/cash farming and pastoral systems in which the vast
 
majority of rural land users live and from which they eke out a living. They
differ, of course. with ecological and socio-cultural conditions, from the purely
nomadic nastoral s~stems of the arid to semi-arid zones to the sedentary
mixed-farming systems on upland soils in subhumid areas and the shifting
cultivation in the humid zones. Some features are shared by most of them, 
e.g., lox, cash incomes and. hence, little ability to invest in :mprovements
requiring money, and marginal ecologies, such as infertile or erosive soils, or 
marginal climates. Often, land tenure is insecure or non-existent. Common 
land,,, which often serve as important sources foe fuelwood, building material,
grazing, etc., are diminishing in area or are being degraded through overuse as 
a result of increasing populations. 
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The subsistence laad user's strategy and aims are to use his labour and land 
resources to optinize, with minimum risk, the production of various products 
and services required to satisfy all his basic needs. 

2. Why are today's institutions inadequate? 

The fundamental inadequacy of conventional-discipline-oriented institutions 
lies in the failure to acknowledge and understand these basic facts, strategies
and aims, and in the inability to adapt to them. These institutions are geared 
to the ma.vnization of individual components, be they food crops, cash crops,
animals or trees. There is little understanding that the land user needs to share 
out his resources for the productin of other commodities or services. Even if 
such an understanding appears to exist -- tie forester may generously agree
that food production is essential and the agronomisi may not disagree that 
fuelwood is needed there is very little technical comprehension of the 
requirements for producing commodities outside one's own discipline. The 
inability of technical institutions and experts io understand how social,
religious, cultural and traditional beliefs and preferences car nullify a convinc
ing cost/benefit analysis has been so well documented by social scientists that 
there is r.o need to elaborate the point.

It is, q,,ite obviously, this lack of understanding of the complexities of many
land-use systems, which is built in to the very foundation of conventionmi 
institutions, that is the basic cause of the many failures and frustrations in 
trying to solve the land-use problems of developing countries today. Land 
users are generali-y not conservative or "primitive"; they are not adamantly
unwilling to improve their lot; they are not opposed to increasing their yields 
or cash incomes, nor are they hostile to planting and caring for trees on their 
land - proriedwe understand how technology changes and improvements fit 
into their problems, priorities, beliefs and aims. The situation today can be 
summarized as in Figure 36.1 (Lundgren 1987).

There are a large number of more or less narrowly speciali7ed sectors, 
disciplines, institutions, scientists and experts, laws, policies, etc., all dedicated 
to maximizing (within limits known to and idencified by themselves) "their" 
product, i.e., which look at one segment of the land-use system only.

There is no institution today which has both the mandate and the compe
tence to identify solutions to land-use problems base6 on an interdisciplinary 
analysis of interactive constraints and potentials within land-use systems, and 
the power to assign resources in a way that will cut across institutional 
boundaries in order to implement such solutions. 

There are, nevertheless, a few positive signs that awareness of the need 
to address the institutional constraints to real problem-solving is increasing.
For example, the recently published report of the World Commission on 
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Fig. 36.1. Institutional dilemma of land development? Disciplinary institutions look at specific 
compartment of a land-usc system only and normally do not consider the complex interactions 
within the system. 

SoVr)e: Lundgren (1987). 

Ent'ironmenf and Dec'elopmeni (the "Brundtland Commission") (1987) 
concluded: 

The integrated and interdependent nature of the new challenges and issues 
contrasts sharply with the nature of the institutions that exist today These 
institutions tend to be independent, fragmented, and working to relatively 
narrow mandates with closed decision processes. 

Less encouraging, however, is the fact that virtually all recent policy and 
planning documents from international institutions, even if they pay lip 
service to the need for multidisciplinarity, integrated approaches and holistic 
views, end up making conventional recommendations such as increased use of 
fertilizers, irrigation and genetically improved crop varieties, increased tree 
planting, etc. Non~e contain any critical analysis of the adequacy of existing 
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institutions for addressing the totality of the problems and for contributing to 
their solution. This applies as much to agricultural (TAC 1987) and forestry 
(Adams and Dixon 1986; Carlson and Shea 1986) research, as to development 
statements, again both agricultural (FAO 1986a, 1986b, 1987; OAU 1985) and 
forestry (FAO 1985, WRI 1987). 

One reason for the slowness with which the institutional problems are being 
addressed has probably been -he lure of the statistics on "global problems" 
which have emerged over tie past 15 years, e.g., on environmental and 
developmental problems such as desertitication, deforestation, the fuelwood 
cri:is and declining food production. As a result of improved techniques of 
survey, monitoring and other statistical methods, it has been possible to break 
down an almost infinite number of complex, local problems into their 
component effectF and to add up these effects into global perspectives. Since 
it is easy to express the magnitude of these problems in conspicuous and 
alarming global figures, such as the numbers of hectares o" forests that are 
lost, or land that is turned into desert, or the distance people will have to walk 
every day to collect their fuelwood, it becomes imperative and even very 
attractive to politicians, decision-makers and institutions to look for simple 
solutions to these problems and to extrapolate the likely benefits to a global 
scale. Disciplinary-sector institutions have been very successful in exploiting 
this situation to increase resource allocation to themselves by promising 
simple solutions to what appear to be straightforward problems - more tree 
plantations will solve the fuelwood and deforestation problems; more fertiliz
ers and irrigation will increase food production, and so on. 

The fact, however unappealing and complex it may be, is that just as the
"global problems" are the sum of the effects of a large number of local 
problems, the solutions can only be achieved by adopting an equal number of 
sound land-use practices and political and economic measures (Lundgren 
1985). Problems must be identified, diagnosed and solved where they occur. It 
does not help small-scale mixed farmers in district x of country y, to know 
that 300 million people in the developing world do not have adequate supplies 
to meet their fuelwood or protein requirements. There is an urgent need to 
re-think and re-evaluate the situation. The conclusions arrived at must direct 
the relevant institutions from the discipline-oriented maximization thinking 
that is fuelled by global statistics to the multidisciplinary optimization think
ing that is geared to solving local problems. 

3. Land-use institutions tomorrow 

It would be presumptuous to propose an "ideal" structure and set of 
objectives for tomorrow's land-use-related institutions. No such ideal institu
tion will ever exist because of the enormous variety in conditions, policies and 
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institutions among regions, countries, economies, etc. Some general thoughts 
on directions may, however, be relevant here. 

I. 	In the short and medium term, and within existing institutional structures, 
collaborative programmes which cut across disciplinary boundaries and 
address concrete land-use problems must be encouraged and given more 
support, both at the national level and at the level of international 
agencies such as donors, UN bodies, and International Agricultu-al 
Research Centres (IARCs). It would be appropriate if the international 
institutions took the initiative in this. Unfortunately, such is not the case 
today: most international bodies and institutions are firmly entrenched in 
disciplinary thinking and actions. Although there are a few very encour
aging exceptions, integrated approaches still seem far away. 

2. 	It must be strongly emphasized that in the future we will still need 
specialized institutions and experts the plea for multidisciplinary, inter
institutional approaches and integrated thinking must not lead to the 
formation of super institutions manned exclusively by generalists. Un
doubtedly there will be a need for crop physiologists, ma:ze breeders, tree 
geneticists, fertilizer experts, insect ecologists, and so on, and for special
ized institutions that pro. 4 e a working environment for such experts. 
Even the most "perfect" interdisciplinarily-derived research or develop
ment programme must, when being implemented, be broken up into its 
component parts, and then resynthesized. If there is inadequate expertise 
on the structure and function of the component parts, then the whole 
entity (the improved land-use system, or whatever) will never be fully 
operational and optimized. 

3. 	What will be needed are new institutional functions for problem identifi
cation, priority setting and resource allocation, without necessarily mak
ing fundamental changes of structure. Such new functions can be created 
within or between existing land-use ministries and departments, or as 
independent bodies with existing institutions subordinate to them. It 
would probably be best to start by creating inter-institutional committees 
for planning but which will become more and more executive as experi
ence is gained. Depending on the problems to be addressed, these com
mittees can then create appropriate task forces of existing disciplinary 
institutions and resources. 

These may not sound very fundamental changes but they will require 
fundamental rethinking among disciplinary scientists, institutions and deci
sion-makers. The sooner this process starts, r'ie faster can sone of the key 
land-use problems of the world be solved. 
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37. A decade of developments in agroforestry 

P.K.R. NAIR 

Writings on agrc.orestry are replete with statements to the effect that "agro
forestry is a new name for an old practice". For example, many authors in the 
commemorative volume for ICRAF's tenth anniversary (Steppler and Nair 
,987) subscribe to this view, and trace the origin of the word "agroforestry"
to the Bene Committee's report (Bene et al. 1977) that led to the establishment 
of ICRAF. But there is evidence that even the word agroforestry - no,
"'agriforestry" -is not that new. A report in The Hindu, a respected national 
newspaper of India published from Madras. dated 6 November 1936 reads as 
follows: 

Agri/orestrv scheme 
A scheme known as agriforestry which was a combination of agricultural
and forestry was adopted at the meeting of Central Fodder and Grazing
Committee of the Imperial Council of Agricultural Research,* which met 
at New Delhi. The Committee which urged the necessity of controlling
the number of cattle allowed on grazing grounds passed the following 
resolutions: 

*The Committee strongly approves of the scheme put up by the United 
Provinces Forest Department for a preliminary survey ;.,examine the 
possibilities of creating fuel and fodder plantations in the plains districts.
Forestry-cum-agriculture known as the Taungya in the United Provincest 
has proved in forest areas most beneficial to the cultivator as a means 
of supplying poles, firewoc] and fodder, as also giving good land for
cultivation and at the same time allowing of regulated forest development.
The possibility of applying this system to lands remote from forests and
private lands is now to be explored. The Central Fodder and Grazing
Committee comments this method for consideration in other parts of India 
also'. 

Similarly, Jameson's book Agriculture in Uganda(Jameson 1970, pp. 197-198)
describes a demonstration of shade effects on robusta coffee planted at
Bukalasa, Mengo, in 1935. Treatments applied to six large plots were: 

* Now Indian Council of Agricultural Research (ICAR). 
t Now Uttar Pradesh State. 

1PK.R. Nair (ed). Agroforestry in the Tropics. 609 616.Systens 

19,4.Khumer AcademnicPublishers.
lordrecht - Printed in the Netherlands. 
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(i) no shade; 
(ii) natural shade of Acacia sp.; 

(iii) Ficus (barkcloth) shade; 
(iv) Erpthrina shade. 

The results of this trial are described in that book. Although this practice 
was not called agroforestry at that time, nobody would disagree that it 
comes under what is called agroforestry today. 

There are also several other such earlier reports on "agroforestry-type" 
trials and efforts. 

So, neither the word nor the concept of agroforestry is new. What is 
relatively new is the development of agroforestry as a science and as a focus 
for systematic development effort. The concept of optimi:ation of the pro
duction of various products and services, with minimum risk, from a unit of 
land, as opposed maximization of ato single commodity in monocultural 
production systems (Lundgren 1987) is perhaps new in agroforestry as we 
know it today. This concerted effort to develop agroforestry as a sustainable 
approach to land management gathered momentum only in the mid-1970s 
and it was institutionalized with the establishment of ICRAF in 1977. The 
developments in agreforestry substantialhave been since then. These devel
opments can be grouped under a few categories such as collection and 
synthesis of information, conceptual and methodological developments, tech
nology-generating research, socio-economic aspects, research networks, and 
training and education. 

ICRAF has been (and continues to be) the lead institution in agroforestry. 
Therefore the developments in agroforestry are inseparably mixed with those 
of ICRAF.
 

The ten years of useful and successful existence of ICRAF were celebrated
 
in a befitting manner in September 
 1987. The highlights of the celebrations
 
included an international conference and a technical seminar attended 
 by
 
over 100 participants (scientists, administrators, policy planners, donor
 
representatives, students, etc.) from different 
 parts of the world. Two signifi
cant publications were brought out on that occasion: one a book titled 
Agrofiorestr': a decade of development (Steppler and Nair 1987), and the 
other a special issue of Agroforestrv Systems (Vol. 5, No. 3). The 
former consists of 17 chapters authored leaders theirby in respective fields 
and active in the promotion of agroforestry, and covers a wide array of 
subjects. The special issue of Agro.irestry SYstems includes 12 articles writ
ten by ICRAF staff and summarizes a decade of ICRAF's work. These two 
publications embody the most significant developments in agroforestry over 
the past decade. It is neither feasible nor necessary to repeat all aspects of 
these developments here. However, the salient features will be mentioned 
briefly. 
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1. Collection and synthesis of information 

The most significant ICRAF activities in this direction are the Agroforestry
Systems Inventory (AFSI) and the Multipurpose Tree and Shrub (MPTS)
database. A summary of the former is given by Nair (1987) anid the results of 
the inventory are described in this book. The MPTS database and information 
system have assembled an enormous amount of information on several 
hundred multipurpose trees and shrubs in agroforestry systems (von Carlow
it/ 1987). These inventories show a bewildering array of' agroforestry systems
worldwide. They also show that there are relatively few rigorous experimental 
data pertaining to the performance of agroforestry systems, that the number 
of multipurpose trees being used in various systems is in excess of 2,000, and 
that the systems vary from relatively simple with two or three components io 
the complex homegardens which may contain upwards of 50 species plus
aninials and fish Othe'r aspects of agroforestry on which some information 
has been gathered at ICRAF include environmental data and economic 
aspects. There is also an elaborate computerized agroforestry bibliography at 
ICRA F. 

Notable among other institutions that have made significant progress in 
agroforestry information is CATIF (Centro Agronomico Tropical de Inves
tigacion y Ensenanza), Turrialba, Costa Rica. The Spanish book Sistemas 
.frofwirestahs. produced jointly by CATIE and OTS (Organization of Tropi
cal Studies, a consortium of mostly US universities and scientific institutions; 
OTS ('ATIE 1986) is a comprehensive volume on agroforestry in Latin 
American countries. There are also several regional andother national 
Institutions, research groups dealing with agroforestry, and one of the common 
tasks in all such cases is collection and synthesis of information on indigenous 
airolfbrestry systems. 

2. Conceptual and methodological developments 

As mentioned in the early sections of this book, the early part of the last 
decade (the late 1970s and early 1980s) represented an era of conceptualiza
tion of agroforestuy. Many definitions were proposed, many concepts were 
elucidated and many hypothesis (albeit mostly speculative and sometimes 
exaggerated) were advanced on the potential role and benefits of agroforestry.
It soon became evident that the science of agroforestry was beset with much 
anecdotal material (Steppler 1987). Most experimental methodologies and 
designs in land-use disciplines had been developed for monocultures and, as 
such, were not applicable to agroforestry research. 

Therefore one of the early scientific activities at ICRAF has been the 
development of appropriate research methodologies. These pertain to both 
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agroforestry systems per se as well as to specific components (Huxley 1987). 
ICRAF's "diagnostic and design (D&D)".methodology embodies a common
sense, problem-solving approach to diagnosing land-management problems 
and design agroforestry solutions (Raintree 1987). But the problem is complex 
because of the multiple outputs and direct and indirect benefits of agroforestry 
systems, as well as their location-specific nature. 

3. Technology-generating research 

Despite the above-mentioned complexities and difficulties of doing research in 
agroforestry, several research areinitiatives in various aspects of agroforestry 
under %kay in different places around the world. Prominent among these 
include research on alley cropping (Kang and Wilson 1987), nitrogen fixation 
and nitrogen-fixing trees (Dommergues 1987) and soil productivity and 
protection (Young 1987). Some species of' multipurpose trees have also been 
relatively well studied, notable among them being the genus Leucaena (Brew
baker 1987) (although the amount of such work pales when compared to that 
done on maize or wheat). 

4. Economic aspects 

Reviewing the economic considerations in agroforestry, Arnold (1987) stated 
that the established presence of agroforestry practices in many land-use 
systems today has perhaps been overshadowed by the concerns of particular 
contemporary problems that underlie much of the recent interest in it. As a 
rzsult, we may have been more concerned with developing new or improved 
agroforestry practices to cope with such issues as fuelwood shortages than 
with increasing our understanding of how existing activities function, and 
what economic contributions they make. Yet some of the most dynamic 
changes that have occurred in the recent past have been in existing agro
forestry systems. 

Most of the descriptions of existing agroforestry systems given in Chapters 
7--31 contain information, onto varying extents, related benefits and costs of 
constraints. These positive and negative economic features and the underlying 
bypotheses about agroforestry are summarized in Table 37.1. 

Agroforestry practices contribute to a wide variety of existing farming 
systems. In a number of these, farmers have been responding to growing 
pressures on their land and other resources by intensifying or increasing 
various agroforestry activities. These have proved to be particularly important 
in enabling them to intensify use of certain types of land as sizes of land 
holdings decrease, and to reduce the intensity of management as labour 
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Tble 37.1. The main benefits and costs of agroforestry. 

Benefits and opportunities Costs and constraints 

Maintains or increases site productivity Reduces output of staple food crops where 
through nutrient recycling and soil trees compete for use of arable land and/or 
protection, at low capital and lahour costs. depress crop yields through shade, root 

Increases the value of output on a given area competition or allelopathic interactions 

of land through spatial or inter-temporal Incompatibility of trees with agricultural 
intercropping of tree and oilier species practices such as free grazing, burning, 

common fields, etc., which inake it difficultI)iversifies the range of outputs froml a given to protect trees
 

in order to (W)increase
area, 

self-sutliciency, or and ( b) reduce the risk Trees can impede cultivation of monocrops
 
io income from adverse .liimatic. biological and introduction of mechanization, and so 
or market impacts on particular crops (a ) increase lahour costs in situations 

wvhere the later is appropriate and/or (b)
Spreadls the needs for labour inputs more inhibit advances in farming practices 

cenl,, seasonalIly so reducing the effects of 
sharp peaks and troughs in activity Where the planting season is very restricted, 
characteristic of' tropical agriculture e.g., in arid and semi-arid conditions, 

Pro ides prodictye appl ica tions for demands on available labour for crop
 

uiidcruli/Cd land, labour or capital establishment may prevent tree planting
 

The relatively long production period of trees 
Creates capital stocks available to meet delays returns beyond what may be tenable 

contrigencoiss for poor farmers, and increases the risks to 
them associated with insecurity of tenure 

Source: Arnold (1987). 

becomes scarcer and more costly. The appropriateness of agroforestry as a 
response to these changing pressures is often related to the concurrent shift in 
farmner production objectives towards income generation as farm size falls 
below the level at which they can meet their basic household food needs. 
These ongoing changes suggest the need for closer look at access to land, 
labour and capital as ways of promoting some agroforestry activities, and at 
the place of other activities as population densities increase. In particular, the 
growing importance of income generation as a production objective of farmers 
points to the need to give greater attention to the markets for agroforestry 
products and to the intermediate stages between production and the market. 
Increased economic research has an important role to play in clarifying and 
extending the understanding of these ari other economic considerations in 
agrolorestry. 

5. Agroforestry extension 

A recent analysis of the social aspects of agroforestry by Hoskins (19.87) 
discusses a number of issues and points out the particularly important ones 
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that must now be taken into consideration if new techniques in agroforestry
are to be adopted. These include: local uses and kiowledge, tenure, organiza
tion, conservation, landlessness/distance, enterprises and marketing, labour,nutrition, and gender/age. The combinations of these social and political
factors which are involved sn promoting trees in traditional farming andlivestock systems are unique, and as such deserve special emphasis. Somespecific elements are similar to those found in organizing community develop
ment or in water-resource management. Agroforestry extension, however, is more commonly compared to agricultural extension, with which a number of
the more temptingly obvious similarities prove to be superficial. Current
agricultural extension methods are not tailored to include consideration of the
special legal status which trees may have compared to crops, the time horizon
for farmers before tree benefits may be available, the different seasonal rhythmof labour and other requirements of perennials compared to annuals, as well as the changing availability of many specific trees treeand products whichhave formerly been available as a free good. If methods commonly used inagricultural promotion programmes are adopted without careful modification
for use with agroforestry, they may indeed defeat the promotion of farmer
adoption, causing such programmes to come to a dead end, if they begin at 
all. 

As newly designed agroforestry techniques move out into farmers' fields,overall development issues will also become increasingly apparent. At this
juncture, there foris need serious e :amination of policy issues. At this
juncture, there is need for serious examination of' policy issues. Agroforestrycannot become the development tool of choice only when poor land-use
practices by commercial loggers or by poorly designed irrigation or other
large-scale agricultural schemes have created denuded hillsides or marshes. Ifthe services of the poor are used to reconstitute vw'asted land, their rights to therehabilitated resource bemust protected. Policies need to be designed to
support agroforestry as an intregral part of better land-use planning and to
strengthen access to these new technologies for the poor not only on wasted
lands. As a development tool, agroforestry will be helpful only if it can be put
effectively into 
 the hands of men and women farmers, and if the political
decision-makers assee this a tool for achieving equity in development. 

6. Research networks 

Agroforestry cuts across different land-use disciplines such as agricu!ture,
forestry and range management. Compartmentalization of these componentland-use disciplines, with few or no mechanisms for inter-institutional collab
oration, is the order of the day in most national and even interna
tional research bodies. This is a major impediment to the development of 



615 

agroforestry. Secondly, the multitude of variables for research and the loca
tion-specitic nature of agroforestry problems set limits to the extent to which 
international research organizations. can make tin impact on technology 
generation in agroforestry. Therefore it has been realized that one of the 
effective ways of promoting research in agroforestry is through the mechanism 
of networking which encourages inter-institutional collaboration at national 
and regional levels. The key elements of the approach are to stimulate and 
assist (technically, and. sometimes, financially) national forestry, agriculture 
and othcr institutions to w,'rk together .n analysing land-use problems and 
designing research programmes to solve them. ICRAF's AFRENA (Agro
forestry Research Networks for Africa) programme, launched in 1986, is a 
major effort in agroforestry networking (Torres 1987). Other functional 
networks in agroforestry include the Nitrogen Fixing Tree Association 
(NFTA),based in Waimanalo, Hawaii, USA. There are also agroforestry 
networks in information and documeniation, and training. 

7. Training and education 

Education and training programmes are key elements in agroforestry develop
ment. ICRAF held a workshop on education in agroforestry in 1982 which 
brought together experts from different parts of the world and discussed the 
major issues involved in developing educational programmes in agroforestry 
(Zulberti 1987a). ICRAF has also organized several training courses and 
progranimcs in agroforestry (Zulberti 1987b), especially to provide training in 
the use of' its diagnosis and design methodology. 

There are now an increasing number of universities, both in the tropical 
area and in tile temperate, that are beginning to offer programmes in 
agroforcstry some at the undergraduate and some at the postgraduate level. 
Further, and most encouragingly, students from both agriculture and forestry 
are preparing for careers in agroforcstry. The need for development of 
appropriate curricula (rather than an optimum curriculum) in agroforestry 
has been well recognized and efforts to develop them are under way. 

These are some of the major initiatives that have taken place in research 
and development of agroforestry during the past decade (1977-1987). These 
developments, however they might appear, encouraging andmodest are in 
many respects impressive, given the limitations and constraints. The represent 
the coming of age of a new scientific discipline with prehistoric roots. 

Several constraints and problems in the development of agroforestry have 
also been identified during this period. One of the major difficulties, the 
resolving of which is crucial to the development of all aspects of agroforestry, 
is the "institutional dilemma". In view of the importance of this issue, it is 
dealt with in some detail in the concluding chapter of this book. 
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Appendix I 

THE AGROFORESTRY SYSTEMS DATABASE AT ICRAF* 

1. The rationale of the database 

When ICRAF's Agroforestry Systems Inventory (AFSI) got under way
(Chapter 3), various difficulties were encountered in collecting information on 
the multituce of traditional systems from various parts of the world by
different types of people. The basic survey instrument for the inventory was a 
questionnaire (Appendix 3.1 to Chapter 3), which consisted of a long list of 
subject areas, broadly categorized into: 

general descriptio, of ,he system 
- geographical location
 

bio-physical characteristics
 
socio-econom;c aspects
 

- componunts and their uses
 
evaluation of the system
 
identification of research gaps.
 

Although the questionnaire was designed to be quite flexible, the data 
collected varied considerably in complexity, content, extent of details, etc. 
Several hundreds of these forms filled in by informants with site-specific data, 
plus a few comprehensive reports on some systems formed the primary 
information source for the inventory. 

fit spite of the shortcomings, these primary results from the inventory
became a very 'iseful set of information, especially because it was the first such 
comprehensive assemblage of data on existing agroforestry systems from 
different places in a unified form. Naturally, there was immediate arid steadily 
increasing interest to make use of this unique information base for various 
purposes. It became necessary to retreive the information quickly and 
efficiently to enable ICRAF to piay its expected advisory role in agroforestry 
research development. Besides, this information base soc.r proved to be a 
dependable and useful source for providing information on and building up 
the capability For making rational choices concerning thL 3.Uitability of various 
agroforestry systems and species for specific sites and functional requirements. 
Simultaneously, new and/or up-dated information started coming in on 
new/already-;urveyed systems. This need for efficient storage and quick 

* Adapted from: Oduol. P.A., Muraya, P., Fernandes, E.C.M. and Nair, P.K.R. The agro
forestry systems database at ICRAF, Agrq/'orestrv Systems 6: 253--270. 

PKR. Nair (ed.), Agroforctry Systemsin the I opic%.619 655. 
1989. KluIcr Academic publishers,. Dordrcht Printed in the Netherlands. 
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retrieval of this massive information was the basis for starting the AFSI 
database. 

2. Structure and operation of the database 

2. I. Procedure 

In order to narrow down the differences and heterogeneity of the primary data 
sheets, they were evaluated and transformed to successive sets of secondary
data forms. By repeated "trial and error" procedure, an appropriate computer
format was then developed and refined. This format of the database is 
outlined schematically in Fig. (Appendix) 1. 

2.2. Hardware configuration 

The database is currently on an IBM PC, 640K bytes RAM. The mass storage
devices are two 5.25 inch (13.34cm) floppy disk drives and one external 
20 Mb, Tall Grass Technologies hard disk and tape streamer. The operating 
system is a single user IBM PC DOS 3.1. the printing device being an Epson 
LQ 1500. 

2.3. Structure 

The database contains raw data files and linking databases (Fig. (Appendix) 
2). 

The key file is AFSystem which contains the general description and 
gteographical location of the system, biophysical and socio-economic data 
of the system, information on component arrangement, and a general eval
uation of the system. The other key file is the Species file which contains 
all species details, technical (scientific) name, nature of species - annual 
or perennial, woody (tree/shrub) or herbaceous (annual or perennial) species 

common name of the species as generally known within the lo
cality (system) or global~', and the role amid uses of the species within the 
system. 

All the files in the database are linked together by an AFCODE, by which 
the computer is able to address all of them together enabling as many search 
combinations as possible, in order to get a wide array of outputs. Samples of 
a few system printouts are appended. Comprehensive lists of woody and 
herbaceous species of plants that have been reported from existing agro
forestry systems are also appended. 
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Fig. (Appeix) 2hOrganization and general operations of AFSidatabase filcs. 

2.4. Operation 

There are basically two phases of the AFSI data base operation: 

1. Data entry/nianipulation 
2. Data retrieval. 

Data entry involves transferring information from a completed questionnaire
or report into the computer, manipulation includes sorting by specific criteria 
and/or reorganization of the data to emphasize a desired parameter. Thesoftware for the two different operations has been selected with a view to 
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optimising their use. Thus the single user Knowledgeman 2 Database manage
ment software has been selected for data entry and manipulation. The splitting 
of the database into several different files is to maximize flexibility, but this 
causes some difliculties in data retrieval. Special programs in basic/PASCAL 
have ben developed to reorganize the information, allowing for a more user 
friendly dtata searching software -- micro CDS/ISIS developed by UNESCO 
for quick retrieval (Fig. (Appendix) 2). 

Information dissemination from the data base is very important and the 
database is now fully operational at ICRAF. It has been used widely for 
answering queries from within ICRAF as well as external sources. The most 
frequently sought information is on the agroforestry systems in specified 
geo.graphical regions of the world or defined ecological zones, and information 
on species in various agroforestry systems. Cross matching of agroforestry 
systems with particular land-use cl'r-racteristics is also a common exercise that 
is done to satisfy user requests. 

The answers are usually in the form of specific computer outputs. However, 
some analytical thoughts are also incorporated into these outputs before 
sending them out so that as many examples and answers as possible are given 
for satisfying the request. 

2.5. Drawbacks 

The information storage method has problems in that only people who know 
the database structure can do the searches. In order to overcome this problem 
the data needs to be reformated to a form acceptable by the Micro CDS/ISIS 
piogram which is a user-friendly data searching program but CDS/ISIS is not 
fli!xible for programming, so there is always a need once new data is logged in 
to reformat data from Knowledgeman 2 files to CDS/ISIS files. This is a time
and mnemory-consuming process, but this process is not frequently done. The 
outcome enables people without knowledge on how the data base is structured 
to do searches. 
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Agroforestry system description 

Code number: 0004/ECMF
 
Source: 
 Michon et al (1983). [site specific]
Svstem name: "Damar" (resin) tree gardens: Shorea javanica - rice - coffee 

-- cloves -- fruit trees 
Mean management unit: 0.60 Ha 
Range of nanag'entnt unit: 0.25- 1.20 Ha 
Components of association: Natural woody vegetation, Tree or shrub crops, 

Field crops (seasonal) 
Agroforestrv practices: mixed garden/ 

GEOGRAPHICAL LOCATION 

AFSI region: South-east Asia 
Countrr: Indonesia
 
Province: South Sumatra
 
Area: Lampung
 
Latitude': 03.4 06.0 S
 
Longitude: 103.5 E
 
Altitude: 100 m
 

BIOPHYSICAL DATA 

Koppen class: Humid tropics, permanently humid 
Mean and annual rainfill: 3000 -3500 mm 
Mean annual temperature: 25.0 C 
Land/aorm: Moderately sloping 
Draintagq: Seasonally waterlogged 
Soil types: alluvial,/ 
6,neralized climate: Humid tropics 
Natural egetation t.'pe: Rainforest 
Primar' land use ke*'words: Forestry (natural)
Derived land use ke.vwords: Rotational (managed Fieldfallow). cropping 

(rainfed) 
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SOCIAL ECONOMIC DATA
 

Market orientation: Subsistence with subsid commercial
 
IPopulation density': 85/Sq. Km
 
Land availability: Scarce
 
Land tenlure ti'pe: State owned
 
A!arket ./cilities: Fair
 
Creditfacilities: Fair
 
h:frastrtuture: Poor
 
Cooperatiues: Present
 
Capital intensit v: Low
 
Lahour hufensit.: High
 
Afechani:ation lerel: Hoe & spade
 
Inplt inteusit': Low
 
S''stem outputs: )amar resin, rice, cloves, fruit, coffee
 
Afajor inputs: capital/
 
Lt;nd operation: Land holders
 
Stats: Locally established/evolved
 
lcentites to participate: not applicable/
 

COMPONENT ARRANGEMENT 

Domunant.leature: Time 
Arrangellnentof woodl perennial-herbspecies in thne: Discrete (rotation) 
llorizontalarrangement of itoody' perennial-herhspecies: N/A 
V'rtical arrangement of ood ' perennial-herhspecies: N/A 
.1rraungementof i'oodI.'-Ioodvll species il tinle: Static 
fHori-ontal arrangementoftood)'-woodi, species: Mixed 
Jrertical arrangemut of icootl'-woody species: More than three layers 
herb-herh arr1anmnc'1,t inl tilue: Static 
Hrb-hrh horizontal arrangement: Block 
lherh-herh rertical lrrangement: One layer 
if oody-aniaI arrangement thminantfiature: N/A 
Wlood 'y-animalarraungement ill time: N/A 
Location of woody species: N/A 
htorizonltal a1rt1lngeent of woody species: N/A 
1'ertilalarrangement of w'oodl species: N/A 
Aninal.fted method: N/A 



SPECIES DETAILS 

Type 

Natural woody vegetation 
Tree crops 
Tree crops 
Tree crops 
Tree crops 
Tree crops 
Tree crops 
Natural woody vegetation 
Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation, 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Natural woody vegetation 

Tree or shrub crops 
Tree or shrub crops 

Field crops (seasonal) 

Common name 

Damar tree 
Durian 

Mangosteen 
Duku 
Jack fruit 

Soursop 
Sweetsop. custard apple 

Rambuten 

Coffee 
Clove 
Rice 

Scientific name 

Shorea joranica 

Durio :ibethinus 

Baccaurea dulcis 

Garcinia mangostana 

Lansiunm donesticurn 

Artocarpus heterophvllus 
Achras sapota 
Annona muricata 
Annona squanosa 
Mangiferu caesia 
Mangifcra odorata 
Eugenia polvcepihala 
Eugenia malaccense 
Eugenia aquea 
Nepheliun iappaceun 
Garcinia nerrosa 
Eugenia polvanha 
Artocarpus elasticus 
Arenga saccharifera 
Tristania sp. 
Alstonia angustifolia 
Peronema canescens 
Terminalia sp. 
Actinodaphne sp. 
Coffea sp. 
Sv.zigiun cumini 
Oryza sativa 

Uses/functions 

Soil conservation~resinifuelwood/crop shade/gum/
 
Food fruit crop shade;
 
Food fruit fuelwood;
 
Fuelwood food fruit'
 
Food fruit fuelwood'
 
Food fruitfood vegetables/fuelwood!building material/crop shade/
 
Food fruit fuelwood.'
 
Fuelwood food fruit beverages/
 
Food fruit! fuelwood,
 
Fuelwood/foo..1 fruit/'
 
Food f.uitifuel%ood/
 
Fuelwood/food fruit/
 
Food fruit/fuelwood;
 
Fuelwood/food fruit/
 
Food fruit'
 
Food fruitifuelwood/
 
Fuelwood food spices/food herbs/
 
Fuelwoodifibres!
 
Beverages'
 
Fuelwood'ti mberibu iding material/ 
Building material/fueh4oditimber/ 
Timberifuelwood/building material/ 
Building -naterialifuelwood/timber/ 
Timbnr/fuelwood'building material/ 
Beverage'
 
Food spices/crop shade, 
Food seeds/ 
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EVALUATION 

(onstraints: (1) Over mature gardens result in declining resin production. (2)
Poor resin prices. (3) Land pressure. 

Potniial: The potential of existing gardens could be enhanced by incorpora
tion of fast growing N fixing trees/shru,bs (e.g. Leucaena leucocephala. 
Calliandra calothyrsus, Minosa scabrella) for green manure. In addition, the 
use of improved fruit tree germplasn and appropriate livestok breeds could 
significantly improve productivity. 

Research n'c.ds: Better nmnagement/harvesting of the damar to optirnise resin 
production while cnsuring a long productive life span for the tree. (2)
Improved harvesting tools to minimise damage to the tree. (3) Improved 
germplasm of damnar and other fruit/spice trees. 

Meritv: Damar gardens closely resemble the natural rainforest, thus :,i]
conservation is good. (2) There is a diverse production (resin, cloves, coffee, 
fruit and rice) from the same ni t of land.
 

L'.vtralolahilit.: The establishment 
 of Damar tree requires precise knowledge 
of its ecological & silvicultural requirements. In addition resin markets will 
need to be established. The system type, however, closely resembles the 
homegardcn'mixed garden. Thus other valuable tree species could be substi
tuted for damar trees depending on local ecological and market conditions. 

Land use problems: (I) High intensity rainfall leading to erosion of unprotected 
soil. (2) Slow regeneration of soil fertility of cropped soils. 

S'st'em hisiory jhackgrunud: Originally, natural stands of Shorea javanica were 
tapped. In the last century, however, cultivation of the tree (damar gardens) 
has become common. 

.-Idditionel inlfiormation: Clearings (about I ha) are made in the forest around 
the village & planted with rice for 2 years. From third year, damar, clove and 
fruit tree seedlings are interplanted. In some cases, coffee is planted after 
cropping with rice. The coffee is harvested for three years and then 
interplanted with damar, clove and fruit trees. 

CONTACTS 

G. MichonJ. Bompard 
Institute de Botanique 
163, Rue Auguste Broussonet 
F-34000 Montpellier 
France 

The Director 
Forest Research Institute 

Bogor 
Indonesia 
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Agroforestry system description 

Code number: 0006/ECMF 
Source: Sabine Miehe. ASP 19. [literature]
 
System name: Acacia albida and Butyrospermum parkii tree gardens.
 
Extent of s.stem: 3000 Sq.Km
 
Mean management unit: 3 Ha
 
Components of association: Natural woody vegation, Field crops (seasonal. 

semi-perennial), Livestock. 
Agrofbrestoi' practices: tree garden/ 

GEOGRAPHICAL LOCATION 

AFSI region: Africa (Sahel & S) 
Cotntr.r: Burkina Fasso 
Province: Mossi plateau 
Area: Yako 
Latitude: 12.5 N 
Longitude: 002.1-002.2 W 
Altitude: 500 m 

BIOPHYSICAL DATA 

Koppen class: Semi-arid, hot 
Mean annual rain/all: 650-800 mm 
Landform: Moderately sloping 
Drainage: Seasonally waterlogged 
Soii t.Vpes: shallow/ 
Rainfidl regime: Un imodal, high stn 
Generalized clinate: Semi-arid 
Natural i'eetat,n t.ype: Savanna 
Prinary land use keywords: Grazing systems (nomadism, natural vegetation) 
Derived land use ke*words: Rotational (managed fallow), Complx crop

ping (mixed), Grazing systems (natural vegetation) 
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SOCIAL ECONOMIC DATA 

Aarket orientation: Subsistence with subsid commercial
 
Number ol/people invohed: 300,000
 
Population (ensity: 125/Sq.Km
 
Ethnic group: N/iossi
 
Dominant relqion: Animism
 
Land arailahilit v: Scarce
 
Land tenure type: Freehold, tenancy
 
Credit aicilities: None
 
('Capital intensit v: Low
 
Lal,our intensit'r: High
 
Mechanization h'el: Hoe & spade
 
Input intensit.: Low 
S'stvnt outptuts: Sorghum, millet, groundnuts, tobacco
 
Ala br inputs: seed!
 
Land operation: Land holders
 
Status: Locally evolved/established
 
Incentives to participate: net applicable/
 

COMPONENT ARRANGEMENT 

Dominant.e'ature: Space 
Arrangement of woody perennial-herb species in time: Concurrent rotation 
Horizontal arrangement of iv'oody1, perennial-herbspecies: Mixed, sparse
V'ertical arrangemcnent of woodi' pereanial-herhspecies: More than three 

layers
 
Arrangemnent of roody-ioode species in thne: Static 
tHorizontal arrangenentof woody-swoodr species: Mixed 
V'ertical arranitement of woodyv-woody: More than two layers 
lh'rb-herb arrangement in tine: Overlapping 
II'oodr'-animal arrangement domhnnt .feature: Time 
Wood'-animnal arrangement in tine: Concurrent rotation 
Location of woody. .pcies: Inside animal management unit 
Horizontal arrangemcnt of iood., species: Mixed 
Vertical arrangement of woodyi species: More than two layers 
Anhnal fied method: Grazing, browsing 

http:125/Sq.Km


SPECIES DETAILS 

Type Common name Scientific name Uses functions C) 

Natural ssoody veg-2tation Acacia albid,! Feed leaves feed fruits fuelwood fencing materialianimal shade/crop shadeiritual!Natural woody %egetation But 'ro.spernum -)arkii Food fruit food oil fueliwoodicrop shade,Natural woody vegetation .-Ihnmsoia (ligitata Food fruit fibresNatural woody vegetation Tamarindus indica Food fruit fuel.,ood tools & utensils ritual/Natural woody vegetation Khaa setnega/ensis Fuelwo. I ritualNatural woody vegetation Ceiha peivandra Fibres
Natural woody vegetation Bomba. costatum Fibres
Natural %%.oody vegetation Afag'/i'ra intdica Food fruit fuclwoodNatural woody vegetation Psidium gujata Tools & utensils food fruit fuelwood/Natural v;oody vegetation Bauhinia rult'sceU', Live fence feed leaves~fuelwood!Natural woody vegetation Ficus gnaphalocarpa Feed leavesN .ural woody vegetation Balanites aegtptiaca Food fruit food oil fuclwood/feed leaves/Natural woody vegetation Cassia sieberiana Fuelwood
Natural woody vegetation Terminalia macroptera Fuelwood
Natural woody vegetation Combretuni elliotii FuelwoodNatural woody vegetation Grewia mollis Feed leaves 'fuelwood tools & utensils/Field crops (seasonal) Sorghum tuigare Food seeds feed leaves/Field crops (seasonal) Panicum sp. Food seeds feed leaves/
Field crops (seasonal) Ort:a sp. Food starch,'Field crops (seasonal) Zea mars Food starch,'feed leaves/Field crops (seasonal) Arachis hypogaea Food nutsNatural herb vegetation Sporobolus pvrinmidalis Feed leaves'Natural herb vegetation Setaria pallid(fusca Feed leaves green manure/Natural herb vegetation Andropogo,, guyanus Feed leaves/green manure/Natural herb vegetation Aoisiida adsc:.-lsionis Feed leaves/
Natural herb vegetation Cenchrus ciliaris Feed leaves/N. :ural herb vegetation C.vmhopogon sc/oenathus Feed leaves." 
Livestock (grazed) Cattle Bos indicus Meat.'milk/manure/
Livestock (grazed) Sheep Ovis aries Meat/milk/
Livestock (browsed) Goats Carpa hircus Meat,' 
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EVALUATION 

Constraints: (1) Low inherent soil ,rtility. (2) Severe drought. 
Potential: To be assessed 
Research needs: To be assessed 
Merits: (I) A. albida is important in soil conservation and restoration of soil 

fertility in addition to providing dry season fodder supplement. 
l1trapolahili:To be as;essed 
Land use problems: (I) Low soil fertility. (2) Water erosion on slopes. (3) 

Wind erosion due to Harmattan winds in Mar-Apr. (4) Grazing/browsing 
difficult to control. 

CONTACTS 

Sabine Miehe'H-J von Maydell 
World Forestry Institute 
Leuschnerstrasse 91 
2050 lamburg 80 02 10 
Federal Republic of Germany 
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Agroforestry system description 

Code number: 5C20 
Source: Weinstock. J.A. (1981) in Economic Botany. (37) 1, 58-68 [Litera

ture]. 
SYstem name: Rattan-swidden system 
Components of atssociation:Field crops (seasonal), Natural woody vegetation, 

forestry species.
 
Agrof[restu' practices: soil conservation tree/
 

GEOGRAPHICAL LOCATION 

AFSI region: S E Asia
 
Country: Indonesia
 
Prov'ince: East and Central Kalimantan
 
Area: Between Barito River and Mahakam River
 
Latitude: I S to I N
 
Longitude: 114 to 116 E
 
Altitude: 0 to 2000
 

BIOPHYSICAL DATA 

Koppen class. Humid tropics. permanent 
Mean annual rainfall: 3000 to 5000 mm 
Soil t'pes: latosols/ 
Soil name: Orthic and humic acrisols 
Rainfill regine: Uniform 
Generalized climate: Humid tropics 
Natural vegetation type: Rainforest 
Primar' land use keywordes: Rotational (shifting cult. forest fallow) 
Derived land use keywords: Rotational (planted fallow) 

SOCIAL ECONOMIC DATA 

Market orientation. Subsistence with subsid commercial 
Population densit': 0.4 to 2 per sq 
Dominant religion: Islam 
Land tenure type: Freehold 
Market.[acilities: Fair 
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Creditfacilities: Fair
 
Infrastructure: Fair
 
Cooperatives: Absent
 
Capital intensit'v: Low
 
Mechanization level: Hoe and spade
 
Input intensit': Low
 
System outputs: Rattan
 
Major inputs: Labour/
 
Land operation: Land holders
 
Stants: Established/evolved
 
Incentives to participate: Land tenure/
 

COMPONENT ARRANGEMENT 

Dominantfeature: Time
 
Arrangement of woody perennial-herb species in time: Discrete
 
Horizontal arrangementof woody perennial-herbspecies: Not applicable
 
Vertical arrangement of woody perennial-herbspects: Not appli able
 
Aninalfeed inethod:
 

SPECIES DETAILS 

Type Common name Scientific name Uses/functions 

Natural woody Rattan Calanussp. Soil conservation/
vegetation tools & utensils/


Field crop, seasonal Rice Oryza saliva Food seeds/
 

EVALUATION 

Constraints: Expioitation. Overexploitation and cycle shortened for greater 
gain as traders exploit peasants. Social and religious obligations may lead to 
premature cutting of rattan. 

Research needs: Enable farmers rather than traders to harvest and sell rattan. 
Investigate; legume/green manure species plus rattan fallows to increase soil 
fertility; cooperatives; legislation to increase soil fertility; other perennial 
cash crops 

Merits: Produces cash and food; protects soil; rattan provides a financial 
buffer against crop failure and maintains land tenure; Good market for 
rattan 
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System history/background: Increase in rattan-swidden farming in recent 
years as demand for rattan increasing
 

Additional information: Fallow 
 period =7--15 years. cropping period = 1-2 
years. Planting rattan enables farmers to maintain tenure of the land during
fallow period. After cropping natural forest regenerates, but rattan is also
planted. Farmer plants new swidden and rattan garden every year and 
harvests rattan (or sells crop to traders) and crops. 

CONTACTS
 

Joseph A. Weinstock 
Environment & Policy Institute 
East-West Centre 
Honolulu 
Hawaii, USA 



Appendix II 

LIST OF MAJOR HERBACEOUS SPECIES REPORTED 
SYSTEMS AND 

AS COMPONENTS OF EXISTING AGROFORESTRYTHEIR MAIN USES 


SPECIES 

Abelmoschus esculenlus 
Abelmoschlus manihot 
Allium cepa 

Al/hum satirum 
Alocasia macrorrhiza 

Aloe rolkensis 
penieulatusAmaranthusAmaranthus sp. 

Ananas coniosus 

Ananas satha 

.4ndropogongavanusArachis hpogaea 

Aristida adscensionis 

Arena sativa 
Basella alba 
Brachiaria spp. 
Brassica napus 
Brassica oleracea 
Brassica sp. 
Brassica spp. 
Cajanus cajan 
Calopogoniuw mucun-ides 
Capsicum annuum 
Capsicum sp. 

IN DIFFERENT REGIONS
 

REGION 

Pacific Islands/S. Asia 
Pacific Islands 
American Tropics/Sahel & C. 

Africa/Sahel & W. AfricaSahel & W. Africa 
Pacific Islands 

E. Africa 

Pacific Islands
S. E. Asia/W. Africa 

American Tropics/Pacific Islands/ 


S. Asia/S. E.AsiaAmerican Tropics 

Sahel & W. AfricaAmerican Tropics/S. Asia/S. E. 
Asia/Sahel & N. Africa 


Sahel & W. Africa 

Mediterranean 

W. Africa 

American Tropics 

S. Asia 

American Tropics/E. Africa 

Pacific Islands 

Pacific Islands 

S. Asia/Sahel & N. Africa 

S. Asia 

American Tropics 

Pacific Islands/S. Asia./S. E. Asia/ 


W. Africa 

CLIMATE CLASS 

Humid tropics 
Humid tropics 
Humid subtropics/semi arid/subhumid 

tropics/arid
Arid 

Humid tropics 


Subhumid tropics 

Temperate maritime
Humid tropics 

Subhumid tropics/humid tropics 


Subhumid tropics 

Semi arid/subhumid tropicsHumid subtropics/humid tropics/semi 

arid/subhumid 

Semi arid 


Humid tropics
Subhumid tropics 
Humid subtropics 
Subhumid tropics/humid subtropics 
Humid tropics 
Humid tropics 
Humid tropics/subhumid tropics
Subhumid tropics 
Humid tropics/semi aCrd 
Humid tropics 

UEES 

Food/fruit/vegetable
 
Food
 
Food/flavouring/cash
 

Flavouring/food
 
Food
 

Medicinal value/ritual

Food

Food
 
Food/beverage/fruit
 

Food 

Food/green manure/animal fodderFood/soil conservationfatoil/cash/leaf 

foddei
 
Food
 
Food 

Food 
Food/grazing 

Food 
Food 
Food 
Food 
Food 
Cover crop/fruit 
Food 
Spice/food 



SPECIES 

Carica papara 

Cenchrus biflorus 
Cenchrus ciliaris 
Centroseniapubescens 
Ceratothecasesamoides 
Citrullus lanatus 

Citrullus rulgaris 
Coelococcus amicarum 
Coleus parriflorus 
Colocasia antiquorum 
Colocasiaesculenta 
Colocasiasp. 
Corchorusolitorius 
Corchorussp. 
Crotalarianzicans 
Crtosperma chanissonis 
Cucunis melo 

Cucunis satia 
Curcurbita sp. 

Curcurbijamaxima 
Curcurbita pepo 
Cucurnia tonga 
Curcuma donestica 
Cynibopogon schoenanthus 
Cynodon dactvlon 
Cynodon mienfuensis 
Ciperus esculentus 
Cyrtosperma sp. 

REGION 

American Tropics/S. Asia/S. E. Asia/ 

W. Africa
Sahel & N. Africa 

Sahel & W. Africa 

S. Asia 

W. Africa 
S. Asia/S. E. Asia/Sahel & W. Africa 

American Tropics/W. Africa 

Pacific Islands 

S. Asia 

Pacific Islands 

Pacific Islands/S. E. Asia/W. Africa 

S. Asia 
W. Africa 
S. Asia 
Pacific Islands 
Pacific Islands 
Pacific Islands/S. E. Asia/Sahel & 

C. Africa/Sahel
Pacific Islands/S. Asia 

American Tropics/Pacific Islands/ 


W. Africa 
Pacific Islands 
W. Africa 
S. Asia 
Pacific Islands 
Sahel & W. Africa 
American Tropics/E. Africa 
American Tropics 
W. Africa 
Pacific Islands 

CLIMATE CLASS 

Humid tropics 

Semi arid 

Semi arid 

Subhumid tropics 


Semi arid 
Humid tropics/humid, subhumid/semi 

arid
 
Humid subtropics/semi arid 

Humid tropics 

Humid tropics 

Temperate maritime 

Humid tropics/humid subtropics 

Humid tropics 

Humid tropics 


Temperate maritime 
Humid tropics 
Humid tropics/arid 

Humid tropics 
Semi arid/humid tropics 

Humid tropics 
Semi arid 

Humid tropics 
Semi arid 
Humid tropics/subhumid tropics 
Humid tropics/subhumid tropics 
Humid subtropics 
Humid tropics 

USES 

Food 

Food/soil conservation 
Food
 
Cover crop
 

Food/fruit 

Food 
Roofing 
Food 
Food 
Food/fruit 
Food 
Food 
Cash/sugar 
Crop shade/shade 
Food 
Food/fruit 

Food
 
Food
 

Food 

Food 
Dye/spice 
Food 
Grazing/food 
Food/forage/grazing 
Food 
Food 



Dactyihs castellana 
Daucus carota 
Desrnodium oralifoliumn 
Digitaria exilis 
Digitariaihura 
Dioyscorea alata 
Dioscorea bulhiferum 
Dioscorea dunietorunm 
Dioscorea elephantipes 
Dioscorea rotundata 
Dioscorea sp. 

Dolichos uniflorus 
Fchinocloa polistachyva 
Echinocloa sp. 
Elettaria cardamornum 
Eleucine coracana 

Eleucine typhoidurn 
Elionorus sp. 
Glycine max 
Glcine maxima 
Goss~vpiumn hirsutum 
Goss'ipium sp. 
Hibiscus abelmoschus 
Hibiscus cannabinus 
Hibiscus esculentus 
Hibiscus sabdariffa 
Hordeuyn sp. 
Hordeum ru/gare 

Hyparrheniarufa 
Imperata cylindrica 
Ipomoea batatas 

Mediterranean 
E. Africa Pacific islands;W. Africa 
S. Asia 

Sahel & W. Africa 

W. Africa 

American Tropics,'W. Africa 

W. Africa 

W. Africa 

S. Asia 

W. Afria 

Amerir,., Tropics/Pacific Islands/ 


S. Asia/Sahel & 
S. Asia 
American Tropics 
W. Africa 
S. Asia 
S. Asia/Sahel & N. Africa/Sahel & 

W. Africa/N. Africa 
Sahel & W. Africa/N. Africa 
American Tropics 
American Tropics/S. Asia/S. E. Asia 

American Tropics 

American Tropics 

Sahel & W. Afrca/W. Africa 

Sahel & W. Africa 

S. E. Asia 

Sahel & W. Africa 

Sahel & W. Africa/W. Africa 

S. Asia 

Mediterranean/Sahel & C. Africa! 


Sahel & W. Africa 
American Tropics 
S. E. Asia 
E. Africa/Pacific Islands/S. Asia/ 

S. E. Asia/Sahel 

Humid subtropics/ semi arid 
Subhumid tropics 
Semi arid 
Subhumid tropics 
Subhumid tropics/humid tropics 
Humid tropics 
Humid tropics 

Humid tropicsisubhamid tropics 
Subhumid tropics/humid tropics/semi 

arid
 
Humid tropics 


Semi arid 
Humid tropics 
Humid subtropics/subhumid tropics/ 

arid/semi arid 
Subhumid tropics/humid subtropics 
Humid tropics 
Humid subtropics 
Subhumid tropics 

Semi arid/subhumid tropics 
Semi arid 
Humid, sub-humid 
Semi arid/subhumid tropics 
Semi arid/subhumid tropics 
Humid subtropics 
Arid 

Humid tropics 
Humid tropics 
Humid subtropics/humid 

tropics/temperate maritime 

Cover crop grazing 
Food vegetable/cash 
Cover crop 
Beverage/food 
Food 
Food 
Food 
Food 
Food 
Food 
Food 

Food 
Food 
Food 
Condiment/food/spice 
Food/stalks for fuel 

Food 
Grazing 
Food/soil conservation 
Food/soil protection 
Fiber 
Cash/fiber 
Food 
Fiber 
Food 
Beverage/food 
Food 
Food 

Forage 
Fuelwood 
Food/beverage 



SPECIES 

Lactuca satira 
Lagenaria siceraria 
Lemaircocercusgricuis 
Lolium perenne 
Loudctia togoensis 
Lvcopersicon escuh,intum 

Afanihoi esculenta 

Aianiho tilissima 
Maniok esculenta 
Aaranta arundinacca 

edicago sativa 
.feliconia sp. 
Ah'lilotus alha 
Alentha arrensis 
Merremia sp. 
AMonordica charantia 
Musa paradisiaca 

Afusa sapientumn 
M11-7 sp. 
Nicotiana tabacum 
Oe'zanthe ja'anica 
Oriza gambica 
Orvza satira 

Orvza sp. 

Panicuin maxinum 
Panicum miliaceun 
Panicum purpurescens 

REGION 

American TropicsPacific Islands 
Sahel & W. Africa 

American Tropics 

Mediterranean 

Sahel & W. Africa 

American Tropics."Pacific Islands/Sahel 

& C. Africa 

American Tropics/Pacific Islands/ 


S. AsiaIS. E. Asia 
W. Africa 
Sahel & W. Africa 

Pacific Islands:S. Asia 

American tropicsiMediterranean 

Pacific Islands 

American Tropics 

American Tropics 

Pacific Islands 

S. Asia 

Pacific Islands'S. Asia/S. E. Asia/ 


W. Africa 
American Tropics 
American Tropics/Pacific Islands 
W. Africa 
Pacific Islands 
Sahel & W. Africa 
S. AsiaiS. E. Asia/Sahel & W. Africa/ 

W. Africa 
S. Asia/Sahel & N. Africa/Sahel & 

W. Africa 
American Tropics'S. Asia 
Sahel & C. Africa 
American Tropics 

CLIMATE CLASS 

Subhumid tropics/humid tropics 

Semi arid 

Semi arid 


Subhumid tropics 
Humid subtropics/semi arid/subhumid 

tropics/humid 
Humid subtropics/semi arid/subhumid 

tropics/humid
 
Humid tropics 

Subhumid tropics 

Humid tropics 

Arid 

Humid tropics 


Humid tropics 
Humid tropics 
Temperate maritime/humid tropics 

Humid subtropics/humid tropics 
Humid subtropicsIsemi arid 
Temperate maritime 
Subhumid tropics 
Humid tropics/humid. sub-humid/semi 

aridisubhumid 
Humid tropicssuhlur.'>- tropics/semi 

arid 
Humid tropics'subhumid tropics 
Arid 

USES 

Food
 
Food
 
Grazing
 
Cover crop/grazing
 
Grazing
 
Food/vegetable/cash 

Food/vegetable 

Food 
Food 
Food/medicinal value 
Forage/grazing/animal fodder 
Food 
Forage 
Beverage 
Food 
Fruit/vegetable 
Food 

Food 
Food 
Cash 
Food 
Food 
Food/wood craft 

Food 

Forage/grazing food 
Food 
Food 



Panie,'n purpurcon 
Panieum sp. 
Paniewm sp. 
Paspahmdilatatu,; 
Paspalun: fasc'icttimi 
Passiffora e(hdiis 
Pennisetum escuhttttt.v 
Pennisetunm gamibicutin 
Penniseumni po.vlach.Vwn 
Penniseltun purpureuni 
Penniseiu, spicatum 
Penniserio, typhoides 

Phalaris aqz;otiva 
Phaseolus sp. 
Phaseo'u. rulgaris 

Piniento dioica 
Piper beile 
Piper nigruni 
Pisum saticur 

Polygonum sp. 
Psoplhorcarpus 


eragonolobus
 

Ricinus communis 
Saccharum officinarum 

Saccharum sp. 

Sesamum indicum 

Selaria pallidifusca 

S. Asia 

Sahel & W. Africa 

Sahel & W. Africa 

American Tropics 

American Tropics 

Pacific Islands S. Asia 
Sahel & W. Africa 
Sahel & W. Africa 

Sahel & W. Africa 

American Tropics'E. Africa 

W. Africa 

Sahel & N. Africa,'Sahel & W. Africa/ 


W. Africa 
Mediterranean 

Pacific IslandsiSahel & W. Africa 

American Tropics/E. Africa/Pacific 


Isiands Sahel 
W. Africa 
S. Asia 
S. Asia 

American Tropics/Sahel & W. Africa!' 


W. Africa 
S. Asia 
Pacific Islands/S. Asia 

W. Africa 
American Tropics/Pacific Islands 

American Tropics/Pacific Islands/ 

S. Asia
S. Asia/S. E. Asia/Sahel & N. Africa/ 

Sahel & W. Africa 
Sahel & W. Africa 

Humid tropics 

Semi aridsubhumid tropics

Semi arid 

Humid tropics 


Subhum.d 

Htumid tropics,subhumid tropics 

Subhumid tropics 
Semi arid 

Semi arid 

Subhumid tropics 

Humid subtropics 

Semi arid subhumid tropics 


Humid tropics/semi arid 

Humid subtropicssubhumid tropics/ 

humid tropics
 
Humid subtropics 


Humid tropics 

Subhumid tropics/humid subtropics 

Humid subtropics 
Temperate maritime/humid tropics 

Humid tropics 
Subhumid tropics/humid 

tropics/temperate maritime 
Subhumid tropics/humid tropics 

Humid tropic</humid, sub-humid/semi 

arid/subhumid
Semi arid 

Animal fodder
 
Food
 
Food soil conservation
 
Grd .i n 

Grazing
 
Beverageifood/fruit
 
Food 
Food 
Food
 
Food/grazing
 
Food
 
Food
 

Gra2ing 
Food 
rood 

Oil
Mastcant 
Food 

Fool'soil conservation/vegetable 

Food 
Foodivegetable 

Food 
Sugar/food 

Sugr/food 

Fat/oil/food 

Food, green manure 



SPECIES 

Setaria paindfolia 
Setaria sphacelata 
Solanuin anomalum 
Solanum nielongena 
Solanuin uherosum 

Sorghum bicolor 

Sorghum caudatum 
Sorghum guineense 
Sorghum sp. 

Sorghum 'ulgare 

Sporobolus pyrifidalis 
Sporolobus sp. 
Siyiosanthes guianensis 
Tephrosia rogelii 
Theohronia cacao 
Trichosantescucumerina 
Tripsacum laxun 
Triticun aestituni 

Vanillafragrans 
Vanilla planifolia 
etireria zi-anoides 

Vigna catyang 
Vigna radiata 
Vigna sinensis 
Vigna unguiculata 

Voand:eiasuhterranea 

REGION 

Pacific Islands 
E. Africa 
W. Africa 

Pacific Islands/S. Asia/S. E. Asia 

E. Africa/S. Asia/S. E. Asia/Sahel & 

W. Africa 
Sahel & N. Africa/Sahel & W. Africa/ 

W. Africa 
Sahel & W. Africa/W. Africa 

Sahel & W. Africa 

Sahel & N. Africa/Sahel & 


W. Africa 
American Tropics/Sahel & N. Africa/ 

Sahel & W. Africa 

Salel & W. Africa 

American Tropics 

S. Asia 
Pacific Islands 
American Tropics 
S. Asia 
. Asia 

Mediterranean/S. Asia/S. E. Asia/Sahel 

& C. Africa
Pacific Islands 
American Tropics 
S. Asia 
Sahel & W. Africa/W. Africa 
S. Asia 
American Tropics 
S. Asia/Sahel & N. Africa/Sahel & 

W. Africa/W. Africa 
Sahel & W. Africa/W. Africa 

CLIMATE CLASS 

Temperate maritime 

Subhumid tropics 

Humid tropics 

Humid tropics 

Humid subtropics/arid 


Subhumid tropics/semi arid 

Subhumid tropics/humid subtropics 
Subhumid tropics 
Subhumid tropics 

Subhumid tropics/semi arid/humid 
tropics
 

Semi arid 

Humid tropics 

Humid tropics 

Temperate maritime 

Humid tropics 

Humid tropics 

Humid tropics 

Humid subtropics/arid 


Humid tropics 

Subhumid tropics/semi arid 

Humid tropics 

Subhumid tropics 

Humid subtropics/human tropics/ 


subhumid tropics/S
Subhtumid tropics/humid 

subtropics/humid tropics/S 

USES 

Food
 
Food
 
Food
 
Food/vegetable
 

Food 

Food 

Food
 
Food
 
Food/live fence
 

Food 

Food
 
Grazing
 
Animal fodder
 
Crop shade/shade
 
Beverage/crop shade 
Vegetable 
Animal fodder 
Food 

Beverage/food 
Condiment 
Food 
Food 
Food 
Food 
Food 

Food 



Xanthosornasagittifliun Pacific Islands/W. Africa Temperate n'aritimehumid tropicsXanthosonia sp. FoodPacific Islands/W. AfricaZea mays Humid tropics/semi aridAmerican Tropics/E. Africa/Pacific Food
Humid subtropics/semi arid/subhumid Food/mulch/forage/shade

Islands/S. AsiaZingiber officinaie tropics/humidPacific lslands/S. Asia Humid tropicsZingiber oficinale Spice/food/condimentW. Africa Temperate maritime/humid tropics Fuelwood 

Number of observations: 166 



Appendix III 

LIST OF MAJOR WOODY PERENNIAL SPECIES AS REPORTED AS COMPONENTS OF EXISTINGAGROFORESTRY SYSTEMS AND THEIR MAIN USES IN DIFFERENT REGIONS 
SPECIES 

Acacia alhida 

Acacia arahica 
Acacia ataxacantha 
Acacia campylacantha 
Acacia caren 
Acacia decurrcns 
Acacia chrenbergiana 
Acaciaflara 

Acacia nellifera 

Acacia nilotica 
Acacia nubica 
Acacia penatula 
Acacia pruinosa 
Acacia raddiana 

Acacia senegal 

Acacia seyal 

Acacia sieberiana 
Acacia sp. 
Acacia tortilis 

Achras zapota 

Acioa harterii 

REGION 

Sahel & C. Africa/Sahel & W. Africa! 
W. Africa 


Sahel & W. Africa 

Sahel & W. Africa 

Sahel & N. Africa 

American Tropics 

S. Asia 
Sahel & W. Africa 
Sahel & C. Africa/Sahel & W. Africa 

Sahel & N. Africa 

S. Asia/Sahel & C. Africa 

Sahel & W. Africa Amrica
TroicsFood/fuelwoodimisc.Acaca peatul 

American Tropics 
S. Asia 

Sahel & C. Africai"Sahel 
 & W. Africa 

Sahel & N. Africa/Sahel & W. Africa 

Sahel & N. Africa/Sahel & W. Africa 

Sahel & W. Africa 
Pacific Islands 
Sahel & W. Africa 
S. Asia!S. E. Asia/Sahel & W. Africa 

W. Africa 

CLIMATE CLASS 

Arid/semi arid/subhumid tropics/humid 
subtropics 

Subhumid tropics 
Semi arid 

Semi arid 

Humid tropics 

Humid tropics 

Arid 
Arid 

Semi arid 

Arid 

Semi arid 


Humid tropics 

Arid 


Semi arid 

Semi arid/arid/subhumid tropics 

Semi arid/subhumid tropics 
Humid tropics 
Semi arid 
Humid tropicsisubhumid tropics 

Humid tropics 

USES 

Building material/food/fuelwood/misc. 

farm timber 

Shade
 
Fuelwood/s.-l conservation
 
Firewood/poles/soil protection
 
Shade/shelterbelt
 
Shade
 
Building material/fuelwood/tools 
 & 

Bee forage'food/fuelwood/misc, farm 

timberBeverage/fuelwood/fuel
 

Food/fuelwood fa 
 tmfarm timber 
Crop shade/shade 
Shade/shelterbelt 
Building materialifood/fuelwood/misc. 

farm timberBee forage/dune 

fixationifood,fuelwoodigum/misc.Food/fuelwood/gum/misc. farm 

timber/soil conservationAnimal fodder/shade 
Fuelwood 
Animal fodder/fuelwood 
Fruit/food/fuelwood 

Food/live fence/soil conservation/ 
stake/tools & utenil 



4croconih total 

Actinodapne sp. 

Adasoni, dh itata 


Adenth,'ra pavonina 
.dhatada ,'asica 
.4leg' marmnelos 

A.-elia a.licana 

.- f-elia he/la v. hello 

Albizia chinensis 

Albizia roluecana 

.41hizia schimperiana 

Alhi:ia sp. 

Aleurites mohccana 

Aleurites trisperma 

Alcuritesfordii 


Alsionia angustifolia 
Antoora rohitura 
Anacardium occidenta!e 

Andropogon gavanus 

Annona muricata 

Annona squamosa 
Anogeissus leiocarpus 

Anona sp. 
Antidesma diandrum 
Araucaria angustifolia 
Areca catechu 

Areca macrocalyx 
Arenga saccharifera 

American Tropics 
S. E. Asia 

Sahel & N. Africa.Sahel & W. Africa,' 
W. Africa 


Pacific Islands 

S. Asia 

S. AsiaAJ--liaalrianaFruit 
W. Africa 
W. Africa 

Pacific Islands 

S. Asia 

E. Africa 

S. Asia 

S. E. Asia 

S. E. Asia 

American Tropics 


S. E. Asia 

S. Asia 

American Tropics/Pacific Islands/S. 


Asia/S. E. Asia 
Sahel & W. Africa 
S. E. Asia 
S. E. Asia 
Sahel & W. Africa/W. Africa 

S. Asia 
S. Asia 
American Tropics/E. Africa 
Pacific Islands/S. Asia/S. E. Asia 

Pacific Islands 
S. E. Asia 

Humid tropics 

Semi arid/subhumid tropics/humid 

subtropics 


Humid tropics 

Humid subtropics 


Humid tropics 
Humid tropics 

Temperate maritime 

Humid iropics 

Subhumid tropics 

Humid tropics 

Humid tropics 

Subhumid tropics 


Humid tropics 

Subhumid tropics/humid tropics/humid, 
sub-humid 

Subhumid tropics 
Humid tropics 
Humid tropics 
Semi arid/humid subtropics 

Humid tropics 
Humid subtropics 
Subhumid tropics/humid subtropics 
Humid tropics/humid, sub-humid 

Temperate maritime 
Humid tropics 

Food
Building materialfuelwoodtimber 

Fiber/food/ritual/shade/fence/
 
fuelwood fruit
 

uuelwood shade
 
Live fence/soil conservation 

Food 
Food 
Crop shade/shade 
Shade 
Building materialifuelwood 
Timber 
Timber 
Timber 
Crop shade/fuelwood/shade/ 

windbreak/oil/pellets
Building material,/fuelwood/timber 
Timber 
Firewood/fruit 

nuts/shade/fuelwood/food/frait 
Fence/mats 
Beverage/food/fuelwood 
Food/fuelwuod 
Shade/animal fodder/building 

material./timber
Fruit 
Fuelwood 
Lumber/pulp/windbreak/timber 
Fruit nuts/crop support/food/fruit/ 

h'cilding materials 
Food
 
Beverage
 



SPECIES 

Artocarpus altilis 

Artocarpus comnunis 
Artocarpus elasticus 
Artocarpus heterophlv/lus 

,4rtocarpushiriuta 

Artocarpus lakoocha 

Arundinariaalnina 

Arundinariasp. 

Arerr/,oa carambola 

A:udirachtaindca 

Baccaurea dulcis 

Balanites aegvptiaca 


Balforodendron 

riede~lianin

Banihusa arundinacea 

Banibusa nutan.Banbusa sp. 

Barringtonia acutaiula
Bamhu.sa rulkaris 


Bassia butyracea

Buhinia ru/iscens

Bauhinia rahlii 

Bauhinia rariegqata 
Berchemia.florihunda 
Bilghia sapida 

Bixa orelana 
Bombax costatum 
Borassus aehiopiuin
Borussusflal/,r 

Bosqueia aingolensis 


REGION 

American Tropics/Pacific Islands/ 
S. Asia/S. E. Asia 

W. Africa 
S. E. Asia 
S. Asia/S. E. Asia 

S. Asia 
S. Asia 
E.Africa 
S. Asia 
S. E. Asia 
S. AsiaiSahel & W. Affica 
S. E.Asia 
Sahel 	& C. Africa/Sahel & N. Africa/Sahel & W. Africa 

American Tropics 

S. Asia 

S. Asia
S. Asia/S. E. Asia 

S.
S. AsiaAsia 

S. Asia 

Sahel & W. Africa 

S. Asia 
S. Asia 
S. Asia 
Sahel & W. Africa 
American Tropics 
Sahel & W. Africa 
W. Africa 
S. Asia Sahel & W. Africa 
W. Africa 

CLIMATE CLASS 

Humid tropics 

Humid tropics 

Humid tropics 

Humid tropics/humid. sub-humid 


Humid tropics 
Humid subtropics 

Humid subtropics 

Humid subtropics 

Humid tropics 
Semi arid 
Humid tropics 
Arid/semi arid/subhumid tropics/humid

subtropics 


Humid tropics 

Humid subtropics/hunid, sub-humid 

Humid subtropics
Semi arid 
Humid subtropics 
Humid subtropics 
Humid subtropics 
Subhumid tropics 

Semi arid 
Humid subtropics/semi arid 
Humid tropics/semi arid/subhumid tropics 
Humid tropics 

USES 

Food/fuelwood/fruit/stake
 

Food
 
fiber/fuelwood
 
Fruit/food/builing material/crop
 

shade/ifuelwoodFruit 
Food/fuelwood
 
Misc. farm timber
 
Building material/food/fuelwood
 
Fruit
 
Timber,,lumberimanure/oil/fuel
 
Food/fuelwcod
 
Building material/food/fuelwood/tools
 

& utensils
 

Fuelwood timber 

Fence/poles 

Wood craftBuilding material/food/fuelwood/ 

poles/tools & utensils
 
Fruit/wood craft
 
Fuelwood
 
Food
 
Food/fuelwood/live fence
 
Food/fuelwood 
Food/fruit/fulelwood 
Food/fuelwood 
Shade 
Dyeifuelwood
 

Fibre
 
Food/ritual 
Foodibeverage/building materali/fuelwood 
Food 

http:Bamhu.sa


tras.aiip s hainla 

Brie/lia 'irant/ha 

Bridelia retusa 

Butenija arbara 

Burkea al~icana 

BtrseL simaruwha 

Butriospermunt parkii 

trperni parkii 

Cahrelaoblongifi,/ida 
Caesalpiniadecapetala 
Calaius sp. 

Calliandra calothvrsus 

Callicarpaarborea 
Ca/purnia aurea 
Camellia sinensis 
Capnosperma 

breripetiolaa
Canang: odorata 
Canarium schiweinfurthii 
Cappariscalorahissinia 
Carica papava 

Carrotaurens 
Cassiadidtvnoborra 
Cassia sieberiana 
Caslan psis indica 
Casuarinacuninganiana 
Casuarinaequtsetfolia 
Casuarinaol;godon 
Casuarinasp. 
Ceecidium praecox 
Cedrela angustifolia 

S. Asia 
E. Africa 
S. Asia 

American Tropics 

Sahel & W. Africa 

American Tropics 
W. Africa 

Sahel & W. Africa;W. Africa 


American Tropics 
E. Africa 
S. E. Asia 

S. E. Asia 
S. Asia 
E. Africa 
S. Asia 

Pacific Islands 


Pacific Islands 
W. Africa 
American Tropics 
American Tropics/E. Africa/Pacific 

Islands/S. Asia 
S. Asia 
E. Africa 
Sahel & W. Africa 
S. Asia 
American Tropics 
Sahel & N. Africa 
Pacific Islands 
Pacific Islands 
American Tropics 
American Tropics 

Humid subtropics 

Subhumid tropics 

Humid subtropics 

Subhumid tropics 

Subhumid tropics 


Semi arid 

Semi aridsubhumid tropics/humid 


subtropics 

Humid tropics
 

Subhumid tropics 

Humid tropics/humid. sub-humid 


Humid tropics 

Humid subtropics 

Subhumid tropics 

Humid tropics 

Humid tropics 


Humid tropics 
Humid tropics 
Semi arid 
Subhumid tropics/humid tropics/semi arid 

Humid tropics 
Subhumid tropics 
Semi arid 
Humid subtropics 
Subhumid tropics 
Subhumid tropics 
Temperate maritime 
Humid tropics 
Semi arid 
Subhumid tropics 

Food fuclwood 
Building material medicinal value/poles
 
Food fueiwood
 
Firewood forage'shade
 
Fiber fuel'ood
 
Live fence timber
 
Fat food oil
 
Crop shade, food'faeiwood/catterpillar
 

habitat 'fruit
 
Crop shade, shade/timber/lumber
 

Live fence
 
Soil conservatim,'tools & utensils/building
 

material 
Lumber
 
Food/fuelwood
 
Anti-pest/crop shade/poles/tools & utensils
 
Beverage
 
Lumbermisc. farm timber 

Perfume 
Food/veneer 
Firewood/forage/shade 
Food 'shade/anti-pest/fruit 

iseverage 
Medicinal value 
Fuelwocd 
Food/fuelwood/timber 
Firewood/lumber/windbreak 
Charcoal/fuelwood/timber 
Crop shade/fuelwood/shade/timber 
Timber 
Animal fodder 4,
 
Firewood/lumber/shade 



SPECIES 

Cedrela odorata 
r,dela tubiflora 
Ceiba pentandra 
Celtis australis 
Celuis integrifolia 
Celtis spinosa 
Ceratonia siliqua 
Cercidium pracoax 
Clorophoraexcelsa 
Chlorophoraregia 
Chrysophyllum albidum 

Cinnamon sp. 
Citrus aurantifolia 
Citrus aurantium 
Citrus grandis 
Citrus limon 
Citrus paradisi 
Citrus sinensis 
Citrus sp. 

Cocos nucifera 

Coffea arabica 

Coffea sp. 
Cola acuminata 
Combretum elliotii 
Combretum glutinosum 
Commiphora sp. 
Cordia abyssinica 

REGION 

American Tropics 
American Tropics 
American Tropics/Sahel & W. Africa 
S. Asia 
Sahel & W. Africa/W. Africa 
American Tropics 
Mediterranean 
American Tropics 
E. Africa/Sahel & N. Africa 

Sahel & W. Africa 

W. Africa 

S. Asia 
Pacific Islands 
American Tropics 
S. E. Asia 
American Tropics 
American Tropics 
American Tropics/Pacific Islands 
American Tropics/Pacific Islands/ 

S. Asia/Sahel & 
American Tropics/Pacific Islands/ 

S. Asia/S. E. Asia 
American Tropics/Pacific Islands 

American Tropics/S. Asia/S. E. Asia 
W. Africa 
Sahel & W. Afica 
Sahel & W. Africa 
E. Africa 
E. Africa/W. Africa 

CLIMATE CLASS 

Subhumid tropics 

Semi arid 

Humid subtropics 

Semi arid 

Humid tropics 


Semi arid 
Subhumid tropics 
Subhumid tropics 
Humid tropics 

Humid subtropics 
Humid tropics 
Humid subtropics 
Humid tropics 
Subhumid tropics 
Subhumid tropics 
Subhumid tropics/humid tropics 
Subhumid tropics/humid tropics 

Subhumid tropics/humid tropics/humid 
tropics, subhumid 

Subhumid tropics/humid tropics/temperate 

maritime 
Subhumid tropics/humid tropics 
Humid tropics 
Semi arid 
Semi arid 
Subhumid tropics 
Subhumid tropics/semi arid 

USES 

Fuelwood/shade/timber/firewood/lumber 
Crop shade/shade/timber
 
Fuelwood/timber/fibre
 
Food/fuelwood/timber
 
Animal fodder
 
Firewood
 
-umber/soil improvement 

Firewood/forage/shade 
Timber 
Shade 
Food/ritual/soil conservation/tools & 

utensils 
Food/fuelwood 
Fruit 
Essential oil 
Fruit 
Food 
Food 
Food/shade/firewood/fruit 
Food/firewood/shade/fruit/beverage 

Fiber/food/shade/fruit/beverage/cash/ 
timber/fruit 

Beverage/fuelwood/food 

Beverage/food 
Food/ritual 
Fuelwood 
Soil conservation 
Anti-pest/food/misc. farm timber/stake 
Building material/crop shade 

/fuelwood/misc. farm 



Cordiaalliodora 

Cordia apurensis 
Cordia rnvxa 
Cordia trichotorna 

Crescentia cujete 
Croton macrostachys 
Cupressus lusitanico 
Dacroydes edulis 
Datura arborea 
Dendrocalanus strictus 
Desmodium relutinun 
Detarium senegalense 
Dialiun guineense 

Diospyros inespilifornmis 
Diphysa robinoides 

Dracena afromnontana 
Dracena usambarensis 
Durio zibethinus 
Ehretia sp. 
Elaeis guineensis 

Elaeocarpus carolinensis 
Emblica officinalis 
Enterolob'urn 

contortisiliquum 
Eriobotrvajaponica 
Erythrinafusca 

Erythrina indica 
Erythrina lithosperma 

American Tropics/Pacific Islands 

American Tropics 
Sahel & W. Africa 
American Tropics 

W. Africa 
E. Africa 

E. Africa 
W. Africa 
E. Africa 
S. Asia 
W. Africa 
Sahel & W. Africa 

Sahel & W. Africa/W. Africa 


E. Africa/Sahel & W. Africa 
American Tropics 

E. Africa 
E. Africa 
S. E. Asia 
E. Africa 
Sahel & W. Africa/W. Africa 

Pacific Islands 
S. Asia 
American Tropics 

E. Africa 
American Tropics 

Pacific Islazfs/S. Asia 
S. Asia 

Humid tropicsisubhumid tropics 

Subhumid tropics 

Subhumid tropics 

Humid subtropics 


Humid tropics 

Subhumid tropics 

Humid subtropics 

Humid tropics 

Subhumid tropics 

Humid subtropics 
Humid tropics 
Semi arid 
Subhumid tropics/humid tropics 

Subhumid tropics 

Subhumid tropics 
Subhumid tropics 
Humid tropics 
Subhumid tropics 
Subhumid tropics/humid tropics 

Humid tropics 
Humid tropics 
Humid subtropics 

Subhumid tropics 

Humid tropics 
Humid tropics 

Fuelwood shadetimber'building 

material crop shade
 
Lumber
 
Fuelwood
 
Crop shade shadeitimber,'building
 

material fuelwood
Ornamental, tools & utensils
 
Anti-pest/crop shade/food/fuelwood
 
Pulp/timber
 
Building material/food
 
Anti-pest/bee forage 
Building material/food/fuelwood 
Food 
Shade 
Shade,charcoalfood timber/tools & 

utensils 
Timberfuelwoodishade/soil conservation 
Crop shadeifuelwoodlive fence/ 

poles/shade/timber
Boundary planting/live fence 
Boundary planting/live fence 
Crop shade/food/fruit 
Medicinal value/poles/tools & utensils 
Beverage/building 

material/fibre/fuelwood/leaves 
Lumber/misc. farm timber 
Fruit 
Fuelwood/nitrogen fixation/poles/soil 

conservation 
Building material/food/live fence 
Crop shade/food/fuelwood/live 

fence/shade
Shade/fuelwood/soil fertility 
Shade/soil fertility 



00 

SPECIES 
Erv/hrinapentaphlila 

Erythrihasp. 

Ervthrina rariegala 
Eryilhrophleurnguineense 
Eryvthrophleun. suareolens 
Eucalyptus carnaldulensis 
Eucalyptus deglupta 

Eucalyptus globulus 

Eucalyptus grandis 

Eucalyptus rostrala 

Eucalyptus saligna 


Eucalyptus sp. 

Eugenia aquea 

Eugcnia malaccense 

Eugenia polyantha 

Eugenia polycephala 

Eugenia sp.

ExorrhLia ponapensis 

Ficus capensis 

Ficus clarata 
Ficus gnaphalocarpa 
Ficus hispida 
Ficus lacor 
Ficus roxburghii 
Ficus senicordata 
Ficus sp. 

Flemingia congesta 
Fragraea fragrans 
Fraxinusfloribunda 

REGION 
American Tropics 

American Tropics/Pacific Islands/S. 
Asia 

S. Asia 

Sahel & W. Africa 

W. Africa 
S. E. Asia 

Pacific Islands 

Mediterranean 

American Tropics 

Mediterranean 

American Tropics 


American Tropics/Pacific Is!andsiSahel 

&. N. AfricaS. E. Asia 
S. E. Asia 
S. E. Asia 
S. E. Asia 

S. Asia 
Pcific Islands 
Sahel & W. Africa 
S. Asia 
Sahel & W. Africa 
S. Asia 
S. Asia 
S. Asia 
S. Asia 
E. Africa/Sahel & C. Africa/Sahel &W. Africa 

S. Asia 
S. Asia 
S. Asia 

CLIMATE CLASS 

Sui humid tropics 


subhumid tropics/humid tropics 

Humid subtropics 

Subhumid tropics 

Humid tropics 

Humid, sub-humid 

Humid tropics 


Subhumid tropics 

Subhumid tropics/humid tropics 

Humid tropics 

Humid tropics 

Humid tropics 

Humid tropics 


Humid tropics 

Subhumid tropics
Humid subtropics 
Semi arid/subhumid tropics 
Humid subtropics 
Humid subtropics 
Humid subtropics 
Humid subtropics 
Subhumid tropics/arid/semi arid 

Subhumid tropics 
Humid tropics 
Humid subtropics 

USES 
Shade/soil protection 

Fuelwood/shade/soil conservation0
 
manure/soil fertility
 

Food/fuelwood
 
Shade
 
Fish poison/soil conservation
 
Timber/fuelwood
 
Shade/timber
 
Lumber
 
Esesential oil/poles/imber
 
Lumber
 
Essential oil/poles/timber/firewood/
 

Ilumber/wi nd break 
Lumber/firewood/stake/timber/fuelwood 

Food/fuelwood 
Food/fuelwood 
Food/fuclwood 
Food/fuelwood 

FruitLumber/poles 

Food 
Animal fodder/food/shade/fibre/fruit 
Foc'd/fuelwood 
Food/fuclwood 
Food/fuelwood 
Food/frelwood 
Charcoal/food/fuelwood/beverage/shaae/ 

soil conservation 
Cover crop/windbreak 
Shelterbelt 
Fueiwood/timber 



Garcinia cola 
Garcinia indica 
Garcinia mangostana 
Garcinia neriosa 
Gardenia sp. 
Garuga pinnata 

Gliricidia maculata 

Gliricidiasepium 

Gmnelina arborea 

Grerillea robusta 

Greiwia mollis 

Grei'ia opli a 

Grewia sp. 

Haematoxvlurn 


campechianum
Hakea saligna 

Hecea brasilinsis 


Hibiscus tiliaceus 
Holocalpx balansae 
HTphaene thebaica 
Iboza multiflora 
Illex paraguarensis 
Infsia bijuga 
Inga edulis 

Inga leptiloba 

Inga sp. 

Irvingia gabonensis 

v. excelsa 

W. Africa 
S. Asia 
S. Asia/S. E. Asia 
S. E. Asia 
E. Africa 
S. Asia 
S. Asia 

American Tropics/Pacific Islands/ 


S. Asia
American Tropics/Pacific Islands! 

S. Asia 
American Tropics/E. Africa/S. Asia 

Sahel & W. Afrca 

S. Asia 

S. Asia 

American Tropics 

S. Asia 
Pacific Islands/S. Asia/S. E. Asia 

Pacific Islands 
American Tropics 
Sahel & C. AfricaiW. Africa 
E. Africa 
American Tropics 
Pacific Islands 
American Tropics 

American Tropics 

American Tropics 

W. Africa 

Humid tropics 

Humid tropics 

Humid tropics 

Hunid tropics 

Subhumid tropics 

Humid subtropics 

Humid tropics 

Humid tropics 


Subhumid tropics/humid tropics/humid 
subtropics 


Subhumid tropics/humici tropics 


Semi arid 


Humid subtropics 


Humid tropics 

Humid tropics/subhumid tropics/humid, 


sub-humid 
Humid tropics 

Arid/semi arid 
Subhumid tropics 
Humid subtropics/subhumid tropics 
Humid tropics 

Subhumid tropics 

Humid tropics 

Food 
fruit 
Food/fuelwood 
Foodifuelwood 
Anti-pestitools & utensils 
Foodifuelwood/timber 
Shade/soil fertility 
Crop shade/food'fuelwood/live fence/ 

poles/shade
Firewood/lumber/shade/building 

material/food/fuel
 
Crop shade, shade/timber/building
 

material/fuelwoodFood/fuelwood/tools & utensils
 
Crop shade/food/shade/soil
 

conservation/windbreak
Food/fuelwood 

Fuelwood/live fencepoles 

Shade 
Latex/soil conservation/fuelwood 

Stake 
Crop shade/poles/shade/timber 
Building material/food/fuelwood 
Anti-pest/live fence/medicinal value 
Beverage 
Food 
Crop shade/food/soii conservation 
Crop shade,'fuelwood/shade/soil

conservation 

Crop shade/shade/soil conservation/ 

firewood/nitrogen fixation 
Beverage/food 



SPECIES 

Irringiagabonensis 

v. gabonen
Jatrophacurcas 
Khaya senegalensis 

Kigelia africana 
Lagerstoremiaspeciosa 
Lannea acida 
Lannea coroniandelica 
Lannea microcarpa 
Lansiunm domesticum 
Leucaena leucocephala 

D,'ucaena sp. 
Litsea polyantha 
Machilv gamblci 
Maesa chisia 
Maesopsis ejinii 
Mallotus phillipinensis 
Malus domestica 
Mangifera caesia 
Mangifera indica 

Mangifera odorata 
Manilkara achras 
Markharniaplatyical'x 
Melia azedarach 

Melia azedarach v. 

gigante
Melocanna bambusoidea 
Monodora myristica 

REGION 

W. Africa 

Sahel & W. Afrca 

Sahel & W. Africa/W. Africa 


Sahel & W. Africa/W. Africa 
S. Asia 

Sahel & W. Africa 

S. Asia 

Sahel & W. Africa 

S. E. Asia 

American Tropics/Pacific Islands/ 


S. Asia/S. E. AsiaPacific Islands 
S. Asia 
S. Asia 
S. Asia 

Sahel & N. Africa 

S. Asia 

American Tropics 

S. E. Asia 

American Tropics/Pacific Islands/ 


S. Asia/S. E. Asia 
S. E. Asia 
American Tropics 
E. Africa 
American Tropics/S. Asia/S. E. Asia 

American Tropics 

S. Asia 
W. Africa 

CLIMATE CLASS 

Humid tropics 

Semi arid/subhumid tropics 

Semi arid/subhumid tropics/humid 


subtropics 

Subhumid tropics/semi arid
 

Semi arid 

Semi arid/subhumid tropics 

Humid tropics 

Humid subtropics/humid tropics 


Humid tropics 
Humid subtropics 
Humid subtropics 
Humid subtropics 
Subhumid tropics 
Humid subtropics 
Arid 
Humid tropics 
Subhumid tropics/humid tropics/humid 

subtropics 
Humid tropics 

Subhumid tropics 
Subhumid tropics/humid 

subtropics/humid, sub-humid 
Humid subtropics 

Humid tropics 

USES as 

Beverage/food 

Live fence/food
 
Animal fodder/food/fruit/fuelwood/
 

ritual/shade/fruit 

Fuelwood
 
Soil conservation
 
Fuelwood
 
Soil conservation/shade
 
Food/fuelwood
 
Fuelwood/poles/timber/food/soil 

conservation/man
Fuelwood 
Food/fuelwood/timber 
Food/fuelwood 
Food/fuelwood 
Timber 
Food/fuelwood 
Fruit 
Food/fuelwood 
Food/shade/fruit/cash/fuelwood 

Food/fuelwood 
Crop shade/food/fuelwood/shade 
Fuelwoodipoles 
Crop shade/fuelwood/shade/timber/ 

firewood/lumber/
Crop shade/fuelwood/shade/timber 

Wood craft 
Food/ornamental 



Morinda tinctoria 

Moringa sp. 
Morms alha 
Morus indica 

Musa paradisiaca 
Musa sapintun 
Musa p 

.vrisi.f;a! grans 
Myrisitla .yl,,ngvraea 
Nectap.dra saligna 
•Vephe/io lappaceum 
Neriuni mdoruin 
Newhouldia laeri 
Newitonia huchananii 
Oa europea 
O/a iselwitschii 
Pachira acuatica 
Pa/aguiumkarrak 
Pa/nrasp. 
Pandanus conoieus 
Pandanus julianetiii 
Papaya carica 
Parapiptania r hi/a 
Parinari excelsa 
Parinartum glaherrimw 
Parkia higlohosa 

Parkiafilicoidea 
Parkia jaranica 
Parkia speciosa 
Paulownia sp. 
Parettaindi'a 
Peltophorum duhiunt 

S. Asia 
S. Asia 
E.Africa S. Asia 
S. Asia 
American Tropics 
American Tropics 
American Tropics Pacific Islands 

S. Asia S. E. Asia 
S. Asia 
Pacific Islands 
American Tropics 
S. E. Asia 
S. Asia 
W. Africa 
E. Africa 
Mediterranean 
E. Af,,ca 
American Tropics 
Pacific Islands 
S. Asia 
Pacific Islands 
Pacific Islands 
Sahel & W. Africa 
American Tropics 
Sahel & W. Africa 
Pacific Islands 
Sahel & W. Africa'W. Africa 

W. Africa 
S. E. Asia 
S. E. Asia 
American Tropics 
S. Asia 
American Tropics 

Humid tropics 
Humid tropics 
Subhumid tropics humid subtropics 
Humid subtropics 
Subhumid tropics 
Subhumid tropics 
Semi arid'subhumid tropics humid 

tropics 
Humid tropics 
Humid tropics 
Humid tropics 
Humid tropics 
Humid subtropics 
Humid tropics 
Subhumid tropics 

Subhumid tropics 

Humid tropics 

Temperate maritime 
Temperate maritime 
Semi arid 
Humid tropics 
Subhumid tropics 
Humid tropics 
Semi aridisubhumid tropics/humid 

subtropics humid 
Semi arid 
Humid, sub-humid 
Humid. sub-humid 

Humid subtropics 
Humid subtropics 

Timber 
Fruit'vegetable 
Food 'fuelwood live fence 
Food fuelwood 
Food 
Food forage;shade 
Food fruit 'timber/beverage 

Food'fruit 
Lumber poles 
Firewoodlumberishade 
Food/fruit 
Fuelwood/ritual 
Boundary planting/crop shadc/ritual 
Fuelwood 
Lumber 
FoodItimber 
Live fence 
Lumberipoles 
Fruit 
Food 
Soil conservation 
Fruit 
Firewood/lumber/shade 
Shade 
Lumber/poles 
Food /fuelwood/shade!crop 

shade'fruit /fruit nuts 
Food/fruit 
Foodifuelwood 
Food/fuelwood 
Crop shade/fuelwood/shade/timber 
Fuelwood 
Fuelwood/nitrogen fixation/poles/soil 

conservation 



SPECIES 

Penlachthra niacrophwrlla 


Peroncua 'wn'.'cns 
Pcr.wa anc'ricana 

Persea gtatwmahn ,I 
Phoenix dact.vfifira 

Piliostigna reticulatum 
Pi, sp. 
Pinus carihaca 
Pinuselliottii 

Pinits orarpa 

'inus ,'atula 

Pinuis pinea 

Pius radia 

Pinussp. 

Pios taeda 
Pitecolohioun sanian 
Pithcolohium unquiscate
Podo :zp. 
Poponal.sp. 

Populus deltoidhs 
Popuuhs viuroawmricana 
Populus ni,'ra 
Pre'nna sp. 
Prosopis africana 
Prosopis cineraria 

ProsoisjulilharaProsos riShadesoil 
Prosopis nigra 

REGION 

W. Africa 

S. E. Asia 

American Tropics!E. Africa/Pacific 


Islands,S. Asia
American Tropics 
S. Asia Sahel & C. Africa Sahel & 

W. Africa 

Sahel & W. Africa 

American Tropics 

American Tropics Pacific Islands 

American Tropics.E. Africa 
American Tropics 

E. Africa 

Mediterranean 

Pinus atulaPulp/timber 

E. Africa 
American Tropics 
American Tropics 
American Tropics 
American Tropics 
E. Africa 
American Tropics 

S. E. Asia 
American Tropics 
American Tropics 
S. Asia 
Sahel & W. Africa 
S. Asia 

American Tropics 
American Tropics 

CLIMATE CLASS 

Humid tropics 

Humid tropics 
Subhumid tropics/humid tropics 

Subhumid tropics 
Arid 

Subhumid tropics 
Subhumid tropics 
Subhumid tropics/humid tropics 
Arid subhumid subtropics/humid 

subtropics 

Humid tropics 

Humid subtropics 
Humid tropics 
Subhumid tropics 
Subhumid tropics 
Semi arid 
Humid subtropics 
Semi arid 

Arid/semi arid 
Arid,'semi arid 
Humid subtropics 
Semi arid'subhumid tropics 
Semi arid. ard 

Semi aridisubhumid tropics 
Humid tropics 

USES 

Food 'fuelwood'soil conservation!stake/w'%indbreak 

Building material, fuelwood/timber 
Food fuelwood'cashifirewood/shadeifruit 

Firewood food
 
Fruit building matcrial/crop shade/
 

food, fuelwood
 
Fuelwood shade
 
Foodlumber
 
Lumberpulp/timber
 
Lumber/ pulp/resin/windbreak/timber
 

Pulp/timber
 
Lumber
 

Pulp/timber
 
Firewood/lumber/shade
 
Lumber/pulp
 
Firewood/lumber/shade
 
Firewood/forage/shade
 

Fimber
 
Firewood/forage 

TimberLumber/poleswindbreak/firewood
 

Lumber/poles/windbreak/firewood 

Food
 
Animal fodder/fuelwood/nitrogen 

fixationfodder/shade 

conservation/windbreakAnimal fodder/firewood/shade/forage 
Firewood/food/poles 



Prunus cerasitwides 
Prunus omu'.stica 
Prunus p'ricai' 
Psidiumigziajvna 

Pterocarpus nilbraedii 
Pterocarpu. osun 

Pterocazrpus.antalinoidt's 
Pterocarpussovauxii 
Ptero'vyne nitens 
Punica granatuni 
Pirus conintunis 


Pvrus
pasha 

Pvrus serotina 
Quercusfaginea 
Quercus incana 
Quercus roiundfo!ia 
Quercussp. 
Quercus suiher 
Raphia hookerii 
Rau io//ia caffra 
Rhus ja'anica 
Rhus succedanea 
Ricinodc'ndron heudelotii 
Ricinus corninunis 
Sahaflorida 
Saliv chilensis 
Salnaliamalaharica 
Sah'adorapvrsica 
Sarnaneasaman 
Schinia iwallichii 
Schinopsis balansae 
Scerocar'a hirrea 
Securinegesamoclnse 

S. Asia 
S. Asia 

American Tropics/S. Asia 

E. Africa Pacific Islands'S. Asia 

S. E. AsiaSahel 
W. Africa 
W. Africa 
W. Africa 
W. Africa 
American Tropics 
S. Asia S. E. Asia 
American Tropics 
S. Asia 
S. Asia 
Mediterranean 
S. Asia 
Mediterranean 
American Tropics 
Mediterranean 
W. Africa 
E. Africa 
S. Asia 
S. Asia 
W. Africa 
E. Africa 
W. Africa 
American Tropics 
S. Asia 
Sahel & C. Africa 
S. Asia 
S. Asia 
American Tropics 
Sahel & W. Africa 
Pacific Islands 

Humid subtropics 
Humid subtropics 
Arid humid subtropics 
Subhumid tropicshumid tropics/humid 

subtropics 
Humid tropics 
Humid tropics 
Humid tropics 
Humid tropics 
Humid subtropics 
Humid subtropics humid tropics 
Arid 
Humid subtropics 
Humid subtropics 

Humid tropics 

Humid tropics 
Subhumid tropics 
Humid subtropics 
Humid subtropics 
Humid tropics 
Subhumid tropics 
Humid tropics 

Humid subtropics 
Arid 

Humid subtropics 
Humid tropics 
Subhumid tropics 
Humid tropics 

Food fuelwood timber
 
Food fuelwood
 
Fruit food fuelwood
 
Food fuelwood fruit/tools & utensils 

Dye food 
Dye food 
Food 
Dye'food 
Crop shade'shade/timber/fuelwoodpoles 
Food fuelwood fruit 
Fruit 
Fuelwood/live fence/timber 
Food fuelwood 
Cork ilumber 
Food 
Acorn production:lumber 
Firewood'shade 
Charcoal 'cork'tannin/timber 
Beverage roofing 
Anti-pest 'crop sbade/food/fuelwood 
Food fuelwood 
Food fuelwood 
Foodiritual,'stake 
Anti-pest medicinal value 
Food 
Fuelwood live fence/shade 
Fuelwood, foodtimber 
Food,,fuelwood 
Soil conservation/timber 
Food; fuelwoodtimber 
Lumber 

Boundary planting/stake 



SPECIES 

Shorea jaranica 

Shorea robusta 
Spondias nionibin 
Sterospernum kuthianum 
Switcnia riacroplvla 
Switenia mah;gani 
Szigium africanum 
Svigiun cumini 
Svigiunz sp. 
Svzigiun, arornaticum 
Taehbuia crvsantha 
Tabebua rosae 

Tabebuia serratiflia 
Tamarindus indica 

Tamarix articulata 
Tectona grandis 

Ternzinalia browni 
Terminalia niacroptera 
Terminalia sp. 

Test species 

Tetracarpidium
conophorum 

Theobroma cacao 

REGION 

S. E. Asia 

S. Asia 
W. Africa 

W. Africa 
American Tropics/S. Asia 
American Tropics 
E. Africa 
S. E. Asia 
S. Asia 
S. Asia 
American Trop cs 
American Tropics 

American Tropics 

Pacific Islands/S. Asia/Sahel & 


W. Africa/W. Africa 
Sahel & C. Africa 
American Tropics/E. Africa/S. Asia/ 

S. E. Asia/Sahel
W. Africa 

Sahel & W. Africa 

S. E. Asia 


W. Africa 

American Tropics/Pacific Islands/ 


S. Asia/S. E. Asia 

CLIMATE CLASS 

Humid tropics 

Humid subtropics 

Humid tropics 


Semi arid 
Humid tropics 
Subhumid tropics 
Subhumid tropics 
Humid tropics 
Humid subtropics 
Humid tropics 

Subhumid tropics 

Subhumid tropics 
Humid tropics/semi arid/subhumid 

tropics/humid subtropics 
Arid 
Subhumid tropics/humid tropics/humid. 

sub-humid 
Humid subtropics 
Semi arid 
Humid tropics 

Humid tropics 
Subhumid tropics/humid tropics 

USES 

Crop shade/fuelwood/gum/resin/soil 

conservation 
Food/fuelwood/timber
 
Boundary planting/food
 

Fuelwood/timber
 
Firewoodlumber/shade
 
Food./fuelwood
 
Crop shade/food
 
Food, fuelwood
 
Food/spice
 
Fuewooditimber
 
Fuelwoodlive fence/poles/shade/
 

timber/firewood
Firewood/'forage/shade 
Beverageifuelwood/fruit/food/ritual/ 

shade/tools & 
Food/fuelwood 
Firewood/lumber/shade/timber 

Building material 
Fuelwood 
Building material/fuelwood/timber 

Acorn production 

Food 
Beverage/cash/firewood/food/stake 



Thespesia populenea 
Tinospora malaharica 
Treculia africana 
Trenia guineensis 
Trichilia connaroides 
Trichilia e'nelica 
Triplaris meridansis 
Tripsacum laxum 
Tristania sp. 
Uariachaniae 
Uraria sp. 
Vangueria tomentosa 
Vernonia at' vgdalina 
Vitex doniana 
Widdringionia whytei 
Wrightia antidyserterica 
Xvlopia panriflora 
Zi-iphus mnauritiana 
Zijphusjujuba 
Zizyphus mauritiana 
Ziz-phus spina-christi 
Zizyphus spina-christi 

Number of observations: 380 

S. Asia 
S. Asia 
W. Africa 
E. Africa 
S. Asia 
F. Africa 
American Tropics 
S. Asia 
S. E. Asia 

W. Africa 
E. Africa 
E. Africa 
W. Africa 
W. Africa 
E. Africa 
S. Asia 
W. Africa 
Sahel & W. Africa 
S. Asia 
W. Africa 
Sahel & N. Africa 
W. Africa 

Humid tropics 
Humid subtropics 
Humid tropics 
Subhumid tropics 
Humid subtropics 
Subhumid tropics 
Subhumid tropics 
Subhumid tropics 
Humid tropics 
Humid tropics 
Subhumid tropics 
Subhumid tropics 
Humid tropics 
Humid tropics 
Humid subtropics 
Humid subtropics 
Humid tropics 
Semi and/subhumid tropics 
Humid subtropics 
Semi arid 
Semi arid 
Semi arid 

Fruit timbtr 
Fuelwood 
FoodI/fuelwood/poles/pulp/windbieak 
Anti-pest/food/medicinal value 
Food/fuelwood 
Anti-pestifueiwood 
Firewood/lumber/shade 
Windbreak 
Building materialifuelwood/timber 
Food 
Fuelwood 
Food /medicinal value 
Iood/live fence 
Food 
Timber 
Live fence 
Food 
Animal fodder/food/shade 
Fruit/food/fuelwood 
Food/fruit 
Food/fuelwood 
Windbreak 



Index
 

Acacia 405 

Acacia albida 109, 110 


agroforestry system 66 

in West Africa 45-46 


cultivation in Ethiopia 385-400 

economic benefit of 395 

effect on crop yield 391 


on understorey crops 389 

fuel from 394 

incorporation into cropping pattern 396 


system in Sudan 353-384 

Acacia jaquicmontii 103 

Acacia leucophloea 132 

Acacia ntilotica 103, 116, 133 

Acaciaplanifrons 133 

Acacia senegal 103 


agroforestry system 48 

Acacia tortilis 106, 107 


fuclwood production 115 

Aerva persica 103 

Africa 3, 5 


agroforestry systems 55 

AFSI 611 

agricultural system 10 

agriforestry scheme 609 

agrisilvicultural study in arid zone in 


India 108 

system 54, 74-78, 80, 83, 


agrisilviculture 42, 43, 49 

in Tamil Nadu 126 


agroforestry, benefit/cost analysis 613 

definition 4, 13-18 


scientific 17 

development- in 609-616 

economic aspects 612 

extension 613 


history 3-11 

institutional and policy


aspects 601-607 

potential of 17 

research networks 614 

research, technology generating 612 

system 5, 10 


agro-ccological analysis of 67-71 

classification 39-52 


major approaches to 41 


description 624-634
 
dynamics in Kerala (Southern


India) 158
 
in western Nepal 97
 

evaluation in Kerala (Southern
 
India) 160
 

grouping of 48
 

improvcmeht in westerm Nepal 98
 
Nepalese 90
 
performance in western Nepal 97
 
western Nepa!ese, functioning and
 

dynamics of 94
 
classification 39-52
 
in Pacific Countries and Ter

ritory 298
 
practices, and technologies 53-62
 
register 24
 

training and education 615
 
agrosilviculture 43
 
agrosilvopastoral agroforestry 42, 43, 49
 

system 54, 80
 
in south-western Spain 432
 
inTamilNadu 132
 

Albiziafalcatariaagroforestry system 47
 
Albizia lebbek 106
 
alley cropping 56
 

nutrient cycling and erosion control
 
in 571
 

America, central 3
 
tropical 3
 

agroforestry systems 55
 
Andes, Venezuela, general descrip

tion 526
 
animal feed availability in rubber
 

plantation 232
 
animal husbandry in Bugesera-Gisaka-


Migongo (Rwanda) 343
 
animal integration in rubber planta

tions 229-241
 
Anogeissuspendula 103
 
apiculture under rubber 240
 
apiculture with trees 42, 59
 
aquaforestry 59
 
aquasilviculture 42
 
Araucaria 405
 
arid zone agroforestry in India 99-120
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microclimate, tree effect on 111 

tree species 114 


Asia 3 

Azadirachtaindica 106 


babassu palm in Brazil Mid-North 

region 489-510 


occurrence in Brazil 490 

system 495 


animals 496 

banana in 499 

capital 501 

component interaction 497 

crops 495 

database 508 

dynamics 504 

gam -d fish 497 

in,.ts 502 

labour 501 

land 500 

merits 505
 
production 502 

protective and service aspects 503 

socio-economic description 503 

trees 495 

weaknesses 506 


Bahia, Brazil, cacao and other plantation 

crops in 511-523 


general description 513 

banana 3 


in Papua New Guinea 279 

in paraiso woodlot 462 

-based cropping system in Bugesera-


Gisaka-Migongo (Rwanda) 342 

Bangladesh, biophysical environment 198 


description of 198 

evaluation of system 204 

functional aspects 3f system 203 

homestead agroforestry in 197-209 

land use systems 199 

system structure 200 

tree and shrub common species in 201 


Bengal 4 

biomass energy, agroforestiy and 591-597 

Borassusflabellifer 126 

boundary planting of trees 44 

Brazil Mid-North Region, agriculture 493 


biophysical environment 492 

forestry 493 

general description 491 

geographical location 491 

historical evolution 491 

land use systems 493 


Brazil Northeast Region, description 476 

perennial crop-based system 


in 475-487 


breadfruit in Papua New Guinea 279
 
browsing system 553
 
Bugesera-Gisaka-Migongo (Rwanda),
 

agriculture 337
 
agroforestry 340
 
agroforestry systems in 333-352
 
biophysical environment 334
 
climate 334
 
component arrangement 344
 
crops 342
 
forestry 340
 
herbs 336
 
homestead farming 342
 
indigenous vegetation 336
 
land use systems 337
 
soils 336
 
system dynamics 347
 
system management 345
 
trees and shrubs 336, 338, 339
 

Burma 4
 

cacao after pepper in clove stands 515
 
combination with other plantation crops
 

in Brazil 511--523
 
production in Pacific Countries and
 

Territory 299
 
with rubber 519
 

Calligonumpolygonoides 103
 
Calotropisprocera103
 
Capparisdeciduata 103
 
cardamom with clove 517
 
carnauba in Brazil 478
 
carnauba system in Brazil, functional
 

aspects 482
 
cash crop, perennial, trees in, in
 

Venezuela 526
 
cashew in Brazil 478
 
cashew system in Brazil, functional
 

aspects 482
 
casuarina in Papua New Guinea 269-275
 

production in Pacific Countries and
 
Territory 297
 

CA.ZRI 106, 112, 118, 136
 
Ceibapentandra 128
 
Chagga homeg.rdens 309-325
 
citrus 3
 
classification by components, of
 

agroforestry systems 44
 
ecological, of agroforestry systems 45
 
functional, of agroforestry systems 44
 

classification of agroforestry sys
teins 39-52
 

criteria 39
 
purpose 39
 
purpose-oriented, of agroforestry
 

systems 49
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socio-economic, of agroforestry sheep production 440 

systems 45, 47 soil fertility and hydrological balance 
structural, of agroforestry systems 42 in 445 

clove, cacao after black pepper in 515 soils in 446
 
multiple cropping with 514 traditional farming 433

with black pepper 514 water use in 448
 

coconut 3 Delonixelata 130 
in Biazil 478 dipterocarp forest in Sumatra 268 
in Papua New Guinea 279 
intercropping systems in Sri ecological classification of agroforertry

Lanka 169-173 systems 40
 
in Sri Lanka, constraints and 
 spread of major agroforestry sys

potentials 177 tems 63-72 
farm-management data 175 erosion control, agroforestry in 581
functional aspects of 174 in alley cropping 571 
interaction of components 173 erosion rate under agroforestry prac
socio-economic aspects 176 ice.: 580 

intercropping under, in Sri trees and 579
 
Lanka 165--179 
 Ethiopia, Acacia albidacultivation in

multiple cropping with, in Brazil 520 eastrm 385-400 
production in Pacific Countries and Eucalyptus 405
 

Territory 299 
 Eunhorbiacaducifolia 103
 
system in Brazil, functional aspects 482
 

coffee 3 
 Fagaramacrophylla 405
 
growth in Andes, Venezuela 527 fallow 56, 74
 
n Papua New Guinea 269-275, 279 
 in Papua New Guinea 277-290
 

production in Bugesera-Gisaka- regrowth after, in Papua New

Migongo (Rwanda) 343 Guinea 282
 

in Pacific Countries and Ter-
 FAO policies 6, 7
,itory 297 FAO SOFA reports 63
 

vaieties in Andes, Venezuela 530 farm forestry 594
 
with clove 517 
 farm products in western Nepal 96

yields in Venezuela 531 
 farming, mixed in Kerala (Southern


commodity orientation of land 
 'sc. 53 India) 152
community forestry 595 farming system, integrated 9 
component interaction in western Nepalese farmland, western Nepalese, perennial

agroforestry system 93 pants in contour strips of 91 
conceptual development in fence, living 82, 84 

agroforestry 611 of fodder tree 79 
crop, agricultural, in western Nepal 95 firewood in western Nepal 95 

western Nepalese hill farm 90 in agroforestry systems 593 
cropping system, western Nepalese 92 species 592 
Crotalariaburhia 103 fodder in western Nepal 95
Cupressuslusitanica 405 food crop in homegarden 542 

crop with rubber 519Dalbergiasissoo 116 crops, cultivated and non-cultivated, in
decesa system 427-453 Papua New Guinea 280 

agro-ecological analysis of 441 plant, 'emergency' 548
 
analysis of 433 
 production 4 
definition 429 in multitorey tree gardens 545
establishment and maintenance of 436 in Pacific Countries and Ter
future of 449 
 ritory 297
 
grazing and fodder resources 435 forest, dipterocarp, in Sumatra 268
 
importance of 428 
 estate 6
livestock management 433 land rehabilitation in Thailand 211-227 
mineral nitrogen in 447 village in Thailand 211-227 
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forestry, community 595 

farm 594 

sector policy of World Bank 7 

tropical, research priorities 7 


fruit tree 546 

in homegarden 542 


fuelwood 58 

commercial production 596 

production 78, 81, 84 


agroforestry and 591-597 

by A. tortilis 115 

socio-economic factors 596 

subsistence production 596 


functional classification of agroforestry 

systems 40 


garden, multistoreyed, in West 

Sumatra 243-267 


Gnetum gnemron in Papua New 

Guinea 279 


grazing lanid, communal, in Nepal 89 

in south-western Spain 428 


ground surface cover 580 

gum arabic production system 48 


llaloxylon salicornicwn 103 

Hararghe Highlands, Ethiopia, Acacia
 

albidacultivation in 385-400 

agriculture 388 

biophysical environment 387 

geographic location 386 


hedge, live 58 

hedgerow intercropping 44, 74 


multipurpose woody 59 

woody 80 


hill fanning, tree use in Nepalese 87-98 

Jlolopteliaintegrifolia 106 

homegarden 57, 80, 541 


as nutrient source 543 

continuous production in 543 

in south-eastern Nigeria 411-426 

with animals 59 


homestead agroforestry in 

Bangladesh 197-209 


ICAR 136 

ICRAF 9, 17, 610 


agroforestry systems database 619-623 

agroforestry systems inventory 21-24 

global inventory of agroforestry 


systems 25-32 

survey data sheet 33-38 


IDRC forestry study 8
 
Project Report 9 


IGFRI 136 

income in Kerala (Southern India) 157 


India, arid zones, agriculture 103
 
agroforwstry in 99-120
 
biophysical environment 101
 
climate 101
 
land-use systems 1-)3
 
location of 100
 
soils 101
 
traditional agroforestry 104
 
vegetation 102
 

India, Central Province (Madhya 
Pradesh) 4
 

India, Chittagong area 4
 
India, western, Prosopiscineraria
 

agroforestry system in 46
 
information collection and synthesis 611
 
input to agricultural system in Kerala
 

(Southern India) 157
 
institutional structure, inadequacy of, in
 

agroforesry 601 ff.
 
intercropping 9
 

under coconuts in Sri Lanka 165-179
 
intermediawj agroforestry system 47
 
International Development Research
 

Centre 6-7
 
inventory of agroforestry systems,


ICRAF 21-24
 

Java, tree gardening in 268
 
Jebel Marra Highlands, Sudan, Acacia
 

albidacultivation in 353-384
 
agriculture 357
 
agroforestry 359
 
agroforestry practices 380, 381
 
animal husbandry 366
 
biophysical environment 356
 
capital and inputs 372
 
climate 356
 
component analysis 374
 
component interaction 367
 
forestry 359
 
geographic location 356
 
labour 371
 
land use systems 357
 
land utilization 370
 
market prices 376
 
production 373
 
soils 356
 
system dynamics 377
 
system structure 360
 
vegetation 357
 
village field content 361
 
woody component of village field 364
 

Kandyan gardens of Sri Lanka 181--195
 
Kenya, shamba system in forest
 

areas 401-410
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Kerala (Southern India), agroclimatic yield under Acacia albida 392zones 142 Malaysia rubber plantation, animalagroforestry farming systems integration in 229-241in 139-163 Maninjau, West Sumatra, agroforestcrop and tree components 14( components 251crop/tree species inventory 144-147 agroforest products 262cropping system 147 biophysical environment 244description 140 component arrangement 253interaction between components 154 garden management 257soils 140 general description 244system functional aspects 156 geographical locationKilimanjaro (Northern Tanzania), 244 

land use systems 246multistoreyed system in 309-325 socio-economic characteristicsKilimanjaro Chagga homegardens, 248 
system evaluation 264agriculture 311 system functional aspects 261agroforestry 311 system structure 250animals 315 tree species in 254, 255biophysical environment 310 marketability of produce in Pacificcapital 319 Countries and Territory 303climate 310 in Kerala (Southern India) 158component interaction 315 infrastructure in Tamil Nadu 135 

crops 313 matorrale, distribution of 442inputs 320 system 430
labour 319 Mediterranean agroforestry systemsland use 319 55Melia azedarachsee paraisoland use systems 311 methodological developments inmanagement 317 agroforestry 611plant species in 326-332 microclimate under rubber 233production 320 Middle Ages, in Europe 3system dynamics 321 Middle East groforestry systems 55 
system structure 313
trees and shrubs 313 need, basic, provision of, by agroforzstry
vegetation 311 system 45 
woody species 314 Nepal, description of western 88 

multipurpose tree use in westernlabour utilization in Kerala (Southern 87-98western, peizmnial plants in contourIndia) 156 strips of farmland 91land development, dilemma of 604 Nigeria, compound farms of southinstitution, future of 605 eastern 411-426tenure in Pacific Countries and south-eastern, component interac-Territory 302 tion 414use competition for fuelwood produc- compound farm structure 413 
tion 596 53land-use systems crops 414 

evaluation of compound farm 422legume tree production in Pacific fore.;ts in 412
Countries and Territory 300 livestock 414legumes, perennial, in Asian farming management of compound farm 420systems 572, 575 nutrient analysis of woody

Leptadeniapyrotechnica 103 species 418
leucaena in paraiso woodlot 462 Plantation species 412 

poor performance of 578 traditional farming systems 415production in Pacific Countries and woody species of compound
Territory 300 farm 416, 417livestock, western Nepalese 92 Southern 3 

Western 4maize 3 nitrogen fixing trees 576 
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nutrient cycling in agroforestry sys-

tems 577 


in alley cropping 571 


olive tree plantation in south-western 
Spain 429 


Orbignyaphaleratasee babassu palm 

output of agroforestry system 45 


Pacific Countries and Territory, agricul-
ture 294 


agroforestry systems 297 

environment 292 

forestry 2945 

land resources 294 

land use systems 294 

population 292 

shifting cultivation 295 

socio-cultural factors 302 


Panicummaximwn on cashew plantation 

in Brazil 480 


Panicwnturgidum 103 

papaya 3 


with clove 517 

Papua New Guinea, agroforcstry system in 
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